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IHEPE/IMOBA

1 PO3POBJIEHO: ToBapucTtBo 3 0OMEXKEHOIO BIAMOBIIATBHICTIO «YKPATHCHKHI IHCTUTYT CTaJIEBUX
KoHCTpYyKIii iMmeHi B.M. IllumanoBCHKOTOY

INEPEKJIAJZI I HAVYKOBO-TEXHIYHE PEJIAT'YBAHHA: C. Bunorpaa, B.T'opaeeB 1.T.H.
(mayxoBmii kepiBHHMK), A.I'pom, k.T.H., O.KopayHn, 5. JleBuenko, I.Jlenma, SI.JIumap,
O. IllumaHoOBCHLKHUM, 1.T.H.

2 TIPUMHATO TA HAJIAHO UYWHHOCTI: mHaka3 MiuicTepcTBa perioHaqbHOrO pPO3BUTKY,
OyIiBHUIITBA Ta XHUTIOBO-KOMYHAJHHOTO TOCHOJAPCTBA YKpAiHH Bil « »
20 Ne

3 Hamionanbuuii crangapt Bignosinae EN 1999-1-5:2007 Eurocode 9: Design of aluminium structures
- Part 1-5: Shell structures (€spoxox 9. IlpoekTyBaHHs anOMiHiEBUX KOHCTpyKiii. Yactuna 1-5.
Koncrpykitii 060510HOK) 3 TexHigHO0 monpaBkoro EN 1999-1-5:2007/AC:20009.

Crynisb BianoBigHocTi — inenTnunuid (IDT)

[Tepexnaz 3 aHTMIHCHKOT (en)

Leii crangapT Buaano 3 1o3Boay CEN

4 YBEJIEHO BIIEPIIE

IIpaBo BaacHOCTI Ha 1eli JOKYMEHT HAJIESKUTH JIep:KaBi.
Leii ToKyMeHT He MO:Ke OYTH MOBHICTIO YM YaCTKOBO BiATBOpEeHH, TUPAaKOBAHU
i po3noBcloKeHuii sik odiniiiHe BuIaHHA (€3 103BOIY
MiHicTepcTBa perioHaJIbLHOr0 PO3BUTKY, OYIIBHULTBA T KUTIOBO-KOMYHAJBHOI0 FOCMOAAPCTBA YKpaiHH

Minperion Ykpainu, 201X



np. JICTY-H b EN 1999-1-5:201X
HAIIOHAJILHUM BCTYII

Janwii cranmapt € toroxkHuit nepexinan EN 1999-1-5:2007 " Eurocode 9: Design of
aluminium structures — Part 1-5: Shell structures” (€Bpokon 9. IlpoekTyBaHHS aTIOMIHIEBUX
koHcTpykuid. Yactuna 1-5. KoHcTpykiii 00070HOK) 3 TexHiuHOK mompaBkoo EN 1999-1-
5:2007/AC:20009.

EN 1999-1-5 minrorosneno Texuniuaum xomiretrom CEN/TC 250, cekperapiaTom sIKOTO Kepye
BSI.

J1o HaIiOHATBLHOTO CTAHJAPTY MOJIY4EeHO aHTJIOMOBHHI TEKCT.

Ha Teputopii Vkpainm sk HamiOHaJBbHUM CTaHAApPT /i€ JIiBa KOJOHKA TEKCTY
JCTY-H b EN 1999-1-5:201X " €Bpoxon 9. IIpoekTyBaHHs aimoMiHieBUX KOHCTpYKIii. YactuHa 1-5.
Koncrpykiii o6om0H0k (EN 1999-1-5:2007, IDT)», BHKIIaieHa YKPATHCHKOK MOBOIO.

Biamosinno no JIBH A.1.1-1-2009 «Cuctema crangaptu3ailii Ta HOpMYBaHHS B OY/JIBHHIITBI.
OCHOBHI TOJIO)KEHHSI» L€l CTaHAApT BIIHOCUTHCS A0 Komiuiekcy B.2.6 «Konctpykuii OyauHKIB 1
CHIOPYI.

CraHmapT MICTUTh BUMOTH, SIK1 BIIMIOB1IAI0Th YAHHOMY 3aKOHOIaBCTBY.

HayxoBo-TexHiuHa opraHizaiiisi, BiANOBiIaldbHa 32 LIel cTaHAapT, — TOBapHUCTBO 3 0OMEXKEHOIO
BIIMOBIIATBHICTIO «Y KPaTHCHKUN IHCTUTYT CTAIEBUX KOHCTPYKIiK iM. B.M. IlluMaHOBCHKOTOY.

Jlo cTanmapTy BHECEHO TaKi peIaKI[iitHI 3MI1HH:

- CJIOBa «Iei MDKHAPOJIHUMA CTaHIAPT» 3aMIHEHO Ha «IIeH CTaHIapT»;

- CTPYKTYpH1 eneMeHTH craniapty: «OOxmanuuky», «llepeamoBy», «HaiioHansHUI BCTym»,
«BusHaueHHs TOHATH» OQGOPMIICHO 3TITHO 3 BUMOTAMH HaIIOHAIBHOI CTaHAApTU3AIli]
VYkpainu;

- 3 «llepenmoBu 1o EN 1999-1-5» y neit «HaIioHAJIBHUI BCTYID» B3sTE TE, M0 Oe3MOcepeaHbO
CTOCY€EThCS LIbOTO CTaHIAPTY;

- HaIlOHAJIBHUU JOBIIKOBUH J0JIATOK HABEJICHO SK HACTAHOBY JIJIs KOPUCTYBAYiB.

[Tepenix namionanbaux crannaptiB Ykpainu (ACTY), ineatnuaux MC, mocunaHHsS Ha 5Kl € B
EN 1999-1-5:2007, naBeaeno B nagatky HA.

Texuiuna mompaska EN 1999-1-5:2007/AC mo EN 1999-1-5:2007 nogana B kinmi JJCTY-H b
EN 1999-1-5:201X.

Komii MC, HenpuiHIATHX SK HalllOHAJIbHI CTaHAApTH, Ha sK1 € mocwianas B EN 1999-1-5:2007,
MoxHa oTpuMatu B ['onoBHOMY (hoH1 HOpMaTHUBHUX NToKyMeHTIB J{IT « YkpHIHIL».
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3MICT

Beryn
OcHoBu nporpaMu €BpOKOJIIB
Craryc Ta raixy3b 3acTOCyBaHHSI €BPOKO/IIB

HarionanbHi cranaapTy, Mo BIPOBAHKYIOTH
€Bpokoiu
3B’A3KH MK €BpPOKOaMHU Ta TapMOHI30BaHUMHU

texaiunuMu cnenudikamnismu (ENs ta ETAS) as

BHUPOOIB

Hamionanenuit nonatox 1o EN 1999-1-5
1 3araJjibHi N0J10KeHHS

1.1  Tamy3b 3acTocyBaHHS
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6.2.1 3aranbHi OJOXECHHA

6.2.2 XapakTepHi s BTpaTH CTIHKOCTI
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7.1  3aranbHi NOJOXECHHS

7.2 Ilporunun

Jonatok A (0608 s13k0oBHiIT) — Bupa3su nist
PO3paxyHKy 000JI0HOK Ha BTPATy CTiliKoOCTi
A.l  HeniacuneHi HMIiHAPUYHI 0OOJTOHKH 3
MOCTIHHOIO TOBIIIMHOIO CTIHKH

A.1.1 Tlo3HayeHHs Ta TpaHUYHI YMOBU

A.1.2 MepunioHanbHUH (OCBOBHIT) CTHCK
A.1.2.1 KputnuHi MepuIiOHATBHI HAPYXSHHS
IIpH BTpaTi CTIHKOCTI

A.1.2.2 MepuioHaIpHUI KOSQIIEHT BTpaTH
CTIMKOCTI

A.1.3 KinmpreBwuii ctuck (00pyd)

A.1.3.1 KpuTnuHi KibleB1 HAPYKEHHS TPH
BTpAaTi CTIHKOCTI
A.1.3.2 Kinb1ieBi KoediIi€eHTH BTPATH CTIHKOCTI

A.1.4 3cys

A.1.4.1 KpuTn4Hi TOTHYHI HAPYKEHHS TIPU
BTpAaTi CTIHKOCTI

A.1.4.2 KoediieHTH BTpAaTH CTIHKOCTI Y
BUIIA]IKY 3CYBY

A.1.5 MepunionanbHul (OCHOBHIA) CTHUCK 13
BHYTPIIIHIM THCKOM

A.1.5.1 KputnuHe MepuioHaIbHE HAIPYKESHHS
MIPU BTpaTi CTIMKOCTI M1 I€X0 TUCKY

A.1.5.2 KoeitieHTH MepuII0HAIBHOT BTPATH
CTIMKOCTI MiJ] 1i€}0 TUCKY

A.1.6 CywmicHa ais MEpUAIOHATHHOTO
(0CBOBOTO) CTUCKY, KUTBIIEBOTO CTHCKY 13CYBY

A.2  HenigcuneHi utiHAPUYIHI 000JIOHKH 31
CTYMIHYACTOIO 3MIHHOIO TOBIIMHOIO CTIHKU
A.2.1 3aranabHi IOJ0XKEHHS

A.2.1.1 TTo3HaueHHS 1 TpaHUYHI YMOBH

A.2.1.2 Teomerpis 1 3MILLIEHHS CTUKIB
A.2.2 MepuaioHanbHUN (OCBOBHIT) CTUCK
A.2.3 Kinbueswuii ctuck (06pyy)

A.2.3.1 KputuuHi KiIbLI€B1 HAPYXEHHS MTPU
BTpAaTi CTIHKOCTI

np. ACTY-H B EN 1999-1-5:201X

6.2.1 General

6.2.2 Buckling-relevant geometrical
tolerances

6.2.3 Shell in compression and shear

6.2.4 Effect of welding

6.2.5 Design by numerical analysis
7 Serviceability limit states
7.1  General

7.2 Deflections

Annex A [normative] - Expressions for
shell buckling analysis

A.1  Unstiffened cylindrical shells of
constant wall thickness

A.1.1 Notations and boundary conditions
A.1.2 Meridional (axial) compression
A.1.2.1 Critical meridional buckling
stresses

A.1.2.2 Meridional buckling parameter

A.1.3 Circumferential (hoop)
compression

A.1.3.1 Critical circumferential buckling
stresses

A.1.3.2 Circumferential buckling
parameter

A.1.4 Shear

A.1.4.1 Critical shear buckling stresses

A.1.4.2 Shear buckling parameters

A.1.5 Meridional (axial) compression
with coexistent internal pressure

A.1.5.1 Pressurised critical meridional
buckling stress

A.1.5.2 Pressurised meridional buckling
parameters

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

A.2  Unstiffened cylindrical shells of
stepwise wall thickness

A.2.1 General

A.2.1.1 Notations and boundary
conditions

A.2.1.2 Geometry and joint offsets
A.2.2 Meridional (axial) compression
A.2.3 Circumferential (hoop)
compression

A.2.3.1 Critical circumferential buckling
stresses

32

33

33
38

43
43
43
43
44
44
44
44
44
46
47
48

49
51

51

52

53

53

53

55

57
57

57
57
58
58

58



np. ACTY-H b EN 1999-1-5:201X

A.2.3.2 TlepeBipka MIlTHOCTi BTpaTH CTIHKOCTI
IIPU KUTBLIEBOMY CTHUCKY

A2.4 3cys

A.2.4.1 KpuTnuHe 1OTUYHE HAIPY>KEHHS BTpaTH
CTIAKOCTI

A.2.4.2 TlepeBipka MIIIHOCTI Ha BTpaTy CTIHKOCTI1
IIpH 3CYBI

A3  Henigcuneni nuniHApu4HiI 000JIOHKH,
3’€THaH1 BHAITYCK

A.3.1 3aranbHi NOJIOKEHHS

A.3.1.1 BusnaueHHs

A.3.1.2 TeomeTpist Ta pe3ylbTyIOUi HAIIPYKEHHS
A.3.2 MepunioHanbHU# (OCKOBHIT) CTHCK

A.3.3 Kinbreswuii ctuck (00py4)

A34
A.4  HemigcuneHi KOHIYHI 000JIOHKH

A.4.1 3aranbHi MOJIOKEHHS

A.4.1.1 Ilo3HaueHHs

A.4.1.2 'pann4Hi yMOBH

A.4.1.3 'eomerpis

A.4.2 Po3paxyHKOBI KpUTUYHI HAIPY)KEHHS TTPU
BTpaTi CTIHKOCTI

A.4.2.1 ExBIBaJICHTHUH IWTIHIP

A.4.3 TlepeBipka MIIIHOCTI ITpH BTPaTi CTIAKOCTI
A.4.3.1 MepuaioHaJIbHUN CTUCK

A.4.3.2 KutbrieBuii cTuck (00py4)

3cyB

A.4.3.3 3cyB 1 pIBHOMIpHE KpYUYEHHS

A5  TligzcwieHi nHIiHAPUYHI 000JIOHKH 3
MOCTIAHOIO TOBIIIMHOKO CTIHKHU

A.5.1 3aranbHi MOJIOKEHHS

A.5.2 [30TpoIHI CTIHKH 3 MEPHUAIOHATLHUM
MiICUIIEHHAM

A.5.2.1 3aranbHi OJIOKCHHS

A.5.2.2 MepuaioHaibHUH (OCBOBHIA) CTUCK
A.5.2.3 Kinbnesuii ctuck (00pyy)

A.5.2.4 3cys

A.5.3 [30TpormHi CTIHKH 3 KUTbLIEBUMU
eJIEeMEHTaMH JKOPCTKOCTI

A.5.4 KinbsueBo rogpoBaHi CTIHKH 3
MEpPHII0HAIBHUMH €JIEMEHTaMH ) KOPCTKOCTI
A.5.4.1 3aranpHi MOJOKEHHSI

A.5.4.2 OcboBUI CTHCK

A.5.4.3 IligcumneHi CTIHKH, B SIKMX OCBLOBHI CTHCK
CHPUNMAETHCS BUKITIOYHO €JIeMEHTaMU
AKOPCTKOCTI

A.5.4.4 KinbrieBuii ctuck (00py4)

A.5.5 CriHku 3 0CbOBUM ropyBaHHM i
KUTBIISIMH KOPCTKOCTI
A.5.5.1 3aranbHi NOJOXKEHHS

VI

A.2.3.2 Buckling strength verification for
circumferential compression

A.2.4 Shear

A.2.4.1 Critical shear buckling stress

A.2.4.2 Buckling strength verification for
shear
A3
shells
A.3.1 General

A.3.1.1 Definitions

A.3.1.2 Geometry and stress resultants
A.3.2 Meridional (axial) compression
A.3.3 Circumferential (hoop)
compression

A.3.4 Shear

A4 Unstiffened conical shells
A4.1 General

A.4.1.1 Notation

A.4.1.2 Boundary conditions

A.4.1.3 Geometry

A.4.2 Design buckling stresses

Unstiffened lap jointed cylindrical

A.4.2.1 Equivalent cylinder

A.4.3 Buckling strength verification
A.4.3.1 Meridional compression

A.4.3.2 Circumferential (hoop)
compression

A.4.3.3Shear and uniform torsion

A5  Stiffened cylindrical shells of
constant wall thickness

A5.1 General

A.5.2 Isotropic walls with meridional
stiffeners

A.5.2.1 General

A.5.2.2 Meridional (axial) compression
A.5.2.3 Circumferential (hoop)
compression

A.5.2.4 Shear

A.5.3 Isotropic walls with circumferential
stiffeners

A.5.4 Circumferentially corrugated walls
with meridional stiffeners

A.5.4.1 General

A.5.4.2 Axial compression

A.5.4.3 Stiffened wall treated as carrying
axial compression only in the stiffeners

A.5.4.4 Circumferential (hoop)
compression

A.5.5 Axially corrugated walls with ring
stiffeners

A5.5.1 General

62
63

63

64

64
64
64
64
65

65
66
66
66
66
66
67

67
67
68
68

68
69

69
69

70
70
70

71
71

72
73
73
74
76
78

78
78



A.5.5.2 OcpoBuii cTuck
A.5.5.3 KinbreBwuii ctuck (06pyy)

A5.6 IlincuneHa cTiHKa, IO PO3TIIAIAETHCS K
OpTOTpOITHA 000JIOHKA

A.5.6.1 3aranbHi MOJI0KEHHS

A.5.6.2 OcboBWMii CTHCK

A.5.6.3 KinbrieBuii ctuck (006pyy)

A5.6.4 3cys

A5.7 EKBiBaJIeHTHI OPTOTPOITHI BIACTUBOCTI
ro(poBaHOTO HACTUITY

A.6  Henixcuneni chpepudni 000IOHKH ITij
JII€F0 PIBHOMIPHO PO3MOJUIEHOTO KUIBIIEBOTO
CTHCKY

A.6.1 Tlo3HaveHHs Ta TpaHUYHI YMOBHU

A.6.2 KpuTtnuHi Hanpy>XeHHS TIpU BTPaTi
CTIHKOCTI

A.6.3 Kinmpresi koedirieHTH BTpaTu CTIHKOCTI
Honatoxk B [noBinkoBuii] — Bupasu ais
PO3PaxyHKY Ha CTIKICTb TOPOKOHIYHUX i
TopocepuaHNX 000JI0HOK

B.1  3aranbHi MOJI0KEHHS

B.2  Tlo3HauyeHHs Ta rpaHUYHI YMOBH

B.3  3oBHimHIi THCK

B.3.1 Kpurtnune 3Ha4YEHHS 30BHIIIHHOTO THUCKY
B.3.2 ['paHuuHuUii 30BHIMIHIA THCK 3 YMOB
PIBHOMIPHO PO3MOAUICHOTO 3MUHAHHS

B.3.3 KoedimieHT BTpaT CTIMKOCTI M1 Ti€10
30BHIIIHHOTO THUCKY

B.4  BayrpimHii THCK

B.4.1 KpurnuHe 3Ha4YCHHS BHYTPIIIHHOTO TUCKY

B.4.2 I'panuuyHuii BHYTPIIHIA THCK 3 YMOB
PIBHOMIPHO PO3MOAUICHOTO 3MUHAHHS

B.4.3 KoedimieHT BTpaTH CTIMKOCTI M1 Ti€10
BHYTPIIIHBOTO TUCKY

JoaaToxk HA (noBiakoBuii)

TexHiuHa nmonpaska

np. ACTY-H B EN 1999-1-5:201X

A.5.5.2 Axial compression

A.5.5.3 Circumferential (hoop)
compression

A.5.6 Stiffened wall treated as an
orthotropic shell

A.5.6.1 General

A.5.6.2 Axial compression

A.5.6.3 Circumferential (hoop)
compression

A.5.6.4 Shear

A.5.7 Equivalent orthotropic properties of
corrugated sheeting

A.6  Unstiffened spherical shells under
uniform circumferential compression

A.6.1 Notations and boundary conditions
A.6.2 Critical buckling stresses

A.6.3 Circumferential buckling parameter
Annex B [informative] - Expressions for
buckling analysis of toriconical and
torispherical shells

B.1  General

B.2  Notations and boundary conditions
B.3  External pressure

B.3.1 Ciritical external pressure

B.3.2 Uniform squash limit external
pressure

B.3.3 External pressure buckling
parameter

B.4  Internal pressure

B.4.1 Ciritical internal pressure

B.4.2 Uniform squash limit internal
pressure

B.4.3 Internal pressure buckling
parameter

Annex NA (informative)

Technical amendment

79

79

80
80
80

83
84

84

86
86

87
87

89
89
89
90
90

91
92
93
93
94
95

97
99

VII



np. ACTY-H b EN 1999-1-5:201X
Beryn

Haamit  moxyment (EN 1999-1-5:2007) OyB
nigroroBnennii  Texuiunum  KomireTrom
CEN/TC 250 “byamiBensHi €Bpoxoau”,
cekpeTapiaT sikoro miarpumyerscst BSI.

Hpomy €BpomnelicbkoMy cTaHaapty Oyzae
Ha/IaHUi craryc HAI[IOHAJIBHOTO 3
myONiKalier0  iIeHTUYHOTO  TEKCTy  abo
cxBaieHHsIM He mi3Hime ceprHs 2007 poky i
pu CKacyBaHHI KOH(DIIIKTYIOUHX
HalllOHAJBFHUX CTaHAAPTIB HE MI3HIIIE Oepe3Hs
2010 poky.

CEN/TC 250 simnoBimanpbHHMi 32  BCi
BbynisenbH1 €Bpokoau.

VY BIANOBIIHOCTI 3 BHYTPILIHIMU TOCTAHOBaMU
CEN/CENELEC e €BponeichKuii
CTaHJapT 3000B’s3aHI MPUHHATH HALIOHAJBHI
OpraHM 31 CTaHJapTU3alii TakUX KpaiH:
Asctpis, bensris, bonrapis, BenmukoOputanis,
Benrpis, I'pemis, Jlanis, Ecrtonis, Icmanmis,
Icnanis, Ipnanmis, Iramis, Kinp, Jlarsis,
JlutBa, JlrokcemOypr, Manbra, Hinepmanmu,
Himeuunna, Hopgerisa, [lonsma, Tlopryramis,
Pymynis, CnoBauunna, CioBeHiss, YTopiinHa,
Oisaais, Opanmis, Yecpka PecmyOiika,
[Bemis Ta IBeitmapis

VIl

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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HAIIIOHAJIbHUM CTAHJIAPT YKPAIHI

€BPOKO/I 9. MIPOEKTYBAHHSA AJTIOMIHIEBUX KOHCTPYKIIN
YACTHHA 1-5. KOHCTPYKIIII OBOJIOHOK

EBPOKO/I 9. [IPOEKTUPOBAHUE AJIIOMUHUEBBIX KOHCTPYKIINIA
YACTbD 1-5. KOHCTPYKIIMHM OBOJIOYEK

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

OcHoBHU nporpamu
€BpokoaiB

Y 1975 poui Kowmicia €Bpomneiicbkoi
CrinpbHOTH BHpIIMIA PO3MOYATH MpPOrpamy
Il y ranmy3i OyIiBHUIITBA HA IMICTaB1 CTaTTI
95 JHoroBopy. Mertor mnporpamu Oyio
YCYHEHHSI  TEXHIYHUX  MEpemKoa  Jyis
TOPTIBII 1 Y3TrOJKEHHS TEXHIYHUX YMOB.

B pamxax miei nporpamu aiii Kowmicis B3siia
Ha ce0e IHIMIATHBY BCTAHOBHTH CHCTEMY
V3rO/DKEHUX  TEXHIYHUX  TpaBWiI IS
MPOEKTYyBaHHSI Oy/iBENIb 1 CHOPYH, SIKi Ha
TIePIIIii cTasii Maju CIIyr'yBaTH
ATPTEPHATHBOI0 YMHHUM  HAI[lOHATEHUM
npaBuiaM JlepikaB-4ieHiB, a 3pemTO Malld
3aMIHUTH iX.

Yropogosx m’stHaausaT pokie Kowicis 3a
nornomMoror PoGodoro komiTeTy, 10 CKIamxy
SIKOTO BXOJWJIM TIPEACTaBHUKH JlepikaB-
YJICHIB, BeJa PO3poOKy nporpamu
€BpOKOJIIB, fKa TpHU3BeNa 10 IyOsikamii
KOMILJIEKTY MePIIOTO MMOKOJIIHHSA
€Bporneiicbkux KoaiB y 80-TUX pokax.

YuaHUA Big

Background of the Eurocode programme

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

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

For fifteen years, the Commission, with the
help of a Steering Committee with
Representatives of  Member  States,
conducted the development of the Eurocodes
programme, which led to the first generation
of European codes in the 1980s.
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B 1989 poui Kowmicist ta nepxasu, uienn EU
(EBpomeiicekoi  CrnimbHoTH) Ta  EFTA
(E€Bpomneiicbkoi Acomianii Binenoi Toprisi)
ga ocnoi yromu' mix Kowmiciero Ta CEN
(E€BpornelicbkuM Kowmiterom 3
Cranpmapruzanii)  BHpIIWIM  TEpegaTu
MIArOTOBKY Ta myoOurikarito €spokonie CEN
3a JIomOMOrorw cepii ManpjariB, 10 B
pesymbraTi  Hagasio O €Bpokomam B
MailOyTHROMY  cTaTycy  €BpONEHCHKOTO
Crannmapty (EN). Lle noB’s3ye €Bpokoau 3
nosioxkeHHsiMA  [lupexktuB Pamm 1 Pimens
Kowmicii moao €Bponelcbkux cTaHIapTiB
(tobto HupextuBu Panu 89/106/EEC mono
OyniBenbHEX BUpoOIB - CPD - ta [lupektus
Pamu 93/37/EEC, 92/50/EEC ta 89/440/EEC
BITHOCHO CYCHUIBHMX pOOIT Ta MOCHyr 1
€KBIBaJIECHTHUX JIUPEKTUB EFTA,
3al04YaTKOBaHUX, mo0 JIOTIOMOT'TH
3aCHYBaHHIO BHYTPIIIHHOTO PUHKY).
CrpykTypHa mporpama €BpOKOJIB BKJIIOYAE
Takl  CTaHJapTH, SKI B  OCHOBHOMY
CKJIQAOTHCA 3 JEKUIBKOX YaCTHH:

EN 1990 €Bpoxoxa : OcHOBH IpPOEKTyBaHHS
KOHCTPYKIIH

EN 1991 €Bpoxkon 1: Jlii Ha KOHCTPYKITii

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

EN 1990 Eurocode 0: Basis of Structural
Design

EN 1991 Eurocode 1: Actions on structures

EN 1992 €spokox 2: IIpoexryBaHHs EN 1992 Eurocode 2: Design of concrete
3113006 TOHHUX KOHCTPYKITIH structures

EN 1993 €spokox 3: IIpoekryBaHHs EN 1993 Eurocode 3: Design of steel
CTaJICBUX KOHCTPYKIIIH structures

EN 1994 €Bpokox 4: IIpoexryBaHHs EN 1994 Eurocode 4: Design of composite
CTaje3a1i300€ TOHHUX KOHCTPYKIIii steel and concrete structures

EN 1995 €Bpokox 5: IIpoekryBaHHs EN 1995 Eurocode 5: Design of timber
JIEPEB STHUX KOHCTPYKIIIH structures

EN 1996 €Bpokox 6: IIpoekryBaHHs EN 1996 Eurocode 6: Design of masonry
KaM’STHUX KOHCTPYKIIIH structures

EN 1997 €Bpokong 7:  T'eorexHiune EN 1997 Eurocode 7: Geotechnical design
MIPOEKTYBaHHS

EN 1998 €Bpokox 8: IIpoekryBaHHs EN 1998 Eurocode 8: Design of structures
CEUCMOCTIHKHUX KOHCTPYKIIii for earthquake resistance

EN 1999 €Bpokox 9: IIpoekryBaHHs EN 1999 Eurocode 9: Design of aluminium
QTIOMIHIEBUX KOHCTPYKITIH. structures.

Crannaptu €BpoKo/IiB BU3HAIOTh Eurocode  standards recognise  the

BIIOBIAATBHICTh ~ PETyASTOPHUX OpraHiB
JiepKaB-4JICHIB Ta 3aXUIAIOTh X MPaBO Ha

responsibility of regulatory authorities in
each Member State and have safeguarded

! Vroma wmix  Kowmiciero  €Bponeiicbkoro
CmiBroBapuctBa Ta €BpONEHCHKAM KOMITETOM 31
craggaptm3anii (CEN) 3 mpoBemeHHs poOiT Hax

€BPOIECHCHKUMU HOpMaMu MPOMHCIIOBOT'O i
IUB1JIBHOTO OyIiBHHIITBA, €BpoKogaMu
(BC/CEN/03/89).

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



NPU3HAYCHHS BEJIWYMH, SKI TOB’s3aHI 3
pEeryaioBaHHSIM  NUTaHb  O€3MeKu  Ha
HaI[lOHAJIBHOMY pIiBHI Tam, Ji¢ BOHH
BIJIPI3HSIOTHCS BiJl KpaiHU 10 KpaiHU.

Craryc Ta rajry3b 3acTOCYyBaHHS
€BpokoaiB

Hepxasu-wienu EU ta EFTA Bu3Haioth Te,
mo  €BpoKOAM  JIOTh K  €TaJOHHI
JOKYMEHTH JIJISl TAKUX IIUTCH:

- sIK 3aci0 ToBeCTH BINMOBINHICTH OyAiBeNb 1
CIIOPYA  OCHOBHHMM BUMOTaMm JlupekTuBu
Pamu  89/106/EEC, 30kpemMa OCHOBHIi
BuMo31 N°l- MexaHiuHa CTIMKICTh Ta
CTaOUTbHICTh 1 OCHOBHIA BHMO31 N°2 —
IlokexxHa Oe3eka;

— SIK OCHOBA JUTS YKJIQJAaHHS KOHTPAKTIB IS
OyaiBeNb 1 CIOPYJ Ta TOB’S3aHUX 3 HUMH
IH)KEHEPHUX MOCIIYT;

— SIK OCHOBa JJI CKJaJaHHS Y3TOKEHUX
TEeXHIUHUX crenudikamii g OyIiBeTbHUX
BUpoOiB (ENs ta ETASs).

€BpPOKOJIM, OCKUTPKA BOHH O€3MOCEpeTHbO
BITHOCATHCS 10 OyIBETLHUX CIIOPY, MAlOTh
NpSAMUN 3B’SI30K 3 Taymaunumu
JIOKYMEHTaMHU? posmimi 12 CPD,
HE3BaKAalOUW Ta T€, 110 BOHU MAlOTh PI3HY
MPUPOy 3 TApPMOHI30BAaHUMH CTaHIAPTaAMH

Ha BUPOOK'.
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their right to determine values related to
regulatory safety matters at national level
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®.

2 3rigno crarti 3.3 mokymenta CPD, cyrTeBi BUMOru
(essential requirements, a0o ER) noBuHHI OyTH KOHK-
peTH30BaHl y IOSCHIOBAIBHHX JOKYMEHTax, I00
BCTAHOBHUTH HAJISKHHH 3B’5130K MiXK TAKUMH BUMOT'a-
MH Ta IOpYYCHHSIMHU-MaHAATaMH Ha PO3POOKY JOKY-
MmenTiB hENs and ETAGS/ETAs.

% Bignosigo 1o Cr. 12 CPD, ToymauHi JOKyMEHTH
MaroTh:

a) HajaTH KOHKpeTHY (opmy OCHOBHHM BHMOram,
Y3TOAMBIIY TEPMIiHOJIOTIIO 1 TEXHIYHI 3acaau, i BKa3a-
BIIM KJlacu abo piBHI AJIs KOXKHOI BIMOTH, /€ IIe He-
00X1JIHO;

b) BKazaTW METOAM BCTAHOBJICHHS CITiBBiJHOIICHHS
MDXK IIMMU KJ1acaM# a00 PiBHAMHU BUMOT 3 TEXHIYHIMHU
BHMOTaMHU, HAIIPHUKIIAA, METOIN PO3PAXYHKY 1 IepeBi-
PKU, TEXHIYHI IpaBwiIa MPOSKTYBaHHS, 1 T. iH.;

C) CIyryBaTH SK PEKOMEHMAIlis Ui BCTAHOBJIICHHS
Y3TODKEHUX CTaHIAPTIB 1 HACTAHOB I CBPOIEHCH-
KOO TEXHIYHOI'O YXBaJICHHSI.

€pokonu de facto rparots moniGHy ponb y chepi ER
1 i gactuni ER 2.

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/ETASs.

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

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

b) indicate methods of correlating these classes or
levels of requirement with the technical
specifications, e.g. methods of 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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TakuM YMHOM, TEXHIYHI aCIEKTH, SKI
BUIUIMBAIOTh 3 €BpOKOAIB ais OyxdiBens i
CIOpYA TOBHMHHI B TOBHIA Mipi Oyru
posrisianyruMu  Texniunumu  Kowmiteramu
CEN Tta/un pobounmu rpynamu EOTA, siki
pPO3pOOISIOTh  CcTaHAApTH Ha  OyAiBenbHI
BUpOOW, 3 TO3UIIA JOCSITHEHHS MOBHOL
CYMICHOCTI TEXHIYHUX crenudikamid 3
€BpOKOIaMHU.

Crangapté €BpOKOJIIB HAIAIOTh 3arajibHi
NpaBUja TPOEKTYBAHHS IS TPAKTUIHOTO
BUKOPDHUCTaHHA BCIX KOHCTPYKIii Ta ii
KOMIIOHEHTIB, fK TpaAMIIHHOTO Tak 1
IHHOBAI[IHHOTO  XapakTepy. VYHiKanbH1
dhopmu KOHCTPYKITIi abo YMOBH
MIPOEKTYBAaHHS HE OXOILUTIOIOTHCS, 1 B TaKHX
BUIMAJIKaX  IMPOEKTYBAJBHUKY  MOTpiOEH
JOJTATKOBUM €KCIIEPTHUM PO3TIIAL.

HauionajabHi cTanaapTu, mo
BIIPOBAKYIOTH €EBpokoaun

HamionaneHi cTangapTy, mo BIPOBAIKYIOTh
€BpOKOJIM, 3aBXKIM BKIIOYAIOTh TOBHUH
TEKCT €BpPOKOAY (BKIIOYAIOYU BCI JOJIATKH)
Buganuii CEN, sskoMy MOXYTh NepemyBaTh
Hamionansauii TUTYJIbHUMN JIUCT Ta
HamionaneHa mepeaMoBa, a TakOX MOXKeE
CYMPOBOIKYBATHUCS HamionaasHum
JTOJATKOM.

HamioHaneHMIT I0MATOK MOYKE BKIIIOYATH
iH(pOpMaIlil0 BIIHOCHO TUX IMapaMeTpiB, SKi
3aNUIININCS BIAKPUTUMHU B €BpoKOJaxX AJs
HaL[IOHAJILHOTO BHOODY, BiZIOMI SIK
HamionaneHo BU3HAa4YeH1 mMmapameTpu, Ui
BUKOPHUCTAHHS TMPU MPOEKTYBaHHI OyIiBeIb
Ta IHXKEHEPHUX CIIOPYH, 0 OyAayTh 3BeleH1
y KOHKpETHII KpaiHi, a came:

— 3HAUEHHS  YaCTKOBUX  KOE(QIII€HTIB
HaJIHHOCTI Ta/ab0 KiIacuQikalliro BHITAJIKIB,
TUIS SIKUX €Bpoxoa periameHrye
BUKOPHUCTAHHS allbTEPHATUB;

— 3HQYEHHS, SKi CIiJ] BAKOPUCTOBYBATH TaM,
Ie B €BpOKOJII  HABEJAEHO  TUIbKH
MO3HAYEHHS,

— reorpadgiuyHi Ta KIIMaTW4HI  JaHi,
XapakTepHi s KOHKPETHOI Jep)KaBH-
yYaCHUIll, HaMpHKIaJd, KapTa CHIFOBOTO
paliOHyBaHHS;

— KOHKPETHI METOJMKHU ISl TUX BHIAJIKIB,
KON €BPOKOJI pEeriaMeHTye BUKOPHUCTAHHS
aIbTepHATHB,

4

Therefore, technical aspects arising from the
Eurocodes work need to be adequately
considered by CEN Technical Committees
and/or EOTA Working Groups working on
product 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;



— TIOCWJIaHHS Ha JOJAaTKOBY iH(opmaliro,
sIKa HE CYNEPEeYUTh HOPMAaTHBHUM BHMOTaM i
JOTIOMAarae y KOpHCTyBaHHI €BPOKOIaMHL.

3B’s13kM Mizk €EBpokogamu Ta
rapMOHI30BAHNMHU TE€XHIYHUMH
cnenudikauiavu (ENs and ETAs) nas
BUPOOIB

HeoOxinHa Y3rOJKEHICTh MDK
rapMOHI30BaHUMU TEXHIYHUMU
cnenu@ikaisMu s OyIiBeNbHUX BUPOOIB
Ta TEXHIYHUMHU TpaBWIAMHU JUis OymiBenb i
cnopyn”. Kpim Toro, nosna inopmaris, sika
cynpoBokye MapkyBanHs CE OyniBenbHHX
BUPOOIB 1 Ma€ BiIHOIIEHHS 10 €BPOKO/IIB,
IMOBHMHHA YITKO 3a3HauatH, ki HaiioHansHO
BU3HAUEHI MapamMeTpu Oynu OpUHHATI 10

yBaru.

Haunionaannuii /logaTox 1o
EN 1999-1-5

et  crammapT Hajae  ajgbTepHATUBHI
MPOIIEAYPH, BEIWYWHU 1 pEKOMEHMAIll s
KJIaciB 3 MPHUMITKaMU, SIKI BKa3ylOTh MicCIIe,
7€ HEOOX1HO 3poOWTH HaIllOHATBHI BHOIp.
Takum uywmHom, HamioHaneHMit cTaHgapT,
skuii  immiementye EN 1999-1-5 noBunen
Mati  HamjoHanpHWME  1OJATOK,  SIKUH
BKIIOYaB Oum yci HarmioHansHO BH3Ha4YEHI
nmapamMeTpH, SKi ~ BUKOPHUCTOBYIOTHCA TpH
MPOEKTyBaHHI  Oy/iBeb Ta IUBUIBHHUX
copyn , ki Oyayte mnoOyaoBaHi Yy
BIJIMTOBIIHIN KpaiHi.

HamionansHuM BHOOpPOM J03BOJICHO BBIATH
1o EN 1999-1-5 3a nommomororo:

-2.1(3)

-2.1(4)
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- references to non-contradictory
complementary information to assist the user
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)

! NTus. Cr. 3.3 i C1.12 CPD, a takox 4.2, 4.3.1, 4.3.2
ID 1.

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

1.1  Taxy3s 3acTocyBaHHS

1.1.1 TIany3s 3acmocysanna EN 1999

(1)P  Cranpapr EN 1999 perjJaMeHTye
MUTaHHS IIPOEKTYBaHHS QITIOMIHIEBUX
KOHCTPYKII{ OyniBenb Ta CIOpyX IHUBUIEHOTO
npu3HayeHHd. BiH peamidye npuHOuOM i

HOpPMaTMBHI ~ BUMOTM A0  Oe3neku  Ta
eKCIUTyaTaliifHOi MPUIATHOCTI KOHCTPYKIIiH,
OCHOBHI MIOJIOKEHHS IIPOEKTYBaHHSI,
pO3paxyHKy 1  TepeBipkH  OymiBeIbHUX
KOHCTPYKLINA,  BUKJIAAEHI Yy  JIOKYMEHTI
EN 1990 - OcHoBH MIPOEKTYBaHHS
KOHCTPYKIIIH.

(2P Cranmapt EN 1999 BucyBae BuMoOrH
TUIBKU JI0 o1opy, eKCIUTyaTaliiiHOT
MPUAATHOCTI, JOBTOBIYHOCTI Ta BOTHECTIHKOCT1
QIIOMIHIEBUX  KOHCTPYKUIH. [HmI BuUMOrH,
HalpuKIaa, Ti, MO CTOCYIOTHCS TeIio- abo

3BYKOBBOJISLIT  KOHCTPYKUIH, y  JaHOMY
CTaHJAPT1 HE PO3TIISIIAOTHCSI.
(3)  Cranpapr EN 1999 MOBHHEH

BUKOPUCTOBYBATHCSI pa3oM 3 HACTYIHUMH
JTOKYMEHTaMHu:

— EN 1990:
KOHCTPYKITIN”

“OcHOBH MPOEKTYBAHHS

— EN 1991 “/1ii Ha KOHCTpYKITii”

—  €BpomenchKi  CTaHAApTH HA  BHPOOH
OyniBeNbHOI 1HAYCTPIi, sIKI MAlOTh BiIHOIIECHHS
JI0 ATFOMIHIEBUX KOHCTPYKITIH

— EN 1090-1: Bukonanus poOiT 31 cTajeBUMHU

Ta QIIOMIHIEBUMH KOHCTPYKIiAIMH — 4.l.
Bumorn no 3a0e3medeHHS — BiQIIOBIAHOCTI
CTaHJapTaM €JIEMEHTIB OyaiBENIbHUX
KOHCprKL[iﬁ5

— EN 1090-3: BukonauHs poOIT 31 CTaJICBUMH Ta
QTIOMIHIEBUMH KOHCTPYKIIAMH — 4.3, TexHiuHi
BHUMOTH JI0 aJTIOMIHIEBUX KOHCTPYKIIIN 5

(4)  Crammapr EN 1999 Brximoyae 11’sTh
JaCTHH:

EN 1999-1-1 IlpoexTyBaHHS AJIFOMIH1€BUX
KoHCTpyKLii: Yactuna 1-1. 3araneHi mpaBuia
JUTS. KOHCTPYKITIH.

® Byze ony0miKoBaHo

1 GENERAL
1.1  Scope

1.1.1 Scope of EN 1999

(1)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

— European 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®

4) EN 1999 is subdivided in five parts:

EN 1999-1-1 Design  of  Aluminium

Structures: General structural rules.

5To be published



EN 1999-1-2 IlpoexTyBaHHS ATIOMIHIEBUX
KOHCTPYKIIH. Po3paxyHOK KOHCTpYKLIH Ha
BOTHECTIHKICTb.

EN 1999-1-3 IlpoexTyBaHHS ATIOMIHIEBUX
KoHCTpyKkuid.  KoHcrpykuii — 9ymimmBi 10
BUTPHUBAJIOCTI.

EN 1999-1-4 TlpoexTyBaHHS ATIOMIHIEBUX
KOHCTPYKIIiH. X0J01HO(OPMOBaHI JIUCTH.

EN 1999-1-5 IlpoexTyBaHHS ATIOMIHIEBUX
KoHCTpyKUiH. KoHcTpykIlii 000J10HOK.

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

(1)P EN 1999-1-5 TIOUTHPIOETHCS Ha
MIPOEKTYBaHHS AJIOMIHIEBUX KOHCTPYKIIH, 3
eJIeMEHTaMH KOPCTKOCT1 un 0€3 HUX, 110 MaIOTh
¢dbopMmy 000I0HKH OOepTaHHS abo OKpYrjIoro
IIUTa MOHOKOKOBOT KOHCTPYKIIii.

2 JIJIs OKpeMuX IMHTaHb 3 TPOCKTYyBAHHS
KOHCTPYKIINA CJiJ 3BEPTaTHCh J0 CYMDKHUX
gactud EN 1999.

(3) MomarkoBa iH(opMaIris MO0 OKPEMHUX
TUmiB o0osoHok HaeegeHa y EN 1993-1-6 Ta
CYMDKHHX PO3/IUIax, a came:

- Po3min 3-1 myig GamT Ta MIOroJ;

- Po3ain 3-2 ms qumapis;

- Po3znin 4-1 nst OyHkepis,

- Po3nin 4-2 nyst pe3epByapis;

- Po3znin 4-3 mst TpyOOTIpoBOIiB.

(49) Bumorm EN 1999-1-5  crocyrotbes
BICECHMETPUYHUX 000JIOHOK (TmmiHIpiB,
KOHYCIB, cep), KUTbIIEBUX 1 KPYTOBUX IUIACTHH,
a TakoX KUIBIICBUX TepepiziB  Oamok i
CTPUHTEPIB, Y BHITAJKy KOJH BOHU € YaCTHHOIO
LUTICHOT KOHCTPYKIIii.

(5) B EN1999-1-5 He po3risgaioTbes B
MOBHIK  Mipi  OKkpeMi maHenm  000JOHOK
(mumiHapuYHI, KOHIYHI ab60 cdepuuni). Tum He
MEHIIIe, JI0 HUX TaKOX MOXKHA 3acTOCYBaTH
BHIII€3a3HaUY€HI HOPMH, OOpAaBIIM TMPAaBUIbHI
I'pPaHUYHI YMOBH.

(6) Tumm CTIHOK 000JIOHOK, ()
posrnsgatoTees B EN 1999-1-5 (nuB. Puc.1.1):

-CTiHKa O0OJIOHKM 3 JIMCTOBOTO IpOKaTy, Jaii
“i30TponHa’;

-CTIHKa OOOJIOHKM  yTBOpEHa 3 €HaHHSIM
BHAIlyCK OKpEMHX IUIACTUH, Jaji ‘31 CTUKaMHU
BHAITYCK’;
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EN 1999-1-2 Design ~ of  Aluminium
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;



np. ACTY-H b EN 1999-1-5:201X

-CTiHKa 00O0JIOHKH 3 €JIEMEHTaMH >KOPCTKOCTI MO

30BHIIIHIA MOBEpxHi, JAami “i3 30BHIIHIMH
€IIEMEHTAMH  JKOPCTKOCTI”, HE3aJeKHO BII
KPOKY €JIEMEHTIB KOPCTKOCTI;

-CTiHKa 000JIOHKH, ropoBana B

MEpPUIIOHATBHOMY HANpsIMKY, Jali “3 0CbOBUM
rodpyBaHHsIM”;

-CTiHKa O0OJIOHKM 3 TO(pPOBaHUX JIUCTIB,
po3TamoBaHuUX  ToppamMu Yy  KUIBIEBOMY
HaNpsMKY, Jajli ‘3 KUIbLEBUM TOPpyBaHHM .

-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’.
g
g
' 7 .
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/ ]
B po3pisi
Elevation
B naani
Plan
Pucynoxk 1.1- 3o0paxkeHHs HUTIHIPUYHUX 0OOJOHOK
Figure 1.1 — [lustration of cylindrical shell forms
(7)  Tonoxenns EN 1999-1-5 npusnaueni (7)  The provisions of EN 1999-1-5 are
JUIA  3aCTOCYBaHHS B MEKax JIiara3oHy intended to be applied within the temperature
Temreparyp, BusHaueHux B EN 1999-1-1. range defined in EN 1999-1-1. The maximum
MakcumaibpHa TeMIiepaTypa 0OMeXeHa, TOMY temperature is restricted so that the influence
BIUIMBOM TIOB3y4OCTi MOJKHA 3HEXTYBaTH. of creep can be neglected. For structures
Bumorn 10 KOHCTPYKIiH TiJ BIUIMBOM subject to elevated temperatures associated

l'[iI[BI/IH_ICHI/IX TEMIICpaTypax, MOB'SI3aHUX 3

BoraeMm, qus. EN 1999-1-2,

(8) EN 1999-1-5 wme
TePMETUYHOCTI 00OJIOHOK.

OXOIITIOE  IMHUTAaHb

with fire see EN 1999-1-2.

(8) EN 1999-1-5 does not the

aspects of leakage.

cover



1.2 HopMaTHBHi NOCHJIAHHA

(2 EN 1999-1-5 wmicTuTh pgaToBaHi YH
HE/JAaTOBaHI MOCHUJAHHA 3  TIOJOXXCHHSAMHU
iHmuMX myomikarii. L{i HopMaTHBHI MOCHIIaHHS
HaBEJICHI Yy BIAMOBITHUX MICHAX TEKCTYy Ta
BHECEHI JO0 ChucKky myOumikamin. s
JaTOBAHMX TOCHJIaHb HACTYIIHI MOTPaBKHA 200
3MIHM B OyAb-KMX 3 1UX ITyOJiKaIlii
MIPUHAMAIOTBCS LM €BpornencbKkuM
CTaHJAPTOM TUIBKU y pa3i, KOJIU IIi TOMPaBKU
abo 3MiHM 3apeecTpoBani. [ HemaToBaHUX
MOCHJIaHb 33aCTOCOBYETHCS OCTAHHS PEIaKIlis
nyOikanii (BKJIIOYar04u MOMpaBKH).

EN 1090-1: BukonanHs poOiT 31 CTaJIeBUMH Ta
QIIOMIHIEBUMH KOHCTPYKLIAMU — 4.1: Bumoru
0 3abe3nmedyeHHs] BUIMOBIAHOCTI CTaHAapTaM
eJleMeHTIB OyIiBebHUX KOHCTPYKIIii®

EN 1090-3: BukonanHs poOiT 31 CTaJIeBUMH Ta

QITIOMIHIEBUMHM ~ KOHCTPYKIIsIMM — —  4.3:
Texniuni BHMOTH i(d) AITTOMIHIEBUX
KOHCTPYKIIiif®

EN 1990 OcHoBH mpOeKTYBaHHS KOHCTPYKIIIH

EN 1991 €Bpoxkon 1. [lii Ha KOHCTpYKIIii— yci
YaCTUHU

EN 1993-1-6 [IpoexTyBanHs CTaJICBUX
koHCTpykIid. Yactuna 1-6. KoncTpykiii
000JI0HOK

EN 1993-3-2 [IpoexTyBanHs CTaJICBUX
KOHCTpyKIiK. YactuHa 3-2. JlumMoBi TpyOu

EN 1993-4-1 [IpoekTyBaHHs CTaJICBUX
koHCTpyKIid. YactuHa 4-1. Cunocu

EN 1993-4-2 [IpoexTyBaHHs CTaJICBUX

KoHCTpyKIii. YactuHa 4-2. PesepByapu

EN 1993-4-3 [IpoekTyBaHHS  cTaneBUX
KoHCTpyKIii. Yactuna 4-3. TpybonpoBoau

EN 1999-1-1 IIpoektyBaHHS  amlOMIiHI€EBHX
KoHCTpyKIid. Yactuna 1-1. 3aranpHi npaBuia
JUIS KOHCTPYKITIH.

EN 1999-1-2 IlpoektyBaHHS  aJIOMIiHIEBUX
KoHCTpykuiid. Yactuna 1-2  PospaxyHox
KOHCTPYKIIIif Ha BOTHECTIMKICTh

EN 1999-1-3 IlpoexkTyBaHHS  aJIOMIHIEBHX
koHCTpykuiid. Yactuna 1-3. Koncrpykiii,
YYTJIUBI 10 BUTPUBAIOCTI

EN 1999-1-4 TlpoexkTyBaHHA  aJIOMIHIEBHX
KOHCTPYKIIIH. YactuHa 1-4.

np. ACTY-H b EN 1999-1-5:201X

1.2 Normative references

(1) 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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XonoaHohopMoBaHi TUCTH

1.3  TepMiHu Ta BU3HAYEHHS

(2 HonatkoBo g0  EN1999-1-1, vy
EN 1999-1-5 BHKOPHUCTOBYIOTbCS HACTYIHI
MO3HAYCHHS:

1.3.1 ®@opmu ma zeomempin KoncmpyKyii
1.3.1.1 o6010HKa

ToHkocTiHHA KOHCTPYKIIis, yTBOpEHa
KPUBOJIIHIAHOIO  TMOBEpPXHEI0,  SKa  Mae
TOBUIUHY, 1110 BUMIPIOETHCS MEPIEHIUKYISIPHO
70 TIOBEPXHI, Majlly y MOpPIBHSAHHI 3 IHIIUMHU
po3Mipamu. Obomonka cripuiimae
HAaBaHTAXXEHHsS, B OCHOBHOMY, 3a paXyHOK
MeMOpaHHUX 3ycuib. CepeHHA MOBEPXHS Y
KOKHIA TOYI[I MOXX€ MaTW CKIHUEHH1 paalycu
KpUBU3HHU a00 HECKIHUEHHUH paJilyc KpUBU3HU
B OJHOMY HampsIMKy, HampukKiaa, SK Yy
BUIAJKY IUJIIHAPUIHOT 0OOJIOHKH.

Y EN 1999-1-5 o0onoHKa BH3HAYAETHCS SIK
KOHCTPYKIIsE abo eJeMeHT KOHCTPYKIIIi,
YTBOPEHHH 3ITHYTUM TOHKHM JINCTOM.

1.3.1.2 o60o10HKG 0OEpmarHs

OOoJioHKa, SKa CKJIAJacTbCad 3 JCKIIBKOX
YacTHH, KOXXHa 3 SKHX € 3aMKHYTOIO
BICECHMETPHUYHOIO 000JIOHKOIO.

1.3.1.3 3amxnyma gicecumempuuna 06010HKA

OOGosonka, ¢opMa sKOi BHU3HAYAETHCS 3a
JOTIOMOTO0  TOBOPOTY  MEPHIIOHAIBHOT
TBipHOi HaBKOJIO OJHIE€T oci Ha KyT 2xl]
panian. Taka o0oJloHKa MOXKEe MaTu Oyab-sIKY
JOBXKHUHY.

1.3.1.4 cecmenm obonronku

YactuHa O0O0OJIOHKM OOCpTaHHS, IO Mae
KOHKpETHY 000JIOHKOBY (popMy Ta MOCTIHHY
TOBIIMHY CTIHKW: LUJIHAP, 3pi3aHUNA KOHYC,
chepuYHMIl CErMEHT, KUIbIIEBa ILIUTa abo
¢irypa iHmoi popmu.

1.3.1.5 nanenv ob6or0nKU

He3amknyra  BicecumeTpuyHa  00OJIOHKA:
¢opma 0OOJIOHKM BHU3HAYAETHCA MOBOPOTOM
TBIPHOT HABKOJIO OC1 Ha KyT, MEHIIMHA HIK 27
paniaH.

1.3.1.6 cepeounna nogepxus

[ToBepxHs, sika B KOXHIA TOYII PO3TALIOBAaHA
nocepeuHi MK BHYTPILIHBOIO 1 30BHIIIHBOIO
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- Part 1-4: Cold-formed structural sheeting
1.3 Terms and definitions

Q) 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 2n 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
inside and outside surfaces of the shell at



MOBEPXHSAMHU  000JIOHKH. SIKIO  000JOHKA
MiAKpiIUIeHa JMIIe HAa OJHIA TOBEPXHi, 3a
0a30By cCepeAMHHY IOBEPXHIO NPUHMAETHCS
cepeMHHA MOBEPXHSA BUKPHUBJICHOT
000710HKOBO]T mIacTuHu. CepeTuHHA TOBEPXHS
€ 0a30BOI0 TOBEPXHEIO UIS PO3PAXYHKY 1
MOJKE€ MaTH PO3PHBH IPH 3MiHI TOBIIUHH 200 B
MICIISIX 3’€gHaHHA 00O0JOHOK, BHACIIIOK YOTO
BUHUKAE CKCIIGHTPUCUTET, IKHI MOXKE CYTTEBO
BILTUBATH Ha PEAKI[iF0 0O0TIOHKH.

1.3.1.7 cmux

Micue, B SIKOMy CXOJSAThCS /1Ba ab0 OuibIe
CerMeHTIB 000JOHKHA. BOHO MOKe BKIIOUATH
eJIeMEHT >KOpCTKOCTI abo Hi. Komosa niHis, 1o
K1 eJIeMEHT JKOPCTKOCTI KpPIMMTHCS [0
000JIOHKH, MOKHA BBAYKaTH CTUKOM.

1.3.1.8 cmpuneep

MicueBuit €JIEMEHT AKOPCTKOCTI,
pO3TalIoBaHUN B3JIOBXK TBIPHOI OOOJOHKH
obepTaHHS. BuxopuctoByeThest TSt

30UTbIIEHHS] CTIAKOCTI abo Ui CIpUiiMaHHS
MICIIEBUX HaBaHTa)KeHb. BiH He mpu3HaYeHU
U1 3a0€31eYeHHs] OCHOBHOTO OIOPY 3TMHY Bij
MOTIEPEYHOr0 HaBaHTAXEHHS

1.3.1.9 pebpo
MicueBuii  eleMeHT, TBipHA  OOOJIOHKH
obepranHs, 10  3a0e3reuye  TEpPBUHHE

CTIPUHHSATTS 3rHHAI0YNX HABAHTAXKCHBb B3JJOBXK
MepeziaHa 000JIOHKH. BUKOpUCTOBY€eThCS IS
nepegadi  abo  poO3MOALTY  MOMEpPEYHUX
HABaHTAXXEHb MTPH 3THHI.

1.3.1.10 xinbye srcopcmrocmi

MicueBuii  €JIEMEHT  OPCTKOCTi,  SIKUH
MPOXOJIUTh HABKOJIO OKPYKHOCTI OOOJIOHKH
obepTaHHs y 3aJaHid TOYIll MeEpHIiaHy.
JlomycKaeThbes, IO y IUIOMIUHI MepuiiaHy
000JIOHKH HeMae >XOpCTKOCTi. lleit enemeHT
noTpiOeH I MiABUIIEHHS CTIMKOCTI abo s
CIPUMHATTS  BICCCUMETPUYHHMX  MICIICBUX
HABaHTAXEHb, K1 AIIOTh Y IJIOIIHUHI KUTBIIS 32
JOTIOMOTOI0  BICECUMETPUYHMX HOPMaJIbHHUX
cul. BiH He 3acTOCOBY€EThCS JUTsl 3a0€3MeueHHs
MIEPBUHHOTO OTIOPY 3TMHAHHIO.

1.3.1.11 onopme xinvye

EnemeHT KOHCTPYKIii, SKUH HPOXOAUTH
HaBKOJIO 000JIOHKM OOepTaHHS B OCHOBI Ta
3abe3neyye  KpimjeHHS  OOOJNIOHKH [0
byHIaMeHTy abo HIIIOTO eJeMeHTa

np. ACTY-H b EN 1999-1-5:201X

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
shell to a foundation or other element. It is

11
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KOHCTPYKIIii. Bono [IpU3HAYCHE JU1st
MPAKTUYHOTO 3a0e3medeHHss mnepeadadyeHux
IPaHUYHUX YMOB.

1.3.2 Okpemi euznauenna w000 po3paxyxy
Ha empamy cmiiikocmi

1.3.2.1 kxpumuune nasanmasicents npu eMpami
cminuxkocmi

Haiimenma  Oipypkamis  abo  rpaHuvHe
HAaBaHTAXXCHHs, BH3HAYCHE TIPH JOMYIIEHHI
ieari30oBaHUX ~ YMOB  MPYXHOI  poOOTH
Marepiaiy, 1feaJbHOI TeoMeTpli, 11eaabHOro
NPUKIAJaHHS  HABaHTAXKEHHS,  1A€albHOI
OTOPH, 130TPOMHOCTI MaTepiany 1 BIACYTHOCTI
3aJIMIIKOBUX HanpykeHb (anaiiz LBA).

1.3.2.2 kxpumuuni nanpyosicennus npu  empami
cmiukocmi

Howminanshe MeMOpaHHe HaIlpy>KEHH,
MOB's13aHe 3 KPUTHYHUM PY)KHUM
HaBaHTaXEHHSM IPHU BTPaTI CTIAKOCTI.

1.3.2.3 xapaxmepucmuune
npu empami cmiuKocmi

HANPYHCEHHS]

HowminanesHe MeMOpaHHe Hanpy>KeHHS,
TOB's3aHE 3 BTPATOIO CTIMKOCTI IPH HASIBHOCTI
HETIPY>KHBOI IMOBEIIHKH MaTepialy Ta
T€OMETPUYHUX 1 KOHCTPYKIIMHUX HEIOTIKIB.

1.3.2.4 pospaxynkosuii onip
cmiukocmi

empami

Po3paxyHkoBe 3HAYeHHS HANPYXCHHS IPU
BTpaTi  CTIMKOCTI, SKE OTPUMYEThCA 32
JOTIOMOTOI0  JIUIGHHS ~ XapaKTePUCTUYHOTO
Halpy>KeHHsT TpW  BTpaTi CTIMKOCTI Ha
YaCTKOBHM KOCQIIIEHT OTOPY.

1.3.2.5 ocnosre 3nauenus nanpyoicenms

3HaueHHS HANpY>KEHHS B HEOAHOPITHOMY MO
HaTpy)KeHb, M0 BHKOPHUCTOBYETHCS  JUIS
XapaKTepU3yBaHHS BEIIMYUH HAIPY)KCHHS MPU
OLIHI[I TPaHUYHOTO CTaHy 3a BTPATOIO
CTIMKOCTI.

1.3.2.6 xnac oonycky

Knac Bumor 1o reoMeTpuyHuX AOMYCKIB, 110
BUKOPHUCTOBYETHCS JIJIsl BAKOHAHHS POOIT.

Mpumitka. ['eomeTpuvHi IOMYyCKW A BUKOHAHHSI
poOIT BIAHOCATHCS O BUTOTOBIICHHS €NIEMEHTIB Ta
poOiT 3 enmeMeHTaMu Ha OyIiBETFHOMY MalIaHUIHKY.
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needed to ensure that the assumed boundary
conditions are achieved in practice.

1.3.2 Special
calculations

definitions for buckling

1.3.2.1 critical buckling load

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

1.3.2.2 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.



1.4 Ilo3HauyeHHs

(2 JIonaTkoBO 10 BXE HAaBEACHUX Y
EN 1999-1-1, TYT BUKOPHUCTOBYIOTBCS
HACTYITHI YMOBHI TO3HAYCHHS

(2) Cucrema xoopauHar (nuB. Pucynox 1.2):

r pamianpHa KOOpJIMHATA,
MEePIICHIUKYIISIPHA JI0 OCi 00epTaHHS,

X MEpHIiI0HAIbHA KOOPIMHATA;

z 0CbOBA KOOPJMHATA;

0 KUIbIIEBa KOOP/IMHATA;

¢ MEPHUII0HAIBHUN YXWI: KYT MK BiCCIO

o0epTaHHs  Ta  NEPHEHIUKYIIPOM o
MepuiaHa 000JIOHKH.

(3) Tuck:

P, MEePIEeHIUKYIIPHUI 10 000JOHKH;

P, MepHIi0HaAIbHE ITIOBEPXHEBE

HaBaHTKCHHS, TTapajieIbHe 000IOHII];

pg KiJ'IBI_[eBe HOBerHeBe HaBaHTaXXCHHA,
napajesbHe 000JIOHII,

(4)  Jlimiitai cuu:

P, HaBaHTA)KEHHS Ha OJUHMIIO KOJIa, IO

MEPIEeHIUKYIIAPHE 10 O00JIOHKH;

P, HaBaHTA)KEHHS Ha OJUHMINIO KOJa, IO

Jli€ B MEPUIIOHAILHOMY HaIPsIMi;
P, HaBaHTAXXCHHS HA OJMHUIIO KOJa, 110
1ie Ha 000JIOHKY B KUTBIIEBOMY HAIMPSMI;

(5)  PesymbTyroue MeMOpaHHE HAIpy>KCHHS
(muB. Pucynok 1.3a):

n, pe3ynbTyroue MepuaioHalIbHE
MeMOpaHHEe HalpyXeHHS;

n, pe3yibTyloue KulblleBe MeMOpaHHe
Hanpy>XeHHS;

n,  pe3ylbTyloue JOTHYHE MeMOpaHHE

HanpyxeHHs; (muB. PucyHok 1.3b)

(6)  PesymbTyroue 3ruHANbHE HANPYXKEHHS
(muB. Pucynox 1.3a):

m, MEpHUII0OHAIbHUN 3rUHAIBHUNA MOMEHT

Ha OAUHUIIO ITUPUHH,

m, KUIBIIEBUII 3THHAJILHUIA MOMEHT Ha

np. ICTY-H b EN 1999-1-5:201X
1.4 Symbols

Q) 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;

p,  circumferential surface loading parallel
to the shell;

4) Line forces:

P, load per unit circumference normal to
the shell;
P load per unit circumference acting in

X

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

Ng circumferential membrane stress

resultant;

n,  membrane shear stress resultant

(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 HIVPUHY;

M,  KPYTHUIl MOMEHT 3CyBY Ha OJIUHMIIIO

LIUPUHY;

g,  IolepedHa Mepepi3yBajbHAa CHJIA Bif
MEpPHUIOHAIBHOTO 3TUHY,

Q,, IOIepedHa Mepepi3yBajbHAa CHJIA Bif
KUTBIIEBOTO 3THHY,

(7)  Hanpyxenus:

o, MepHUIiOHAIbHE HANPYKEHHS;

o, KUIbLIEBE HAIIPY)KCHHSI,;

O,  CKBIBAIICHTHE HanmpyxeHHs pon Mizeca
(Mo)xe HaOyBaTW BiI’€MHHUX 3HAYCHb Y
MPOIIECi HUKITIYHOTO BAHTAKCHHS);

T, T,, JOTHYHE HANPYKEHHS B IUIOLIVHI;

Tor Ty MEpPUJIIOHANIBHE, KUIbLIEBE

MoTNepeyHe JOTUYHE HANPYXKEHHS Bif 3TUHY,

n

(8)  Iepemimenns:

u MEpHUIIOHAIbHE TIEPEMILIICHHS,
v KUTbIIEBE TIEPEMIIICHHS;
W MEepPEMIIIEHHS, TEPHEHANKYIIPHE 10

MMOBEPXH1 000JIOHKH;

B, MEepHUIIOHAIBHUI TTOBOPOT (1uB. 5.3.3);

(99  Po3smipu 060J0HKH:

d BHYTPIIIHIN giaMeTp 000JIOHKH;
L 3arajibHa JIOB)KHHA 000JIOHKH;

I JIOB)KUHA CErMEHTY 00O0JIOHKH;

Ig PO3paxyHKOBAa JHOOBXHWHA 51 BUMIPY

neheKTiB;
Igg PO3paxyHKOBa JOBXHHA JUISI BHMIPY

neeKTiB y KOJIOBOMY HaIpsMi;

l,,w  PO3paxyHKOBa JOBXHMHA ISl BUMIpY

nedekTiB y HanpsMi Ionepek 3BapHOro IIBa;

I, OOMEXEHHST HOBXWHU OOOJIOHKH JUISI
OI[IHKM HAaIpyXXEHHS TpU BTpaTi 3araibHOL
CTIHKOCTI;

r paniyc CEpEIMHHOT MOBEPXHI,

14

unit width;

m,,  twisting shear moment per unit width;

q,, transverse shear force associated with
meridional bending;

q,, 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, 7,, In-plane shear stress;

T meridional, circumferential

transverse shear stresses associated with
bending;

Ton

(8) Displacements:
u meridional displacement;
Vv 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;

| 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
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NEePICHUKYIISIPHUI 10 0Ci 00epTaHHS; the axis of revolution;

t TOBIIIMHA CTIHKKA OOOJIOHKH; t thickness of shell wall;

t.«  MaKCUMajlbHa TOBIIMHA CTIHKH t..x Maximum thickness of shell wall at a
000JIOHKH Yy 3’€/THAHHI; joint;

t,,  MiHIMaJIbHA TOBIIMHA CTIHKUA OOOJIOHKU t., minimum thickness of shell wall at a
y 3’€IHaHHI; joint;

t,e  CEpeIHS TOBIIMHA CTIHKUA OOOJIOHKH Y t,.. average thickness of shell wall at a
3’€IHaHHI, joint;

i) MOJIOBMHA KyTa IPH BEPIIMHI KOHYCA; i) apex half angle of cone;

¢
n
X
IToBepxHeBHii THCK Koopaunatu MemOpaHHi Hanpy KeHHs
Surface pressures Coordinates Membrane stresses
[ V T
- én
n w an

X u
6 = kinbuesi Iepemimenns IlonepeyHi JOTHYHI HATIPY:KEHHSA
6 = circumferential Displacements Transverse shear stresses

N = HopMAaJbHi
n = normal

X = MepHuioHANbHI
X = meridional

Pucynok 1.2 — [lo3nayeHHs uist 000J0HOK 0OepTaHHS
Figure 1.2 — Symbols in shells of revolutions

15
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e

a) PesyabTyroue meMOpaHHe HaNpy:KeHHsI
a) Membrane stress resultants

Xy

mz)

Xy

b) Pe3yabTyroue 3ruHaibHe HATIPYKEHHST
b) Bending stress resultants

Pucynok 1.3 — Pe3ynbTyrodi Hanpy>KeHHs B CTiHIlI OOOJIOHKH (Ha IIbOMY
PUCYHKY X — MEPHII0HAIBHUNA HANIPSIM, Y — KUTbLIEBUH)
Figure 1.3 — Stress resultants in the shell wall (In this figure x is
meridional and y is circumferential)

(10)  Homyckwu (auB. 6.2.2):

e eKCIICHTPUCUTET MDK CEepeIUHHUMH
MOBEPXHSIMHU 3’ €THAHUX IUIACTHUH;

U, nmapameTp  JOMYCKYy  BHITaJKOBOTO
eKCIICHTPHUCHUTETY;

U, nmapamMeTp JOMYCKY BiAXWUJICHHS BIJ
KOJIa;

U, BUXITHUHA TapaMmeTp JOIMyCKy Ha

BM'SITHHH;

Aw,  nomyck, NEPHeHIUKYIApHUI 10

MMOBEPXH1 000JIOHKH

(11) BraactuBocTi Marepiaiis:

feq EeKBIBAJICHTHA MILHICTH 32 Mi3ecoM;

f XapPaKTCPUCTUYIHC 3Ha4YCHHA MEXI1

u

MILIHOCTI

fo XapaKTCPUCTUYIHEC 3HAYUCHHSA YMOBHOI1

IpaHuIli TEKYy4OCTI, 110 BIZINOBIa€

3anuIKkoBiit nedopmanii 0,2 %

(12) Tlapamerpu OLIHFOBAHHS MII[HOCTI:

C Koe(illieHT OIIHIOBaHHS MIITHOCTI Ha
MMO3I0BXKHIN 3THH;
C KOPCTKICTh JIUCTIB HAa PO3TAT Y

¢

16

(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  buckling strength
assessment;
C sheeting stretching stiffness in the axial

¢



OCbOBOMY HaIpPsIMKY;

C, KOPCTKICT JIMCTIB HAa PO3TAT Y
KUIBIIEBOMY HAIpsIMKY;
C¢9 KOPCTKICTh JIUCTIB HAa PO3TAT B3JIOBXK

MeMOpaHH;

D,  KOpCTKiCTb JIMCTiB HA 3rMH Y

OCbOBOMY HaIIPSIMKY;

D,  KOpCTKiCTb JIUCTIB Ha 3THH Yy

KUTBIIEBOMY HAIpsIMKY;

D,,  KpyTWIbHA KOPCTKICTh JIUCTIB Ha 3THH

IIpU KPYUEHHI;

R oOumciieHuit omip (BUKOPUCTOBYETHCS
3 IHJIEKCaMU IS BKa31BKH 0a3uCy);
R,  omip IJIaCTUYHIN nedopmartii

(BU3HAYAETHCS SIK KOE(DIIEHT 3amacy MIITHOCT1
JI0 pO3paxyHKOBUX HaBAaHTAKCHB ),

R KpUTHYHE

or HABaHTAXCHHS

MIPY)XHE
BTpaTH CTIMKOCTI (Bu3HaUaeThcs  SIK
Koe(illieHT 3amacy /0  pO3paxyHKOBHX

HABaHTAXXCHB);

k KaJTiOpyBaTbHHIMA
HEJIHIHHUX PO3PaXyHKIB,

koedimieHT IS

k., CTymiHb B3aemonii BMpa3iB y BHpaszax
B3a€EMO/Ii1 MIITHOCT1 Ha BTPATY CTIMKOCTI;

U Koe(dilieHT 3MIIHEHHS CIUIaBiB Yy
3TUHABHUX KPUBHX LIS 000JIOHOK;

a,, KkoediieHT 3MEHIIEHHS JAe(DEKTIB, NIPH
OITIHI[I MIITHOCTI Ha BTpaTy CTIHKOCTI;

A Jiama3oH [apamMeTpa 3a HasBHOCTI
3MIHHUX a00 HUKIIYHUX JIN;

(13) PospaxyHKOBI Ta PEe3yIbTYIOUi
HAIpy>KEHHS;
O,gq DO3paxyHKoBe 3HAYCHHS

MepI/II[iOHaJIBHOFO MeM6paHHOI‘O HAIIPY>KCHHS

XapaKTeppHOTO  Jisi  BTpaTh  CTIMKOCTI
(momaTHEe IpU CTUCHEHHI);
O,eq PO3paxyHKOBe 3HAYEHHS

MEpHII0HAIBHOTO MEMOpPaHHOTO Hampy>KEeHHS
XapaKTepHOTO Ui BTPATH CTIMKOCTI (IoAaTHE
IIPU CTUCHEHHI);

np. ICTY-H b EN 1999-1-5:201X
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 (used with
subscripts to identify the basis);

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

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;

Y7, alloy hardening parameter in buckling
curves for shells;

a., Iimperfection reduction factor in
buckling strength assessment;

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

(13) Design stresses and stress resultants

o,gs design values of the buckling-relevant

meridional membrane stress (positive when
compression);

o,g design values of the buckling-relevant

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

17
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Tgg  PO3PAxXyHKOBE 3HAYEHHS JIOTUYHOIO
MEMOPaHHOTO HaNpyXEHHS XapaKTEPHOTO IS
BTpATH CTIHKOCTI,

N, gg PO3PAXYHKOBE 3HAYCHHA

PE3YIBTYHOYOTO MeMOpPaHHOTO
MEpPUIIOHAITBHOTO HANPYKEHHSI XapaKTEePHOTO
Ui BTpaTH  CTIHKOCTI  (JojaTHE  mpH
CTHCHEHHI);

Nyeg PO3PAXYHKOBE 3HAYCHHA

PE3YJIBTYIOYOTO  KUIBIIEBOIO  MEMOPaHHOTO
Halpy)XeHHsl  XapaKTepHOro Juid BTpaTu
CTIMKOCTI (JOJJTaTHE MPU CTUCHEHHI);

Nyeg DPO3PAXyHKOBE 3HA4YEHHS

pe3yAbTYIOYOrO  KUIBLIEBOTO MEMOpPaHHOIO
Halpy)XeHHsl  XapaKTepHOro Juid BTpaTH
CTIMKOCTI (JOJITaTHE MPU CTUCHEHHI).

(14) Kputuyni HampyKeHHS TpU BTpaTi
CTIMKOCT1 Ta HANPYKEHHS OTIOPY:

o} MepHUIIOHATbHE

or KPUTHYHE

HanpyXeHHsI pU BTPaTi CTIMKOCTI,
Oy KUIBIIEBE KPUTHYHE HANPYKEHHS NPH
BTpAaTi CTIHKOCTI,;

Ty JNOTUYHE KPUTHYHE HAIMPYXKEHHS MpH

BTpAaTi CTIHKOCTI,;

O,ry MEPHIIOHAIBHE pO3paxyHKOBE
HaIpy>KEeHHsI OTIOPY BTPaTi CTIHKOCTI;

Oyry KUIBIIEBE PO3PAXyHKOBE HAIPYKECHHS
OTIOpPY BTPATi CTIHKOCTI;

Ty  JOTHYHE PO3PaxXyHKOBHE HAIPYKEHHS
OTIOpPY BTPAT1 CTIMKOCTI.

(15) BusnHayeHHs PEIITH [03HAaYEHb
HABOJMTUMETHLCSI B MICI[i X MepIoi mosiBU B
JOKYMEHTI.

1.5 IIpaBujo 3HaKiB

(1) Hmxkue BUKIaJeHE 3arajbHE MPABHJIO
3HAaKiB, OKpIM 3a3HAYE€HOTO B MYHKTI (2)

— HarpsM Ha30BHI € JOJaTHIM;
— BHYTPIIIHIHN THCK € JOJIaTHIM;
— MepeMilleHHs] Ha30BHI € JOJIaTHIM;

— PO3TATYIOU1 HAIPY>KEHHSI € J10AaTHIMH;
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7y, design values of the buckling-relevant
shear membrane stress;

N 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);

Nees 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, Ccircumferential critical buckling stress;

T shear critical buckling stress;

cr

o.r¢ Meridional design buckling stress
resistance;

O,re Circumferential design buckling stress
resistance;

Tns  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;



— IOTUYHI HaNpYyXeHHs 3rinHo Puc. 1.2.

(2) 3 MeToro chpoIIeHHs, ISl PO3PaxyHKY
Ha BTpaTy CTIHKOCTI [OJATHIM TNPUHHATO
BBAYKATH HANPYXCHHS CTHUCKY. 3OBHILIHIA Ta
BHYTPIIHI THCK o0OWABa NPUHMAIOTHCS
JIOJJATHIMH.

1.6 CucreMu KOOpAMHAT

(1)  3Baramowm, TUTst 000JIOHKOBHUX
KOHCTPYKIIiIH BHKOPHCTOBYETHCS  HACTYITHA
WIHAPUYHA CHCTeMa KOOpAWHAT  (JIuB.
Pucynoxk 1.4):

KOOpJIMHATa  B3J0BXK  LIEHTPAJbHOI  OCl
000JI0HKH 00epTaHHA z
pajianbHa KOOpIUHATA r
KUTbIIEeBa KOOpIMHATA 0
A Z
(P)—]
@
(C)\/

(p) = mosmroc

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

(m) = Mepuaian 060J0HKH

np. JICTY-H b EN 1999-1-5:201X
— 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 @

(C) = MUTTEBHI HEHTP MePUAIOHATBHOI KPHUBU3HH
(c) = instantaneous centre of meridional curvature

Pucynok 1.4 — Cucrema KoopauHaT KiiblieBOi 000JIOHKH

Figure

2 [TomokeHHsT MO0 KOOPAWHAT IS
MEpPUIIOHAIBPHUX Ta KUIBIICBUX CJIIEMEHTIB,
3’€IHaHUX 3 000JIOHKOIO, JICIIO PI3HATHCS.

3 [TomokeHHsT IMOJ0 KOOPAWUHAT IS
NPSMOIHIMHUX €JEeMEHTIB, 3’€ JHaHUX 3
00OJIOHKOI0 B MEPHIOHATBHOMY HAIMPSAMKY
HactymHi (auB. Pucynok 1.5(1)):

MEpHUIiOHAIbHA  KOOpJAWHATa  JUIS
€IIEMEHTIB, JOTHYHUX JO0 JHA (BOPOHKH),
WJTIHIPUYHOT YaCTHHH 1 JaxXy X

BiCb CHUJIBHOTO 3rMHY (TapajieinbHa 10
MOJIMIIb: BICh MEPUIIOHAILHOTO 3THHY) y

BICh ciabKoro 3TUHY
(mepneHAUKyAsIpHA A0 MOJIHIb) V4

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) [TooxeHHsT MO0 KOOPAWHAT IS
elIeMeHTIB, 3’€¢OHaHuX 3 OO0OJOHKOIO B

KUIBIIEBOMY  HAmpsSMKY  HAcTymHi  (JAuB.
Pucynoxk 1.5(Il)):
KUIbIIeBa KOOpAMHATHA BICbH
(xpuBOIMTIHIITHA) 0
pamiampHa  BICH  (BiCh  3TMHY B
MEpHII0HATBHIN TUTOIIIHI) r
MepHUIiOHAIbHA BIiCh (BIiCh KUIBIIEBOTO
3TUHY) z
%
L
b
--./ /
X
y
z

a) MepUIioOHAJLHUI eJieMeHT sKOPCTKOCTI

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) %
radial axis (axis for bending in the
meridional plane) r
meridional axis (axis for
circumferential bending) z
Z 8
r

L

b) kinbueBHii eIeMEHT KOPCTKOCTI

b) circumferential stiffener

Pucynok 1.5 — MicreBa cucremMa KOOpAUHAT JUIsl MEPUAIOHATBHUX Ta KUTBLIEBUX €JIEMEHTIB

YKOPCTKOCT1 000JIOHKH

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

2 OCHOBU INTPOEKTYBAHHA
2.1 3arajabHi M0JI0KEeHHH

(1P  IIpoekryBaHHsS 000JIOHOK Mae

BUKOHYBATHCh Y BIAMOBITHOCTI 3 BHUMOTaMH,
o Bukiageni y EN 1990 ta EN 1999-1-1.

(2P [na rpaHMYHHX CTaHIB 3a HECY4YOIO
3MATHOCTIO  Ta  3a  EKCIUIyaTalidHO
NPUAATHICTIO  MaloTh  OyTM  HpPUHHATI
B1JIMTOB1/IH1 YaCTKOB1 KOC(IIIEHTH.

(3P  Hdns mepeBipkd  pO3paxyHKIiB IO
IPaHUYOMY CTaHy 3a HECYYOK 3JIaTHOCTIO,
YaCTKOBMU KOE(]ILUIEHT y,, CIig npuiAMaru
HACTYITHUM YHHOM:

-OITip TEKY4OCTi Ta HECTIMKOCTL: ,,,

-OMip TUIACTUHU HA PO3TAT NPH PYWHYBaHHI:
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 By3miB: muB. EN 1999-1-1

Ipumirka. Yucnosi 3HaueHHA KoedillieHTa
MOXYTb OyTH Bu3HaueHi HamionampHum JlomaTkoM.
HacrynHi 3HaueHHs € PEKOMEHI0BaHUMHU:

w1 =110
Yua =125

(4)  Mns nepeBipku B rpaHUYHOMY CTaHi 3a
eKCIUTYaTaI[IITHOFO MPUIATHICTIO [ishi
3aCTOCOBYBATH YaCTKOBHH KOEPIIEHT )y, oo -

HpumiTka. Yncnosi 3HaueHHs Koe(illieHTa J,, ., MOKYTh

Oyru Bu3HaueHi Harmjonamshum [lomatkom. Hacrynae
3HAYEHHS € PEKOMEHIOBAHMM: 7y, oo =1,0.

2.2 Kuac 3a BigmoBimajabHicTIO Ta KJjac
32 BUKOHAHHSAM

(1) Bub6ip 1, 2 uu 3 Knacy 3a
BignoBiganpHICTIO (iuB. EN 1999-1-1) mae
OyTH TTOTO/KEHUH CIIUTBHUM PIIICHHSIM
MPOEKTYBAIbHUKA T4 3aMOBHUKA, PUHMAIOUH
JI0 YBaru HalioOHaJIbHI TIOJIOKEHHSI.

(2) Kinac 3a BUKOHAHHSIM (muB.
EN 1999-1-1) ™ae Oyru BU3HAYCHHH Yy
BHKOHaBYIM crieru@ikartii.

3 MATEPIAJIU TA TEOMETPIsA
3.1  BuaacruBocti MmaTepiaJiB

@ EN 1999-1-5 crocyerbess MaTepiaiis
(crutaBiB Ta 3arapTOBaHMX MarepiamiB), IO
nepepaxoBani B EN 1999-1-1, Tabnumsax 3.2a
1 6, ta B EN1999-1-4 Tabmuosa 2.1 mig
X0JIOAHO(OPMOBAHHUX JIMCTIB.

(2) [Hnsa YMOB eKCIUTyaTarii B
TeMmneparypHoMmy aianaszoni Bim 80°C  go

100°C BJIACTHUBOCTI MarepiajiB
peritamenToBani B EN 1999-1-1.
3 Vv 3araJbHOMY YHUCEILHOMY

pO3paxyHKy 3 ypaxyBaHHSM HENIHIMHOCTI
MaTtepiadly BHKOPHUCTOBYETHCS  BIANOBiIHA
KpHBa  HANpyXeHb, IO  HaBEICHA B

EN 1999-1-1, lonaroxk E.

3.2 Po3paxyHKoOBi 3HAYeHHS] TeOMeTPUYHHUX
AAHHUX

(1) ToBumua t 0060JOHKH OOHMpaeThCs 3
HaBeneHnx y EN 1999-1-1 ra EN 1999-1-4.

np. ACTY-H b EN 1999-1-5:201X

- 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:

w1 =110
Yua =1,25

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: y,, .., =1,0.

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.

(2) 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
EN 1999-1-4.
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2 B saxoctri 06a30BOi TMOBepXHI s
HaBaHTAXKEHb CIIIJ OOMpaTH  CEpeAMHHY
MTOBEPXHIO 0O0JIOHKH.

) Pagiyc r o00OJIOHKM BU3HAYAETHCS SIK
HOMIHQJIILHUH pajlyc CepeInHHOI MOBEpXHI,
BUMIpPSIHUH TI0 HOPMaJIi 0 0ci o0epTaHHs.

3.3 TI'eomerpuuHi
reoMeTpu4Hi 1edeKTH

AOIYCKH Ta

Q) Po3pi3HAIOTE HACTYNHI TeOMETPUYHI
BIIXUJICHHS MOBEPXHi 00010HKH BII
HOMIHaJIbHOT OpMHU:

- HEKPYIJIICTh (ENINTUYHICTD) (BIIXUICHHS BiJl
Kpyrioi popmu);

- €KCLEHTPUCUTETH (BIIXUJICHHS CEPEAMHHUX

[IOBEPXOHb  CEIMEHTIB  O00OJOHKM  OJHA
BIIHOCHO 1HIIIOT HA CTHUKAX);

- MicueBl BM'ATUHH (MICLIEBI HOpPMalbHI
BIUIXWJICHHS Bil HOMIHAJIBHOI CEPEeIUHHOL
MTOBEPXHI).

EN 1090-3  MicTuTh  BHUMOTH 110
JIOITYCKiB TSt 000JIOHKOBHX

IIpumiTka.
reOMETPUYHUX
KOHCTPYKIIiH.

(2) T'eomerpuuHi JOMycKH TIOB's3aHi 3
OTIOPOM BTpaTi CTINKOCTI AuB. 6.2.2.

4 JOBI'OBIYHICTD

(1)  OcHOBHI BUMOTH BHKIJIAZCHO Yy PO3IiIi
4 EN 1999-1-1

(2)  OcobmuBy yBary ciig MOPHIUIATH
BUIIAJIKaM, KOJHM PO3IVISIIAETHCS  CyMiCHA
poboTa pi3HUX MaTepianiB, 0COOIHMBO SAKIIO iX
e(eKTPOXIMIYHUI CKJIa]] MOXE CIPOBOKYBATH
MOsIBY KOPO3Ii.

Mpumitka. Y EN ISO 12944-2 wHaBeneHo Kateropii
KOpO3iHHOI CTIHKOCTI [l Hi€l0 MPHPOTHUX (PaKTOpiB

JUIA  MEXaHIYHHX KPINWIBHUX  €JIEMEHTIB, IWB.
EN 1999-1-4.

(3) Takox @0 yBarm CHix NPHAHATH
NPUPOJIHI YMOBH, IO MEPEBAXKAIH 3 MOMEHTY
BHUPOOHUIITBA, BKIOYAIOYH TPAHCIOPTYBaHHS
Ta 30epiraHHs Ha CKJIaJabHOMY MaiiIaHUHKYy.

5 PO3PAXYHOK KOHCTPYKIIIH
5.1 TI'eomMeTpu4Hi XapaKTepHUCTUKH

(1) OOGomonka Mae OyTH TpeACTaBlICHA
CEepPEeANHHOIO TOBEPXHEIO.
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(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 STRUCTURAL ANALYSIS
5.1  Geometry

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



(2) VY  skocti  pamiycy — KpUBU3HH
NPUUMAETHCS HOMIHATIBHUM pajiiyc KpUBH3HH.

3) CyKymHICTh CETMEHTIB OOOJIOHKH HE
CIiA PO3IUIATH HA OKpPEMi CEerMEeHTH [Uis
pPO3paxyHKy, OKpIM BHUMAAKIB KOJU T'PaHUYHI
YMOBH Il KO)KHOTO CEIMEHTa BHOWPAIOTHCS
TaKUM YHUHOM, 1100 00 €KTUBHO MOJEIIOBATH
B3aEMO/IIF0 MDK HAMH.

(4)  PozpaxyHkoBa  MoOJelb  I[OBHHHA
MICTUTH OIOPHE KUTbIIEC, MO TEpeIae OMOpHi
peakirii Ha 000JIOHKY.

(5) Excuentpucureru 1 YCTYIIH
CEepPeIMHHOI  TMOBEpXHI  OOOJOHKH  CIIif
BKJIIOBaTH JI0 PO3PaxyHKOBOI MOJENI, SKIIO
BOHU € IIPUYMHOIO 3HAYHOTO 3TMHY BHACIIIOK
PEe3yIbTYIOUMX MEMOpPaHHUX HANpYy>KEHb, 110
MIPUKIAJIEH] €eKCHEHTPUYHO.

(6) Bynp SkHii  €KCIIGHTPUCHUTET MK
CepeTMHHUMHU MOBEPXHAMHU CETMEHTIB
000JIOHOK Ha CTHKaxX Ma€ OyTH BPaxXOBaHUU Y
PO3paxyHKOBIH MO

(7)  Kinbme  KOPCTKOCTI  BBaXKA€ThCS
OKPEMHUM  E€JIEMEHTOM KOHCTPYKIIi  KpiM
BUMAJKYy KOJH KpPOK KUIenmb MEHIIUH 3a

1,5Vrt
(8) O6omnonka 3 JMCKPETHO
PO3TaNIOBaHUMHU CTpHHTEpaMHU MOJKeE

pO3MIISIAATUCH SIK  OPTOTPOIHA PIBHOMIpHA
000JI0HKa, 3a YMOBH, WO BIACTaHb MDK

CTPUHIEPAMHU HE MEePEBULILYE 5Jrt .

(99 Todposana (B  0oChOBOMY YU
KUIBIIEBOMY HampsMKy) oOOOJIOHKa MOXe
pO3IJISIIATHCh  SIK  OPTOTPOIIHA PIBHOMIpPHA
000JIOHKa, 32 YMOBH, IO HIMpPHHA TOodpH HE

MIePEBUIILYE O,SJE (muB. A.5.7).
(10) B pospaxyHkOBiii Mojemi OOOJOHKH
MOKHA HEXTYBaTH OTBOpPAaMH HAHOLIbIIHIA
PO3MIp SIKMX MEHIIIC 3a 0,541t .
(11) 3BarampHa  CTIMKICTD  KOHCTPYKILi
BLUIOMY MOXe OyTM BH3Ha4Ye€Ha 3TiJHO

nonoxeds EN 1993 vactun 3-1, 3-2, 4-1, 4-2
abo 4-3.

5.2  I'panuuni ymoBH

(D) BinmoBigHi TrpaHWYHI YMOBH  CHij
BUKOPDHUCTOBYBaTH TIPU PO3paxyHKax Jyis

np. ACTY-H b EN 1999-1-5:201X

(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«/ﬁ

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

51t .

(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 0,54rt
(see A5.7).

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

smaller than O,SJE.

(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
appropriate.

5.2  Boundary conditions

Q) The appropriate boundary conditions
should be used in analyses for the assessment
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OIIHKM TPAaHUYHHX CTaHIB 3TiHO 3 YMOBAaMH,
mo Bus3HaueHi B Tabmumi 5.1. ChemianbHi
YMOBH, HEOOXigHi 17 OO4YMCIIEHb BTpaATH
CTIMKOCTI, BUKJIQJIEH1 B IyHKTI 6.2.

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.

Tabmumuss 5.1 — ['parmuHi yMOBH 111 000JI0HOK
Table 51— Partial safety factors for joints
[Toznauenns |CrpoieHa Omuc Hopmanbii [Mepuionanssi Mepn;us)Ha
TpaHUYHUX Ha3Ba L 3MiIHCHHH 3Mi]_IICHH$1 JIbHUH
YMOB Description TOBOPOT
Boundary | Simple |Paniansto |Mepuaionansto|lTosoporrno| Normal Meridional | Meridional
conditi code|  term Radially | Meridionally | Rotation |displacements| displacements | rotation
3aIiMJIEHO|3a[IMICHO i 3aIiMJIEHO
BC1r 1T 1 _ 3aIIMIICHO 1 : W=0 u=0 ,3¢ -0
clamped | restrained | restrained | restrained
3aIiMIIEHO i BUIBHO
I _ 3au11MJ_IeHo W=0 u=0 ,3¢ 20
BC1f restrained |  restrained free
i BUILHO i
BC2r SaHIIMJ-IeHO SaHIIMJ-ieHO w=0 u=0 IB¢ =0
restrained free restrained
LIapHI i BUILHO BUILHO
BC2f _ PHIP 3am1M%1eHo Ww=0 U=0 ,3¢ 20
pinned | restrained free free
BIJILHUI BIJILHO BUILHO BUILHO
BC3 Kpait w0 u=0 B, #0
free edge | free free free

Mpumirka. Kinblese 3MilieHHs V TICHO MOB si3aHe 31 3MIIIEHHSIM W, 110 € HOPMaJIbHUM JI0 TIOBEPXHI, TOMY AJISI [UX

JIBOX MIApaMeTPiB OKpeMi rpaHUYHI yMOBHU 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 Mlii Ta BIUIMBH HaBKOJHIIHbLOTO
ceperoBHIIA
@ IepenbauaeTncs, Mo BCi il Ta BIUIMBH

MPUKIAIAIOTBCA  JI0 CEPEJAMHHOI IMOBEPXHI
000JIOHKH. EKCIEHTpUCHTETH HaBaHTaKCHHS
MOBUHHI OyTH TPEICTaBICHI CTaTHYHUMU
CKBIBAJICHTHUMH 3yCHWJLIIMH 1 MOMEHTaMH Ha
CEpEeIMHHIN MOBEPXHI 00O0JOHKH.

2 MicueBi aii Ta MicLieBi DUISTHKY il HE
ciin MIPEICTABIIATH EKBIBAJICHTHUMU
PIBHOMIPHO PO3MOALIEHUMHU

HaBaHTaAXXCHHAMMU, SAKIIO HC BKa3aHO HIIIE.

(3) Tlepemik BmMBIB 1 iX KOMOiHaIii
masegeno B EN 1991 ta EN 1990. Ilig uac
PO3paxyHKy KOHCTPYKIIif MOBUHHI
BpaxoBYBaTHCs BCl HaCTYMHI (pakTopH, IpH ix
HasIBHOCTI:
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53 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) 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:




- MiCI[E€BE OCIMAaHHA I CTIHKaMH 000JIOHKH;

- MiclleBe OCITaHHA T JAUCKPETHUMU
OTIopamy;

- OJIHOPIAHICTH OMOPU KOHCTPYKII,

- Tepemnaja TeMIleparyp Bil OIHIE€I CTOPOHH
KOHCTPYKITii 10 iHTIIOf;

- nepemnajp TEMIIepaTyp
KOHCTPYKIIii HAa30BHi;

3cepeIMHU

- BITPOBI BIUTMBH Ha OTBOPH 1 POPI3H;

- B3a€EMOJIS BITPOBUX BIUIMBIB Yy Tpymnax
KOHCTPYKIH;

- 3'¢lHAHHS 3 IHIIUMH KOHCTPYKIIISIMH;
- YMOBH B IPOIIECI MOHTAXY.

()] Bnacniiok TOro 1mo HaBaHTaXKCHHS
CIPUUMAIOTECS  MEMOpPaHHHMH — 3YCHIUISIMU,
000JIOHKH MOXYTh OyTH YYTIIMBHUMH JIO
MEBHUX TCOMETPUYHUX 3MiH, HANPUKIAA, IO
BM’SITUH. Ha 1momatok 10  HEMEHy4Yux
BIIXWUJIEHb B T€OMETpii IpU BUTOTOBJIECHHI,
BM’SITUHU MOXYTh Oyt BUKJIMKaH1
Herepea0auYeHUMH ~ BIUIMBAMU i 4ac
ekcrutyatarii. BpasmuBicTh [0  BM’STHH
3pocTae y MiclsiX 3 TIOPIBHIHO TOHKHUMH
nepepizaMu  €JeMEHTIB. Y BHUIAJKY, KOJHU
po3MipH BM’ATHH MEPEBUILYIOTh 3HAYEHHS,
HaBeneHi y C.4, ciig BU3HAYUTH K1 HACTIAKA
e MartuMe Uil Hecydoi  3/1aTHOCTI
PekoMeHyeTbCS BHUKOHYBAaTH IEpIOJAUYHY
MepPEBIPKY T€OMETPIi.

(5)  IIpm BuOOpPi KOHIEHI IPOCKTYBAHHS
CITIT BYKUTH 3aXOJH JUIA 3MCHIICHHS PU3HKY
MOSIBH BUITAJKOBUX BM’SITHH.

Takumu 3axoJiaMu, HANPUKIIAL, MOXKYTh OYTH
OUTbII  TOBCTAa, HDK 1LBOTO  MOTpedye
PO3paxyHOK, CTiHKa, ab0 JOJaTKOBHU 3aXUCT
Bpa3JIUBUX MiCIIb.

5.4  Pe3yuabTyloui
HaNpPYKeHHSs

@ 3a yMOBHM, 10  CIIBBiIHOIICHHS
paaiyca 10 TOBIIMHU € OUTbIIUM 32
(r/t),;, =25, KpuBU3HOIO OOOJIOHKH MOYKHA
3HEXTYBATU TIPU PO3PAXYHKY Pe3yJIbTYIOUHM
Hanpy>KEHHSIM B CTiHII1 000JIOHKH.

HaNPY>KCHHHA Ta

min
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- 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

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

25



np. ACTY-H b EN 1999-1-5:201X
5.5  Buam po3paxyHky

(1)  HpoexryBaHHs Mae OyTH 3aCHOBaHE Ha
OHOMY a00 JEKUIbKOX BHAAX PO3PAXYHKY,
o HaseneHi B Ta0muii 5.2 B 3aJI€KHOCTI Bifg
IPaHUYHOTO CTaHy abo IHmMX OOCTaBUH.
Bumu pospaxynky ommcani B Tabmumi 5.3.
binemn neranpro aus. EN 1993-1-6.

55  Types of analysis

Q) 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.

Tabimuss 5.2 - Buam po3paxyHKy 000JIOHOK
Table 5.2 — Types of shell analysis

Teopis IToBeninka I'eomerpis
Bun po3paxyHky .
Type of analysis 000JIOHKH Marepiaiy 000JIOHKH
Shell theory Material law Shell geometry
. MeMOpaHHa . 1)
MeMmOpaHHa Teopist . HE BPaXxOBYE€THCS 11ealibHa
piBHOBara
o6ononok (MTO) membrane
Membrane theory analysis MTA R not applicable perfect?
equilibrium
. . JIHIHHKAKA 3TUH 1 o . 1
JliH1HO-TIp y>)KHM I JIIHINHA 11eajbHa
po3TAr
po3paxyHok 000soHOK (JIP) . .
! . : linear bending . 1)
Linear elastic shell analysis LA . linear perfect
and stretching
JliHIHO-TIPy)KHU T JIHIHHKAEA 3TUH 1 o . 1
. JIIHIMHA 14€aJIbHa
po3paxyHok Oipypaxkiiii (JIPB) po3Tsr
Linear elastic bifurcation analysis linear bending . 1)
. linear perfect
LBA and stretching
I'eoMeTpudHO HEMHIHHII oy o . 1
o HCIIIH1MHA JIIHIMHAa 1acaJIbHa
npykHui po3paxyHok (I'HP)
Geometrically non-linear elastic . : 1
. non-linear linear perfect
analysis GNA
®Di3nyHO HETIHINHAT - . . 1
JIIHIMHA HCIIIH1IMHA 1acaJIbHa
po3paxyHok (MHP)
Materially non-linear analysis . .
linear non-linear erfect”
MNA P
I'eomerpudHO 1 hi3HIHO oy . . o
ey o HCJIIHIMHA HCIIIH1MHA 1a€aJIbHa
HenmHiiHuN po3paxyHok (I'MHP)
Geometrically and materially . . o
; . non-linear non-linear perfect
non-linear analysis GMNA
I'eoMeTpudHO HETIHIHHII
MIPYKHUH PO3paxyHOK 3 HeNiHilHa TiHiTHA HeineansHa?
ypaxyBanHaM nedexris ('H/P)
Geometrically non-linear elastic
analysis with imperfections non-linear linear imperfect?
GNIA
I'eomerpuyno 1 pizuaHO
HENiHIHHAN PO3PaxXyHOK 3 . - . 2)
. HCJIIHIMHA HCIIIH1IMHA HE1AcaIbHA
ypaxyBaHHsM Ae(heKTiB
(CMH/IP)
Geometrically and materially . . . 2
. L non-linear non-linear imperfect
non-linear analysis with
imperfections GMNIA
1) Tepmin «igeaapHa TEOMETPisH» O3HAYAE, IO B PO3PAXYHKOBIA MOZETI BUKOPUCTOBYETHCS HOMIHAIEHA TEOMETPIist
0e3 BpaXxyBaHHS T€OMETPUYHHUX BiIXUICHb.
1) Perfect geometry means that the nominal geometry is used in the analytical model without taking the geometrical
deviations into account.
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2) TepMiH «HeifeabHa FEOMETPish» 03HAYAE, M0 B PO3PAXYHKOBiH MOJIel BpaxoBaHi F€OMETPHYHI BiAXHUICHHS BiJ

HOMiHAJTBHOI TeOMETPil.

2) Imperfect geometry means that the geometrical deviations from the nominal geometry (tolerances) are taken into

account in the analytical model.

5.3-
5.3-

Taoaunsa
Table

Omnwc BUIIB pO3paxyHKy 000JIOHOK
Description of types of shell analysis

Mewmbpanna Teopist 06ononok (MTO)

Membrane theory analysis
(MTA)

PospaxyHok, 110 BHU3HAYAE MOBEIIHKY
TOHKOCTIHHOI OOOJIOHKOBOI KOHCTPYKIIII IiJ| JTi€r0
pO3MOJiICHUX HABaHTAXKEHb 3a YMOBH, IO
MeMOpaHHI  3yCWJUIA  3aJ0BOJIBHSIOTH  YMOBHU
PIBHOBAr# i3 30BHIIIHIMI HaBaHTA)KCHHSIMHU.

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

JliHifHO-TIpYXHUH po3paxyHOK (JIP)

Linear elastic analysis (LA)

Po3paxyHOK Ha OCHOBI T€Opii JTiHIHHO-TIPYKHOTO
3rUHY 00OJIOHKH TIPU MaJMX JeopMallisx,
MPUITYCKAIOYH, 1110 TEOMETPIs € 1/1ealibHOIO.

An analysis on the basis of the small deflection
linear elastic shell bending theory assuming perfect
geometry.

JlinitHo-Tipy>xHMUH po3paxyHok Oidypaxitii (JIPB)

Linear elastic bifurcation (eigenvalue) analysis
(LBA)

Po3spaxyHOK, sIKHii OIiHIOE JIiHilTHE OidypKaliiiHe
BJIACHE 3HAYEHHS I TOHKOCTIHHOI 000JI0HKOBOT
KOHCTPYKIII1 Ha OCHOBI Teopii IiHIHHO-TIPYKHOTO
3TUHY 00OJIOHKHU TIpH JiepOopMaIlisiX, MaJliX 110
BITHOIIIEHHIO IO i1eaTbHOT TeoMeTpii cepeamHHOl
moBepxHi o0omonku. Ci 3a3HaYUTH, IO 3rajlaHe
JiHetiHe OidypKaliiiHe BIacHE 3HAUCHHS HE
BITHOCHUTHCS 10 (OPM BIIACHUX KOJIUBAHb.

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.

['eomerpudHO HENTIHIMHMIA TIPYKHHAM
pospaxynok (I'HP)

Geometrically non-linear analysis (GNA)

PozpaxyHOK Ha OCHOBI Teopii 3rMHY OOOIOHKH IS
ieapHOl TeOMETpii 3 ypaxyBaHHSM IiHIITHO-
MPYKHUX XapaKTepUCTHK MaTepiay Ta HeTiHIHHO1
Teopii Benmnkux aehopMartii.

An analysis on the basis of the shell bending theory
assuming perfect geometry, considering non-linear
large deflection theory and linear elastic material
properties.
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[TponoBxenns Tabmmmi 5.3

®izuyHo HemiHiiHUE po3paxyHok (MHP)

Materially non-linear analysis (MNA)

Pospaxynok, moniouuii xo (JIP) , ane i3
ypaxyBaHHSM HEJHIHUX MPYKHO-TUIACTUIHUX
XapaKTEPUCTUK MaTepiaity. Y 3BapHUX
KOHCTPYKIIISIX CITiJ] 3MOJICITIOBATH JIUISHKH METAIY,
110 3a3HaJH BIUIMBY HATPiBaHHSL

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 (i3NYHO HENIHIHHHUNE PO3PaXyHOK
(TMHP)

Geometrically and materially non-linear analysis
(GMNA)

Po3paxyHoKk Ha OCHOBI Teopii 3rMHY OOOTOHKHU IS
i1eaTbHOT KOHCTPYKIIii 3 BUKOPUCTAHHSAM
MIPUITYIEHb HETIHINHOT Teopil BETUKUX
Jedopmaltiii epeMilleHb i3 ypaxyBaHHIM
HENHIHHNX MPYKHO-TUIACTHYHHUX XapaKTEPHCTUK
MaTtepiaiy. Y 3BapHUX KOHCTPYKIIiSIX CITij
3MOJIENTIOBATH JIUISTHKW MeTally, IO 3a3Hajx
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 HETIHIHHUNA MPYKHUNA PO3PAXYHOK 3
ypaxysanusm gedekris (THIP) Y
Geometrically non-linear elastic analysis with
imperfections included (GNIA)Y

Pospaxynok, moniouuit no (I'HP), ane i3
ypaxyBaHHSM HeiZealbHOI TeoMeTpii.

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

I'eoMeTpudHO 1 (Hi3MYHO HEMHIHHUN PO3paXyHOK 3
ypaxyBanusm nedexris (MH/IP)
Geometrically and materially non-linear analysis
with imperfections included (GMNIA)

Pospaxynok, moniouuii mo (I'MHP), ane i3
ypaxyBaHHSM HeiZealbHOI TeoMeTpii.

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

BUJIIB PO3PaxyHKy OOOJOHOK.

presentation of types of shell analysis.

1) et MeTo HE POSTIIAMAETHCA B JAHOMY TOKYMEHTI i HABEIEHHIA JIMIIIE TS IPEACTABIICHHS TOBHOTO MIEPETiKyY

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

6 I'PAHUYHUM CTAH
HECYUYOIO 3JATHOCTIO

3A

6.1  Omnip nonepe4Horo nepepisy

6.1.1 Po3paxynkoei 3nauenna Hanpyxicens

(1) YV xoxwuiii TOui
PO3paxyHKOBY  BEJIHYHHY

O-eq £ HPUUMAETHCA HauBHIIIC

KOHCTpYKLIi 3a
HanpyXeHHs

HIEpBUHHE
Hamnpy>KeHHs,, BHU3HAYEHE NPU PO3PAXYHKY
KOHCTPYKIIi, 1110 BpaXoBYye 3aKOHHM pPIBHOBAaru
MDK MIPUKIIAIEHUM PO3paxyHKOBUM
HABaHTAXXEHHSM 1 BHYTPIIIHIMH 3yCHIUISIMU Ta

28

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 HampPYXKECHHS MOXKHA
NPUAHSITH MaKCHUMaJIbHE 3HAYECHHS
HampyXeHb, HEOOXINHUX JUIS pIBHOBaru 3
MPUKIIAJICHUMHI HAaBAaHTAKEHHSIMHU B TOULI 200
B3JIOBXX BICECHMETPUYHOI JIiHII B IMyCTOTLIOL
KOHCTPYKIIii.
(3)  IIpu BukopucTaHHI MeMOpaHHOT TeOPil
pO3paxyHKy,  OTpUMaHe B  pe3yibTari
JBOBHMIpHE TIOJIE PE3YIbTYIOUHX HAINPYKCHb
Nyed + Noed + Ny Ed MOXKC OyTH
€KBIBAJICHTHUM
HaTPYXCHHIM Oeq.id

MIPEACTABIIEHO
PO3paxyHKOBUM

OTpUMaHUM 32 GOPMYJIOIO:

O,

(4)  Tpu BukopucranHi po3paxyHky (JIP)

a6o (I'HP) orpumane B  pe3yabTarTi
JBOBHMIpPHE TI0JIe TIEPBUHHUX HAIPyXCHb
MO)K€ OYTH TpEACTaBIE€HO EKBIBAJICHTHUM
PO3paxyHKOBHUM HarpyxeHHsIM ¢oH Mizeca:

np. ACTY-H b EN 1999-1-5:201X

(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, g, , Ny » Ngeqg May be

represented by the equivalent design stress
Oq.eq ODained from:

13 2 2
eq,Ed ZE\/nx,Ed + Ny g — Ny eaNpea + 3N g (6.1)

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:

OeqEd = \/O-E,Ed + O-;,Ed ~Oxed90,Ed +3(759,Ed + Tfn,Ed + z';,Ed ) (6.2)
ne: in which:
1 Nyeq 1 MNoed . Mpeg
o, =—(——= Oy =— (—— == 6.3
x,Ed 77 ( t ) 6,Ed 77 ( t t2 /4) ( )
1 an Ed mx6’ Ed qxn Ed qen Ed
T =— — + —), 7T =— 7 = 6.4
x6,Ed 77( t tz /4 xn,Ed t on,Ed t ( )
n MOTPABOYHKM KOE(DIIEHT HEMPYXKHOT n being a correction factor due to

MOBEMIIHKK MaTepialy B 3aJeXHOCTI BIf
KOPCTKOCTI 200 MIACTUYHOCTI CIIIaBY.

Ipumitka 1. HaBeneHi Buie Bupa3u Aar0Th CIOPOIIEHE
KOHCEpBAaTHBHE  CKBIBAJCHTHE  HANPYXEHHS  JUIA
MPOCKTYBAHHSI.

Mpumirka 2. BenuuuHu s 7 HaBeAeHI y

EN 1999-1-1 B [Homatky H sk ¢yskuis Bin

BIIACTUBOCTEH cCrulaBy. 3HA4YeHHS 77 3aleXaTb BiJ
koedimienta  reomerpuyHoi  dopmm  @,, WO

npuiMaeTbes piBHUM @ =1,5.

MpumiTka 3. 3Havenss 7,, gy 1 7y, gq 3a3BHUAN qyxe

Maji i He MaloTh BIUIMBY Ha OIIp, TOMY, SK MPaBHIIO,
HUMHJ 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 5 are given in EN 1999-1-1

Annex H as a function of alloy features. Values of 1)
corresponding to ¢, geometrical shape factor o, =15

should be taken

NOTE 3: The values of 7,4 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 3nauennsa onopy

(1)  ExsiBasieHTHa po3paxyHKOBa MILHICTh
¢doH Mizeca BU3HaYa€THCS 32 HOPMYIIOF0:

6.1.2 Design values of resistance

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

f
feq,Rd =— (65)
M1
. Pt f
1:eq,Rd = min( e ’_0) (6.6)
Ym2 7w
ne: where:
f, XapaKTepUCTUYHE 3HAYCHHS YMOBHOI f, is the characteristic value of the 0,2 %
TpaHUIll  TEKY4OCTi, 110 BifIMIOBiae proof strength as given in EN 1999-1-1.

3aymikoBii nedopmartii 0,2 %, K 3a3HAYCHO
B EN 1999-1-1.

f, XapaKTEPUCTUYHE 3HAYECHHS TPaHMII
MIHOCTI Ha PpO3TAr, SK 3a3HAYEHO B
EN 1999-1-1.

P s CHIBBIIHODIEHHS  MDK  TPaHHUIEIO

MII[HOCT1 Ha PO3TST B 30HI TEPMIYHOTO BIUIMBY
3TB Ta B 0CHOBHOMY Marepiaii siK 3a3Ha4eHO
B EN 1999-1-1.

Vw1  YaCTKOBMM Koe(iieHT omopy, IO
HaBeneHuii B 2.1 (3).
Vm» UYACTKOBMM Koe(iieHT omopy, IO
nasegenuii B 2.1 (3).
(2)  Edext orBOpiB mia KpiMmuibHI BUpOOH
Clii  BpaxyBaTH Yy  BIANOBIOHOCTI 31

craggaprom EN 1999-1-1.
6.1.3 Ooémesrncennsn nanpysricens

(1) TIIpm  koxwHii  mepeBipmi  BOTrO
IPaHUYHOTO CTaHy PO3paxyHKOBE
HAINPY>KEHHS MOBUHHO 3a/I0BOJILHATH YMOBY:

O,

6.1.4 Ilpoekmysanna waAXom UUC108020
ananizy

(1)  PospaxyHKOBHii ortip MEKi
MJIACTUYHOCTI BU3HAYAETHCS Yepe3 KOeillieHT
HaBaHTKEHHS R, SKUil BUKOPUCTOBYETHCS
U1l pO3paxyHKOBUX 3HAu€Hb KOMOiHaIii

BIUIMBIB  JUIA  BIANOBIZHUX  KOMOIHAIIHA
HaBaHTaXXEHb.
(2)  PospaxyHkoBi 3HaueHHS BIUIHBIB Fg,

CIIiI BU3HAYATH 3TiTHO 3 5.3.

30

eq,Ed < feq,Rd

f is the characteristic value of the

u

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

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

w1 IS the partial factor for resistance given
in2.1(3).

7w» IS 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:

(6.7)

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 F,
should be determined as detailed in 5.3.



(3) IHpu MHP a6o I'MHP po3paxyHky,
3aCHOBAaHOMY Ha  PO3PaxyHKOBIH  Mexi
tekydocti  f,/y,,, Ha OOONOHKY MaroTh

BILJIMBATH PO3paxyHKOBi BEIIMYNHH
HABaHTAXEHb, 13 TOCTYNOBUM 30UIbIICHHIM
Ha  koediumieHT HaBaHTaXeHb R 10
JOCSATHEHHS TPAHUYHOTO CTaHY TUIACTHYHOCTI.

(4)  Tpu Bukopucranui po3paxynky MHP
Ak KoediuieHT 3amacy Ry, Moxe Oyrtu

NpUMHATE  HaAWOUIbIIE  3HAYEHHSA,  LI0
OTpUMaHe npu PO3paxyHKY. Edext
nedopmaIiiifHoro  3MIITHEHHS MOXe OyTh
BpaxOBaHWW, 3a yMOBU IO MPHUUHATO
BIJINOBIIHE TPaHUYHE 3HAYEHHS JOIMYCTHUMOL
negopmanii  Mmarepianmy.  IHerpykuii 3
nooy10BU PO3paxyHKOBUX Mojenei
HarnpyxxeHo-nedopmoBanux cucrem st MHP
HaBeneHi B EN 1999-1-1.

(5) Tlpu  BHUKOpUCTaHHI  PO3pPaxXyHKY
I'MHP, sxmo BiH NpPOTHO3YE MaKCHUMallbHE
HABaHTaKEHHS, a MOTIM HOTO 3MEHIICHHS, IS
BU3HAUeHHA KoedinieHTa 3amacy  Rgyua

BHKOPUCTOBYETHCS MaKCHMaJbHE 3HAYCHHS.
Axmo pospaxynok I'MHP nHe nepenbaudae
MaKCHMaJIbHOTO HABaHTA)KEHHA, ajie TMoKa3ye
MOCTYIOBO  3pOCTAal04y 3aJeKHICTh  «(Iis—
3MimeHHs» (0e3 aedopmaliitHoro 3MIITHEHHS
Marepianry abo 3 HUM), KoeimieHT 3amacy
Royna CTI OPUHHATH HE OUIBIIMM  HDK

BEJINYMHA, npu AKIN MAaKCHUMaJIbHa
eKBIBaJICHTHA IIacTU4YHa aedopmarliis Mizeca
B KOHCTPYKIii HaOyBae TPAaHMYHOIO 3HAYCHHS
nedopmartii Juis CIiaBy, [0 HaBEICHE Y
EN 1999-1-1, Po3min 3. J[Jlna motped
IPOEKTYBAHHS rpaHUYHE 3HAYCHHS
wiactuuHoi nedopmanii nopisuioe 5(f,/E)
a6o 10(f,/E) i oOupaeTbcsi B 3a1€KHOCTI Bif
0COOJIMBOCTEH CILIaBY.

Mpumitka.  3HaueHHA  TPAaHWUYHOI  IDIACTUYHOL

nedopmanii &, simnosimme xo 5(f,/E) or 10(f,/E)
noxani y EN 1999-1-1, Tonatok H.

(6)  PesympraT = pO3paxyHKy — MaroTh
3a/I0BOJILHATH YMOBY:

R =
ne:
Fey  pO3paxyHKOBe 3HAUYCHHS
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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 Rg,,. 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 ¢,
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:

Tro
= >1,0 (6.8)

where:
Fey,  Is the design value of the action.
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HABaHTAXXCHHSL.

6.2  Omip BTpari crilikocTi

6.2.1 3azanvni nonoscennsn

(1) Marore Oyt BpaxoBaHi BCi BaKJIMBI
KOMOIHAIlIT BIUIUBIB, M0 MPHU3BOIATH IO
CTHCKYIOUMX MEMOpaHHHMX HamNpyXeHb ado
JOTUYHUX MEMOpaHHHMX HANpYyXeHb Y CTIHIl
000JIOHKH.

(2)  TpuiimaeTbcs  HACTymHE  IPABHUIIO
3HAKiB JJIs1 PO3paxyHKYy Ha BTpATy CTIMKOCTI:
MEpHIIOHAJIIbHI ~ Ta  KUIBLIEBI  CTHUCKYIOYl
Halpy)XeHHsI 1 pe3ylbTyl4l HalpyXeHHs
BB@)KAIOTHCS IOJIATHIMH.

(3)  OcobmuBy yBary ciig MOPHIUIATH
IPaHUYHUM YMOBaM, L0 MalOTh BIIHOIIEHHS
0 TpPUpPOCTy TNEpeMillleHb uYepe3 BTpaTy
CTiMKOCT1 (Ha BIIMIHY BiJl MEpeMIllEHb IIe 10
BTpaTH cTikocTi). [lpukimanu BiAMOBITHUX
TpaHUYHUX YMOB TIOKa3aHO Ha Pucynky 6.1.

! (a)

6.2  Buckling resistance

6.2.1 General

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

(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.

i (@)
. ! BC2f T
. BC2f ! :
! | | BC2f
! ! i
! | BCf i
by, ! BC2A 7 : 7 | B
AT AL T, 2 : (©) 7 Z
(o) ! Ko 7oA

pe3epByap 6e3 aHkepiB
tank without anchors

+

(e) (f) \ |

BC3

BCAf

?K/ /A:// A
(d) | (d)

BiAKpuTHii pe3epByap 3 aHKepamMu
open tank with anchors

OyHKkep 0e3 aHKepiB
silos without anchors

pe3epByap 3 aHKepaMu
tank with anchors

[ SR —— .
(9) | B
|
i
|
(9) . BC2f
e P ¥ ol
|

nepepi3z nMIHAPA 3 KiJIbLHEBUMH pedpaMH 3KOPCTKOCTI

section of long ringstiffened cylinder

Mo3nauenns: (a) gax, (b) aHo, (c) aHkepyBaHHs BiacyTHe, (d) O.1u3bK0 po3MmileHi aHKepH, (e) BiacyTHE Kinble

skopeTkocTi, (f) BinbHU Kpai, (g) KiJible :KOPCTKOCTI.

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

edge, (@) ring stiffener.

Pucynok 6.1 — CxemaTuuHi NpUKIIaau TPAaHUYHUX YMOB JUI TPAaHUYHOTO CTaHY 32

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



6.2.2 Xapakmepni ona empamu cmiiikocmi
2eomempuuHi 0OnycKu

(1) Tpu rpaHu4HOMY CTaHi 3a HECYUYOIO
3MATHICTIO TOBHMHHI OYyTH JOTpUMaHi Mexi
T€OMETPUYHUX  JIOMYCKIB, nomaHi y
EN 1090-3.

Mpumitka 1. Po3paxyHKOBI HaIpyXeHHSI TIpH BTpaTi
CTIMKOCTi, BU3HAYCHI Talli, BPaXOBYIOTh Je(EKTH, IO
0a3yloTbCSl Ha  TEOMETPHMYHHMX  JOIyCKax,  sKi
nepe0avaoThCsl B IPOIIECi BAKOHAHHS.

Mpumitka 2. YV EN 1090-3 mnpuseneni reoMmerpuyHi
JOIYCKH, SIKi CYTTEBO BIUIMBAIOTh Ha Oe3MeKy
KOHCTPYKIIi.

(2)  HeoOximHo BHOpaTH KJac JJOMYCKY
(Knmac 1, Kmac 2, Kmac 3 abo Kiac 4),
KEpyIOUHCh  SIK  HasBHOIO  KOMOIHAI[IEIO
HaBaHTAXEHb, TaK 1 BHMOraMH IIOJIO
nomycki, HaBeaenumu y EN 1090-3. Cyts
KO>KHOTO KJIACy BITHOCUTBHCS JIUIIIE 10 OIIIHKH
MII[HOCTI.

3 Koxen i3 BumiB Jae]ekTiB TOBUHEH
knacudikyBatucs  okpemo.  HaiiHmkuunit
HasBHUI Kiac, B pe3y/bTaTi, BU3HAYAa€ BEChH
AITOPUTM TIPOCKTYBAHHSI.

(4) Pismi  BHOM  JONYCKIB  MOJXKHA
PO3IIISIIaTH HE3aJIeXKHO; BpaxyBaHHS
B3a€EMHMX BIUIMBIB 3a3BHYail HC BUMAraeThCsl.

6.2.3 Obononku nio cymicnor 0i€0 CmMUcKy
i 3cy8y
6.2.3.1 Po3paxynkosi 3HauenHs Hanpydicerb

(1) 3a PO3PaxyHKOBI BEJIMYUHH
HaNpPYXeHb O, gy, Oygq 1 Ty CILA NpUIMATH

OCHOBHI 3HAYCHHS CTUCKYIOYMX 1 JOTHYHUX
MeMOpaHHUX HamNpyXeHb, OTPUMaHI1 JIHIHHO-
MpyXHUM po3paxyHkoMm obOononku (JIP). B
yMOBax YHCTOTO BICECUMETPUYHOTO
HABAaHTAXXCHHsS 1 OONMUpAHHS, a TaKOX IMPH
IHITUX TPOCTUX KOMOIHAIISIX HaBaHTaXEHb,
3a3BUYaH, MOYKHA BUKOPUCTOBYBATH
MeMOpaHHY TEOPilo.

(2) 3a ocHOBHI 3Ha4YeHHS MeMOpaHHUX
HalpyXeHb CIiJ NpUAMaTH MaKCHMallbHI
3HAYEHHsS KOXKHOTO HANpy)KeHHsS Ha JaHii
OCBOBIM KOOpAMHATI B KOHCTPYKLIi, 3a

BUHATKOM  BHUIAJKIB, SKHX CTOCYIOTbCS
0COONMBI  MOJIOKEHHS, OpuBeACHI Y
Honatky A.
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6.2.2 Buckling-relevant geometrical

tolerances

(1)  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, g,
Oy,eq and 7., 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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Mpumitka. B geskux Bumaakax (HampUKIam, s
CTYIIHYACTUX CTIHOK ITiJ{ Ti€0 KUJTBIICBOTO CTHUCKY, JTUB.
Homatox A.2.3) oOCHOBHI 3HaueHHS MeMOPaHHOTO
HATIPY)KEHHS € TTOMIJIKOBUMHU 1 TMIEPEBUINYIOTh PeajbHi
MaKCHUMaJIbHI 3HAYEHH.

(€)) st OCHOBHHUX KOMOIHaIIii
HaBaHTAXEHb MEMOpPaHH] HANPYXEHHSI MOXHA
MPUAHATH 3TAHO BIAMOBIIHUX CTaHIAPTIB.

6.2.3.2 Miynicmo npu émpami cmiukomci

(1)  Po3paxyHKOBI HanpyXeHHsI IIPH BTpaTi
CTIMKOCT1 BU3HAYAIOTHCS 32 POPMYITAMH:

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,wa,perf — (69)
M1
fO
Ogrd = aapa,wle,perf —
Vw1 (6.10)
Tra = 0P, X ko
Rd — Y wAr,perf ~ 5
V3 (6.11)
(TakoXx CrpaBeMIMBI IS MIACHICHUX 000JOHOK)
(also valid for stiffened shells)
JUTSL HETIICHIIEHNX 000JI0HOK, Y1 for unstiffened shells, and
Ny R
nx,Rd = an,x}(x,perf =
M1 (6.12)
Pn,ri
pn,Rd = ap,ale,perf —
Vw1 (6.13)

TS HiICWJIEHUX  Ta/abo rodpoBaHUX
000JIOHOK
Ie:

N re MeEXa OCbOBOI MINHOCTI MiICHIEHOI

000JIOHKH;

P,r¢ TPAHUYHHUN THUCK 3 YMOB PIBHOMIPHOTO
3MUAHAHHA JUIS I1acWiIeHoi 0O0OJOHKH ado
TOPOKOHIUHOT/TOpochepryHOi 000JIOHKH;

.

, koe(ilieHT ocnalbieHHs MPYKHOTO

oTopy, 110 HaBoAUTHCS B JloaTky A;

Piw KoedimleHT ocnableHHs B 30HAX

TEPMIYHOTO BIUIMBY, 3rigHO 3 6.2.4.4. Jlns
000JI0HOK 0€3 3BapHMX IIBIB O, , =1;

Xi pert TIOHIDKYHOUMH KOE(DIIEHT JUIs BTPATH

34

for stiffened and/or corrugated shells

where:

N IS the axial squash limit of the stiffened
shell;

P.re 1S the uniform squash limit pressure of
the stiffened shell or the toriconical and
torispherical shell;

a; is the imperfection reduction factor to

be taken from Annex A;

Piw Is the reduction factor due to heat-

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

Zi.per 1S the reduction factor due to buckling



CTIHKOCTI iIcaIbHOT 000JIOHKH, TUB. (2).

Vw1  HaCTKOBHI Koe(illieHT onopy, aus. 2.1

3).

Mpumitka 1. @opmyna (6.13) Takox ailicHa 1Is
TOPOKOHIYHHUX 1 TOPOCHEPHUIHUX 00OTOHOK, JTUB.
Homarox B

Ipumitka 2. @; A1 TOPOKOHIUHMX 1 TOpocdhepuuHHUX
000J10HOK, TuB. [logatok B

(2)  Toumwxkyroumit KoedillieHT AJsl BTpaTH

CTIAKOCTI 1eanbHOT OOOJIOHKA BU3HAYAETHCS
3a GopMyIIOHO:

np. ACTY-H b EN 1999-1-5:201X
of a perfect shell given in (2).
w1 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
/Yi,perf = — (614)

RS
aie but

Zi,perf Sl’oo
Ie: with:

- = —2

¢ =051+ 11,(% — Z10) +7, (6.15)
ae: where:
W, mapameTp, 10  3aJCKUTh  BIX I, is a parameter depending on the alloy
XapaKTepUCTHK  CIIaBy Ta  KOMOIHaIii and loading case, to be taken from Annex A,
HaBaHTAXKEHb, HaBeAeHUM y Jlomatky A;
Aio  BIIHOCHA THYYKICTB 33  MEXeo Aio is the squash limit relative slenderness

3MUHAHHS, 10 MICTUThCA B JlomaTky A;

i IHJCKC, 1110 Ma€e OyTH 3aMiHEHHUH Ha X,
6 abo 7.

(3) BigHocHa THyYKiCTH OOOJIOHKHM IS
PI3HHUX KOMIIOHEHTIB HaIpy>KEeHHS
BHU3HAYAETHCS 32 POPMYIaMH:

Qe =

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:
f0
(6.16)
O-x,cr
fo (6.17)
Og.cr
f (6.18)

0
\/ércr

(Takos crpaBeUTHBE JUTS MIACHIEHUX 000IOHOK)

(also valid for stiffened shells)

IUIS HEMICWIEHNX 000JI0HOK, Ta

for unstiffened shells, and
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g ImigcwieHux — ta/abo

000JIOHOK

rogpoBaHux

pumitka 1. ®opmymu (6.19) ta (6.20) Takox miHCHI
JUIS. TOPOKOHIYHHUX 1 TOpOC(HEpUIHHX OOOJIOHOK, JTHB.
Homarox B

IpumiTka 2. P or I TOPOKOHIYHHX 1

TopochepruyHuX 000IOHOK, auB. JlonaTtok B
Jc:

o Oper 1T KPUTUYHI HaIpPYXEHHS

X,cr?
BTpaTH CTIWKOCTI, 10 HaBeAeHi B JlomaTky A
abo BHM3HauUEHI 32 METOI0M JIHIHHO-TIPY>KHOTO
po3paxyHky 6ipypkauii (JIPB);

Neerr Prer pe3yNbTyI04i KPUTUYHI
HaIpyKECHHS BTpAaTH CTIMKOCTI JUTSt
MIJACUIIEHUX abo

TOPOKOHIYHUX/TOpOCchepruuHUX 000JTOHOK, 110
HaBeneHi B Jlomatky A abGo Bu3HaueHi 3a

METOJIOM  JIIHIHHO-TIPYXKHOTO  PO3paxyHKy
oidypxkarii (JIPB);

6.2.3.3 Ilepesipka miynocmi Ha  empamy
cmiukocmi

(1) HesBaxkaroun Ha Te, IO BTpara
CTIHKOCTI HE 00yMOBJIICHA JUIIe
HaATNPpY)KCHHSIMH, TpPAaHWUYHUN CTaH BTpaTH

CTIMKOCTI B JaHOMY pO3IUIiI NMOBUHEH OyTH
MIPEJICTaBICHHM HITXOM 0OMeXeHHSs
PO3pPaxXyHKOBHX BEJIUYHH MEMOpaHHHX Ta
PE3YIABTYIOUHX HaIpYy>XCHb. BronsoMm
3TUHAIBHUX HAMPY)XEHb Ha MIIHICTh TpU
BTpaTi CTIMKOCTI MOKHa 3HEXTyBaTH 3a
YMOBH, IO BOHHM BUHHKAIOTh Y pe3yJbTaTi
BIJIIIOBITHOCTI BAMOIaM CYMICHOCTI
IrPaHUYHUX YMOB. 3TUHANbHI HANIPYKEHHS Bill
MICIICBMX  HaBaHTaXXeHb a00  TEIIOBHUX
IpafieHTIB  TOTPIOHO  po3rIsLIaTH  3a
CIEIAIBHOIO0 METOIMKOIO.

(2)  3amexHO BiI pe)KMMYy HaBaHTAXKEHHS 1
HampyXeHb CIIiJ] BUKOHATH OJIHY a00 JeKiTbKa
HACTYITHHUX TEPEBIPOK JIJIsl OCHOBHUX 3HAYCHb
OKpEeMUX CKJIaZJOBUX MEMOPaHHOTO
HaTPY)KEHHS:
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n

xR (6.19)
Po i (6.20)
pn,cr

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:

Oyor are the critical buckling

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

n

Cyor and 7,

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).

X,cr? pn,cr

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:
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Oxed < Oxrd (6.21)
Cyed SO0y pd (6.22)
Teg < Thg (6.23)
(3) Skumro mpu JaHMX BIUIMBAaX BHHUKAE (3) If more than one of the three buckling-
OlHAa 3 TpPbOX CKJIAJOBUX MEMOpaHHUX relevant membrane stress components are

HampyXeHb, 10 BITHOCUTHCS O BTpPATH

present under the actions under consideration,

CTIHKOCTi,  CIIii ~ BUKOHATH  HACTYIHY the following interaction check for the
NEepeBIpKY  B3aEMOAil  JJIsl  CKJIQJHOTO combined membrane stress state should be
HAINpPYKEHOTO CTaHy: carried out:
Oyga k. O o o T
( x,Ed ) M +( 9,Ed )kg _ kl( x,Ed )( 6,Ed ) + (Ld)kf Sl, OO (624)
O Rd O¢,rd Oxrd  Oord Trd
ne: where:
Ovedr Opeg 1 Tyeq BIZTHOCSTBCSL  JIO Oy edr Opeg AN 7,5 are the
B3a€EMOJii ~ TPyMH  3HAYYHNIMX  BEJIHYUH interaction-relevant groups of the significant
CTUCKYIOYHMX 1 JIOTHYHHX  MEMOpaHHHUX values of compressive and shear membrane

HampyXeHb B 000JIOHII], 3HAUEHHS TapaMeTpiB

stresses in the shell and the values of the

B3aemonii K, k,, k. 1 k;: interaction parameters k,, k,, k. and k; are:
k =1+
ky =1+ 1,
k. =1,5+0,547 (6,25)
ki = (leg)z
Mpumitka 1. st MO3I0BXKHBO CTHCHYTHX NOTE 1: In case of unstiffened cylinder under axial

HEMiJCWICHUX IWIIHAPIB MiJ JI€I0 KiJbIIEBOTO CTUCKY
Ta 3CyBY JUIs BpaxyBaHHS mapaMeTpiB KomOiHamil
3yCWJIb MOYKHA BUKOpHCTaTH Bupa3 A.1.6.

Mpumitka 2. 11i npaBuia MOXYTh IHKOIH OYyTH IIyxKe
KOHCEpBAaTHBHHMU, ajie BOHH BPaXOBYIOTh JIBa KpaitHiX
BUIAOKH, SKi, SK BiAOMO, € HAOiHHUMHK IS BEITHKOI
KUIBKOCTI BHITAJKIB:

a) y Iy)Ke TOHKHUX OOOJIOHKAaxX B3a€MOJIsI MK Ox 1 Gp €
MIPUOIIN3HO JIHIHHOO;

b) y myxke TOBCTHX OOOJOHKaX B3a€EMOXIs HaOyBae
XapaKTepy eKBiBaJCHTHHX HampyxkeHb (GoH Mizeca abo

aNbTEPHATHBHOI  B3aeMOIii, CHOPMYIbOBaHOI B
EN 1999-1-1.
(4)  Sxmo O, Ed abo Oy €

PO3TATYIOYMMH HANpyKEHHSMH, X 3HAUEHHS
y Bupazi (6.24) cnigx OpURHATH PIBHUMH
HYJIO.

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 oo
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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Mpumirka. /{11 MO300BXHBO CTUCHYTHX IWJIIHIPIB 13
BHYTPIIIHIM THCKOM (III0 BHKJIMKA€E KUTBLIEBUH PO3TAT)
ocoOnmuBi monokeHHs TpuBeaeHi y Jlomatky A
PesynpTyrode  3HaYEHHA O gy BpPaxoBye  SIK
3MIIHIOIOYMH BIUIMB BHYTPIIIHBOTO THCKY Ha OIIip
TIPYXKHIH BTpaTi CTIHKOCTI, TaK 1 HOCIa0IIOI0UHI BILIHB
SIBUIIA TIPYKHO-TJIACTHYHOCTI «CIIOHOBOI HOr'm» (BHpa3
A.22). SIxmo y Bupasi (6.24) IpuiHATA ©, ¢y PIBHUM

HYJTIO, TO OTPUMAEMO TOYHY KapTUHY MIIHOCTI TpH
TI03/IOB)KHBOMY 3THH.

(5) Micus npuKIIagaHHs 1 BETMYUHA KOXKHOTO
3 MEMOpaHHUX HaNpPYXCHb, IO BITHOCATHCS
JI0 BTPATH CTIMKOCTI, SIKI BUKOPUCTOBYIOTHCS B
koMOiHanii y Bupaszi (6.24), Bu3HaueHi Yy
Honatky A.

6.2.4 Bnaue 36aprosanus
6.2.4.1 3azanvui nonoxcenns

Q B MIPOCKTYBaHHI1 ATFOMIHIEBUX
000JIOHKOBUX KOHCTPYKI[1 cItin
JNOTPUMYBATUCH 3arajbHUX KPUTEPIiB 1 BUMOT

70 3BapHUX KOHCTPYKLIH, BUKJIAJAECHUX Y
EN 1999-1-1

(2) Tlpu npoekTyBaHHI Ta pPO3PAXYHKY
3BapHUX KOHCTPYKITiH, y SIKHX
BUKOPHUCTOBYIOTHCS CIUIaBH 3 AehopMaIliitHuM
a00 IUCTIEpCIHHUM 3MIIHEHHSIM, HEO0OXiTHO
BpPaxOBYBAaTH 3HIKCHHS MIITHOCTI MaTepiay y
30HaX HaBKOJIO 3BapHMX MBiB. Ili mimssHKH
HA3WBAIOTBCS 30HAMH TEIUIOBOTO  BIUIUBY
(3TB). BwuifHaTkM A0 T1BOTO  TpaBUiA
npuseneHi y EN 1999-1-1.

(3) Jns mpoeKkTHUX —IiaeH — IpUAHATO
JOTYIIIEHHS, 1110 10 BCiii HABKOJIOIIOBHIN 30HI1
TEPMIYHOTO BIUIMBY MIIHICHI XapaKTE€PUCTUKH
3HWKYIOTHCS Ha TIOCTIHHY BEJTUYHHY.

Mpumitka 1. Xoua mocnalOneHHs B OCHOBHOMY
BIUTMBA€ HA YMOBHY I'DaHUIO TEKYYOCTi Ta TPAaHHIIO
MIIHOCTI MaTepialy Ha PO3TSAT, HOro BIUIUB Ha CTUCHYTI
30HH OOOJIOHOK, IO CXWJIbHI IO BTPATH CTIHKOCTi, B
3aJIeKHOCTI BiJ 3arajbHOI THYYKOCTI KOHCTPYKIII Ta
BJIACTUBOCTEH CIUIaBY, MOXE€ BHUABUTUCH IOCHTB
3HAYHHM.

Mpumitka 2. Edexr  mnactudikamii  BHACTIIOK
3BapIOBAHHS € OLIBII 3HAYYIIUM IS 3THHY 000JIOHOK B
30HI mmacTuaHOCTI. KpiMm TOTrO, 1IBH Y 30HAaX 1€ € pU3HUK
BTPATU CTIMKOCTI MOXYTh CYTTEBO 3HHU3HUTH 3HAUCHHS
omopy BTpaTi crifikocti BHacmigmok 3TB. Tomy
PEKOMEHIYEThCSl YHUKATH 3BAPHUX IIBIB y BEJIHKUX 3a
po3MipoM cerMeHTax 0e3 eNeMEHTIB >KOPCTKOCTi, IO
repeOyBaIOTh I Ti€0 CTHUCKY.

Ipumitka 3. B MpoeKkTHUX IIISIX 3BApIOBAHHS MOXKHA
pO3TIISAATH, SIK JIiHIIHI CMYTH Ha TIOBEpXHI 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, ¢4 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

(1)  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



BIUTMB SIKUX MONIUPIOEThCS O€3MOCepeHhO HABKOJIO
3BapHOTO IIBAa. 3a MCEXKaMHU Ili€i 30HH MIiIHICHI
BIIACTUBOCTI MHTTEBO BiJTHOBIIOIOTHCSI B TIOBHOMY
00cs3i. HasBHICTHP TakuX 30H MOXE CHPUYAHUTH
TepeYacHUl PO3BUTOK IUIACTUYHHX AedopMartiii i
JIEFO0 3TUHY.

Mpumitka 4. [Ing pesxkux TepMooOpOOIEHUX CIIIaBiB
MOXHa YCYHYTH €(eKT 3HEMIIIHEHHS Y HAaBKOJIOIIOBHUX
30HaX, 3aCTOCOBYIOYM INTYYHE CTapiHHSI  IiCiA
3BaproBaHHs, quB. EN 1999-1-1.

4 Yei IIIBH, 1o PsIMO 49U
OTIOCEPEIKOBAHO 3HAXOMISTHCS Il BIUTHBOM
CTHCKYIOUMX HANpy>KeHb CIiJ TMEepeBipUTH Ha
BIUIUB IUTacTU(iKallii BHACIIOK 3BapIOBAHHS
Ha Omip BTPaTI CTIHKOCTI 0OOJOHKH, 3T1JTHO 3
MpaBHJIAMH, TIOJJAHUMU Yy 6.2.4.2.

6.2.4.2 Kinvkicni noxaznuxu niacmugixayii

(1) KinbkicHI TOKa3HUKM TUIACTUQIKAIii
BiJI 3BapIOBAaHHS OIHCYIOTHCS MOHWKYIOUUMH
KOEIIEHTAMA Oy, TA O, pay» 3HAYECHHS

SIKUX OTPUMYIOTb 31 CIIBB1THOIIIEHb
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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:

fO az
Pores =5 (6,26)
i and
,0 — u,haz
u,haz f

u

MDK XapaKT€pPUCTUYHHM 3HAYECHHSIM YMOBHO{
TpaHMIT TEKYy4OCTi, 110 BIJIIIOBIae
3anumkoBiit nedopmanii 0,2 % f ., (abo mwis

rpanumi minHocti f,. ) y 30HI TepmiuHOTrO

u,haz
BIUIUBY Ta TakuMmu > 3HaueHHsmu f, (f,) B
OCHOBHOMY Marepiai.

2 XapaKkTepUCTUYHI 3HAYCHHS YMOBHOI
rpanuili Tekydocti f 1 TpaHHUIll MIITHOCT1

f

HaBeneHi y Tabm. 3.2a EN 1999-1-1 nns
KaTaHUX allfOMIHI€EBUX CIUIaBiB y BUTIIAMIL
JUCTIB, CMYT 1 MJAcTUH Ta y Tabm. 3.26 s
npo¢uris

0,haz

u,haz » a TaKOXK 3HAYCHHA po,haz 1 pu,haz ATIA

(3)  TpuBamicte BiZHOBICHHS Marepiany
mics 3BapIOBaHH BU3HAYAETHCSI
nosioxkeHHssMu HopM EN 1999-1-1.

6.2.4.3 Busnauenns mexc 3TB

(@8] Heo0ximHO moTpuMyBaTUChH 3arajibHUX
nmo3HaueHp Mex 3TB, 1mo HaBemeHi Yy

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
fonee @nd f,,,, and the values of p .~ and

Puna @re 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

Q) General indications on the HAZ extent
given in EN 1999-1-1 should be followed.
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(2)  Tlpu mepeBipui Ha BTpary CTIHKOCTI,
nependadaeTnes, mo 3TB po3noBcroIKyeThCS

Ha BigcTanb D,,, BigmBa B yciX HampsMKax Ta

BHUMIPIOETHCS B LHEHTPaIbHOT JHIT
CTHKOBOTO 1ImBa, a00 TOYKH MEPETHHY
3BapIOBaHUX MMOBEPXOHb y BUMAJIKY KyTOBOTO
IBa, SIK TIOKa3aHo Ha Pucynky 6.2.

7777

Bhaz

Pucynox
Figure

6.2.4.4 Onip empamu cmitxocmi

HEeniOCUIEeHUX 36apPHUX 0O0TOHOK

(1)  Omip BTpaTi CTIMKOCTI HEMiICHICHUX

3BapHUX 000JIOHOK HEeOoOX1qHO
pPO3paxoByBaTH, npu Has;BHOCTI
pe3yAbTYIOUMX  HAmpYKEHb  CTUCKY V

MIOTIEPEYHO HEPO3KPITUICHIH 00O0JIOHIII.

(2)  IlepeBipku BIUIMBY 3BapiOBaHHS Ha
OTIp BTPATi CTIHKOCT1 MO’KHA YHUKHYTH, SIKIIIO
BCi IBH B OOOJOHI mapajenbHI [0
PE3yIBTYIOUHX CTHCKYIOUMX HANpPYKEHb IPH
Oy/b-sSIKHX yMOBaxX HaBaHTAXXEHb, 33 YMOBH,

0 MOHWXKYHOYHH KoediuieHT p, . HE

mkynit 3a 0,60.

(3) BmumB 3BaproBaHHS Ha OIp BTpAaTi
CTIMKOCTI MOJKHa BHW3HAYaTH 3a JIOTIOMOTOIO
METO/1y T€OMETPUYHO 1 (I3MYHO HENIHIHHOTO
pO3paxyHKy 3  ypaxyBaHHAM  je(dekTiB
(C'MH/IP), BJIACTUBOCTEH OCHOBHOTO
Matepiany Ta marepiany y 3TB.

(4)  SIkmo HEMOXKIMBO BHUKOHATH TOYHUIMA
I'MH/IP po3paxyHOK, TO Omip BTpaTi CTIAKOCTI
MO’KHA BU3HAYUTH 3a CIIPOLICHUM METOJO0M, a
caMe uepe3 TOHIDKYIOUUHM KoedillieHT, 1o
BHU3HAYAETHCS 31 CITIBBIAHOIIECHHS
Piw = Xiw! X MK KoedilieHTOM BTpaTH

CTIMKOCTI 3BaproBaHOi KOHCTPYKLii y,; 1 He

3BapIOBaHOI KOHCTPYKIIT ;.
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(2) 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

%A
bhaz

6.2 — Ilommupenns 301 TepMivHoro BBy (3TB) B cTiHIlI 0007I0HKK 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 p, .., 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:i between the buckling factor of
the welded structure y,; and the one of the
unwelded structure y; .



Ipumitka 1. Pe3ynbTyiodi CTHCKYIOUi HamlpyKeHHS
MOXYTb BHHHMKAaTH HE TINBKH 4Yepe3 CTHUCK, a TaKOX
Yyepe3 3OBHIIIHIA THCK, 3CyB 1 30CepelrKeHi
HaBaHTaxeHHA. SxkumMum 6 He Oymu  yMoBH
HaBaHTAXEHHS, TOHIKYIOUMA Koe]illieHT y,; CIix
3aCTOCOBYBATH JUIS IIBIiB, II0 € OPTOrOHAJIBHUMH JI0
PE3YNBTYIOUNX CTUCKYIOUHX HAIIPY)KEHHB, TaK SIK BOHH
MOXYTb CIIPHYMHUTH TOSIBY IIACTHYHUX Jedopmanii

Mpumitka 2. Tagekc "i" y mynkrax (4) i (5) cmin
3amiHtoBaty Ha "y ", "@" um "r" 3amexHO BIX
MIPUHAJIOKHOCTI KOC(IIli€HTIB ¥ Ta o BIIOBIIHO N0

OCHOBOT'O CTHUCKY, KUJIBIIEBOT'O CTUCKY UH 3CYBY.

(5)  Houmxkyrouwmii KOeIIieHT, 110
BpaxoBye 1oM’sikieHHs1 Matepiany B 3TB nns
000JIOHKOBUX KOHCTPYKLI1H BU3HAYAIOTh 3a:

Piw =0+ (1-aw,)

np. ACTY-H b EN 1999-1-5:201X

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 ", "8 " or "¢ " 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 _Zi,o

_ 6,27
Ai,W—Aio ( )

but

pi,w Sl

and

pi,w 2 0)0

Ie:

Wy

Punaz T& Pornay L€ MOHIKYIOUI KOSQILIEHTH

st 3TB, 3naueHHs skux 6epyThes 3 Tabmuib
3.2a a60 3.2b EN 1999-1-1;

Aio KoedirieHT

BITHOCHOI ~ THYYKOCTI
CTHCHYTOTO eJeMeHTa IS BUTIAJIKY
HaBaHTAKEHH, IO PO3TIIAIAETHCS,

BHU3HA4YA€THCA 3 I[O,HaTKy A;

Aiw 1Lle TpaHUYHE 3HAYEHHS Koe(dilieHTy
BIZIHOCHOT THYYKOCTi CTHCHYTOT'O €JIEMEHTa,
32 MEXEI0 SIKOTO 3HHUKAa€ BIJIMB 3BAapIOBaHHS
Ha omip BTpari cTiikocTi. Bu3HauaeThcs 3a:

Ziw =139~ p, o) Aiwo = Lio), are
Zi,w < Zi,w,o muB. PucyHok 6.3;

:pu,hazfu/yMz
fol V1

where:

(6,28)

Punaz ANd Py 1 are the reduction factors

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

Aio 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:

Aiw =1,39(L~ P, o) (Aimo — Aio), but

Aiw < Aiwo See Figure 6.3;
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Aiwo aOCOJIIOTHE 3HAYEHHS BEPXHBOI MEXKI
BIUIMBY  3BapiOBaHHSA Ui KOE(ilieHTY
BITHOCHOI THYYKOCTiI CTHCHYTOTO €JIEMEHTA,
10 3aJICKUTh Bill XapaKTepy HaBaHTaKCHHS,
MaTepialy KOHCTPYKIIi Ta Kiacy JOIYCKY
000JIOHKH, 110 HaBexeHo B Ta0mumi 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
Li
fd_] ] |
|
!
!
|
|
0 |
D ;Ifll:l

A i I:'.w. 1]

Pucynok 6.3 — BusHaueHHs MOHIKYIOYOTO KoedimieHTa piw BBy 3TB

Figure

6.3 — Definition of the reduction factor piwdue to HAZ

Taoiuua 6.5 — 3HaueHHS Aiwo A BIOMOBIIHMX HaBaHTA)KCHb, BU3HaUeHUX JlogaTkom A

Table 6.5— Values of Ziwo for relevant load cases allowed for in Annex A
. Kinbuesunii cTuck .
OcCBhOBHI CTUCK - - KpyueHnns 1 3cyB
Axial i Circumferential Torsion and shear
Knac 1al compression compression _
JIOITYCKY Axw,0 Y Arw,o
A«H,W,O
Tolerance Marepian Marepian Marepian Marepian Marepian Marepian
class Kimacy A Kiacy B Kiacy 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”a"ic'ass 0.8 0.7 12 11 1.4 13
Kﬂacgc'ass 1.0 0.9 13 1.2 15 14
Kﬂacéc'ass 1.2 1.1 1.4 1.3 1.6 15
KnacZCIass 13 19 ) i i i

6.2.4.5 Onip empami cmitikocmi niocunenux
38APHUX 0OOJIOHOK

(1)  Mna migcumeHWX 3BapHUX 00O0JOHOK
JI03BOJISIETBCSL HE TIPOBOJWTU TEPEBIPKY Ha
BIUIMB  3BapIOBaHHS,  SIKIIO  CJICMEHTH
KOPCTKOCTI JIOCTaTHBO 0OMEXYIOTh
moTepeyHi nepeMilIeHHs 3BapIOBaHUX
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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 mporunexHOMy
3aCTOCOBYIOTHCA MMOJIOKEHHS 6.2.4.4.

BUIIAJKY

6.2.5 Ilpoekmysanna wnaxom uuci08020
ananizy

@ Tyr MoXHa 3acToCyBaTH NPOLEAYPY,
1o HaBezeHa B 5.5 Ta 6.1.4 g reomMeTpuyHO
i1  (iBUYHO HENHIAHOTO  PO3PaxXyHKY 3
ypaxyBanHsM aedexris (I'MH/IP). Takox
PO3paxyHOK I'MH/IP MOXE OoyTH
AIBTEPHATHBOIO JI0 METOJY, BUKIAJCHOTO Y
6.2.3, 3a yMOBM TpPUUHATTS B SKOCTI
MOYATKOBHX T'€OMETPUYHHUX HEIOCKOHAIOCTEH
MaKCHMaJIbHUX 3HaY€Hb JOMYCKIB 3 6.2.2.

(2)  Hns 3BapHMX KOHCTPYKIII HEOOXITHO
MOJIEJIIOBATH MaTepiajl B 30HAX TEPMIYHOIO
BILTUBY, TUB. 6.2.4.2, 6.2.4.3 Ta 6.2.4.4.

7 I'PAHUYHI CTAHHU 3A
EKCILTY ATAIIMHOIO
NNPUJATHICTIO

7.1 3arajibHi M0J0KEeHHA

(1) TpaBuma msi TpaHUYHUX CTaHIB 3a
eKCIUTyaTaIllifHOI0 MPUIATHICTIO, HABEIEHI Y
EN 1999-1-1 Takox 3acCTOCOBYIOTHCSA 1O
000JIOHKOBUX KOHCTPYKIIIH.

7.2  Tlporunm

(1) IIpormuum MOXyTh OyTH pO3paxoBaHi,
BUXOJSIYM 3 TPHUIYIIECHHS TMPO TPYKHY
MOBEIIHKY KOHCTPYKITIi.

2 3rigro 3 EN 1990 — Jlomatox Al.4,
FPaHUYHI TPOTHMHH MalwTh OyTH BHW3HAuYeHI
UL KOXKHOTO TPOEKTY 1 TOTO/KEHI 3
3aMOBHHUKOM.

np. ACTY-H b EN 1999-1-5:201X

6.2.5 Design by numerical analysis

(1)  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
6.2.4.2,6.2.4.3and 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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JIOJIATOK A
(060B’ s13KOBHIA)
BUPA3U J1JISA PO3BPAXYHKY
OBOJIOHOK HA BTPATY CTIMKOCTI

A.1 Henigcuieni UMJTIHAPUYHI
000JIOHKH 3 MOCTiiHHOIO TOBINMHOIO CTIHKH

A.1.1 Ilo3nauenns ma cpanuyHi ymosu

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

g

|_-
=
el

ANNEX A

[normative]
EXPRESSIONS FOR SHELL BUCKLING

ANALYSIS

A.l  Unstiffened cylindrical shells of

constant wall thickness

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

2591
\ n,=tt
n=tt
Tn?:(rx t

I JOBKMHA HMJIIHAPA MikK 3aKpiNJIeHHAMU;
| cylinder length between boundaries;

r paniyc cepeMHHOI MOBePXHi WWIiHAPA;
r radius of cylinder middle surface;

t TOBIIMHA 000JIOHKH;
t thickness of shell:

Pucynok A.l — I'eometpis nuiiHapa, MeMOpaHHI Ta pe3ylbTYI0Ul HAIIPYKEHHS

Figure A.1- Cylinder geometry and membrane stresses and stress resultants

(2)  Bigmosigni rpaHUYHi YMOBH (2)  The boundary conditions are set out in

MPUBOATHCA B TyHKTax 5.2 Ta 6.2.1.
A.1.2 Mepuodionanvnuii (ocvosuii) cmuck

(1)  Mumiagpu J03BOJISETHCS HE
MEPEBIPATH HA MEPHUIIOHATIBHUI CTHUCK IIPH
BTpaTi CTIAKOCTI, SKIIO 3aJ0BUIBHAETHCS

yMoOBa:

’ <003
t

Al21 Kpumuuyni MepuoioHaNbHi
HanpyJcenHsi npu mpami CmiuKocmi

(1) Hacrymui dopmymn
TUIBKM Ui OOOJIOHOK 13

CIIpaBeINB1
IpaHUYHUMU
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5.2and 6.2.1.
A.1.2 Meridional (axial) compression

(1) Cylinders need not be checked against
meridional shell buckling if they satisfy:

= (A1)
fO

Al21 Critical meridional buckling
stresses

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



ymoBamu BC 1 a6o BC 2 na 060X rpaHsx.

(2) JloBKuHa CErMEHTa 000JIOHKH
XapaKTePU3YEThCS MMapaMeTpoM Oe3po3MipHOT
JOBXHWHU @ .

MepHUIiOHANbHE
CTIMKOCTI 3

(3)  Kpuruune
HAIPpyXKEHHs  IIpu
BUKOpUCTaHHAM 3HaueHHs C, 13 Tabmuui A.1,

BTpAaTi

MOTPIOHO BU3HAUYATH SIK:

np. ICTY-H b EN 1999-1-5:201X
or BC 2 at both edges.

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

L (A2)

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

obtained from:

o, =0,605EC, t (A.3)
' r
Tabmuua A.1-  Koedimienr C, uist KpUTHYHUX MEPUIOHATBHUX HANPY)XCHB [IPH BTPATi
CTIMKOCTI
Table  A.l-  Factor C, for critical meridional buckling stress
JIoB)KMHA IMITIHAPA o= I_ Koedimient C,
Cylindrical shell Jrt Factor C,
Koporkuii <17 C -1 36—1’ 83 N 2, (:;7
Short 0] W
Cepenniit r
17<w<0,5— C =1
Medium-length @ t X
2
C, =1—0’— (2a)£—1) ane/but C, 20,6
HoBruii >0, 5£ be r
Long t 3navenHs C, mus. TaGmumio A.2
where C,, is given in Table A.2

Tabmuua  A.2 - [Tapamerp C,, as BpaxyBaHHs BIUIUBY T'PAaHMYHHMX YMOB JUISl JOBIUX
HUTIHAPIB
Table A.2 - Parameter C,, for the effect of boundary conditions for long cylinder
Bapiant Kpaii mumingpa I'pannyHi ymMOBH 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 kpaii 1 (end 1) BC 2 1
kpaii 2 (end 2) BC 2

Mpumirka. BC 1 sxirouae B cedbe BC1fTa BC1r

4) Jlis MOBrUX UWJIIHIAPIB, BUSHAUCHUX Y
Tabnuii A.1, 1 ki BIAMOBITAIOTE 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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r
YSlSO (A.4)
i and
g
r
i and
E
500 < — <1000
f0
koediniear C, Moxe Oyrm oOuucIeHHIt the factor C,, may alternatively be obtained
TaKOX SK: by:
O (o}
CX :CX'N X,N,Ed X,M,Ed (A5)
O-x,Ed O-x,Ed
ae: where:
C,n TapameTp Ui NOBIHX LWIIHIPIB Mif C.n s the parameter for long cylinder in
JI€0  OCBOBOTO  CTHCKY, BIAMOBIZHO 10 axial compression according to Table A.1;
Tabmumi A.1;
O.gg DO3PAaXyHKOBE 3HAYCHHS o.eq IS the design value of the meridional
MEPHUAI0HATILHOT'O Hanpy>XeHHA stress (O-X,E ¢ =Ouned T OxmEd );
(Oyea =Oxned T Oxmea )
O N £ KOMIIOHEHTa HaIpyXCeHHS, sKa O, neq IS the stress component from axial
BHU3HAYAETHCS i3 0CBHOBOTO CTHCKY compression  (circumferentially  uniform
(koMITOHEHTa PIBHOMIpPHA T10 KOJY); component);
O M gd KOMIIOHCHTa HANpYXEHHs, sKa O M Ed is the stress component from

BU3HAYAEThCS 13 3arajbHOTO 3TUHY (ITIKOBE
3HA4YCHHS 3MIHHOT 110 KOJIy KOMIIOHCHTH).

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

A.l22 Mepuoionanvnuii  koeghiyienm Al22 Meridional buckling parameter
empamu cmiukocmi
(1)  Koedimient MEPHIIOHAIBHOTO (1)  The meridional imperfection factor
nedekTy moTpiOHO BU3HAYATH SIK: should be obtained from:
1
a, = (A.6)
1 |0,6E — — |
1+ 2,60(* (ﬂ,x —/Ix,o)) '
Q\ f
are: but:
a, <1,00
ne: where:
/_1x,o KOeQIIIEHT MEPUIIOHAILHOT THYYKOCTI /_1x,o is the meridional squash limit
CTHCHYTOTO €JIEMCHTA,; slenderness parameter;
Q napameTp JIOITYCKY o Q is the meridional  compression

MepI/I,Z[iOHaJIBHOMy CTUCKY.
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tolerance parameter.



2 [Mapamerp pomycky Q motpidHO Oparu
i3 Tabmumi A.3 mo 0OyMOBJICHOMY KIacy
nomycky. s 4 knacy momycky mapamerp Q
3aJICKUTh TAKOXX Bl TPAHUYHHUX YMOB, IO
BH3Ha4YarThes 3a Tadmurero 5.1.

(3)  Koedimienr crmmaBy 1 KoedimieHT
MEpPUIIOHAIBHOI ~ THYYKOCTI  CTHCHYTOTO
eleMeHTa oOmparoThes 3a Tabmumero A.4 B
3aJIeKHOCTI BiJl KJIacy THYYKOCTI Martepiany,
mo Bu3zHavaeThes 3a EN 1999-1-1.

np. ACTY-H b EN 1999-1-5:201X

(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.

Tadommus A3 — [lapamerp gomycky Q
Table A.3— Tolerance parameter Q
3navyenHs: Q s pi3HUX TPAHUYHUX YMOB
K
lac AOTyeiy Value of Q for boundary conditions
Tolerance class
BC1r, BC2r | BC1f, BC2f

Kuac 1/Class 1 16
Kutac 2/Class 2 25
Kurac 3/Class 3 40
Kuac 4/Class 4 60 50

Taoauusa A.4— 3HadeHHSI Zx,o Ta W, A BUMAJIKy MEPUIIOHAIBHOTO CTUCKY

Table A.4— Values of Ao and p, for meridional compression
Kiac BTpaTu criifikocTi
MaTepiary Ao K,
Material buckling class
A 0,20 0,35
B 0,10 0,20
4 s JOBIHX LUTIH/IPIB, K1 4) For long cylinders that satisfy the
BiamoBigaroTh ymoBaM A.1.2.1 (4), koedimient special conditions of A.1.2.1(4), the

MEpHAIOHAIBHOT ~ THYYKOCTI ~ CTHUCHYTOIO

CIICMCHTA 7\,X0 MO>KHA BU3HAYUTHU 3a.

Zx,o,l = /_1x,0 + 0,10m

Ie:

Axo cmipg Opatu 3 Tabmumi A.4, a Oxed Ta
Ox,M,Ed 32 TyHKTOM A.1.2.1(4).

A.1.3 Kinbyesuii cmuck (oopyu)

(1)  Uuniagpu J03BOJISIETHCS HE
NEepEeBIPATH Ha KUIbLIEBUM CTUCK MpPU BTpaTi
CTIMKOCTI, IKIIIO 33JJOBUILHSAETHCS YMOBA!

meridional squash limit slenderness parameter
may be obtained from:

(A7)
O-x, Ed
where:

/_1x,o should be taken from Table A.4 and oxEqd
and oxmed 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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<021 |E (A.8)
t f,

Al131 Kpumuuni
HAnpysicenHs: npu 8mpami CMiuKocmi

Kinbyesi

(1) Hacrymni bopmynu MOJKHA
3aCTOCOBYBATH JJIs1 0O0JIOHOK 3 yciMa THITAMHU
IpaHUYHUX YMOB.

(2)  Hoexuny CerMeHTa 000JIOHKH
MOTPIOHO  XapaKTEepPU3yBaTH 3aJIEKHO  BII
0€3p03MIpHOTO TTapaMeTpa TOBKUHU O:

(3) Kpuruune MepHUIiOHAIbHE
HampyXeHHs T[pUd  BTpaTi  CTIMKOCTI 3
BUKOpHCTaHHAM 3Ha4deHHs C, i3 Tabmumi A.5
JUIsT  OWIHAPIB  CepeIHbOi JOBXKHHH  Ta
Tabmumi A.6 1  KOPOTKMX IHJIIHAIPIB,
MOTPIOHO BU3HAUYATH SIK:

A.13.1 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 m:

I fr 1
3)

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
c,. =002E=2t (A.10)
' wr
Tabmmus A5 — Koedinientn HanpyxeHHs npu BTpaTi cTiiikocTi Cp ipu Ji1 30BHIIIHEOTO

THCKY JUTS IITiHAPIB cepenuboi goxunn (20 < w/C, <1,63r/t)
Table A.5 — External pressure buckling factor Ce for medium-length cylinders

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

Bapiant Kpaii nuniagpa I'pannyHi yMOBH Koedirient Co
Case Cylinder end Boundary condition Factor Cy

1 kpaii 1 (end 1) BC1 L5
kpaii 2 (end 2) BC1 '

’ kpaii 1 (end 1) BC1 125
Kpaii 2 (end 2) BC 2

3 KpaI:/I 1 (end 1) BC 2 10
Kpaii 2 (end 2) BC 2

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

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

6 kpaii 1 (end 1) BC3 0
kpaii 2 (end 2) BC3
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Taomuusa A.6 —
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Koeoiuientn HanpyxeHHs npu BTpari cTilikocti C, npu aii

30BHIIIHBOTO THCKY I KOpOoTKuX nmiinapis (@/C, < 20)

Table A.6 — External pressure buckling factor C, for short cylinders (o/C, <20)
Bapiant Kpait nuninapa I'pannuni ymoBH Koediuient Cy
Case Cylinder end Boundary condition Factor Cy
kpait 1 (end 1) BC1 B 10 5
! kpaii 2 (end 2) BC 1 Co=15+—-
kpaii 1 (end 1) BC1 _ 8 4
2 kpait 2 (end 2) BC 2 Co=L25+—5 -
kpaii 1 (end 1) BC 2 _ 3
3 kpaii 2 (end 2) BC?2 C, =10+ o
kpaii 1 (end 1) BC1 _ 1 03
4 kpait 2 (end 2) BC 3 Co=006+—5-"3

Mpumitka. V Tabmsx A.5 1 A.6 BC 1 Bxitouae B
ceoe BC1fTa BClr

(4) Jlst JIOBTHUX IAJIHAPIB
(w/C, >1,63r/t) xinbLeBi HANPYKEHHS IPU

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

4) For long cylinders (w/C, >1,63r/t)
the circumferential buckling stress should be

BTpaTi  CTIMKOCTI  CiJ BH3HA4YaTH 34 obtained from:
hopmyroro:
[ Corys
0,4 =E(=)7(0,275+2,03(—)") (A.11)
' r ot
A.1.3.2 Kinvyesi koegivienmu smpamu A.13.2 Circumferential buckling
cmiuxocmi parameter

(1)  Koedimient MEPHIIOHATBHOT
HEJIOCKOHAJIOCTI BU3HAYAETHCS 3a:

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

1

a, = _ _ (A.12)
1+0,2(1-a, o (Ao — A0,0) ] 85
ae: but:
a, <1,00
(2)  KoedimienT  BIZHOCHOI  KLIBLIEBOI (2) The circumferential reference

HE/IOCKOHAJIOCTI &, oOupaerbcs 3 Tabmuii

A.7 1151 KOHKPETHOTO KJIacy JAOIMYCKY.

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

Tabmuust  A.7— 3paueHns koedillieHTa @), B 3JICKHOCTI Bill KJIacy JOIYCKY

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

Knac nonycky
Tolerance class

[TapaMeTp o o ref
Parameter o o re

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) Koedimienr cmmaBy 1 KoedimieHT (3)  The alloy factor and the meridional
MEPUIIOHANBHOT ~ THYYKOCTI ~ CTHUCHYTOTO squash limit slenderness parameter should be
eneMeHTa oOuparoThest 3a Tabnuuero A.8 B taken from Table A.8 according to the
3aJIGKHOCTI Bill KJIacy THYYKOCTI Mmartepiaiy, material buckling class as defined in EN 1999-
o Bu3HauvaeThes 3a EN 1999-1-1. 1-1.

Ta6auuss A.8 — 3HaucHHS Axo Ta M, JUIS BUNAJIKy KUIBLIEBOTO CTUCKY

Table  A.8— Valuesof 4,0 and u, for circumferential compression

Kiac BTpaTH crilikocTi
MaTepiay oo Ly
Material buckling class
A 0,30 0,55
B 0,20 0,70
4) HepiBHOMIpHHI PO3MOIIT THCKY G, , 4) The non-uniform distribution of
KU BHUHMKA€E BIiJ] 30BHIIIHBOTO BITPOBOIO pressure q,, resulting from external wind
HAaBAaHTAXXCHHS Ha MWIHApHA (IUB. PUCyHOK loading on cylinders (see Figure A.2) may, for
A.2) MoxHa, IS pO3paxyHKy BTpaTH the purpose of shell buckling design, be
CTIHKOCTI, 3aMIHUTH €KBIBaJICHTHUM substituted by an equivalent uniform external
PIBHOMIPHHAM 30BHIITHIM THCKOM: pressure:
qeq = kwqw,max (Als)
ne: where:
Ouw.max — MAKCHMAaJbHUM BiTpOBUH THCK, a K, Qw,max 1S the maximum wind pressure and k,
BM3HAYAETHCA HACTYIIHUM YHHOM: should be found as follows:
/C r
k, =0,46(1+0,1, | (A.14)
ot
i3 3Ha4YeHHAM K, , SIKe 3HAXOAUTHCS B ME)Xax with the value of kw not outside the range

0,65<k, <10, sunauennns C, noTpiOHO 0,65<k, <1,0, and with C, taken from
Oparu 3 Tabmumi A.5 BiamoBimHO 70

Table A.5 according to the boundary
TPaHUYHUX YMOB.

conditions.
(5)  TIpoekTHe  KiTbIIEBE  HAMPYXKEHHS, (5)  The circumferential design stress to be
BBeJeHE B 6.2.3.3, BUBHAUAECTHCSA 3: introduced into 6.2.3.3 follows from:
r

O-H,Ed = (qeq +qs)? (A15)
ne: where:
ds BHITPIIIHINA BiICOC, IO CIPUYHHSETHCS ds is the internal suction caused by
Ii€I0  TOBITPs, BHYTPIMIHIM  YaCTKOBUM venting, internal partial vacuum or other
PO3pImKEeHHSIM a00 HIIUM SBUIIEM. phenomena.
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a) Po3noais BiTpOBOro THCKY HABK0JIO 000JI0HKH
a) Wind pressure distribution around shell
circumference

np. ACTY-H b EN 1999-1-5:201X

b) Po3noain exkBiBajJleHTHOI0 BiceCMMeTPUYHOI 0
THCKY
b) Equivalent axisymmetric pressure distribution

Pucynok A.2 — [lepeTBOpeHHs THUIIOBOTO PO3IOALTY 30BHIIIHBOTO BITPOBOIO TUCKY
Figure A.2 — Transformation of typical wind external pressure load distribution

A.l4 3cye

(1)  Uwuniagpu TO3BOJISIETHCS HE
MepeBIpATH Ha 3CyB IpPH BTpaTi CTIHKOCTI,
SIKITIO 3aJ0BUTBHSIETHCSI yMOBA:

A.1.4 Shear

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

{ < 0,16(f£)°’67 (A.16)

Al4l Kpumuuni
HANPYHCeHHS NpU 6Mpami Cmitikocmi

OOMUYHI

(1) Hacrymni BHpa3u OTPiOHO
3aCTOCOBYBAaTH TUIBKH JJI1  OOOJIOHOK 13
rpaanyanMu ymoBamu BC1 a6o BC2 Ha 060x
Kpasx.

(2)  Jomxwuna CerMeHTa 000JIOHKH
XapaKTepPU3yeThCs 3aJIEKHO BiJ
0€3p03MipHOTO TapameTpa JOBKUHHA @ :

0

Al41l 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 @:

[

(3) Kpuruyne nOTHYHE HANPYKEHHS MPH
BTpATi CTIMKOCTI 3 BUKOPUCTAHHSAM 3HAYCHHS

C, 13 Tabnuui A.9 noTpiOHO BU3HAYATH SIK:

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

obtained from:

r —0,75EC, (A.18)

r

51



np. ACTY-H b EN 1999-1-5:201X

Tabmuusa A9 - Koedinient C_ 1y KpUTHYHUX JOTHYHUX HATIPYXKEHb [IPU BTPATI

CTIMKOCTI
Table  A.9- Factor C, for critical shear buckling stress

JloBxxuHa nuiHapa < I_ Koediuient C,
Cylindrical shell Jrt Factor C,
Kopotxkuit 42
<10 = il
Short © C: \}1+ @°
CCpC)IH-LOI JIOBKUHU 10< o< 8,7£ C -1
Medium-length t
Hosruii a)28,7£ C. :l T
Long t 3V r
A.14.2 Koegiyienmu empamu A.l4.2 Shear buckling parameters
CmiuKocmi y 6UnaokKy 3¢y8y
(1)  Koedimient HEJIOCKOHAJIOCTI y (1)  The shear imperfection factor should
BUIAJIKY 3CYyBY BU3HAYAETHCS SIK: be obtained from:
1
o, = —_— > (A.19)
1+0.2(1-a, (o J(A: = Ac0) [ &
ane but
a, <100
(2)  KoediuienT  HemoCKOHANTOCTI Y (2)  The shear imperfection factor «, .
BUNATKY 3CYBY O, . OOmpaeThes 3 Tabmmui should be taken from Table A.10 for the
A.10 B 3a51€KHOCTI Bijl KJIaCy JOMYCKY specified tolerance class.

Tabauun  A.10 — 3uauenns koedinienra «, . B 3aJI€KHOCTI Bill KIIaCy JOIYCKY

Table A.10 - Factor o based on tolerance

z,ref

Knac nonmycky KoedimienT a,
Tolerance class
Parameter «,
Kunac 1/Class 1 0,50
Kuac 2/Class 2 0,65
Kiacu 3 Ta 4/Class 3 and 4 0,75
(3) Koedimienr crmaBy 1 KoedimieHT (3) The alloy factor and the meridional
MEpHUIIOHANBHOT ~ THYYKOCTI ~ CTHUCHYTOTO squash limit slenderness parameter should be
elieMeHTa oOuparoThes 3a Tabmuiero A.11 B taken from Table A.11 according to the
3JI@KHOCTI BiJ KJIacy BTpPaTh CTIHKOCTI material buckling class as defined in EN 1999-
MaTepiaiy, 110 Bu3HadaeTbes 3a EN 1999-1-1. 1-1.
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Tabmmust A1l - 3pauenns 1, Ta 1, w14 3cyBy
Table  All- Valuesof A and u. for shear
Kiac BTpaTu critikocti
MaTepiany A U,
Material buckling class
A 0,50 0,30
B 0,40 0,40
A.15 Mepuoionanvruii (ocvosuii) cmuck i3 A.1.5 Meridional (axial) compression with
GHYMPIUWHIM MUCKOM coexistent internal pressure
A.l15.1 Kpumuune MepuodioHabHe Al51 Pressurised critical meridional
HANPYJ’CEeHHs: npu mpami cmiukocmi nio 0i€io buckling stress
MUCKy
(1) KputuuyHe HampyXeHHS @pH BTpaTi (1)  The critical meridional buckling stress
crifikocti o, MOXHa BH3HauaTH 0e3 o, May be assumed to be unaffected by the
ypaxyBaHHsI BHYTPIIIIHLOTO THCKY 1 OTPUMATH presence of internal pressure and may be
3A.1.2.1. obtained as specified in A.1.2.1.
A.15.2 Koegivienmu mepuodionanvnol A.15.2 Pressurised meridional
empamu cmitikocmi nio Oi€r MucKy buckling parameters
(1) HampyxeHHs MepHIIOHAIBHOT BTPAaTH (1)  The pressurised meridional buckling
CTIHKOCTI  mix  Ji€l0  THCKYy  MOTPiOHO strength should be verified analogously to the
MEPEBIPIATH  aHAJIOTIYHO 70 TaKOro K unpressurised meridional buckling strength as
mapameTpa, ajae 0e3 1ii THCKy, K BKa3aHO y specified in 6.2.3.3 and A.1.2.2. However, the
6233 1 Al122. Ilpore koedimieHT unpressurised imperfection factor «, may be
3MCHILUCHHS TPYXHOI Jedopmauii «, 6e3 replaced by the pressurised imperfection factor
THUCKYy  TOTPIOHO  3aMIHUTH  IIUM K€ a, .,
KoedimieHTOM, ajie 3 ypaxXyBaHHSIM THCKY
ay -
(2)  KoedimieHT HETOCKOHAIOCTI MMif II€H0 (2)  The pressurised imperfection factor
TUCKY @, , NOTPiOHO OpaTH MEHWIMM i3 1BOX a, , should be taken as the smaller of the two
3HAYEHb: following values:
Qy e — KOE(IlieHT, MO BPaXoBYe MNPYXKHY a, . Is a factor covering pressure-induced
cTabinizaiito, CIpUYMHEHY THCKOM; elastic stabilisation;
Qy pp — KOEQILIEHT, 0 BPaxoBye IIACTHYHY a, ,, Is a factor covering pressure-induced
JecTalOiTi3aIuio, CIPHYUHEHY TUCKOM. plastic destabilisation.
(3)  Koeoiuient a, ,, MOTPiOHO BU3HAYATH (3)  The factor «, , should be obtained
13: from
&y = 0+ (1= ,) —— (A.20)
’ p+0,3/a,
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— r

Y (A.21)
tO-><,CI’

ne: where:

P HaliMEHbIIIE  3HAYCHHS  MICLEBOTO P is the smallest value of internal

BHYTPIIHBOTO ~ THCKy B  TOYIl,  MIO pressure at the location of the point being

PO3IJISIIAETHCSA,  SIKMM i€ CyMICHO i3 assessed, and guaranteed to coexist with the

MEPU/IIOHATBHUM CTHCKOM; meridional compression;

a,  KoediieHT MepHIIOHAIBHOT a, Is the unpressurised meridional

HEJOCKOHAJOCTI 0e3 ypaxyBaHHS THCKY imperfection factor according to A.1.2.2;

BignoBigHO 10 A.1.2.2;

O, TPYKHE KPUTHYHE MEpHJIiOHAIbHE o, Is the elastic critical meridional

Hanpy)KeHHsI IIPU BTPaTI CTIMKOCTI BIANOBIAHO
1o A.1.2.1 (3).

(4) x,pe

3aCTOCOBYBAaTH  JIO  JIOBTUX  IWJIHIPIB
BianmoBimHo 70 A.1.2.1 (3), Tabmums A.1.

Koediunienr « HE  MOTpiOHO

Kpim Toro, iioro He moTpiOHO 3aCTOCOBYBATH,
SIKIIO:

- MWJTIHAP Ma€ CEPeHIO JIOBXKHHY, BiIMOBITHO
o A.1.2.1 (4);

- IIWIHIp KOPOTKUH, BIAMOBIAHO IO
A.1.2.1(3), Tabmuusa A.1 1 B A.1.2.1(3) Oyno
npuiinsato C, =1.

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 A1 and C, =1 has been adopted in

A.1.2 1(3).

(5)  Koeoiuient «, ,, MOTpiOHO BU3HAYATH (5) he factor e, , should be obtained
SIK: from:
2 1 s2+1,200,
&, = -2~ =) (A22)
At 1,12+s s(s+1)
p=—rC (A.23)
to_X,CI’
5= (A.24)
400t '
ne: where:
P Hal6iiblue  3HAYCHHS  JIOKAIBHOTO p s the largest value of internal pressure

BHYTPIIIHBOTO TUCKY B PO3PaxXyHKOBIH TOYII,
3 MOXJIMBUM OJIHOYACHUM MEPHUAIOHATbHUM
CTHCKOM;

A, 0e3po3MipHUIl mapameTp T'HYYKOCTi
CTHUCHYTOI  OOOJIOHKM  BIANOBIAHO [0
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 MEPHUJIIOHAIBHE

HaNpYyKEHHsI TIPU BTPATi CTIHKOCTI BiIMOBITHO
1o A.1.2.1(3).

A1l6 Cymicna 0din  mepudionanvrozo
(0cb06020) cmMuUcCKy, Kilbyeeo20 CMUCKY i
3cyey

(1) Tapamerpu B3a€MOIii BTPaTH
CTIMKOCTI JUIsi BUKOpUCTaHHS B 6.2.3.3(3)
MO>KHA OTPUMATH 13:

np. ACTY-H b EN 1999-1-5:201X

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+0,757,

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

k. =1,25+0,75,

ki = (IXZH)Z

ac:

X« Xo» X, — KOeQIIIEHTH 3MEHIIEHHS

BTpaTH CTiiKOCTi, BHM3HaueHi B 6.2.3.2, 3
BUKOPUCTAHHSIM napameTpiB BTpaTH
cTiiikocTi, HaBeneHNX y A.1.2 — A.1.4.

(2)  BBaxaerbcs, IO TPU KOMIIOHEHTH
MEeMOpaHHOTO HANpY>KEHHsSI B3aEMOMIIOTH Y
BCIX TOYKaxX OOOJIOHKH 3a BUHSITKOM TOYOK,
SIK1 TIPWJISITAIOTh JI0 TpaHullb. [lepeBipkoro Ha
CyMICHY Jil0 MOXXHa 3HEXTYyBaTH ISl BCIX
TOYOK, IO 3HAXOIATHCS B MEXKaxX TOBXKHUHU

rpaHuuHol 30HU |, sika mpwisrae po Oynb-

where;

X« ¥, and y_ are the buckling reduction

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

SKO1  TpaHi  UWJIIHIPUYHOTO  CETMEHTA. the smaller of:
3HaueHHs |, € MeHIINM i3:
|, =0,1L ta (and) I, = 0,16r+/r /t (A.26)

(3)  Skmro cCHiIbHO BHKOHATH MEPEBIPKY
CYMICHO1 BTpaTH CTIMKOCT1 B yCiX TOYKax, TO
MO>KHA KOPUCTYBATHCS POCTIIINM
TPAIUIIMHAM  METOJOM, HaBEICHUM Yy
HACTymHUX moyokeHHsx (4) 1 (5). Sxmo
MaKCUMaJIbHE 3HAYCHHS Oy/1b-KOTO
MEMOPaHHOTO HAIPY)KCHHS BUHHKAE y MEKaX

rpaHuuHol 30HU |, sika mpuisrae mgo Oynb-

AKOi IpaHi UMIIHIpaA, TepeBipka CyMICHOT aii
BigmoBigHO 10  6.2.3.3(3) Moxe Oyrtu

BUKOHaHa 3  BHUKOPDHCTAHHSM  3Ha4eHb,
BU3HAUEHUX Y (4).
(4)  Sxmo BUKOHYIOTbCS YMOBU

noyiokeHHs  (3), MakcUMalbHE 3HAuYeHHS

(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-
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KOKHOTO MeMOpaHHOTO HaNpyXeHHS,
3B’SI3aHOTO 3 BTPATOIO CTIMKOCTI, SIKE BUHUKAE
HE B MeXax BUIbHOI noBxuHH |, (32 Mexamu
IpaHUYHUX 30H, AUB. PucyHok A.3a), moxHa

BUKOPUCTOBYBATH JUISI TIEPEBIPKH CYMICHOT ii
3a 6.2.3.3 (3), ne:

|, =L-2l,

5) Jis noerux mwmiHIpis, 3a A.1.2.1(3),
IPYIH, 10 MAIOTh BIiJHOMIEHHS 10 CyMICHOT
Iii 1 miAIsATSIOTh MEpeBipii HA CYMICHY Iifo,
MOXYTb OyTH OOMeXeH1 OiIblle HIK LbOTro
BuUMaratotb  maparpapu  (3) 1 (4).
[Ipumyckaerbcsi, 1O  HampyKeHHs,  SKi
BXOJAITh JO Tpylm CYMICHOI [ii, MO’KHa
0OMeXUTH OyIb-SKUM BIIPI3KOM 3aBJIOBKKU
l,,; » po3mimenum y mexax |, s mepeBipku

cymicHoi mii(muB. Pucynok A.3b), ne:

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 I, falling

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

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

(6) Skmo B maparpadax (3) — (5) He
HaBOJATHCS OCOONHBI  TIOJIOKECHHSI  II0JI0
BU3HAYEHHS BIAHOCHOTO PO3MIMICHHS a0o0
PO3IUICHHS TPyl KOMIIOHEHTIB MeMOpaHHOTO
HaINpy>KEeHHsI CYMICHOI i 1 BCe Ie MOoTpiOeH
MPOCTHI 1 KOHCEpPBAaTHBHUMN MIIX1I,
MaKCUMaJIbHE 3HAYCHHS KO>KHOTO
MEeMOpaHHOTO HaNpPY)KEHHsS, HE3aJeKHO Bl
po3MillleHHss Ha OOOJIOHI, MOXe OyTH
BUKOPHUCTAHUM Y dhopmyii (6.24).

¥
I =

a) KOPOTKMIi HUJIiHAp

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).

Y e — — —

b) noBruii uuIiHAp

b) long cylinder

Pucynok A.3 —Ilpuknany rpyn cyMmicHOI1 1ii 32 KOMIIOHEHTaMU MEMOpPaHHUX HaIPYKEHb
Figure A.3 —Examples of interaction-relevant groups of membrane stress components
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A.2 Henigcuaeni UMJIIHAPUYHI
000JI0HKM 3i CTymiHYacTow 3MiHHOIO
TOBIIMHOIO CTIHKH

A.2.1 3azanvni nonorcenusn

A211 lo3nauenns i epanuyni ymosu

(1) Y manoMy po3nili BUKOPUCTOBYIOTHCS
HACTYITHI TO3HAYCHHS

L 3arajgbHa JIOBKHWHA IWTIHAPA;

r pamiyc CEepEeIUHHOT MOBEPXHI

HAJIHPA;

j LIUTUH  TOKa3HUK, SKUM BKa3ye Ha
OKpeMi CeKIii UWIiHApa 3 TMOCTIHHOIO
TOBINMHOO CTiHKH (Bix j=1 10 j=n);

tj MOCTifiHA TOBIIMHA CTIHKK CEKINl |
JTAHOTO IMITIHJIpA;

IJ. JOB)KMHA CEKIIT | MUTIHApA.

(2)  Hacrymui Bupa3u CrIpaBeUIUBI TiNBKH
JUTsi 000JIOHOK 13 TpaHnyHUMHU yMoBamu BC 1
a6o BC 2 mna o6ox kiHmsax (see 5.2), 0e3
ypaxyBaHHS PI3HHUIlI MK HUMH.

A212 T'eomempis i 3miwyenus cmuxis
(1)  Slkmo TOBHIMHA CTIHKM  I[WITIHApa
30UTBITYETBCSI  TIOCTYIIOBO 1 CTYIIHYACTO

3BEpXy 10 HHM3Y (IMB. pUCYHOK A.4a), MOXHA
3aCTOCOBYBAaTH METOJHKY, HABEJACHY B I[bOMY
po3nuti. B AKoCTi aapTepHATUBHOTO MIAXOY,
JUIS BU3HAYCHHS KPHUTUYHOTO KUIBIIEBOIO

HalpY)KEHHS IPH BTPATi CTIHKOCTI O . o

MOXHA BUKOPUCTATH JIHIMHUN  TPYXKHIN
po3paxyHok  Oipypakuaii  (JIPB), JTUB
A.2.3.1(7).

(2) Hawmiueni  3MilicHHS & MK

IUTACTUHAMU CYMDKHHUX CEKILIN (AUB. PUCYHOK
D.4) MoxHa pO3MISAAaTH SK IPOrHO30BaHI
HACTYMTHUMHU (QOpMyJIaMH 332 YMOBH, IO
HaMiueHe 3HaueHHs €, MEHIIE JIOMyCTUMOTO

3HA4YCHUA eo po SAKE HpHﬁMaCTBCH SIK MEHIIIE 13:

€op = 0,5(t,, -

Ac:

t TOBII[MHA TOBCTIIIOI CTIHKA 3’ € IHAHHS;

max
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A.2  Unstiffened cylindrical shells of
stepwise wall thickness

A.2.1 General

A211 Notations and boundary

conditions

(1) In this clause the following notations
are used:

L overall cylinder length  between
boundaries;

r radius of cylinder middle surface;

J an integer index denoting the

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

t; the constant wall thickness of section j

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, 4 In
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:

) ta (and) &, =0,5t,, (A.29)

n

where:

t is the thickness of the thicker plate at

max
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tin TOBILMHA TOHIIOI CTIHKH 3’ €IHAHHSL.

(€)) Jns  mWIiHApiB 13 MPOrHO30BaHUMU
3MIMIEHHSAMHA MDK ~CYMDKHUMH  CEKI[ISIMHU
BIIMOBIAHO /10 (2), pamiyc ' MoKHa OpaTH sK
CepeIHE 3HAUCHHS BCIX CEKIIIH.

()] JUis  mmmiHApiB 31 3’€IHAHHSAMH
BHAITYCK NOTPiOHO BUKOPHCTOBYBAaTH
MOJIOKEHHSI, HaBeJIeH1 B maparpadi A.3.

min

the joint;

t.i, 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.

Pucynok A.4 —TIporno3osane 3MillleHHs €, B 000JIOHIII, KA 3’€HAHA BHAITYCK
Figure A.4 —Intended offset e, in a butt-jointed shell

A.2.2 Mepuoionanvuuii (ocvoeuit) cmuck

(1) KokHy  cekmiro  HmHIIHIpa J
3aBIIOBKKHI Ij MOTPIOHO  PO3MIISIAATH  SIK
€KBIBAJICHTHUH  IWIHAP 13  3arajibHOIO
NOBXUHOK | =L 1 3 MOCTIHOIO TOBIIMHOKO

CTIHKH t =t j BioBigHO 10 A.1.2.

2 JIy1st JOBTUX €KBIBAJICHTHUX IMIIH/IPIB,
Bu3HaueHux y A.1.2.1(3), Tabmumsa A.1,

napamerp C,  moTpiOHO mpuiMaTH K
C,, =1, saxmo kparie 3Ha4eHHS HE BU3HAUCHE
OUTBII IeTAIbHUM PO3PAXYHKOM.

A.2.3 Kinbyesuii cmuck (oopyu)

A23.1 Kpumuuni
HanpyJcenHss npu empami CmiuKocmi

Kinbyesi

(1)  Skuo OMIIHAP CKIANAETHCS i3 TPHOX
CeKIiH 3 pI3HUMH TOBUIMHAMHU CTIHOK,
MOTPIOHO 3aCTOCOBYBAaTH METOJUKY, OTHCaHYy
B (4)—~(7), muB. Pucynox A.5(11).

(2 SIKIO MWITHAP CKJIaAa€ThCS TUIBKH 13
onHiel cekiii (TOOTO Mae MOCTIHHY TOBIIUHY
CTIHKH), MOTPIOHO 3aCTOCOBYBATH TOJIOXKEHHS
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A.2.2 Meridional (axial) compression

(1) Each cylinder section j of length I,

should be treated as an equivalent cylinder of
overall length I=L and 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.l, 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

A23.1 Critical
buckling stresses

circumferential

(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(I1)

(2 If the cylinder consists of only one
section (i.e. constant wall thickness), A.l



Al

(3)  Skmo MIIHAP CKIATAETHCSA 13 JBOX
CeKI[ii 3 PI3HOI TOBUIMHOK  CTIHOK,
MeToauKy, omucany B (4) — (7), moTpibHO
3aCTOCOBYBATH, PO3TIIAJAIOYHM JBi 13 TPHOX
GIKTUBHMX CeKIid, a Ta b, gK Taki, 110
MAalOTh OJHAKOBY TOBIIUHY.

(4)  Slkmo WITIHAP CKJIAJAEThCS  OLIbIe
HDK 13 TpPbOX CEeKIid i3 PI3HOI TOBIIWHOIO
crinok (muB. pucyHok A.5(1)), To cmouaTky
HOro MOTPIOHO 3aMIHUTH EKBIBAJICHTHUM
HUAJIHIPOM, /10 SIKOTO BXOJSATH TPU CEKIlii a,
b i ¢ (muB. pucynox A.5(I1)). Jdomxuna
BEPXHBOT CeKIil |, MOBMHHA MPOIOBKYBATHCS
JI0 BEPXHBOTO Kparo MEPIIOi CeKIii, TOBIIMHA
akoi B 1,5 pa3a Outplia HDK HalMeHIIa
TOBIIIMHA CTIHKH { j» ajle He OLIbIIIE TTOJIOBUHU

3arajbHOi JOBXHUHU wuiiHapa L. JloBxuny

np. ACTY-H b EN 1999-1-5:201X

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, 1., 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

nBox iHmmx cekmid |, 1 |, morpidHO sections I, and I, should be obtained as
BHU3HAYATH HACTYITHUM YHHOM: follows:
l, =1, Ta(and) I, =L-2I, (A.30)
SIKIIIO if
l,<L/3
l,=1.=0,5(L-1,) (A31)
SIKIIIO if
L/3<I,<L/2
r » -~
i =~ t,
= =t =1 =
| —mlle
--E:"‘ — "—fa 1 -0 rﬂ
— -—t4
g ] —a| —™ q—fb |
™ '-_rc :I

(I) Ouaingp 3i ctyminyacto
3MiHHOIO TOBIIMHOIO CTIHKH

(1) Cylinder of stepwise

(1) ExBiBaneHTHHMIA HITiHAP,
10 CKJIAAAETHCS i3 TPHOX CeKUiil i3 0IMHAKOBOI0 TOBLIUHOIO CTIHOK

(I1) Equivalent cylinder

(III) ExBiBanieHTHHIT MpocTHii HUTIHAP

(111) Equivalent single cylinder
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variable wall thickness

comprising of three sections

with uniform wall thickness

Pucynoxk A.5—IlepeTBopeHHs CTYNIHYACTOTO MIUIIHAPA B €KBIBAJICHTHUN IIHIIHJID
Figure A.5—Transformation of stepped cylinder into equivalent cylinder

(5)  OikruBHI ToBmUHM CTIHOK t,, t, 1t
TPHOX CEKIiii MOTPIOHO BHU3HAYATH  SK
CPEIHbO3BAXECHE 3HAUCHHS TOBLIMHU CTIHOK
M0 KOXKHIH 13 TphOX (PIKTUBHUX CEKIIiH:

1
ta:rZ'jtj

a

1
tbzl—ZIjtj

b b

1
tc:rzljtj
c C

(6)  TpucekuilHmit IIVUTIH/IP (TobOTO
eKBIBAJIGHTHUN ab0 peajdbHUM  IMIIIHAD)
MOTPIOHO 3aMIHATH €KBIBAJEHTHUM IPOCTUM

[IJIHAPOM i3 e(peKTHBHOIO JOBKHHOKO |l 13

OJTHAKOBOIO TOBIIMHOIO CTIHOK t=t,, (aumB.

Pucynoxk A.5(I1)). EdextuBHa moBx)HHA
BHU3HAYAETHCS HACTYITHUM YHHOM:

Ieff -
ae.
K 0e3po3MipHuil KOe(illiEHT, OTPUMAHHIA
3 Pucynka A.6.
@) Jis  cekmiii  mMIiHApa  CepeaHbOi

JOBXUHU a00 KOPOTKUX KPUTHUYHE KLUIbIEBE
Halpy>KeHHsI TIPH BTpaTi CTIMKOCTI KOXXHOI
CeKINil IMIiHApa | BHXIZHOTO IMIIHIpA i3
CTYNIHYACTO 3MIHHOIO TOBIIMHOIO CTIHKH
NoTpiOHO BH3HAYATHU 32 HACTYITHUM BHPA30M:

-
O-ﬁ,cr ji =

)]

ac:

O R eff KPpUTHUYHE KUTbIIEBE

Hampy>KEHHsI IIPH BTPaTi CTIMKOCTI, OTpUMaHe
BignoBimHo 3 A.1.3.1(3), A.1.3.1(4), nans
€KBIBJIGHTHOTO  OJMHUYHOTO  LMJIHJpA
3aBIOBXKKH | BigmoBigHo mo maparpada (6).

Koedimient C, B mmx Bupazax mNOTpiOHO
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(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:

(A.32)

(A.33)

(A.34)

(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(1I1)). 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:

O-ﬁ,cr,eff (A36)
where:
Oy rer eff 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) JloBxnHa CerMeHTa 000JI0HKH
XapaKTEepU3Y€EThCS HapaMeTpoM 0e3po3MipHOT
BEJIMYMHH @ |

(9)  Sxmo cekmis wwiIiHApa |
MOTPIOHO MPOBECTH JAPYTrY AOJATKOBY OLIIHKY
KPUTUYHOTO  HANpPYKEHHS  MO03/I0BXKHBOIO
3ruHy. MeHiue i3 IBOX 3Ha4€Hb, OTPUMaHUX 13
(7) 1 (10), moTpiOHO BUKOPHCTOBYBATU IS
MepeBipKU IIPOEKTHOTO KPUTHUYHOTO
Halpy)XeHHsl TNpU BTpaTi CTIMKOCTI CEKIii
WTHIpA | .

(10) Cexmito  mmmiHIpa j
BBa)XaTu JOBI'OIO, AKIIO:

JIOBTa,

MOTPIOHO

0, >1,63—
t

y TakoMy BHUIAJKy KpPUTHYHE KUIbIIEBE

Halpy>KeHHs BTpaTH CTIMKOCTI TOTPiOHO
BHU3HAYATH SIK:

t, C
Cperj = E(?‘)Z(O, 275+2, os(w—_f’tf_)“)

1,25
[, 010
. =015 —— -
. 1 L 2,50
L7 g0 cos et = 225
100 A 7
o Y2/ '
S it 150
S {;/
0,75 ; ,f//
7 |
SATGT 1,25
)y
n" 4’ / /
0,50 L27) 5, ]
: LT b,
N7 _fa_ -
'/:/'l;/
o 4
0,25 |54
o151
15 =
010 -~ =l
[ 1
0 ] 2 t 3

np. ICTY-H b EN 1999-1-5:201X
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:

j (A.38)

in which case the critical circumferential
buckling stress should be obtained from:

(A.39)
17
1,25 T
,’a 0,25
IT = 030 — —— 2 50
0,35 =-=----- ’
' 7%
1,00 s ——/ 1,79
) 150 —
AT
.“”/
075 e
) — 1,25 —
v /pq-""'_-.-__‘ !
.9‘”’— —
050 =F A=t ¢ —
’ ~ b _
:/{ »’/ —fa— = 1,0
T
0,25
’,a = fb
0 ——
1 2 f 3
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1,25 —
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Pucynok A.6 — Koediuient x mist BusHa4eHHs €QeKTUBHOT TOBKUHN | ¢

Figure A.6 —Factor « for determining of the effective length I

A.23.2 Ilepesipka miynocmi empamu
CmiuKocmi npu Kiibyegomy CIMUcKy
(1) s xokHOT cekmil nuaiHIpa |
MOBUHHI  BUKOHYBAaTHCS  yMOBH 8.5 1
MIPOBOJMUTHCS HACTYITHA IIepeBIpKa:

Oy kd.j SOprd.j

Ji(H
Oy gd,j BASHAYAILHE 3HAYCHHA MeMOpaHHOTO

KUIBIIEBOTO CTUCKAIOYOT0 HAMpyXEHHS, SK
OTMCAaHO B HACTYIHUX Maparpadax;

O'gde’j PO3PAXYHKOBE KiJ'ILI_IeBe HAIIPpy>XCHHA

IIpH BTPaTi CTIMKOCTi, OTpUMaHE 13 IPYKHOTO
KPUTHYHOTO KUIBIIEBOTO HANPYKCHHS TPH
BTpAaTi CTIHKOCTI BiamoBiaHo 10 A.1.3.2.

2 3a yMOBH, IO PO3PAXyHKOBE 3HAUECHHS
CYMapHOTO KiIbIIEBOTO HANpYXEHHS N, 4 €
MMOCTIHHMM IO BCiH MOBKMHI L, BU3HayanbHe

3HA4YEHHS CTHCKAI04YOoTo MeMOpaHHOTO
KIIBIIEBOTO HAIPY)KEHHS B CEKIii | moTpiOHO

6paTI/I SAK IIPOCTC 3HAYCHHS:

OgEd,j=
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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.; 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,g, is
constant throughout the length L the key

value of the circumferential compressive
membrane stress in the section j, should be

taken as the value:

6,Ed

4 (A41)




(3)  Skmo PO3paxyHKOBE 3HAYCHHS
CYMapHOTO KUIBIIEBOTO HANpYyKEHHA N, g,
3MIHIOETBCS Ha OOBXMHI L, TO BH3HAYalIbHE
3HAYCHHS CTHCKAIOUOro MEMOpaHHOTO
KUIBIIEBOTO HANpPYXXEHHS MOTpiOHO Opatm sk
(iKTHBHE 3HAYEHHS Oy | mos, BU3HAYECHE I3

MaKCHMAaJIbHOTO 3HAYCHHS CyMapHOTO
KUIBIIEBOTO HAIPYKEHHA N,y Y OyAb-sKOMY
MiCIli JOBXHMHH L, TonuieHe Ha MiCIeBy

ToBIKHY {; (1uB. PucyHok A.7):

OyEd,jmod =

_ max(nH,Ed)

t.

J
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3) If the design value 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, g ; o
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

g Ed mod

b= ==

~ OpEdj

T OgEdjmod

I

Y

Pucynok A.7 — BuszHayaibHi 3HaU€HHS CTUCKAIOYOTO0 MEMOPaHHOTO
KUIbLIEBOIO HANpPYXKEHHA MPU N, ., , SMIHHOMY 110 JI0BXHHI L

Figure A.7 — Key values of the circumferential compressive membrane
stress in cases where n, ., varies within the length L

A.2.4 3cye

A2.41 Kpumuune oOomuune HANPYI*CEHHS
empamu cmiukocmi

(1)  Slkmo HeMae CHELiaJbHOTO IIpaBHIIA
JUIL  OLIHKKA CKBIBAJCHTHOTO OJWHUYHOTO
HUAJIHAPA 3 PIBHOMIPHOIO TOBIIMHOKO CTIHKH,
MO>KHa BUKOpHUCTOBYBaTU Bupazu A.2.3.1 (1)—

(6).

(2) HacrymHe BH3HAY€HHS KPUTHYHOTO
JOTHYHOTO HAINPYKEHHS BTPAaTH CTIMKOCTI
MOXHAa  BHUPAaxOBYBAaTH, BHKOPHCTOBYIOUU
Bupasu A.2.3.1 (7) — (10), mpu upomy
3aMiHIOOYM BHUpaz A.1.3.1 s KigbleBoro
CTHCKY BIINOBITHMUM BHUPAa30M JUISL 3CYBY
A.1.4.1.

A.2.4 Shear
A.2.4.1 Critical shear buckling stress

(1) 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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A24.72 Ilepesipra
empamy cmiuKkocmi npu 3cysi

MiyHOCMI Ha

Q) [IpaBwna, HaBeneni B D.2.3.2, MoxxHa
BUKOPHUCTOBYBATH, ajieé HEOOXIAHO 3aMiHATH
BHpa3 KUIBLIEBOTO  CTHUCKY  BIAMOBIIHUM
BHPAa30M 3CYBY.

A.3  Henigcuaeni
000J10HKH, 3’€IHAHI BHANLYCK

UMJTiHAPHYHI

A.3.1 3aczanwvni nonoxcenns
A3.11

1. KijiblieBe 3’€IHAHHS BHAILYCK

Busnauenns

3’eJTHAHHS BHAIYCK y KUIbLIEBOMY HAINpPSIMKY
HaBKOJIO OC1 000JIOHKHU.

2. MepI/IIliOHaJ'IbHe 3’6}][—[31—[1—[51 BHAITYCK

3’eHaHHS ~ BHAIyCK  MapajeiabHO  Ocl
000JI0HKU (MepUIIOHATBHHUM HAMIPSIMOK).

A3.1.2 T'eomempis ma pezyrbmyroui
HAanpy’CeHHs.
(1)  Sxmo VUTIHIpAYHA 000JI0HKa

3aMpOEKTOBaHA 3 BHUKOPHUCTAHHAM 3’ €IHAHB
BHamyck (muB. Pucynok A.8), MoxHa
BUKOPUCTOBYBaTH  HACTYMHI  IOJIOKEHHS
3aMICTh TIOJIOKEHb, BU3HAYCHUX y A.2.

(2)  HacrynHi moi0eHHS 3aCTOCOBYIOTHCS
SK J10 3’€IHaHb BHAIYCK, SKI 30UIBIIYIOTH
paziyc cepeIMHHOT MOBEPXH1 000JOHKH, TakK 1
0 THX, SKI HOTro 3MEHIIYITh. SKIIo
3’€IHaHHS BHAITYCK MPOXOJUTH Y KUIbLIEBOMY
HaIpsIMKy HaBKOJO OCi OOOJIOHKH (KUIBbIICBE
3’€¢[lHaHHSA  BHAINYCK), JJs  BHU3HAUCHHS
MEpHUII0OHAITBHOTO CTHUCKY noTpioHO
BUKOPUCTOBYBATH MOJIOKEHHS A.3.2. SKmio
06arato 3’€¢lHaHb BHAMYCK NPOXOIATH Yy
KUTBIIEBOMY HAINPSIMKY HABKOJIO OCi 000JIOHKU
(kinbLIeBl 3’€IHAHHA BHANYCK) 31 3MIHOIO
TOBUIMHH TUTACTUHU BHU3 1O OOOJOHIN, AJIs
BU3HAUYEHHS KUIBLIEBOIO CTUCKY MOTPIOHO
BUKOPHUCTOBYBaTH moJiokeHHs A.3.3. Skumo
3’€¢IHaHHSA BHANYCK MPOXOIATh IMapayeabHO
oci 000JIOHKHM (HEeCTyIiHYacTe MEepUIIOHANIbHE
3’€¢lHaHHSA  BHAMYCK), S  BHU3HAUYCHHS
KUIBIIEBOTO CTUCKY MOTPIOHO BKOPHCTOBYBATH
monoxkeHus A.3.3. B iHmmx Bumagkax
0COONMBHMIA MiAXiJ 0 BU3HAYECHHS BIUIUBY
3’€/IHAHHs BHAIYCK Ha OMIp BTPaTi CTIHKOCTi
HE MOTPIOHUH.
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A.2.4.72
for shear

(1)  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
A3.11

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 A.2.

(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
A.3.2 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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trna:-: ’47

o3

= *min

Pucynok A.8 — O0osoHKa, 3’€JHaHA BHAITYCK
Figure A.8 — Lap jointed shell

A.3.2 Mepuodionanvnuii (ocvosuit) cmuck

Q) SAxmo Ha  OWIHAP, 3 €IHAHHA
BHAITyCK, Y MEpPUAIOHATBHOMY HANpPSMKY Jli€
MEpHUIIOHAIIBHUNA CTUCK, TO OIIp BTparti
CTIAKOCTI MOKHA OOYHMCIMTH  SIK IS
PIBHOMIPHOTO a00 CTYMIHYAacTOTO UWIIHJIpA
BIJIMOBIIHO, aj€ TPOEKTHHH OIip MOTpiOHO
3MEHIIUTH MHOXeHHSM Ha 0,70.

(2) Sxmo B Micmi CTHKY BHAamyCK
BiIOyBa€ThCA 3MIHA TOBIIMHU TUIACTHHH,
3HAYEHHS MMPOEKTHOTO ONIOPY BTPATi CTIMKOCTI

MOXHa Opath SK 11 OUIbII  TOHIIO]
MIJIACTUHH, SIK BU3Ha4eHO B (1).

A.3.3 Kinbyesuit cmuck (oopyu)

(1) Skmo wa  owmHAP, 3’ €IHAHUKN

BHAMYCK, i€ KUIBIIEBUI CTHCK YIOMEPEK
MEpHUIIOHATBHUX KUIBLIEBUX 3’€HaHb,
MPOEKTHUM OIp BTpPaTi CTIHKOCTI MOXKHA
o0uMCcIUTH SK A piBHOMIpHOTO  abo
CTYITIHYACTOTO LWJIIHApPA BIANOBIIHO, alie
BUKOPHUCTOBYIOYH MOHWKYBAIbHU T
koedimient 0,90.

(2)  Slkmro Ha HMITIHADP, 3’€IHAHHI BHAITYCK
y KUIBIIEBOMY HaMpPsIMKY 31 3MIHOIO TOBIIMHU
CTIHKM OOOJIOHKH, Jl€ KUIBLIEBHH CTHCK,
MOTPIOHO BUKOPUCTOBYBATU METOAHMKY A.2,
0e3 TeoMEeTpUYHUX OOMEKEHb 3a HASBHOCTI
CKCIICHTPUCUTETY 3 €IHAHHS, a TIPOCKTHUN
omip BTpaTi CTIUKOCTI MOTPIOHO MHOXXHTH Ha
NoHWXyBanbHUU KoediuieHT 0,90.

(3)  SIkmo BUKOPHUCTOBYETHCS 3’€IHAHHS
BHAIyCK B 000X HaIpsIMKax 31 CTYMIHYaCTUM
PO3MIIIIEHHAM  MEpPUIIOHAIBHUX 3 €HATh
BHAIlyCK y IOYEpProBUX cMmyrax abo psjaax,
NPOEKTHUH oOmip BTpaTi CTIMKOCTI MOXHa
MPUIHATH MEHITUM 3 oTpuMaHux 3a (1) ta (2),
aje 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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KoedirieHTa.
A.3.4 3cye

(2 Sxmo Ha  UWIHAP, 3 €IHAHHA
BHAIYCK, Ji€ MeMOpaHHUIl 3CyB, Omip BTpaTi
CTIKOCTI MOJXHA  OOYMCIMTH  SIK  JUIA
piBHOMipHOTO a00  JUIT  CTYIIHYacTOTO
IWJTIHIpA BIAMIOBITHO.

A.4  HenigcuieHni KoHiYHI 000JI0HKH

A.4.1 3azanwvni nonoicenns

A411 Tloznauenns

(1) VY ubomy po3aiti BUKOPUCTOBYIOTHCS
HACTYMHI TO3HAYEHHS:

h OChOBa JIOBXHMHA (BHUCOTA) 3pI3aHOTO
KOHYCa;

L MepHi0OHAIbHA JOBXXHHA 3pPI3aHOT0
KOHYCa;

r pazailyc cepeJuHHOI MOBEpPXHI KOHYca,
MEePIEHIUKYJISIPHUA 10 Oci oOepTaHHs, SKUN
3MIHIOETELCS JIIHIMHO BHU3 110 JOBXKUHI;

n paziyc 3pi3aHOTO KIHIIS KOHYCa,
r, paziyc OCHOBH KOHYCa;
S MOJIOBMHA KyTa BEPIIUHU KOHYCA.

A.3.4 Shear

(1) 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

A41l1l

(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;

Jij is the apex half angle of cone.

Pucynok A.9 — I'eomerpist kKoHyca, MeMOpaHH1 Ta Pe3y/IbTyIOUl HAIPYKEHHS
Figure A.9 — Cone geometry, membrane stresses and stress resultants

A4.12

(1)  Hacrymni BUpa3H noTpioHO
3aCTOCOBYBAaTH TUIbKM JJIs OOOJIOHOK 13
rpannuHumu ymoBamu BC1 a6o BC2 Ha 060x
KiHIAX (auB. 5.2 16.2), 6e3 pi3HUIl MK HUMHU.
Ili Bupa3wm HE CHiA 3aCTOCOBYBATH IS

I panuuni ymoeu
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A4.172

(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



000JIOHKH, B fAKil € OyIb-sKa rpaHUYHA YMOBA
BimHOCHTBCs 110 Ty BC 3.

(2) MpaBuna posminy A.41 mnotpibHO
3aCTOCOBYBATH TUIBKH Il HACTYITHUX JBOX
00OMeXyBaTbHUX TPaHUYHUX YMOB
pamiaTbHOTO 3MINICHHS OYAb-SIKOTO  KIHIIA
KOHYca:

«ymoBa 1uiHaApa» W=0;
«yMOBa KutbLis» USIN f+wcos =0
A4.13

(1) Hacrymui  mpaBuia  cHpaBeIHBI
TUIBKK Ui 3pI13aHUX KOHYCIB 13 MOCTIHHOIO
TOBIIMHOIO CTIHKM 1 TOJIOBUHOIO KyTa MpHU
BepmnHi Konyca f < 65° (muB. Pucynok A.9)

T'eomempisn

A.4.2 Po3paxynxoei KpumuyHi
Hanpy}ceHHa npu empami cmitKocmi

A421

(1) Beci PO3paxyHKOBI KPUTHYHI
Hampy)XeHHsT TMpH BTpaTi CTIHKOCTL, SKi
HEOOX1/1H1 JJI epeBipKU MIIIHOCTI Ha BTpaTy
CTIMKOCTI BIOIOBIAHO 10 6.2.3 MOXHa 3HAWTH
[UISIXOM PO3PaxXyHKy KOHIYHOI OOOJIOHKH SIK
eKBIBJICHTHOTO IMJIIHApa 3aBIOBXKKH |, 1 3

Exesisanenmuuii yuninop

pamiycom fI,, me |, i r, 3amexarp Bixg THILY
HaIpy>KeHHsI, 3rigHo 3 Tabnwuimero A.12.

Taoauus
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boundary condition is BC 3.

(2)  Therules 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 f+wcos =0
A4.13

(1)  Only truncated cones of uniform wall
thickness and with apex half angle f <65°
(see Figure A.9) are covered by the following
rules.

Geometry

A.4.2 Design buckling stresses

A421

(1)  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

A.12 — JloBXuHH 1 paJiyCl €KBIBaJCHTHOTO IIWJIIHIpA

Table A.12 — Equivalent cylinder length and radius

Hasanraxxennsa
Loading

ExBiBasieHTHA 1OBXHMHA
Equivalent length

ExBiBanenTHHII paaiyc MUITiHIPA
Equivalent cylinder radius

MepumioHaTbHAN CTUCK

r

f =—

compression

Meridional compression " cos

KinsreBuii cruck (00pyq) ot
Circumferential (hoo r=-—t—2
(hoop) * = 2008

PiBHOMIipHU 30BHIIIHIN THCK ( ,
JUTS KOHYCIB SIKi MafOTh TPaHUYHI
ymoBu BC1, a6o BC2 Ha 060x
KIHIIAX

I, meniue 3a/is the lesser of .
l,, =L i/and
~ 5,(0,53+0,125p)

0,55, +0,45r,

sxmo/if |, =1
cos 8 e el

(xopotki korycu/shorter cones)

1-018

Uniform external pressure q
cones) Boundary conditions:
Either BC 1 at both ends or BC 2
at both ends

sin 8 r,=0,71r,

(S inradians, see Figure A.9)

skmo/if

(f y panianax, quB. Puc A.9) | —

e e2

(moBri komycu/longer cones)
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3cys L=0+p - l)rlcosﬂ)le/in which
Yo
l,=h
Shear p= h+n
2n

PiBHOMIpHE Kpy4YCHHS r, =r,cos B(1- p>°)™* me/in which

=L _Lsing

Uniform torsion P= r,

(2)  Mns xonyciB, Ha sKi i€ pIBHOMIpHHIA (2) For cones under uniform external

30BHIIIHIA THCK (], TepeBipKa MIIHOCTI Ha
BTpaTy CTIMKOCTI MOBMHHA BUKOHYBAaTHUCh Ha
OCHOB1 MEMOPAHHOTO HAMPYKCHHS:

O-H'Ed :qre

A.4A3 Ilepesipka miynocmi npu empami
cminkocmi

A431

(1)  TlepeBipky MilfHOCTI Ha  BTpary
CTIMKOCTI MOTPIOHO MPOBOJUTH B  TOUIII
KOHyca 3 HalOUIbLI KPUTUYHOIO KOMOIHAI[IEIO
PO3paxyHKOBOTO MEpHUIOHAIEHOTO
HaMpy>KeHHsI 1 PO3paxXyHKOBOIO HaIPyXCHHS
BTpAaTH CTIHKOCTI, BiAMOBinHO 10 A.3.2.2.

(2)  Sxmo MEpPHUTIOHATBHUI CTHCK
BUHHUKAE BII IIOCTIHHOI OCHOBOI CHIM Ha
3pi3aHUil KOHyC, TO Maiaui pazaiyc L 1

Mepuoionanvnuii cmuck

BEIMKMH paaiyc I, € MicleM pO3MIlICHH
HaWOLIBII KPUTHIHUX TOYOK.

(3)  Skmo MepuIiOHATBHUN CTHCK Bif
MOCTIHHOTO 3TMHAJIBHOTO MOMEHTY Ji€ Ha
yCIYeHUH KOHyc, Maluid paniyc I, mOTpiOHO
MPUHAMATH K HAaHOUTBIIT KPUTUYHUH.

(4)  PospaxyHkKOBe  HampyXeHHS  IpH
BTpaTi CTIMKOCTI TOTPIOHO BH3HAYATH IS
€KBIBAJICHTHOTO IWJIIHApPA BIiAMOBIAHO JI0
noJioxxkeHHst A.1.2.

A4.3.2

Kinoyesuii cmuck (06pyu)

@ SIKIMO KINBLIEBUI CTUCK BHUHHUKAE Bil
PIBHOMIPHOTO 30BHIIIHBOTO THUCKY, NEPEBIPKY
CTIAKOCTI noTpiOHO IIPOBOJNUTHU
BUKOPDHUCTOBYIOUM  KUIbLIEBE  MeMOpaHHe

HanpyXeHH Oyedenvs  BHU3HAYEHE 32

¢dopmynoro A.43 1 po3paxyHKOBE KpPUTHUHE
Hamnpy>KeHHsI MpHU BTpaTi CTIMKOCTI 3rigHO 3
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pressure g, the buckling strength verification
should be based on the membrane stress:

It (A.43)

A.4.3 Buckling strength verification

A43.1

(1)  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

(1) If the circumferential compression is

caused by uniform external pressure, the
buckling design check should be carried out
using the acting design circumferential stress
Opeqeny determined using expression (A.43)

and the design buckling stress according to
A.3.2.1and A.3.2.3.




A32.11A.3.2.3.

(2) SIKIO KUTBIIEBUM CTHUCK BUKIMKAHHUI
HEPIBHOMIpHUM 30BHIIIHIM TUCKOM,
pPO3paxXyHKOBHH  pPO3MOAUT  HANpPYKCHHS

Cped(y UOTPIOHO  3aMiHMTH  (DIKTUBHUM

HANPYKEHHAM O, g4 (x)» AKE B KOKHIA TOHII

nepeBulrye  oOYHMCICHE  3HAYeHHS,  aje
BUHUKA€E Big (IKTUBHOTO PIBHOMIPHOTO
30BHIIIHBOTO THUCKY. IlepeBipky criiikocTi
MOTPIOHO TPOBOJUTH 3TiAHO 3 IyHKTOM (1),
aJi€ BAKOPUCTOBYKOUU Oy gy o, 3AMICTB O ¢y -

(3)  TIpoekTHe KpUTHYHE HATIPY)KECHHS MPH
BTpaTi CTIHKOCTI MOTPIOHO BHM3HAYATH JUIf
€KBIBAJICHTHOTO IIMJIIHIpa 3rigHo 3 A.1.3.

A.4.3.3

(1) VY Bumaaky, SKI0 3CyB BHHHKA€E BiI
MOCTIHOTO 3arajbHOTO KPYYCHHSM KOHYcCa,
MEepPEBIPKY CTIMKOCTI MOTPIOHO TPOBOIUTH
BUKOPHCTOBYIOUH pPO3paxyHKOBE MeMOpaHHE
IOTHYHE HANpYKeHHI Ty B TOUIl 3

3cys i pienomipHe KpyueHHs

KOOpAMHATOI I =1,C0SS 1 pO3paxyHKOBE
JOTUYHE HANPYKCHHS TMPU BTpaTi CTIMKOCTI
Tpq BiOOoBinHO 10 A.3.2.11A.3.2.4.

(2)  SIkmro 3cyB BUHHKAE HE Bij 3arajbHOI0O
MOCTIHHOTO Kpy4YeHHs (a, HaNpUKIam, Bif
3arajlbHOTO HABAaHTAKEHHS 3CYBY Ha KOHYC)
PO3PaxXyHKOBMH PO3NOMIT HANMPYKEHb Tgq
MoTpiOHO 3aMiHUTH (HIKTHBHHUM PO3IOALUIOM
HAMPYKEHHS  Tgy ony(x)r AK€ B KOXKHIA TOYII
MEPEBUIIYE PO3PaXyHKOBE 3HAYCHHS, aje
BUHHMKA€  BiJ  (IKTUBHOTO  3arajibHOrO
kpydeHHs. [lepeBipky cCTifikoCTi mpu BTparTi
CTIKOCTI MOTPIOHO MpoBOoAUTH 3rimHo 3 (1),
ajie BAKOPUCTOBYIOUH Ty o, 3AMICTh Tgy .

(3)  PospaxyHkOBe IOTHYHE HAMPYKEHHS
IIPU BTPATI CTIHKOCTI 7Tpy MOTPIOHO BU3HAYATH

JUTSI €KBIBAJICHTHOTO LWJIIHAPA BIAMOBITHO 10
A.1.4.

A5 TincuaeHi nuwiiHAPUYHI 000710HKH 3
NOCTilHHOIO TOBIUHOIO CTiHKH

A.5.1 3acanwvni nonorcennsn

(D) PosrnsimaroTbess  HacTyIHI  MiJACHIICHI
LWTIHIPUYHI 000TOHKH:

np. ACTY-H b EN 1999-1-5:201X

(2) If the circumferential compression is
caused by actions other than uniform external
pressure, the calculated stress distribution
Opeaxy Should be replaced by a stress

distribution o, ¢y, 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

(3)  The design buckling stress should be
determined for the equivalent cylinder
according to A.1.3.

A.4.3.3

(1) In the case of shear caused by a
constant global torque on the cone, the
buckling design check should be carried out
using the acting design shear stress teq at the
point with r=r,cosf and the design

buckling stress 7, 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 g4, should be replaced by a
fictitious stress distribution  z¢; (), 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 g,

instead of 7, .

(3)  The design buckling stress 7, should

be determined for the equivalent cylinder
according to A.1.4.

A5 Stiffened cylindrical shells of
constant wall thickness

A.5.1 General

Q) Stiffened cylindrical shells can be
made of either:
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- 130TpOTHI CTIHKH, MiaCHIeH] B
MEpHUII0HATBHOMY abo KUTBIIEBOMY
HaMpsAMKY;
- rodpoBaHi  CTiHKH,  TMiACHJICHI B
MEpHUII0HATBHOMY abo KUTBIIEBOMY
HaIpPIMKY.

(2) B 00ox Bumamkax mnepeBipka CTIMKOCTI
MoOke OyTH BHKOHaHa NUIIXOM PO3TISILY
MIACWIEHOT  CTIHKM  SK  €KBIBaJIEHTHOI
OpTOTpONHOI 000JI0HKH, 3rimHO 3 A.5.6, 3a
YMOBH, 110 BUKOHYIOTbCSI BUMOTH A.5.6.

(3) s maHenmeit 0e3 MepHIIOHATBLHHX
€JIIEMEHTIB  JKOPCTKOCTI, TOo(poBaHUX B
KUIBLIEBOMY HAamNpsSMKy, OIIp IJAaCTUYHIN
BTpaTi CTIMKOCT1 BUBHAYAETHCA 3a MPaBUIIAMH,
HaBeneHuMH y A.5.4.2(3), (4) 1 (5).

(4)  Slkmo rodpoBaHHME B KUIBIECBOMY
HampsIMKy HacTUJl HE CIpPUHMaE OChOBHX
HaBaHTaXeHb, OMNIp IUIACTUYHIN  BTpaTi
CTIMKOCT1 MOXHa BU3Ha4aTu 3a A.5.4.3.

A.5.2 BBomponni CMIHKU 3
MepuodioHanbHUM RIOCUTIEHHAM

Ab5.21

(1) Skmo  i3oTpomHa  CTiHKA ~— Mae
MEpHUIIOHAIIbHI CTPUHTEPHU, TO B  OIHII
MEpPUIIOHATBHAX CTUCKYIOUMX HANpPYKEHb Yy
CTIHIII Ta €JIEMEHTI )KOPCTKOCTI ciif OpaT 110
yBaru e(peKT BKOpOUYEHHS CTIHKH 1] BILTHBOM
BHYTPIIIHBOTO TUCKY.

3acanvhi nonodcenHs

(2)  Omip po3puBy MEpHAIOHAIBLHOTO IIIBA
Ma€ BHU3HAYaTHCh K JUIA  I30TPOIHOT
000JIOHKH.

3 SIKIIO eJIEeMEHTH JKOPCTKOCTI Y By3Jax
3’€¢/IHaHb CHPUKUMAIOTh KUIBIEBI PO3TATYIOUl
3YyCWJUIA, BIUIMB IMX 3YCHIb Mae OyTu
BpaxOBaHUW TpPH OIHIII CHJI IO JIFOTh Ha
CIIEMEHT  JKOPCTKOCTI, a TaKOX  HOro
CXWJIBHOCTI IO PO3PUBY Mif A1€I0 KiTbIIEBOTO
pO3TSTY.

Ab5.22

CMUuckK

Mepuoionanvruti (ocvosuii)

(1) Criaka O0O0OJOHKH TPOCKTYEThCS 32
THUMH K KPUTEPISIMH Ul CTUCKY TPU BTpaTi
CTIAKOCTI IO 1 y BUNAJAKY 3 HEMiJCHUICHOIO
CTIHKOIO, OKpIM BHITQJIKy, KOJIM MaKCHMalbHa

BIJICTaHb MDK eJIeMEeHTaMH jkopcTkocTi dg ...
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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 AJ5.6, 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 lIsotropic walls with meridional
stiffeners
Ab5.21 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 2Jrt | where t is



(Puc. A.10) menma HDK 2+/rt, me t 1e
MicCIiEBa TOBIIMHA CTIHKH.

(2) SIkio KpOK MEpHIIOHATLHUX
€JIEMEHTIB JKOPCTKOCTI MEHIIMHA 3a 2+/It,
OIip BTPATH CTIMKOCTI CTIHKH OIIHIOETHCS 32

MPOIIEAYPOI0, HaBeJeHOIO Y A.5.6.

3 O1iHKy MIIIHOCTI Ha OCBOBHH CTHCK
pu  BTpaTi CTIMKOTCI CaMHX €JIEMEHTIB
KOPCTKOCTI CITit BUKOHYBaTH 3a
nosioxkerassvu EN 1999-1-1.

(4) Tam nme uwe morpidHO,  CIiX
BpaxOBYBaTH EKCIEHTPUCUTET MDK CTIHKOIO
00OJIOHKH Ta €JIEMEHTOM KOPCTKOCTI.

A5.23 Kinvyesuii cmuck (0opyu)

(1) Crigka 000JOHKH Ma€ MPOUTH Ti XK
MEpeBIpKU Ha JAiI0 30BHIIIHBOTO THUCKY IMpHU
BTpaTi CTIAKOCTI, IO ¥ HEMiJICHJIEHa CTIHKA,
OKpIM BHMAJKIB, KOJIM TPOBOIUTHCS OLIBIIT
rpyouii po3paxyHoK.

2 Vv BHIIAJIKY OLTBII rpyooro
PO3paxyHKY, MepHUIIOHAIbHI €JIEMEHTH
HKOPCTKOCT1  JIOMYCKAETbCA  «PO3IIIATUTH,
mo0 OTpuUMaTH BIIMOBIIHY OPTOTPOIHY
00070HKY. Toal OINIHKY HaNpyXeHb IPHU
BTpaTi CTIHKOCTI MOJKHA TPOBOAWTH 3TiIHO
MOJIOKEeHb A.5.6, BpPaxoOBYHOUH IKOPCTKICTh
postary C, =C, =Et ta 3cyBny memOpanuy

xoperkicte Cy, = 0,38Et.

AS524 3cys

(1) Sxmo OinbIna YacTHMHA CTIHKKA OOOJOHKH
MiIA€THCS BILUIUBY 3CYBY (ipm
EKCIICHTPHYHOMY HAIOBHEHHI, npu

3eMJIETPYCi TOIIO), OMp MEMOpPaHHOMY 3CYBY
MPU BTpATi CTIAKOCTI CJIiJ BU3HAYATH SK JJIS
130TpOMHOT HeMiACHICHOT CTiHKM (uB. A.1.4),
X04Ya MOYKHA 3MUIBLIUTH OIip, BpaxyBaBIIU
€IEeMEHTH  KOPCTKOCTL.  SIk  mpuBeAeHy
noBXUHY |, Ui 00OJOHKM A €K 3CYBY,
MPUIMAIOTh MEHIIIE 31 3HaYeHb BiACTaHI MK
KUTBIIMU YKOPCTKOCTI, BIICTaHI MK TpaHsSIMU
ab0 TOJBOEHOTO KPOKY MEPHAI0HAIBHUX
€JIEMEHTIB JKOPCTKOCTI, 32 YMOBH, IO KOXKEH
€NIEMEHT M€ JKOPCTKiCTh Ha 3ruH El y

MEpUIOHAIBHOMY HalPSMKY, BUIIY 3a:
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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
A.5.6.

(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,, =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, i = 0,1EE/rl

Ac:

3HaueHHs | Ta t MpUHAHATI K A1 HAWOLIBII
HECTIPUATINBOTO BUMAJIKY BTPATH CTIHKOCTI.

(2)  Sxmo TMCKPETHHIA eJIEMEHT
KOPCTKOCTI PpI3KO  OOpUBAETBhCA  TOCEpen
000JIOHKH, 3YCWIIISL Yy EJIEMEHTI YKOPCTKOCTI
HEOOXiTHO PIBHOMIPHO  PO3MOAUIMTH  TIO
00O0JIOHIII HAa JOBXHHY, IO HE IEPEBUIIYE

4rt

(3) 3a ymoB, omucanux y (2) um y
BHUMAJKY, KOJIH €JIEMEHT >KOPCTKOCTI mepeae
MICIEBl 3yCHJII Ha OOOJIOHKY, NpUHHATE
3HAUEHHS OIOpy IHepeaadl 3CyBYy MDK
€JIEMEHTOM KOPCTKOCTI Ta 000JIOHKOIO HE Ma€
IIEPEBUIIYBAaTH BEJIMYNH, HaBeAeHUX y A.1.4.

Z 4

(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 4+/rt

(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
A.l4.

IMo3navenusi: W = 3BapHuii moB, FSW = 3paproBaHHs TepTsM 3 nepeMillyBAHHAM
Key: w = weld, FSW = friction stir welding

Pucynok A.10 —Tunogi obononku (a) Ta (b) 3 mpodinis, a Takox (C) 3
npoduTiB 1 MIACTHH, MIICUIEH]I B OCOBOMY HAIIPSIMKY
Figure A.10 —Typical axially stiffened shells made of (a) and (b)
extrusions and (c) plates and extrusions

A.5.3 DBomponni cminku 3 Kinbyegumu
eNeMEeHmamu HeopcmKkocmi

(1)  [Jna mepeBipku Ha BTpaTy CTIHKOCTI
KEPYIOThCS MpaBHIaMH, MOJaHMUMHU y A.5.6,
YMOBHO PpO3IIISIAI0UN MIiICHICHY OOOJIOHKY
SIK OPTOTPOTIHY.
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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.



A.5.4 Kinvueso
MepuodionanbHUMU
Hcopcmkocmi

CMIHKU 3
elemenmamu

2o¢pposani

A.5.4.1 3azanvni nonoowcenns

(1) B ycix pO3paxyHKax cItig
BUKOPHUCTOBYBATH TOBIIMHY 0€3 MOKPUTTIB i
TE€OMETPUYHUX JIOMYCKIB.

(2) MiniManbHa TOBHIMHA TrO(POBAHOTO
HAaCTWJIy CTIHKM Mae OyTM HE MEHIIOK 3a
0,68MM.

(3) Sxmo  nwmiHIpUYHA ~— CTiHKAa 3
KUIBLIEBUM  TO(QpPYBaHHSAM Ma€  IpUIIeri
MEpH/I1I0HANIbHI €IEMEHTaMU JKOPCTKOCTI, CII1]T
BB@)XaTH, 10 Taka CTIHKa He CcOpuiiMae
MEpHUIIOHAIbHI 3yCWJUIA, OKpIM BUIAJKY,
KOJM BOHA pO3IJIAJAETbCA SIK OPTOTPOIIHA
o0oJtoHKa, aUB. A.5.6.

(4)  OcobmuBy yBary chig OpUAUISTH
3a0€3IIEUEHHI0 TOTO, 100 €JEMEHTU MAaJH
MOCTIHHY THYYKICTb B  MEpUIIOHAJIbHIN
IJIOIIHMHI, HOPMaJIbHIA O CTIHKH, TaK SK I1€
HEOOXIZHO JUIsi PO3BUTKY OINOpPY BTpaTi
CTIAKOCTI.

(5)  Skmo CTiHKa MiACHITIOETHCS
MEpHUIIOHAIBHO, TO 3aKpIIJICHHS HACTHIY JI0
€JIEeMEHTIB JKOPCTKOCTI Mae 3a0e3MeunuTH
nepeaavy PO3TOAIICHUX JOTUYHUX
HAaBaHTAXXEHb 3 HACTWIY Ha CIIEMEHTH
»)opctrocTi. HeoOximHo mimibpatu moTpiOHY
TOBIIMHY HACTHITY, 1100 3aro0irTd po3puUBY B
MICISIX KpIIJICHb, 3BaYKAIOUW HA 3HUKCHY
HECy4y 3JIaTHICTh TO(QpPOBAHOTO HACTHIY B
MICIISIX IIHX 3’ €THaHb.

(6) HeoOxigHO BHKOHATH BCi PO3PaXyHKH
PE3YIIbTYIOUUX HANpPY)KEHb, OMOPIB Ta PEIITY
nepeBipok, HaBeneHux y 5, 6.1 ta A.l, 3
ypaxyBaHHSIM BHKJIAJCHOTO BHIIE B MYHKTax
Biz (1) 1o (5).

Mpumitka. [Ipuknag BIamTyBaHHS HiACHICHHS CTIHKA
moka3aHo Ha Pucynky A.11.

@) Bontn 3akpiluieHHs MaHelned MarwTh

3aI0BUILHATH YMOBU EN 1999-1-1.
MinimanbHuii giameTp 6onta MS.
(8) Byson 3’emHaHHS ~maHenei — Mae

BigmoBigatn BuMoram EN 1999-1-4  gua
00JITIB i AI€I0 3CYBY.

(99 Kpok MbK  3aKpilUIGHHSAMH IO
NepUMETpPY HE MOBHHEH MEPEeBUIyBaTH 3° 10

np. ACTY-H b EN 1999-1-5:201X

A.5.4 Circumferentially corrugated walls
with meridional stiffeners

A.5.4.1 General

(1)  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) Slkmo B CTIHIII € OTBOPH I JIIOKH,
JBEpi, ITHEKH a00 IHIII EJIeMEHTH, 1[I 30HHU
ClliA MICIIEBO MIJACUIIMTH, 3aCTOCYBaBIIU
ropoBanuil HacTHI OUTBIIOT TOBIIMHH, II00
rapaHTyBaTH, 0 KOHICHTPATOPU HANpYKEHb
HE TIPHU3BEAYTH JIO MICIIEBOTO PO3PHBY.

Mpumirtka. Tunosa cxema OOJITOBOrO 3 €IHAHHS
naHesnel mokasaxa 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.

Pucynok A.11 —Ilpukinaz BramTyBaHHS MEPHUII0HAIBHOTO MiICUICHHS
000JIOHOK 3 KUIbLIEBUM roppyBaHHIM
Figure A.11 - Example of arrangement for meridional stiffeners on
circumferentially corrugated shells
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<500 mm
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+ + + 4+ 4+ 4+ + o+
+ + + + + + + + 4

Pucynok A.12 —TumnoBa cxema 00JITOBOTO 3’€THAHHS MaHeNel rohpoBaHOT 000JIOHKH
Figure A.12 —Typical bolt arrangement for panel of a corrugated shell

A54.2

Ocvosuti cmuck

(1)  PospaxyHkoBuii  omp  OCbOBOMY
CTHUCKY y KOXHIA TOUIll OOOJNOHKU CIif
BU3HAYaTH, BHUKOPUCTOBYIOUM 3a3HaYCHUH
KJIac JIOMYCKY 32 BUKOHAHHSM, IHTEHCUBHICTb
BHYTPIIIHBOTO THCKY P 1 pIBHOMIpHO
PO3MOAIIEHOT0  KUIBIIEBOTO  CTHUCKYIOUOTO
HanpyxeHHs. [Ipu mpoekTyBaHHI HEOOXiTHO
BpPaxoBYBaTH KOXHY TOYKY CTIHKM OOOJIOHKH,
HE 3BEpPTAaIOUM yBard Ha MEpUIIOHANbHI 3MIHU
OCbOBOI'O CTHUCKY, 32 BHHSATKOM BHUIAJKIB,
nependaveHux i YacTUHOIO.
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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



(2)  PospaxyHok Ha BTpary CTIMKOCTI
CTIHOK 3 MEPHJIIOHATLHUM ITiICUJICHHSIM CIIi]T
MIPOBOJIMTH 32 OJHHUM 3 TBOX METO/IIB:

a) pO3paxyHOK Ha BTpary CTIiHKOCTi
€KBIBAJICHTHOI OPTOTPOMHOI OOOJIOHKH (IHB.
A.5.6) sKkm0 MepuaiOHaTbHA BIACTaHb MK
€JIEMEHTaMH JKOPCTKOCTI BIAMOBIAa€ BUMOTaM

A.5.6.1(3);

b) pO3paxyHOK Ha BTpary CTIHKOCTI
OKPEMHUX EJIEMEHTIB )KOPCTKOCTI (BBXKAETHCH,
mo rodpoBaHa CTIHKAa HE CHPHUIMAE OCHOBI
HaBaHTAXKEHHs, aine 3ale3rnedye 10JaTKOBHMA
Omip eIeMeHTaM XOPCTKOCTI) 3riaro 3 A.5.4.3

SIKIITO MepHUIiOHAIbHA BIZICTaHb MDK
eJIeMEHTaMU  KOPCTKOCTI HE  BIAMOBITAE
Bumoram A.5.6.1(3).

(3) Jna rodpomaHoi 000sOHKH  0e3
MEpHUII0OHAITBHOTO MiACHICHHS,

XapaKTepUCTUYHE 3HAYEHHS MICLEBOTO ONOpPY
IJIACTUYHIM BTpaTi CTIMKOCTI IPUMMAETHCS SIK
OuIbIIE 31 3HAYEHB!

n><,Rk
abo

nx,Rk
Ji(H
t TOBIIIMHA JIUCTA
d BiJICTaHb MK MIKOM BEPIIUHU 1 HU30M
3aMaguHu;
I MiclieBa KpuBH3Ha rodpyBaHHs (JIUB.

Pucynok A.14);

3HaueHHA MICLIEBOTO
BTpaTi CTIAKOCTI N, g,

OTIOpY  IJIACTUYHIN
MPUINMAETHCST  HE

3AJIC)KHO BiI[ BCINYNHU BHYTpiH_IHLOFO TUCKY

Pn-

IpumiTka. Micuesuii omip IIACTHYHIN BTPATI
CTIMKOCTI IIe OTip 3MHHAHHIO TO(PYBaHHS.

3HA4YEeHHS MICLIEBOTO
BTpaTi  CTIHKOCTI

(4)  PoszpaxyHkoBe
omnopy  IUIACTUYHIN
BU3HAYAETHCS 34!

_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
A.5.6.1(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;
ro 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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a,n
g = (A47)
VM1
ne: in which:
a, =0,80 Ta y,,, 3rigHo 3 2.7.2. a, =0,80 and y,,, asgivenin 2.7.2.
(5) B koxHiifi  TOYNI  KOHCTPYKIIi (5) At every point in the structure the
PO3paxyHKOBI HaIMpyKECHHsI MaroTh design stresses should satisfy the condition:
3aJJOBUIHHITH HACTYITHY BUMOTY:
r]x,Ed x,Rd (A48)

A5.4.3 Iiocuneni cminku, 6 AKUX
0CbOBULL  CMUCK  CNPULMAEMBCSL  GUKTIOUHO
e/IeMEHMAMU HCOPCMKOCMI

(1)  Sxmo BBakaeTbes, MmO TodpoBaHA
CTIHKa HE CIpHUiiMae OChOBI HaBaHTaXKCHHS
(meron (b) y A.5.4.3), MOXHa NPUITYCTHTH,
0 HacTWJI Ma€ 3JaTHICTh CTPUMYBATU
MEepPEMIITIEHHsI B IUIOMIMHI CTIHKH €JIEMEHTIB
KOPCTKOCTI [P BTPATI1 CTIMKOCTI, a OTKE OTIp
BTpaTi CTIMKOCTI CJiJi pPO3paxoByBaTH 3a
OJIHHM 3 JIBOX METO/IB:

@ ITHOPYIOYHW BIUIMB HACTHITY, SIK TaKHM,
10 CTPUMYE TIEPEMIIICHHS BTPATH CTIHKOCTI B
TJIOIIHMHI, HOPMAJIBHINA 10 CTIHH;

(b)  BpaxoByrOUM BIUIHB HACTHIY, SK
TaKWd, [0 CTPUMYE TIEPEMIIICHHS BTPaTH
CTIMKOCTI B IUIOIIMHI, HOPMAJIBHINA 10 CTIHH.

(2 VY wmeromi (a) mnyskry (1) omip
OKPEMOTO  €JIEMEHTa JKOPCTKOCTI  MOXHA
NpUUMAaTH SIK OIIp KOHIIEHTPUYHOMY CTHCKY
eneMeHTa. Po3paxyHKoBe 3HaueHS OIOpY
BTpaTi CTIHKOCTI Nsrd BU3HAYAIOTH 3a:

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 Nsgrd
should be obtained from:

f
Ngra = ek (A.49)
M1
ne: where:
Ay edexkTHBHA  IUIOMA  MOMNEPEYHOTO Ay is the effective cross-sectional area of

nepepizy eneMeHTa >KOPCTKOCTI.

(3) Tommxkyrouuit koedimieHT y  CIiA
npuiiMat 32 EN 1999-1-1 s BTpatu
CTIMKOCTI 3a 3TMHAJIBHOIO (hopmoro
MEPIEeHIUKYIAPHO A0 CTIHKU (MO KUIbIEBIid
oci)  BIANOBIAHO 0  TUOY  CIUJIaBy,
BUKOPDHUCTOBYIOUM  KpUBY  CTifikocTi 2
He3anexHo Bija cruaBy (¢ =0,32 1 ZO =0).

3a eheKTUBHY JIOBXXMHY KOJIOHU y BU3HAYEHHI1
76

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



MOHMXKYIOYOTro Koedirienta y ciig Opatu

BIJICTAHb MDK CyCiTHIMU KUIBLAMU

KOPCTKOCTI.

(4)  Sxmo BpaxoOBYETbCS TPYKHUN OIIp
CTIHKH BTpATi CTifKOCTI €JIEMEHTa
’KOPCTKOCTI, MatOTh 33/I0BOJIbHATUCH HACTYITHI

YMOBH:

a) JingHka CTiHKH, 10 3a0e3mneuye
JOJaTKOBHUI TPYKHHUH OIip BTpaTi CTiKOCTI
eJIeMeHTa  JKOPCTKOCTI, TOBUHHA  MaTu
JOBXXHHY, [0 AOPIBHIOE JOBXHHI CTIHKH, TaK
camo SIK IPUJIETJIl €JIEMEHTH KOPCTKOCTI (JIUB.
Pucynoxk A.13), a Takoxx MaTH BUIbHE
oOmnupaHHs Ha 000X KIHIISX.

b) He nmotpibHo Opatu 10 yBaru
KOPCTKICTh CHUIyYyuX a0 IHIIUX MaTepiaiis,
10 MOXKYTh MICTUTHCH B OOOJIOHII.

5) [IpyxHe KpUTHYHE HaBaHTAKCHHS

BTpatu cTiiikocTi N, po3paxoByeTbcs SK

JUIsl PIBHOMIPHO PO3IMOJUIEHOTO CTHCKY, IO
Jl€ Ha TIONEpPeYHH Tmepepis (SIKIo He
BUMAraeTbCsi OUTBIIT TOYHUN PO3PAXYHOK), 3a
hopmyroro:

np. ACTY-H b EN 1999-1-5:201X

determining the reduction factor » 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:

N, =2,/Elk (A50)

Ie:

El 3rMHHA

s ’KOPCTKICTh

CJIICMCHTAa

’KOPCTKOCTI HAa BUTHUH 3 IUIOIIMHH CTIHKA
(Hmm?);

K 3TMHHA XOPCTKICTh HacTuiny (H/MM Ha
MM BHCOTH CTIHKM) B TIPOJBOTI MDK
MEpHUII0HAIBHUMHU €JIEeMEHTaMU KOPCTKOCTI,
SIK 1€ MoKazaHo Ha Pucynky A.13;

(6) 3ruHHa >KOPCTKICTh TUIACTUHU CTIHKU
K BHM3HA4Ya€ThCS 3 MPUITYIICHHSIM, IO CTiHKa
B NpOJBOTI MDK JBOMA  IPHICTIUMHU
MEpHII0HAIBHUMHU €JIEMEHTaMU KOPCTKOCTI €
BUILHO 0OMNEpPTO0 MO 000X KIHISIX (IUB.
Pucynok A.13). 3nauenns k BU3Ha4arTh 3a:

k:

ac:

D, 3ruHHa JKOPCTKICTD HACTHIY HpHU
KUIbIIEBOMY 3THHI,

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:

(A.51)
where:

D, is the flexural rigidity of the sheeting
for circumferential bending;
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d

KOPCTKOCTI.

KpPOK  MEpHUJIIOHATBbHUX  CIIEMEHTIB

S

(7)  Sxmo rodpyBaHHS Mae  apKOBO-
TaHTEHIIHHY abo  cuHycoimHy  (opmy,
3HadeHHs D, moxHa npuiiHaru 3a A.5.7(6).
SIKIO  BUKOPHUCTOBYETBCA  iHIIA  (opma,
3TUHHY JKOPCTKICTh HEOOXIHO BH3HAYATH
KOHKPETHO Uil JaHoi (OpMHU IOIEPEUHOTO
nepepisy.

(8) [IpoekTHI HaNPYKCHHSI B KOKHINA TOYII
eJIeMEeHTa >KOPCTKOCTI MarTh 3aJ0BUIbHITH

YMOBY:

d, Is the separation of the meridional
stiffeners.

(7) If the corrugation is an arc-and-tangent
or sinusoidal profile, the value of D, may be

taken from A.5.7(6). If other corrugation
sections are adopted, the flexural rigidity for
circumferential bending should be determined
for the actual cross section.

(8) At every point in the stiffener, the
design stresses should satisfy the condition:

Ns,Ed < Ns,Rd (A52)

(99  Omip CIIEMCHTIB KOPCTKOCTI
MICIIEBOMY Ta 3THHHOMY KpYYCHHIO TpH
BTpaTi CcTiliKkoCTi cimig Bu3HavaT 3a EN 1999-
1-1.

A.5.4.4 Kinvyesuti cmuck (0opyu)

(1) TpaBuma, wHaBemeni y A.5.6.3 €
CNIPaBEUIMBUMH ISl TIEPEBIPKH Ha BTPaTy

CTIMKOCTi, SIKIIO PO3MJISIAATH  MIICUJIEHY
CTIHKY SIK OPTOTPOITHY 00O0JIOHKY.

(9)  The resistance of the stiffeners to local
and flexural torsional buckling should be
determined using EN 1999-1-1.

A.5.4.4 Circumferential (hoop) compression

(1)  For the purpose of buckling checks,
rules given in A.5.6.3 apply assuming the
stiffened wall to behave as an orthotropic
shell.

i_l__i__

Pucynok A.13 —Ormip miacTUHYACTUX €IEMEHTIB )KOPCTKOCTI JUIsl OLIHKYA BTPATH CTIHKOCTI KOJIOH
Figure A.13 —Plate restraint stiffness for evaluation of column buckling

AS5.5 Cminku 3 ocvosum 2o¢ppysannam i
Kiibyamu Hcopcmrkocmi

A.5.5.1 3acanvui nonoowcenus

@ SIKmo  IWIHAPHYHA ~ CTiHKa  Mae
rogpyBaHHs B OCbOBOMY HAIpsIMKY, OOHUIBI
HACTYIHI YMOBHU MarOTh OyTH JOTPUMAaHI:

a) Cllii TOPUIIYCTUTH, 10 rodpoBaHa
CTIHKa HE CIIpHiIMae 0ChOB1 HABAaHTAXKEHHS,;

b) Cllii HOPUIIYCTUTH, W0 TrodpoBaHa
CTIHKa € pO3TATHYTOI0 MDK MPHUICTIIUMH
KUTBIIMA 1 JOBXHHA TMPOJBOTY JOPIBHIOE
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A55 Axially corrugated walls with ring
stiffeners

A.5.5.1 General

(1) If the cylindrical wall is fabricated
using corrugated sheeting  with  the
corrugations running axially, both of the
following conditions should be met:

a) the corrugated wall should be assumed
to carry no meridional forces;

b) the corrugated sheeting should be
assumed to span between attached rings, using
the centre to centre separation between rings,



BIICTAaHI MDK IEHTpPaMHM MHX KiTelb.Takox
MIPUITYCKAETHCS, 110 HACTUII € HEMIEPEPBHUM.

2 CTUKH MDK CEKIIISIMM HACTHUIY MAaloTh
3a0€3MeYUTH JOCSITHEHHS TPUITYLICHHS II0I0
HOro HenmepepBHOCTI.

3 [Ip oOWIHIII OCHOBUX CTHUCKYIOUHX
3yCHJIb, IO BHUHUKAIOTh BHACIIIOK TEPTS
CUIy9MX MarepiaixiB BMICTYy OOOJOHKH TO il
CTIHIII CJiJ BpPaxOBYBaTH BEChb NEPUMETP
000JIOHKH, a TaKOK (hopMy roppyBaHHS.

(4)  Sxmo rodpoBaHUIl HACTHI JOXOJUTH
JI0 ONOPHOI IpaHulll 6a3u, TO CIil BpaxyBaTu
MICILIEBY THYUKICTh KpalO HACTUITY, a TPAHUIIIO
YMOBY PO3TJISAATH K paaiajbHO 3aKpIlJIEHY.

(5)  HeoOXimHO TPHUAHATH MPHUITYIICHHS,
mo TrodpoBaHa CTIHKA HE CIOpUAMae
KUTBIIEBUX 3yCHIIb.

(6) Kpox  ximemp  JKOPCTKOCTI  Mae
BH3HAYATHCH SK 32 PO3PaXyHKOM TodpoBaHOi
0anKy Ha 3TUH, MPUITYCKalOYU HEMEepepBHICTD
CTIHKM Ha KUIBISIX Ta BPaxOBYIOUM pPi3HI
pamianbHl TEepeMIleHHs Ui KUIeIb Pi3HHUX
po3MipiB. HampykeHHs, CHpUYMHEHI TaKUM
3TMHOM, TMOTPIOHO J0JaBaTH /0 HANpPYXEHb
BiJI OCBOBOTO CTHUCKY IPH TIEPEBIpPIIl HA OIIip
BTpATi CTIHKOCTI IiJ AI€F0 OCLOBOTO CTHUCKY.

Mpumitka. Po3paxyHOK Ha MEpUIIOHANBHUNA 3THUH
MOYKHa BUKOHATH, PO3MIIAAI0YH CTIHKY SIK HEPO3pi3HY
0aJKy Ha TPYXHUX OIOpaX, PO3TAIIOBAHMX B MiCIIIX
Kizenb. JKOpPCTKICTh KOXHOI OMOPH OOYMOBIOETHCS
JKOPCTKICTIO KUIBISI B PaiaIbHOMY HAIIPSIMKY.

(7)  Kizbus >KOpPCTKOCTi, MO0 IpHU3HAYEHI
CIpUMATH MEPHUIIOHATbHI HaBaHTAXEHHS,
MarTh migoupaTuck 3a EN 1999-1-1.

A.5.5.2 Ocvosuii cmuck

(1) TpaBuma, wHaBemeni y A.5.6.2 €
CIpaBEJIMBUMH Uil TICPEBIPKH Ha BTpATy
CTIMKOCTI, SKIIO pO3TIAOaTH MiACHICHY
CTIHKY SIK OPTOTPOIHY 00OJOHKY.

A.5.5.3 Kinvyesuii cmuck (06pyu)

(1) TlpaBuma, HaBemeHi y A.5.6.3 e
CIIpaBeUIMBUMH ISl TIEPEBIPKM Ha BTpary
CTIAKOCTI, SKIIO pO3IJSAATH  MiACUICHY
CTIHKY SIK OPTOTPOIHY 00OJIOHKY.

np. ACTY-H b EN 1999-1-5:201X

and adopting the assumption of sheeting
continuity.

(2)  The joints between sheeting sections
should be designed to ensure that assumed
flexural continuity is achieved.

(3) The evaluation of the axial
compression force in the wall arising from
wall frictional tractions from the bulk solid
should take account of the full circumference
of the shell, allowing for the profile shape of
the corrugation.

4) If the corrugated sheeting extends to a
base boundary condition, the local flexure of
the sheeting near the boundary should be
considered, assuming a radially restrained
boundary.

(5)  The corrugated wall should be assumed
to carry no circumferential forces.

(6)  The spacing of ring stiffeners should
be determined using a beam bending analysis
of the corrugated profile, assuming that the
wall is continuous over the rings and including
the  consequences of different radial
displacements of ring stiffeners that have
different sizes. The stresses arising from this
bending should be added to those arising from
axial compression when checking the buckling
resistance under axial compression.

NOTE: The meridional bending of the sheeting can be
analysed by treating it as a continuous beam passing
over flexible supports at the ring locations. The stiffness
of each support is then determined from the ring
stiffness to radial loading.

(7)  The ring stiffeners designed to carry
the meridional load should be proportioned in
accordance with EN 1999-1-1.

A.5.5.2 Axial compression

(1) For the purpose of buckling checks,
rules given in A.5.6.2 apply assuming the
stiffened wall to behave as an orthotropic
shell.

A.5.5.3 Circumferential (hoop) compression

(1) For the purpose of buckling checks,
rules given in A.5.6.3 apply assuming the
stiffened wall to behave as an orthotropic
shell.

79



np. ACTY-H b EN 1999-1-5:201X

A.5.6 ITiocunena cminka, wyo po3enadacmocs
AK OpMOmMponHa 006010HKa

A.5.6.1 3azanvni nonoxcenns

(1)  Sxmro migcuiaeHa crinka (i30TporHa Yu
ropoBaHa) pO3TIAMAETHCA SIK OPTOTPOITHA
000JI0HKa, pe3ynbTyI0Ui MIPUBEICHUX
KOPCTKOCTEM  MAarwThb  IPUMMATUCh 5K
piBHOMIpHO po3nozineHi. JKOpcTKOCTi CTIHKH
ropoBaHoi 0OOJIOHKH B PI3HUX HaNpPsSMKax
BHU3HauYarThes 3a A.5.7.

(2)  BnacruBocTi 3rUHY Ta pO3TATY KiJelb
Ta TO3/J0BXKHIX pedep MKOPCTKOCTI, a TaKOX
30BHIIIHIN €KCLIEHTPUCHUTET MK ix
LEHTPATbHUMH oCSIMU 1 CepeauHHOIO
MOBEPXHEIO CTIHKU OOOJIOHKU, BU3HAYAIOTHCS

Pa3oM 3 KPOKOM eJIEMEHTIB KOpCTKOCTi d, .

(3) Kpok emeMeHTIB  JKOPCTKOCTI B
MepugioHanbHOMY HampsiMky d,  (PucyHok
A.10) He MOBMHEH MEPEBUINYBaTH 3HAYEHHS
O max 110 BU3HAYAIOTHCS 32 BUPA3OM:

ds,max
Ie:
Dy 3TMHHA JKOPCTKICTh Ha  OJIMHUIIIO
ITUPUHA B KUTBIICBOMY HaAIPSIMKY

(mapanensHO 10 TOdp, SKIO HWIAETHCA TIPO
KUITbIIEBO TO(POBAHUN HACTHI);

Cy )I(OpCTKiCTB Ha po3TiAr Ha OIWHHUIIIO

IUPUHU B KUTBLIEBOMY HAIPSMKY
(mapanenbHO 0 TOQp, SKIO WIETHCS TPO
KUTbIIEBO TO(POBAHUN HACTHI).

A.5.6.2 Ocvosuii cmuck
(1)  PesymbpTyioue KpUTHYHE HAIPYKCHHS
BTpaTW  CTIHKOCTI N, , Ha  OJUHUIIO

OKPY)KHOCTI OPTOTPOMHOI OOOJIOHKH  CHiJ
BU3HAYaTH B KOXHOMY PIiBHI  IUISIXOM
MiHIM13aril HacTYHOTO BHUpa3y o
BITHOIIIEHHIO /10 KPUTHUYHOI KUTBKOCTI XBHIIb
BUTHHY Y KUTBIIEBOMY HAmpsIMKy, | 1 BUCOTH

BUTHHY |,

A.5.6 Stiffened  wall
orthotropic shell

A.5.6.1 General

Q) If the stiffened wall, either isotropic or
corrugated, is treated as an orthotropic shell,
the resulting smeared stiffnesses should be
taken to be uniformly distributed. In case of
corrugated walls, the stiffnesses of the
sheeting in different directions should be taken
from A.5.7.

(2)  The bending and stretching properties
of the ring and stringer stiffeners, and the
outward eccentricity of the centroid of each
from the middle surface of the shell wall
should be determined, together with the
separation between the stiffeners d. .

treated as an

(3) The meridional distance between
stiffeners d, (Figure A.10) should not be

more than d given by:

s, max

7.4( Dy) (A53)

D, s the flexural rigidity per unit width in

the circumferential direction (parallel to the
corrugations if circumferentially corrugated
sheeting);

C, is the stretching stiffness per unit width

in the circumferential direction (parallel to the
corrugations if circumferentially corrugated
sheeting).

A5.6.2
(1)  The critical buckling stress resultant
N, Per unit circumference of the orthotropic

shell should be evaluated at each appropriate
level in the shell by minimising the following
expression with respect to the critical
circumferential wave number | and the

buckling height [, :

Axial compression

o =22 (A +22) (A54)
jlw
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Ji(H with:
A=j ‘a)“CM +20° (Cp5+Ceq) + Cog| +Cpp + 2j°C (A.55)
A = 20" (Cp, +Cy)(Cyy + jzczs)(Cu + jzwzcm) - ((‘)ch +Cy)(Cpy + jzczs)2 - (A56)
-0’ (Cy+ w2C33)(C12 + jza)zCM)z
A= (a)zcll +Cy)(Cp +Cys + w2C33) i (Cp, + C33)2 (A.57)

Ie: with:
C,=C,+EA/d,

C12 =V, /C¢C )
C14 = esE'A§ /(rds)

Cu :iz(D(p +El /d,)
r

Y bD

C,.=
45 =2 et

_ar

0=—"
i

C,=C,+EA/d,
Css :C¢9

C,s =€,EA /(rd,)

Css =i2(D49+EIr/dr)
r

C, = riz[Dw +0,5(Gl,/d,+Gl, /d,)]

Ie:
I, MOJIOBUHA JIOBKUHHU XBUJII KMOBIPHOTO

BUT'MHY B MepI/II[iOHaJ'IBHOMy HAIIPpAMKY;

J KUTBKICTh XBHWJIb BUTHUHY Y KUTbIIEBOMY
HaIpsMKY;
A, 1011 MOTIEPEYHOT O nepepizy

M03/I0BXKHBOT0 pedpa HKOPCTKOCTI;

I MOMEHT 1HepIlii MO3I0BXKHBOTO pedpa

KUIBIIEBOI  OCI
o0onoHKu  (mpH

BiTHOCHO
MOBEPXHI

KOPCTKOCTI
CepEANHHOL

where:

I is the half wavelength of the potential

buckle in the meridional direction;

J number of buckling waves in the
circumferential direction;

A the cross-sectional area of a stringer
stiffener;

I is the second moment of area of a

S
stringer stiffener about the circumferential axis
in the shell middle surface (meridional
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MepHUIIOHAIBHOMY 3THHI);

d

s KPOK TTO3JI0BXKHIX pedep *KOPCTKOCTI;

I MOCTiIiHA ~KPYYEHHsSI  TO3JI0BKHBOTO

pedpa )KOPCTKOCTI;
e 30BHIIIIHIH

MO3JIOBXHBOTO  pedpa  JKOPCTKOCTI 10
CepeIMHHOT MOBEPXHI CTIHKH 000JIOHKH

s €KCLICHTPUCHUTET

A TUTOIIA TOTIEPEYHOr0 Mepepi3y KiTbIst
KOPCTKOCTI;

I MOMEHT IHEpIlii KUIblleBOTO pedpa

KOPCTKOCT1 BIJIHOCHO MEpUIIOHAIbHOI OCl
CepeMHHOI  MOBEpXHI  00O0JOHKM  (Tpu
KUIBLIEBOMY 3THHI);

d, KpPOK KUTbIIEBUX pedep KOPCTKOCTI;

s HOCTIHA KPYYeHHs KUIbLEBOrO pebpa
KOPCTKOCTI;

e 30BHIIIHIN €KCLEHTPUCHUTET

KUTBIIEBOTO pebpa >KOPCTKOCTI JI0 CepeauHHOT
MTOBEPXH1 CTIHKH 000JIOHKH;

C, KOPCTKICTh Ha PO3TAT B OCHOBOMY
HaTpsMKY;

C, JKOPCTKICTh Ha PO3TIAT B KUIBLIEBOMY
HaTpsMKY;

Cs  IKODCTKICTh Ha po3TSr npu
MeMOpaHHOMY 3CYBi,

D,  KOpPCTKiCTb NpU 3rHHI B OCHOBOMY
HaIpsMKY;

D,  JKOpCTKiCTh IIpU 3TUHI B KUIBIIEBOMY
HaTpsMKY;

D,, KOPCTKiCTb TpM 3rHWHI I 4ac
KPY4CHHS;

r paniyc 000JIOHKH.

Hpumitka 1. [Ins Bumagxky ToQpPOBaHUX CTiHOK,
BHIIE3a3HAYCHI BJIACTHBOCTI €JIEMEHTIB >KOPCTKOCTI
(A, I, | TOmO) CTOCYIOTHCSI NHIIIE TIEPEPi3iB CaMHX
€IIEMEHTIB JKOPCTKOCTi, TOOTO B LHMX Iepepizax He
JI03BOJISIETHCS BPAaXxOBYBAaTH IPHJIEIIl YaCTHHH CTiHKH
00OJIOHKH.
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bending);

d, IS the separation between stringer
stiffeners;

I is the uniform torsion constant of a
stringer stiffener;

e, Is the outward eccentricity from the
shell middle surface of a stringer stiffener;

A the cross-sectional area of a ring
stiffener;

I is the second moment of area of a ring

r
stiffener about the meridional axis in the shell
middle

surface (circumferential bending);

d, iIs the separation
stiffeners;

I, is the uniform torsion constant of a ring
stiffener;

between ring

e is the outward eccentricity from the
shell middle surface of a ring stiffener;

C, is the stretching stiffness in the axial
direction;

C, is the stretching stiffness in the
circumferential direction;

C,o
shear;

is the stretching stiffness in membrane

D, is the flexural rigidity in the axial
direction;

D, is the flexural rigidity in the
circumferential direction;

D,, is the twisting flexural rigidity in
twisting;

r the radius of the shell.

NOTE 1: In case of corrugated sheeting, the above
properties for the stiffeners (A, I, I, etc.) relate to
the stiffener section alone: no allowance can be made
for an "effective" section including parts of the shell
wall.



Mpumirka 2. XKopctkocTi npu po3TATY 1 3THHI JUIA
roppoBanoro Hactuy quB. A.5.7(5) 1 (6).

Mpumitka 3. 32 HIDKHIO MEXY 3THHY MOXHA IPUHHATH
TOYKY 3MiHH TOBIMHU CTIHKH a00 Iepepi3y eIeMeHTa
xopcTkocTti. Omip BTpaTi CTIMKOCTI B KOXHIN 3 TaKHX
TOYOK Ma€ MePEBIPSITUCH OKPEMO.

2 Po3paxyHkoBui ommip BTpaTi 3arajibHOi
CTIHKOCTI N, 4 CIiJ BU3HAYATH AHAIOTIYHO

1o A.1.2 ta 6.2.3.2, 3Bakaro4yu Ha KjIac SIKOCTI1
000JIOHKH. 3HAYEHHS KPUTHUYHOTO OIOpPY

BTpaTi 3arajabHO1 CTiliKOCTI Ny o

BHU3HAYAIOTHCS 32 BUKIAJICHUM BHIIE TyHKTOM
(1). Koedimient MiJIBUIIEHOT  SIKOCTI
Quir =1,3Q Moxe Oyru 3acTOCOBaHHU 10

000JIOHOK 3 130TPONHUMHU CTIHKaMHU.

A.5.6.3 Kinvyesuui cmuck (0oopyu)

(1) Kpuruune HaTPyXCHHS BTpaTH
3arajgbHOi  CTIMKOCTI A PIBHOMIPHOTO
30BHINIHBOTO  THUCKY Pner HOTPIOHO

OI[IHIOBAaTH MLUISXOM MiHIMIi3alii HAaCTYIHOTO
BHpa3y 10 BIIHOIIEHHIO JIO KPHUTHUYHOI
KUIBKOCTI XBWJIb BUTHHY Y KUIBIIEBOMY
HAMpsAMKY, | :

pn,cr

ne:
A, A, ta A, ananoriuno 0 A.5.1.2 (3).

(2)  Skmo mepepi3 CTIHKM 4YM  €IEMEHTA
YKOPCTKOCT1 3MIHIOETHCS 1O BHCOTI CTIHKH,
MOTPiIOHO BU3HAYUTH JEKUIbKA JOBXWH XBHJII

iimoBipHoro BuruHy |, mo0 oOpatu 3 HHX

KPUTHYHY, KOPUCTYIOUHCH MPUITYIICHHSM, 110
BEpXHS MeXa BHUTMHY 3HAXOIUTHhCS Ha
BEpIINHI 30HU 3 HAUTOHIIOI CTIHKOIO.

[pumitka. Sxmo 30Ha 3 TOBCTIMIOK CTIHKOIO
po3TamioBaHa HaJd 30HOK 3 TOHIIOK CTiHKOIO, TO

BEpXHS MeXa HMOBIPHOIO BHTHHY MO)KE 3HaXOAUTHCH
Ha BEPIIMHI TOHIIIOI 30HU a00 Ha BEPIIMHI CTiHU.

3 B dKocTi TOBIIMHM JUId HAaBEIEHUX
BUIIE pO3paxyHKIB NOTpiOHO MpHiiMaTH
HAMCHIIy HAsBHY TOBIIMHY JIUCTA, KpIiM
BUIMAAKIB, II0 BHMAaralmTh OLIBII TOYHOIO
PO3paxyHKYy.

4) Sxmo oboJioHKa HE Mae Jaxy i MOXe

np. ACTY-H b EN 1999-1-5:201X

NOTE 2: For hoth stretching and bending stiffness of
corrugated sheeting, see A.5.7(5) and (6).

NOTE 3: The lower boundary of the buckle can be
taken at the point at which either the sheeting thickness
changes or the stiffener cross-section changes: the
buckling resistance at each such change needs to be
checked independently.

(2)  The design buckling resistance n, qq

for the orthotropic shell should be determined
as stated in A.1.2 and 6.2.3.2, according to the
shell quality class. The critical buckling
resistance n, . should be obtained from (1)

X,Cr
above. An increased quality factor

Qg =13Q may be assumed for stiffened
shells made of isotropic walls.

A.5.6.3
compression

Circumferential (hoop)

(1)  The critical buckling stress for uniform
external pressure p, . should be evaluated by
minimising the following expression with
respect to the critical circumferential wave
number, j:

LA+ (A58)

where:
A, A, and A, asgivenin A5.1.2 (3).

(2) If the stiffeners or sheeting change
with height up the wall, several potential
buckling lengths |. should be examined to

1
determine which the most critical is, assuming
always that the upper end of a buckle is at the
top of the zone of thinnest sheeting.

NOTE: If a zone of thicker sheeting is used above the
zone that includes the thinnest sheeting, the upper end
of the potential buckle could occur either at the top of
the thinnest zone, or at the top of the wall.

(3) Unless more precise calculations are
made, the thickness assumed in the above
calculation should be taken as the thickness of
the thinnest sheeting throughout.

(4) If the shell has no roof and is
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MOTCHIIHHO MIAJIATaTH BIUIUBY BITPOBOTO
TUCKY, OTPUMAaHE BUIIE 3HAYCHHS TUCKY CIIiJ|
MHOXUTH Ha 0,6.

(5)  PospaxyHkOBe HampyKEHHsS BTpaTH
3araJiIbHOT  CTIHKOCTI  JUIg  CTIHKA  CIIiJ
BH3HA4YaTH 3a MojoxeHHsamu 6.2.3.2 ta A.1.3
BIIMOBITHO 70 KJIACy SKOCTI OOOJOHKH.
Kputnunuii THCK BTpaTh 3araibHOi CTiHKOCTI
P, BH3HAYAETHCA 3a BHUKIAJCHAM BHILE

nyaktoM (1). Koegimienr C, 3 A.1.3.1

npuiiMaerses C, =1,0.

A.5.6.4 3cys

(1) Hdns  uporo BUTIAJKY  MOJKHA
3aCTOCYBATH MpaBWIA JIJIsl 130TPOMTHUX CTIHOK
3 MEPUIIOHAILHUMH €JIEMEHTaMH KOPCTKOCTI,
BHUKJIaACH] y A.5.2.4.

A5.7 Ekeisanenmni opmomponHi
enacmugocmi 20hposanozo Hacmuiy

(1) Sxmo  rodpoBaHMii  HACTHI €
YaCTUHOIO KOHCTPYKIIIi 000JIOHKH,
PO3paxyHOK MOHA MPOBOJANUTH, PO3TIISAAI0UH
HAaCTUJ  SIK  €KBIBAJCHTHY  PIBHOMIpHY

OPTOTPOITHY CTIHKY.

(2)  Haeneni HIKYE BIIACTHBOCTI MOXKYTh
3aCTOCOBYBATHUCH npu PO3paxyHKy
HATPY)KEHOTO CTaHy, PO3PaxyHKy Ha BTpaTy
CTIMKOCTI KOHCTPYKIIii, SKImIO rodpoBaHU
HAaCTWJ Ma€ apKOBO-TAHTCHIIAJbHY  abo
CHHYCOIIHY GopMy. SIKIIO BUKOPHCTOBYETHCS
iHma  ¢opma,  BIAMOBIAHI  BJIACTHBOCTI
HEOOXiJJTHO BU3HAYAaTH KOHKPETHO JJISl JIaHOTO
nonepeuHoro nepepizy (aus. EN 1999-1-4).

3 BnactuBocti rodpoBaHOr0 HACTUITY
MOBUHHI OyTH TpUBENCHI JO0 CHCTEMH
KOOpAMHAT X-Y, B SKIi BiCh Y CIpsSMOBaHA
napanenbHo rodpam  (mpsmi  iHIT  Ha
MOBEPXHi), TOAl K X MEPHEHIUKYISPHO 0
HUX (3amaguHu 1 BepmnHu). [odppyBanHs mae
XapaKTepU3yBaTUCh HACTYITHUMU
napaMeTpamMH, HE3aJIeKHO BiI (HaKTHYHOTO
npo¢urto rodp (auB. Pucynox A.14):

d BIJICTaHb MDXK ITIKOM BEPIINHH 1 HU30M
3alaguHy;

I JIOB)KHHA ro(hpoBOT XBUIII;

I MICIIEBUH  pajailyCc  3amajuHu 4
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potentially subject to wind buckling, the above
calculated pressure should be reduced by a
factor 0,6.

(5) The design buckling stress for the wall
should be determined as stated in 6.2.3.2 and
A.1.3 according to the shell quality class. The
critical buckling pressure p,. should be

obtained from (1) above. Coefficient C, given
in A.1.3.1 should be takenas C, =1,0.

A.5.6.4 Shear

(1) Rules given in A5.2.4 for isotropic
walls with meridional stiffeners apply.

A.5.7 Equivalent orthotropic properties of
corrugated sheeting

(1) If corrugated sheeting is used as part of
the shell structure, the analysis may be carried
out treating the sheeting as an equivalent
uniform orthotropic wall.

(2)  The following properties may be used
in a stress analysis and in a buckling analysis
of the structure, provided that the corrugation
profile has either an arc-and-tangent or a
sinusoidal shape. If other corrugation profiles
are used, the corresponding properties should
be calculated for actual cross section, see
EN 1999-1-4.

(3) The properties of the corrugated
sheeting should be defined in terms of an x-y
coordinate system in which the y axis runs
parallel to the corrugations (straight lines on
the surface) whilst x runs normal to the
corrugations  (troughs and peaks). The
corrugation should be defined in terms of the
following parameters, irrespective of the
actual corrugation profile, see Figure A.14,
where:

d is the crest to crest dimension;

I is the wavelength of the corrugation;

I is the local radius at the crest or trough.
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BCPIINHH.
(4)  Bci BrmacTMBOCTI € JIHIHHUMH 1 He (4)  All properties may be treated as one-
CpHuYnHSIOTH eekry [lyaccona MK pisHUMH dimensional, giving no Poisson effects
HaIpsIMKaMHu. between different directions.
(5)  ExsiBasieHTHI MeMOpaHHI BJIaCTHBOCTI (5)  The equivalent membrane properties
(»KOPCTKICTh Ha PO3TSAT) BU3HAYAIOTHCS 34! (stretching stiffnesses) may be taken as:
2t°
Cx = Etx = E3d—2 (A59)
242
z°d
C,=Et, =Et(l+ e ) (A.60)
G2t
ny = Etxy = — 2.2 (A61)
zd
1+ ——
4
ae: where:
t, CKBIBaJICHTHA TOBIIWHA /IS BUIAJIKY t, is the equivalent thickness for smeared
MPUBEICHUX MeMOpaHHHUX CcHJI, membrane forces normal to the corrugations;

MEPIEeHIUKYIIPHUX rodpam;
ty
MPHUBEICHUX MEMOPAHHUX CHJI, TapalieTbHUX
rogpam;

ty
MPHUBEICHUX MEMOPAaHHHX CHJI 3CYBY.

(6)  ExBiBaseHTHI 3rHUHAIbHI BJIACTHBOCTI
(>KOpPCTKICTh Ha BWUTWH) BU3HAUYECHI, BUXOITIH
3 yYMOB 3THHAQJIBHOI JKOPCTKOCTI ITiI i€l
MOMEHTIB, IO CIPUYUHSIOTH 3TUH Yy
BIIMOBIIHOMY HampsIMKY (HE HaBKOJIO OCi), 1
MOXYTb OyTH BU3HAYCHI, 5IK:

€KBIBaJE€HTHA TOBIIMHA [JI1 BUIIAJKY

€KBIBaJICHTHA TOBIIMHA IS BHIAAKY

t, is the equivalent thickness for smeared

membrane forces parallel to the corrugations;

ty is the equivalent thickness for smeared

membrane shear forces.

(6) The equivalent bending properties
(flexural stiffnesses) are defined in terms of
the flexural rigidity for moments causing
bending in that direction (not about an axis),
and may be taken as:

3
D, =El, = Et 22 (A.62)
12(1-v3)1+~
( ) 4|2
_ _ 2 2
D, = El, = 0,13Etd (A63)
Gt* . n°d’
D, =Gl =—(@1+ A.64
Xy Xy 12 ( 4|2 ) ( )
ne: where:
I, CKBIBAJICHTHUI MOMEHT 1HepIii st I, is the equivalent second moment of
NPUBEACHOTO  3THHY  MEPHeHIUKYISPHO area for smeared bending normal to the
ropyBaHHIo; corrugations;

Iy €KBIBJICHTHUN MOMEHT I1Hepuii ams

l, is the equivalent second moment of
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MIPUBEJICHOTO
ropyBaHHIo;

ly eKBIBAJICHTHUI MOMEHT iHepuii s

KpY4ECHHS

3THHY napajeiabHO

pumiTka 1. 3ruH  mapalenbHO  TOPPYBAHHIO
MiJIBUIYE 3THHHY )KOPCTKICTh To(QpOBaHOro Mpodiio i
€ TOJOBHOK TMEPEBArol0 3acTOCYBaHHsS Tro(ppOBaHUX
KOHCTPYKIIH.

pumitka 2. ANbTepHaTHBHI BHUpa3u 10710
€KBIBAJICHTHHX OPTOTPOIHHUX BJIACTHBOCTEH
ro)poOBaHOrO HACTWIIY MICTATHCS Y TOCHIIAHHSX, IO
HaseneHi B EN 1993-4-1.

(7) Y kimbreBux 000JIOHKAX 3 KiUTbIIEBUM
roppyBaHHsIM HamnpsMKH ocedl X Ta Yy B
HaBEJICHUX BHILE BHUpa3ax CiIiJ 3aMIHUTH Ha
OCbOBY KOOpAMHATy ¢ Ta KulblieBy 6
BIJIOBIIHO. IIpn MEpPUIIOHATILHOMY
roppyBaHHl HampssIMKu oced X Ta Yy B
HaBEJICHUX BHILE BHUpa3ax CiIiJ 3aMIHUTH Ha
KUIbLIEBY KoOpAMHaTy 6 Ta OChOBYy ¢
BiINOBIAHO (1uB. PucyHok A.14).

(8) 3cyBHI BiacTHUBOCTI CiIig mpuitmMaTu
HE3QJICXKHO BiA  OpieHTarii rodpyBaHHS.

3HaueHHss G MOXHA TPUAHATH PIBHUM
E/2,6.

area for smeared bending parallel to the
corrugations;

l,, is the equivalent second moment of

area for twisting.
NOTE 1: Bending parallel to the corrugation engages

the bending stiffness of the corrugated profile and is the
chief reason for using corrugated construction.

NOTE 2: Alternative expressions for the equivalent
orthotropic properties of corrugated sheeting are
available in the references given in EN 1993-4-1.

(7) In circular shells, where the
corrugations  run  circumferentially, the
directions x and y in the above expressions
should be taken as the axial ¢ and
circumferential & directions respectively.
When the corrugations run meridionally, the
directions x and y in the above expressions
should be taken as the circumferential ¢ and
axial ¢ directions respectively, see Figure
Al4.

(8) The shearing properties should be
taken as independent of the corrugation
orientation. The value of G may be taken as
E/2,6.

g—r X
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Pucynok A.14 —IIpodins i reoMeTpUuH1 XapaKTEePUCTUKU FOPpyBaHHS

Figure

A.6  Henigcuneni cdepuuni 000J0HKH
mix Ji€el0  piBHOMIPHO  PO3MOAJIEHOTO
KIIbLIEBOI'0 CTHCKY

A.6.1 Ilo3nauenns ma cpanuuni ymosu
(1) Teomerpuuni Beamuunu (Puc. A.15):
r pajiyc cepeMHHOI MOBEpXHi cdepu;

t TOBIIMHA 000JIOHKH
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A.14 —Corrugation profile and geometric parameters

A.6  Unstiffened spherical shells under
uniform circumferential compression

A.6.1 Notations and boundary conditions
(1) General quantities (Figure A.15):
r radius of sphere middle surface;

t thickness of shell:
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Pucynok A.15—I'eomerpisa chepu, MemMOpaHHI Ta pe3yabTyIOUl HAIPYKEHHS
Figure A.15—Sphere geometry and membrane stresses and stress resultants

(2)  BimnosigHi rpaHUYHI
MPUBOJATHCA B MMyHKTax 5.2 Ta 6.2.2.

YMOBU

A.6.2 Kpumuuni nanpysicennus npu empami
cmiikocmi

@ Hacrymui  dopmymu  cripaBeuBi
TUIBKU 71 3aMKHYTHX cdep abo chepudyHux
KynoJiiB 13 rpaHnyHumu ymoBamu BCIr um
BCI1f na onopHiii rpaHi.

(2)  PiBHOMIPHO PO3MOAUICHUI KiTbIIEBUI
CTUCK y cdepax abo chepuyHUX Kymoax
MOXe OyTM BHUKIMKAaHMA  PIBHOMIPHUM
30BHIIIHIM TUCKOM a00 HaBaHTAKEHHSAMH, IO
NiI0Th Ha OyHKEpH UM JaxXd pe3epByapiB
KPYIJIOTO Mepepi3y Mif Yac iX 3aBaHTaKCHHSI.
@ Vv
BUKITUKAHOTO
THUCKOM p

BUIAJKY  KUIBLIEBOTO
PIBHOMIpHUM
BIAIOBIIHI

CTHCKY,
30BHIIIHIM
HaIPYKCHHS

BHU3HAYAOTHCA HACTYIIHUM YHHOM:

Oy

(4) KpuruuyHe HampyXeHHS IpU BTpaTi
CTIHKOCTI CIIPUYHHCHE PIBHOMIPHO
PO3MOAUICHUM KUIBLIEBUM CTUCKOM
BU3HAYAETHCS SIK:

O-H,cr = O-¢,cr = 0’ 605E%

A.6.3 Kinbuesi koegiyicnmu  empamu
CcmiilKkocmi
(D) Koedirient HEJOCKOHAJIOCTI

BU3HAYAETHCA 3a:

ot

(2)  The boundary conditions are set out in
5.2 and 6.2.2.

A.6.2 Critical buckling stresses

(1)  The following expressions may only be
used for complete spheres or spherical caps
with boundary conditions BC1r or BC1f at the
base edge.

(2) Uniform circumferential compression
in spheres or spherical caps is induced by
uniform external pressure or may result from
blowing action on circular silos or tank roof
occurring during download.

(3) In case of circumferential compression
due to uniform external pressure p the

corresponding stress can be evaluated from:

_Pr (A.65)

(4)  The critical buckling stress under
uniform circumferential compression should
be obtained from:

(A.66)
A.6.3 Circumferential buckling parameter

Q) The imperfection factor should be
obtained from:
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a, = To (:SLE but «, <1,00 (A.67)
1+2,60(= |——— (Ao — o)
QY f,

ne: where:
A00  KOeDIWi€HT THYY4KOCTI CTHCHYTOTO Aoo is the squash limit slenderness
CJIICMCHTA; parameter;
Q napameTp JOIMyCKy Q is the tolerance parameter.
(2) IMapamerp momycky Q Oeperbcs 3 (2)  The tolerance parameter Q should be
Tabmuui  A.13 a7  BIiAMOBIAHOTO — Kiacy taken from Table A.13 for the specified
JIOTTYCKY. tolerance class.
(3)  KoedimienTr cmiaBy Ta KoedimieHT (3)  The alloy factor and the squash limit
THYYKOCTI CTHCHYTOTO €JIeMEHTa CJIijJ Opatu 3 slenderness parameter should be taken from
Tabmumi A.14 B 3aneXHOCTI Big Kiacy Table A.14 according to the material buckling
THYYKOCTI ~ Marepiaay, BH3HAUEHOTO  3a class as defined in EN 1999-1-1.
EN 1999-1-1.

Taoauusn A.13 - Tlapamerp momycky Q

Table  A.13 - Tolerance parameter Q
Knac nomycky Q
Tolerance class
Kuac 1/Class 1 16
Kuac 2/Class 2 25
Kuacu 3 ta 4/Class 3 and 4 40
Ta6amus  A.14 — 3uauenns Aoo Ta M, IJIs pPIBHOMIPHO PO3IMOJUIEHOTO KUIBLEBOTO CTHUCKY
Table A.14 — Values of Ag0 and u, for uniform circumferential compression
Kiac BTpartu cTifikocTi oo Ly
Marepiaiy
Material buckling class
A 0,20 0,35
B 0,10 0,20
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JIOJIATOK B
(moBimKOBHiT)
BUPA3U JJIA POBPAXYHKY HA
CTIMKICTb TOPOKOHIYHUX I
TOPOCOPEPUYHUX OFOJOHOK

B.1 3arajbHi MoJI0KEeHHA

(1) IIpaBuna maHOro PO3AUTY € MIHCHUMHU
JUIS  KOHIYHMX Ta  CQEpUYHUX  KIHIIIB
MWTIHIPUYIHUX 00O0JOHOK a00 EKBIBaJCHTHHX
KOHCTPYKIIH, 3 €IHaHUX 32 JIOTIOMOTOIO
TOPUYHOTO CErMEHTa YH Ha TMpsIMy J0

mtiaapy (; =0).
B.2 TIlo3navyeHHs1 Ta TPAHUYHi YMOBH

(1) B upomy po3aiti BUKOPUCTOBYIOTHCS
HACTYIHI no3HauyeHHd (auB. Pucynok B.1):

r pamiyc CEepEeNUHHOT MOBEPXHi
IUAJITHAPUIHOT 0O0JIOHKH;

8 pazniyc cepudHoi 000JTOHKH;

o KYT TOPUYHOI 000JOHKH ab0 MOJIOBHHA

KyTa TP BEPIIMHI KOHIYHOT 000JIOHKH;

I paziyc Topa,

t; TOBIIMHA TOPHYHOI, KOHIYHOI 4H
chepuaHOi 000JIOHKH;

I JIOBXHHA 3 €HYBAHOTO IMTIH/PA;

tc TOBIIMHA CTIHKHU 3 €IHYBaHOTO
IUAJITHIpA.

(2) IlpaBmia € milicHUMH Ui TOCTIHHOIO
30BHIIIHBOTO THCKY, IO J[i€ OPTOrOHAIBHO Ha
MOBEPXHIO 000JIOHKH.

(3) Tany3ss 3acTtocyBaHHS TIpaBHJI Ma€
HACTYITHI MEXi:

np. ACTY-H b EN 1999-1-5:201X

ANNEX B
[informative]
EXPRESSIONS FOR BUCKLING
ANALYSIS OF TORICONICAL AND
TORISPHERICAL SHELLS

B.1 General

(1)  The rules in this section are valid for
conical and spherical ends of cylindrical shells
or equivalent structures connected by means

of a torus or directly to the cylinder (r, =0).

B.2  Notations and boundary conditions

(1) In this clause the following notations
are used, see Figure B.1:

r radius of middle surface of the
cylindrical shell;

I radius of spherical shell;

a angle of the torus shell or half apex
angle of the conical shell;

I radius of torus;
t; thickness of torus, cone or spherical
shell;

I length of connecting cylinder;

t. wall thickness of connecting cylinder.

(2) The rules are wvalid for constant
external pressure acting orthogonal on the
shell surface.

(3) The range of applicability is the
following:

t, <t (B.1)
35<r/t. <1250 (B.2)
45° < ¢ < 75° (B.3)
0<r/r<0,4 (B.3)
1,2<r,/r<3 (B.5)
1<1000f /E <4 (B.6)
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a) TopokoHiuHa popma
a) toriconical shape
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b) Topocepuuna popma
b) torispherical shape

Pucynoxk B.1l - ['eomerpis 1 HaBaHTa)XeHHS Ha KIHISAX pe3epByapa
Figure B.1- Geometry and loads on vessel ends

B.3  3oBHimmHiii THCK B.3  External pressure

B.3.1 Kpumuune 3nauenns 306HiUHbOZ0 B.3.1 Critical external pressure
MUCKy

(1) Kpuruyne 3Ha4YeHHS 30BHIIIHBOIO (1) The critical (buckling)
THCKY (3 yYMOB BTpaTd CTIHKOCTI) st pressure for a toriconical shell is:

TOPOKOHIYHOT 000JIOHKHU:

2,42

, . 5.0 \2
pn,cr —m E sin a(COsa)15(f)25

abo or

Poe = 2.60Esina(cos )™ (t; /1)?°

TS for
v=0,3
Ie: where:

90
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r=r—r(l-cosa)+./it; sina

(2) Kputuyne 3HAa4YCHHS  30BHILIHBOTO
TUCKYy 3 YMOB BTpPaTH CTIMKOCTI JUIs
TopocdepruHOi 000TIOHKH:

but

(2)  The critical buckling external pressure

for a torispherical shell is:

Prer =L 21C,ECTY (B8)

ae:

S

with:

Ck — rs /r)2ﬁ0,7 rg/r-1

ne B OepeTbes sIK OUTbIe 31 3HAYCHB

where # is the larger of

0,19

£\
=0,105 =
o

Ta

and

B=0, oss(rij
:

B.3.2 Ipanuunuit 306nimniin muck 3 ymoe
PIBHOMIPHO pO3NOOIIEHO20 3MUHAHHSA

(1) TI'panuuHMil 30BHINIHIA THCK 3 yMOB
PIBHOMIPHO PO3MOALIICHOTO 3MUHAHHSA
BH3Ha4YaeThcsi 3a BUpazoMm (B.9) abo 3a
rpadikom Ha Pucynky B.2, un moxe Oyrtu
HaOMMKeHo npuitHATHH 3a Gopmynamu (B.10)
ato (B.11) mpu r; =0.

Pr = fo(14,5-450-2)(0+ 25 +7,13(5)
) r r

B.3.2 Uniform
pressure

squash  limit  external

(1)  The uniform squash limit external
pressure for toriconical and torispherical shells
is given by expression (B.9) or may be found

in the graph in Figure B.2 or may, for r, =0,
be approximated by formula (B.10) or (B.11)

CoOSa

(B.9)
(&)1,15

t
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mopnﬂk (E

&

Ecosa

)1,5

14

12

04
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4 5

1000,/ E

Pucynox B.2 — IlnacTuuHmii 30BHIMIHIN THCK U1 TOPOKOHIYHUX Ta TOPOCHEPHIHUX 000JIOHOK
Figure B.2— Plastic external pressure for toriconical and torispherical shells

- U1 TOPOKOHIYHOT 000JIOHKH

- for a toriconical shell

t t
=4,4,| - f T B.10
P \/: °r/cosa (B.10)
- i TopochepuuHOi 000JTOHKH - for a torispherical shell
t .t
Pk =44, f, T (B.11)
r I

B.3.3 Koegiuyiecnm empamu cmiitkocmi nio
0i€10 306HIWIHB0O20 MUCKY

(1)  Koedimient
BHM3HAYaTH 3a:

HEJIOCKOHAJIOCTI  CJIifg

B.3.3 External pressure buckling parameter

(1)  The imperfection factor should be
obtained from:

1

Oy =

ane
a,<10

ae:

Ago  KOEQIUIEHT TIHYYKOCTI  CTHCHYTOTO
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1+ 2,60(1\/
QY f

(B.12)

0,6E (Za - 29,0)1'44

0

but
0

where:

Apo is  the squash limit slenderness



CIIEMCHTA,
Q rapamerp JOIYCKY.

2 [Mapamerp momycky Q Oeperbcs 3
Tabmumi  B.1 g BiAmoBigHOro — Kiacy
JIOIYCKY.

(3) Koedimienr cmiaBy Ta KoedimieHT

THYYKOCTI CTHCHYTOTO €JIeMEHTa CIIiJ| OpaTH 3

np. ACTY-H b EN 1999-1-5:201X

parameter;

Q

(2)  The tolerance parameter Q should be

taken from Table B.1 for the specified
tolerance class.

(3)  The alloy factor and the squash limit
slenderness parameter should be taken from

Is the tolerance parameter.

Tabmuui B.2 B 3amexHOCTI Bij Kiacy Table B.2 according to the material buckling
THY4KOCTI ~ Marepiajly, BU3HAUCHOTo0  3a class as defined in EN 1999-1-1.
EN 1999-1-1.
Taommuas B.1—  Tlapamerp momycky Q
Table B.1- Tolerance parameter Q
Kiac momycky Q
Tolerance class
Kuac 1/Class 1 16
Kurac 2/Class 2 25
Kuacu 3 ta 4/Class 3 and 4 40
Ta0uua B.2—- 3HadyeHHA /Tg]o Ta M, JAJIS 30BHILIHBOIO THCKY
Table B.2— Valuesof 4,, and , for external pressure
Knac Brpatu crilikocTi Ao Ly
Marepiary
Material buckling class
A 0,20 0,35
B 0,10 0,20
B.4  Buyrpimmniii THCK B.4 Internal pressure

B.4.1 Kpumuune 3nauenns 6HympiutHb020
MUcKy

B.4.1 Critical internal pressure

(1) Kpuruuyne 3Ha4YeHHS BHYTPIIIHBOIO (1) The critical (buckling) internal
THCKY (3 YMOB BTpaTH CTIHKOCTI) s pressure for a toriconical shell is:
TOPOKOHIYHOT 000JIOHKHU:
oo =1000ECEL g 71y Ly (B.13)
' a” 2r
SIKIIIO if
by
2r
Lot
' 2r 2r
SIKIIIO if
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i;ﬁo
2r

Jie mapaMeTp 1) BU3Ha4yaeThes 3a Puc. B.3. where the parameter n should be taken from
Figure B.3.

5 \ /

NN i)
TN

N—"",~

—~— | 625
"‘-...______ Tfl":' —

0 01 02 032 0.4

rlr

Pucynok B.3 - I[lapamerp n mis Bupasy (B.14)
Figure B.3 — Parameter n for expression (B.14)

(2) KputuyHe 3HA4YEHHS BHYTPIIIHBOTO (2)  The critical buckling internal pressure
THCKY 3 yMOB BTpPaTH CTIMKOCTI s for a torispherical shell is:
TopochepruuHOT 000JOHKH:
I t
P, =100E(1,85-1+0,68)(—)** (B.15)
' r I
B.4.2 Ipanuunun enympiwniic muck 3 B.4.2 Uniform squash limit internal
YMO8 PIGHOMIPDHO PO3NOOINEH020 3MUHAHHA pressure
(1) T'panuuHwii BHYTpIIIHIA THCK 3 yMOB (1)  The uniform squash limit internal
PIBHOMIPHO PO3IOAIIEHOTO 3MHUHAHHS pressure for toriconical and torispherical shells
TOPOKOHIYHUX YH TOPOCHEPUUHHX OOO0JIOHOK is given by expression (B.16) or may be found
BH3Ha4YaeThCs 3a Bupasom (B.16) abo 3a in the graph in Figure B.4.
rpadikoM Ha Pucynky B.4.
f I I,
P o = f,(1L,2-120-9)(1+3,9T 1 67(1)%) SB% (B.16)
’ E r r 21 125
&
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Eeoser ()
10 Ecosar \ t; r./r=04 r /r=03
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8 [T/
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Pucynok B.4 — [Inactuynuil BHYTpIlIHINA TUCK AJIS TOPOKOHIYHUX Ta TOPOCHEpUIHUX 000JOHOK

Figure
B.4.3 Koegiuienm empamu cmiitkocmi nio
0i€10 HYMPIWHBO20 MUCKY

(1)  Koedimient
BU3HAYATH 3a:

HEJIOCKOHAJIOCTI  CJIifg

B.4 — Plastic internal pressure for toriconical and torispherical shells

B.4.3 Internal pressure buckling parameter

(1)  The imperfection factor should be
obtained from:

1

()(6,=

142,60~ |2OE
QY f

—— (B.17)
(Ao — 19,0))1’44

ane but
a, <100
ne: where:
Z‘g]o KOeQIIiEHT THYYKOCTI  CTHCHYTOI'O Zg]o is the squash limit slenderness
€JICMCHTA,; parameter;
Q napamerp JOIMyCKY. Q is the tolerance parameter.

(2)  TMapamerp gomycky Q Oeperbcst 3
Tabmumi B.3 g BiamoBigHOro — Kiacy
JOITYCKY.

(3)  KoediumienT crmaBy Ta KoedilieHT
THYYKOCT1 CTUCHYTOTO €JIeMeHTa Cliff OpaTu 3

Tabmumi B.4 B 3amexHocTi Big Kiacy
THYYKOCTI  MaTepiany, BHU3HA4eHOTO  3a
EN 1999-1-1.

(2)  The tolerance parameter Q should be

taken from Table B.3 for the specified
tolerance class.

(3)  The alloy factor and the squash limit
slenderness parameter should be taken from
Table B.4 according to the material buckling
class as defined in EN 1999-1-1.
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Taomuuas B.3— Ilapamerp monycky Q Uit BHYTPIIIHBOTO TUCKY
Table B.3— Tolerance parameter Q for internal pressure

Knac nomycky Q

Tolerance class

Kmac 1/Class 1 16

Kimac 2/Class 2 25
40

Knacu 3 ta 4/Class 3 and 4

B.4— 3HaueHHs A,, Ta 4, U1 BHYTPIIIHBOIO THCKY

Tadoauus
Table B.4 - Values of /Té,,o and u, for internal pressure
Kitac Brpar¥ criiikocri Ao Uy
Mareplaiy
Material buckling class
A 0,20 0,35
B 0,10 0,20
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JIOJIATOK HA

(TOBiIKOBUIA)

NEPEJIIK HAIIIOHAJIBHUX CTAHJIAPTIB YKPAIHHU (JICTY),
IJEHTUYHUX MC, IOCUJIAHHS HA SIKI € B EN 1999-1-5:2007

Ilo3HayeHHd Ta HA3BA

Cryninb Bia-

ITo3HavyeHHs Ta HA3Ba HALIOHAJBLHOIO CTAHJAPTY

€BPONEHCHKOrO CTAH- NMOBIAHOCTI Ykpainu (ACTY)

AapTy
EN 1990 Eurocode - IDT JCTY-H b EN 1990:2008 «E€Bpokoa. OcHoBH mpoe-
Basis of structural de- kryBaHHs koHcTpykid (EN 1990:2002, IDT)»
sign
EN 1999-1-1 Eurocode IDT JCTVY-H b EN 1991-1-1:2011 «€EBpokox 9. [Ipoek-
9: Design of aluminium TyBaHHSl aJTIOMiHIEBUX KOHCTpyKIid. Yactmna 1-1.
structures - Part 1- 3aranbHi paBuIIa JUISt KOHCTPYKLI1H
1: General structural (EN 1999-1-1:2007, IDT)»
rules
EN 1999-1-2 Eurocode IDT JCTY-H b EN 1999-1-2:2011 «€Bpokox 9. [Tpoek-
9: Design of aluminium TyBaHHS JIFOMIHIEBUX KOHCTPYKIii. YactuHa 1-2.
structures — Part 1-2: Po3paxyHOk KOHCTpYKIIiif Ha BOTHECTIHKICTh
Structural fire design (EN 1999-1-2:2002, IDT)»
EN 1999-1-3 Eurocode IDT JCTY-H b EN 1999-1-3:201X «EBpokox 9. [Tpoek-
9: Design of aluminium TYBaHHSl aJIOMIHIEBUX KOHCTpyKmid. Yactmaa 1-3.
structures — Part 1-3: Konctpykii YyTINB1 hi (0] BUTPUBAJIOCTI
Structures susceptible to (EN 1999-1-3:2007, IDT)»
fatigue
EN 1999-1-4 Eurocode IDT JACTY-H b EN 1999-1-4:201X «EBpoxon 9. IIpoek-
9: Design of aluminium TYyBaHHS aJTIOMIHIEBUX KOHCTpyKiid. Yactuua 1-4.
structures - Part 1-4: XononuohopmoBaHi JUCTH
Cold-formed structural (EN 1999-1-4:2007, IDT)»
sheeting.
EN 1999-1-5 Eurocode IDT JCTY-H b EN 1999-1-5:201X «€Bpoxkox 9. [Ipoek-
9: Design of aluminium TyBaHHS aJIOMIHIEBUX KOHCTpyKmid. Yactumua 1-5.
structures - Part 1-5: Koncrpykiii o6omonok (EN 1999-1-5:2007, IDT)»
Shell structures
EN 1993-1-6 Eurocode IDT JACTY-H b EN 1993-1-6:2012 «€Bpokon 3. [Ipoek-
3: Design of steel struc- TYBaHHS CTaJeBUX KOHCTpyKiii. Yactuna 1-6. Milr-
tures - Part 1-6: HICTh Ta CTIMKICTh 000JI0HOK
Strength and Stability of (EN 1993-1-6:2007, IDT)»
Shell Structures
EN 1993-3-1 Eurocode IDT JACTVY-H b EN 1993-3-1:201X «EBpokox 3. [Ipoek-
3 - Design of steel struc- TyBaHHs CTaJeBUX KOHCTpyKiii. Yactuna 3-1. Ba-
tures — Part 3-1: Towers, IITH, WOTAX 1 AuMOBI Tpyou. bamtu 1 mornu
masts and chimneys — (EN 1993-3-1:2007, IDT)»
Towers and masts
EN 1993-3-2 Eurocode IDT JACTY-H b EN 1993-3-2:201X «€EBpokon 3. IIpoek-

3 - Design of steel struc-
tures — Part 3-2: Towers,
masts and chimneys.
Chimneys

TYyBaHHS CTaleBUX KOHCTpykuid. Yactuna 3-2. ba-
IITH, MOMM 1 JuMOBI Tpyou. JuMoBi TpyOH
(EN 1993-3-2:2007, IDT)»
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EN 1993-4-1 Eurocode IDT JACTY-H b EN 1993-4-1:201X «EBpoxon 3. IIpoek-
3 - Design of steel struc- TyBaHHS CTaJeBUX KOHCTpykuiii. Yactuna 1-4. Cu-
tures — Part 4-1: Silos gocu (EN 1993-4-1:2007, IDT)»

EN 1993-4-2 Eurocode IDT JACTY-H b EN 1993-4-2:201X «€EBpoxon 3. IIpoek-
3 — Design of steel TYBaHHS CTaJeBUX KOHCTpYyKIid. YactuHa 4-2. Pese-
structures — Part 4- pByapu (EN 1993-4-2:2007, IDT)»

2:Tanks

EN 1993-4-3 Eurocode IDT JACTY-H b EN 1993-4-3:201X «€Bpoxon 3. [Ipoek-

3: Design of steel struc-
tures. Part 4-3: Pipelines

TyBaHHS CTaJIeBUX KOHCTpyKHii. Yactuna 4-3. Tpy-
o6onpoBoau (EN 1993-4-3:2007, IDT)»
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1 3mina mo A.1.3.1

B napaepadhi "(3)" 3aminumu "mepunionanpue”
Ha "Kinbprese".

2 3minu 10 A.1.3.2

B napazpagi ()" 3aminumu

"MepuaioHATBHOT" Ha "KiTbIEBOT .

B napacpagpi  “(1)" saminumu  piguanna"
(A.12)"™

np. ICTY-H b EN 1999-1-5:201X
1 Modification to A.1.3.1

Paragraph "(3)", replace "meridional" with
"circumferential”.

2 Modifications to A.1.3.2

Paragraph "(1)", replace "meridional" with
"circumferential”.

Paragraph "(1)", Equation "(A.12)", replace:

Qy

140,2(L—a, o (Ao — Aoo) ] 82

npu but

a, <100
Ha with:

oy = o = 2
1+0,2(1-ay o (Ao — Ao0) a1

npu but

a, <100
B napazpagi "(3)" 3aminumu Paragraph "(3)", replace "meridional* with
"MepumioHanbHui" Ha "KinpueBuit". "circumferential”,
3 3minm 10 A.1.4.2 3 Modifications to A.1.4.2
B napazpagi "(3)" 3amiHumu Paragraph "(3)", replace "meridional” with

"MepuIioHATBHOI" Ha "3CyBHOT".

"shear",

101



np. ACTY-H b EN 1999-1-5:201X

Kox YKH/I: 91.080.10
Karouosi ciioBa: Ge3neka, TOBroBIiUHICTb, TPAaHUYHI CTaHU, MaTepiaiy, MIHICTh BY3JIiB, HECyda

3JIaTHICTh, IPOEKTYBAHHS BY3JIiB, aTIOMiHI€BI KOHCTPYKIIii, CTIMKICTh, 000JOHKOBI KOHCTPYKIIIi,
HaNpPYXEHHs, CTUCK, IPOTHH, OMIp.

I'enepanpanii qupextop TOB «YkpiHCTaNIBKOH
iMm. B.M. IllumMaHOBCBEKOTO», A.T.H., IPO. O. lumaHOBCHKUI

3acTymHUK TI€HEpaJbHOro JUpeKTopa J.T.H.,

npod. (HayKOBHIl KEPIBHUK) B. I'opaees
3asinyBau H/IBTP, k.1.H. A. I'pom
3asinyBad rpynu CHT/] I'. Jlenna
3aBimyBau rpyrmu HT/I . JIumap
3aBigyBau rpynu [K O. Kopnyn
[IpoBinHuit HXeHep 1. JleBueHKO
[TpoBigHUit 1HXEHED C. Bunorpan
[Tepexnagau K. ITaBnoBa

102



