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EBPOMNENCBHKNN CTAHOAPT EN 1993-1-6:2007/A1

KBiTeHb 2017 pik

ICS 91.010.30, 91.080.13
(YkpaiHCbKMI nepeknag aHrnoMoOBHOI Bepcii)

€Bpokog 3.NMpoeKkTyBaHHS CTaneBnX KOHCTPYKLIiN.
YacTtuHa 1-6. MiuHiCcTb Ta CTiNKICTb 060MOHOK

Lis amiHa A1 BHOCUTb 3MiHK y €Bponencbknin ctaHgaptT EN 1993-1-6:2007; BoHa Byna cxsaneHa
CEN 17 civnsa 2017 poky.

Unenn CEN 3060B'a3aHi gotpumyBatucsa BHyTpiwHix noctaHoB CEN/CENELEC, ski
nepenbavaloTb YMOBM BKIMOYEHHA L€l 3MiHW 0O BigNOBIAHOrO HauiOHanbHOrO cTaHgapTy 6e3
Oyab-aKoro 3miHOBaHHA. AKTyanbHi nepenikn Tta GibniorpadivyHi nocunaHHs, WO CTOCYHTbCA
TaKMX HauioHanbHUX CTaHOapTIB, MOXYTb ByTN OTpUMaHi 3a 3BEPHEHHSIM [0 LIeHTpy ynpaBniHHSA
CEN-CENELEC ab6o go 6yapb-sikoro uneHa CEN.

Lla 3miHa icHye y TpbOX OMiLiNHKUX BepCisiX (aHrNINCbKOW, dpaHLy3bKOo, HIMELLKOK MoBaMu).
Bepcia 6yab-aKkoto iHLWOW MOBOIO, nepeknageHa 3a signosigansHocTi ynieHa CEN Ha noro mosy i
posegeHa no sigoma LeHtpy ynpaeniHHa CEN-CENELEC, mae Toin camun ctaTyc, Wwo 1 odilinHi
BEPCil.

Unenn CEN — gepxaBHi opranu i3 ctaHgaptmaauii AscTpii, benbrii, bonrapii, Xopgarii, Kinpy,
Yecbkoi Pecnybnikun, OaHii, EcToHii, ®iHnaHaii, Pecnybnikn MakenoHis, ®paHuii, HimeyumHu,
Mpeuii, YropwuHuw, Icnangii, lpnadaii, Itanii, Nlateii, Jlutewn, Jllokcembypry, ManbTtu, Higepnasais,
Hopserii, [Monbwi, MopTtyranii, PymyHii, Cepbii, CnosayunHu, CroseHii, Icnanii, LLBeuii,
Weenuapii, TypeyunHu Ta BenukobputaHii.

g — |

EBPOMENCBKUA KOMITET I3 CTAHOAPTUSALLIT

LenTp YnpaBniHHa CEN-CENELEC: Avenue Marnix 17, B-1000 Brussels

© 2017 CEN Bci npaBa Ha BMKOpuUcCTaHHs y 6yab-sikin doopmi Ta Oyab-ikuM YMHOM 36epiratoTbCs y
BCbOMY CBiTi 3a HauioHanbHUMKM YneHamm CEN.
Ref. No.: EN 1993-1-6:2007/A1:2017 E
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EUROPEAN STANDARD EN 1993-1-6:2007/A1
NORME EUROPEENNE .
EUROPAISCHE NORM April 2017

ICS 91.010.30; 91.080.13
English Version

Eurocode 3 - Design of steel structures - Part 1-6: Strength and Stability of
Shell Structures

Eurocode 3 - Calcul des structures en acier - Partie  Eurocode 3 - Bemessung und Konstruktion von
1-6 : Résistance et stabilité des structures en coque  Stahlbauten - Teil 1-6: Festigkeit und Stabilitat
von Schalen

This amendment A1 modifies the European Standard EN 1993-1-6:2007; it was approved by CEN on
17 January 2017.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the
conditions for inclusion of this amendment into the relevant national standard without any alteration. Up-to-
date lists and bibliographical references concerning such national standards may be obtained on application
to the CEN-CENELEC Management Centre or to any CEN member.

This amendment exists in three official versions (English, French, German). A version in any other language
made by translation under the responsibility of a CEN member into its own language and notified to the
CEN-CENELEC Management Centre has the same status as the official versions.

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece,
Hungary, Iceland, lIreland, ltaly, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland,
Portugal, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and United Kingdom.

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

CEN-CENELEC Management Centre: Avenue Marnix 17, B-1000 Brussels

© 2017 CEN All rights of exploitation in any form and by any means reserved worldwide for CEN national
Members.
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NMepeamoBa [0 €EBpoONEeUCbLKOro
cTaHAaapTy

Llen AOKYMEHT (EN 1993-1-
6:2007/A1:2017) NigroToBrIeHUN

komitetom CEN/TC 250

«bypaiBenbHi €Bpokoany, cekpeTtapiat

TexHiYHum

sKoro nigTpumyeTtscsa BSI.

CraTtyc uier «3MiHN» 0o
€BponenceLkoro  crtaHgapty  MoXHa
byne NPUPIBHATU A0 cratycy
HaLioOHaNbHOro cTaHgapTty 3

nyonikauieo igeHTUYHOro TekcTy abo
CXBaneHHAM He nisHiwe kBiTHA 2018
POKY, Y LUbOMY pasi He CYMICHiI 3 HUM
HauioHanbHi CcTaHOapTM MakTb OyTu

ckacoBaHi He nisHiwe kBiTHA 2018
POKY.

3BepTaeMo yBary Ha Te, WO Aeski
eNneMeHTU UbOro OOKYMEHTa MOXYTb
OyTm npeaMeToM naTEHTHUX npas.
CEN (i/abo CENELEC) He Hece
BignosiganeHiCTb 3a igeHTudikauito
Byab-AKOro 4M BCiX TakMx NaTEHTHUX

npas.

Llen pOokymeHT OyB nNiaroToBreHUN

3rigH0 3 MaHaatom, HagaHmm CEN

European foreword

This document (EN  1993-1-
6:2007/A1:2017) has been prepared
by Technical
CEN/TC 250
Eurocodes», the secretariat of
which is held by BSI.

Committee

«Structural

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
April 2018, and

national

conflicting
standards shall be
withdrawn at the latest by April
2018.

Attention is drawn to the

possibility that some of the
elements of this document may
be the subject of patent rights.
CEN [and/or CENELEC] shall not
be held responsible for identifying

any or all such patentrights.

This document has been

prepared under a mandate given
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Kowmicieto €Bponencbkoi CRifIbHOTY |
€BponNencLKoD  acouiauierd  BiflbHOI

TOpriBni.

BignoBigHO 00 BHYTPILIHIX MOCTaHOB
CEN-CENELEC uen

3000B’A3aHi

cTaHaapT
NPUNUHATM  HaUiOHamNbHI
opraHm cTaHgapTmM3auii Takux KpaiH:

AscTpil, benbrii, bonrapii, Xopsarii,

Kinpy, Yecbkoi Pecnybniku, [aHii,
EcToHil, diHnanAail, Pecny0Oniku
MakegoHia,  dpaHuil, Himey4nHu,

[peuii, YropwuHu, lcnaHail, lpnanaii,
ITanii, JlaTsil, JlntBn, Jliokcembypry,
ManbTn,

HinepnaHgis, Hopserii,

Monbuwi, Moptyranii, PymyHii, Cep®ii,

CnoBayvyyunHu, CnoBeHil, Icnanir,
LWseuii, LWeenuapii, TypeyunHn Ta
BenunkobpuTanil.

to CEN by the

Commission and

European
theEuropean

Free Trade Association.

According to the CEN-CENELEC
Internal Regulations, the national
standards organizations of
thefollowing countries are bound
to implement this
Standard:

Bulgaria,Croatia, Cyprus, Czech

European

Austria, Belgium,

Republic, Denmark, Estonia,

Finland, Former Yugoslav

Republic of Macedonia,France,

Germany, Greece, Hungary,
Iceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta,
Netherlands, Norway, Poland,
Portugal, Romania, Serbia,
Slovakia, Slovenia, Spain,

Sweden, Switzerland, Turkey and
the United Kingdom.
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1 3miHn go Betyny

BcTtyn, po3ain «HauioHanbHuM
[oaartok no EN 1993-1-6».
Hdonydumu y BignoBigHMX MicUAX

nepeniky Taki noauuii:
«—6.2.1(6)»;

Ta

«—8.6.3(5);».

Bctyn, po3gini «HauioHanbHuM
AoaaTtok Ao EN 1993-1-6»:

3aMmiHumu

«—8.7.2 (7)

- 8.7.2 (16)

—8.7.2 (18) (2 pa3n)»
Ha:

«—8.8.2 (9)

- 8.8.2 (18)

— 8.8.2 (20) (2 pasu)».

23MiHA nNO TEKCTYy BCbOro

cTaHOapTy

3amMiHumu «rg» Ha «R».

1 Modifications to the Foreword

In the Foreword, in the section
«National Annex for EN 1993-1-
6», add the following entries into

the list at the appropriate places:
«—6.2.1(6)»;

and

«—8.6.3(5);».

In the Foreword, in the section
«National Annex for EN 1993-1-

6», replace:

«—8.7.2 (7)

- 8.7.2 (16)

—8.7.2 (18) (2 times)»
with:

«—8.8.2 (9)

—8.8.2 (18)

—8.8.2 (20) (2 times)».

2 Modification throughout the

whole standard

Replace «rg» with «R».
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33miHa po 1.2 «HopmaTtuBHi

noCUnaHHA»

3amiHumu
EN 1993
«YactmnHa 1.1: 2005:».

y nepeniky  4acTuH

«YacTtuHa 1.1:» Ha

4 3miHn po 1.3 «TepmiHnm Ta

BU3HAYE€HHA»

MignyHkT 1.3.2.1.

3amiHumu TekCcT Ha Takun:
«1.3.21

nnactmyHoro pymHyBaHHs (FC1)

rpaHUYHUn cTaH

paHN4YHMN  CcTaH 3a  Hecy4or
30aTHICTIO, 3a YMOB SKOMO B
KOHCTPYKLUT BUHUKAKOTb 30HU

nnacTuyHol gedopmadii, 4Yepes LWo
KOHCTPYKLUiS BTpayae 30aTHICTb A0
onopy HaBaHTaXXEHHAM, AKi

3pOCTaloTh.».

HAonydumu nyHkT 1.3.5.3:

«1.3.5.3

HaniBMeMbpaHHOIO Teopicto

po3paxyHOoK 3a

Po3paxyHok, L0 BU3HaYae NoBeLiHKY
HECUMETPUYHO HaBaHTaXeHoi abo
0bnepTol TOHKOCTIHHOT UUAIHAPUYHOT

00ONOHKOBOI KOHCTPYKLUT 3a

3 Modification to 1.2, Normative

references

In the list of the parts of EN 1993,
replace «Part 1.1:» with
«Part 1.1:2005:».

4 Modifications to 1.3, Terms

and definitions

Replace the whole Entry 1.3.2.1
with:

«1.3.2.1 plastic failure limit state
(LS1)

ultimate limit state where the

structure develops zones of
yielding in a pattern such that its
ability to resist increased loading

is deemed to be exhausted.».

Add a new Entry 1.3.5.3:

«1.3.5.3 semi-membrane theory

analysis

analysis that predicts the
behaviour of an unsymmetrically
loaded or supported thin-walled

cylindrical shell structure by
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NPUNYLLEHHS, Wo nuwe MeMObpaHHI
3ycunna i 3ruHanbHi  MOMEHTU Y
KinbLeBoOMy Hanpamy
3a[0BOJIbHAIOTL YMOBW pPiBHOBAaru i3

30BHILLHIMM HaBaAHTa)XEHHAMWN. »;

Ta 3aMiHumu HOMep KONULWHLOro
nignyHkty 1.3.5.3 Ha 1.3.5.4, a Takox
HyMepaL,jto yCix HaCTYMHUX

BU3HayeHb y 1.3.5.

MianyHkT 1.3.5.6
(HoBuI Homep 1.3.5.7).

3amiHumu TeKkcT Ha Takun:

«1.3.5.7
po3paxyHok (PHP)

¢is4yHO  HeniHIMHUN
Po3paxyHOK Ha OCHOBi Teopil 3ruHy
06050oHKN onga ineanbHOI KOHCTPYKLUT
3 BUKOPUCTAHHAM  NPUNYyLWEHHS
LWOoA0 Manux NporuHie, sk B 1.3.5.4,
ane 3 ypaxyBaHHAM HeniHINHUX
NPY>XHO-MMAACTUYHUX XapaKTepPUCTUK
ideanbHoro martepiany (abcosnoTHO
ineanisosaHa peakuid nicnsa

NNacTUYHOro AeopmMyBaHHS). ».
MianyHkTt 1.3.5.7

(HoBui Homep 1.3.5.8).

3amiHumu TEeKCT Ha Takun:

assuming that only membrane
forces and circumferential bending
moments satisfy equilibrium with

the external loads.»;

and renumber accordingly the
former Entry 1.3.5.3 (as 1.3.5.4)
and the following definitions in
1.3.5.

Replace the former Subclause

1.3.5.6 (newly renumbered as
1.3.5.7) with:

«1.3.5.7 materially nonlinear

analysis (MNA)

analysis based on shell bending
theory applied to the perfect
structure, using the assumption of
small deflections, as in 1.3.5.4, but
adopting an ideal elastic plastic
material law (idealised perfectly

plastic response after yield).».

Replace the former Subclause
1.3.5.7 (newly renumbered as
1.3.5.8) with:
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«1.3.5.8 reomeTpnyHOo Ta pisan4HO

HeniHinHun po3paxyHok (FTPHP)

Po3paxyHOK Ha OCHOBI Teopil 3ruHy
06050oHKN onga ineanbHOI KOHCTPYKUT
3 BUKOPUCTaHHSAM NpUNyLLEeHb
HeniHINHOI Teopil BenuKMUX MNpPOrvHiB
Anda nepemilleHb Ta 3 ypaxyBaHHAM
HEeNIHIMHUX MPY)XHO-NMACTUYHUX Ta
3MiLHIOBaNbHUX XapakTepucTuK
mMaTepiany, Ae ue JOpeyHo, NpuyomMy
Ha KOXHOMY eTani HaBaHTaXXEeHHS
Mae 6yt nepesipeHO BidypkauinHe

BJf1aCHE 3HAYEHHA. ».

MianyHkTt 1.3.5.9
(HoBun Homep 1.3.5.10)

3amiHumu TeKkcT Ha Takum:

«1.3.5.10 reomeTpn4HO Ta Qi3NYHO

HeniHinHUK po3paxyHoK 3
ypaxyBaHHIM HeAOOCKOHasocTeun
(T®HHP)

PospaxyHok 3 ypaxyBaHHAM

HeJOCKOHarocTen, wo 6asyeTbcsa Ha
npuHUunax Tteopil 3rmHy oBOSIOHKN Y
BUNAAKYy HeOOCKOHanoi KOHCTPYKLUIT
(TobTO

reomeTpis cepeauHHoI

noBepxHi Mae HenepenbadvyBaHi

BiOXWNEHHs Big igeanbHOI dhopmu),

«1.3.5.8 geometrically and
materially nonlinear analysis
(GMNA)

analysis based on shell bending
theory applied to the perfect
structure, using the assumptions
of nonlinear large deflection theory
for the displacements and a fully
nonlinear elastic-plastic-hardening
material law, where appropriate,
and in which a bifurcation
eigenvalue check is included at

each load level.».

Replace the former Subclause
1.3.5.9 (newly renumbered as
1.3.5.10) with:

«1.3.5.10 geometrically and

materially nonlinear analysis
with imperfections included
(GMNIA)

analysis with imperfections

explicitly included, based on the
principles of shell bending theory
applied to the imperfect structure
(i.,e. the geometry of the middle
unintended

surface includes

deviations from the ideal shape),
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BKJTIOHaKO4m HeniHinHy Teopito
BEIMMKNX NPOIMHIB ONA NepeMilleHb,
siIka TMOBHICTIO BpaxoBye Oyab-AKy
3MiHy reomeTpii BHacnigok pAin Ha
000SIOHKY Ta abCONKTHO HENiHINHI
NPYXHO-NMACTUYHI WU 3MiLHIOBarbHI
XapakTepucTukun matepiany, ge ue
A0pPEYHO.

MpumiTtka. HegockoHaNoCTi TakoX MOXYTb

BpaxoByBaTu edgoekT BiAXMNEHb y

rpaHMYHUX yMoBax i edeKkT 3anuvLIKOBOro

Hanpy>XeHHs. Ha KOXXHOMY eTani

HaBaHTaXXeHHss Mae Oyt nepeBipeHo

BicpypkauiiHe BriacHe 3Ha4YeHHS. ».

5 3miHun po 1.4 «Mo3Haku»
MyHKT (12)
Buny4yumu npumiTKy;

3aMiHumu psigokK:

«a — KoedilieHT ocnabneHHs
MPY>XXHOro Onopy npu OUiHIOBaHHI

MiLHOCTI Ha NOB3O0BXHiN 3rnMH»
Ha TaKun:

«0 — MOHWXYBaSIbHUN KoeilieHT
NPY>XHOro onopy Ans OuiHBaHHSA

MILHOCTi Ha BTpaTy CTINKOCTI;

Og — NMOHWXYBarnbHUN KOemilieHT

reoMmeTpu4Hol oopmu;

including nonlinear large deflection
theory for the displacements that
accounts fully for any change in
geometry due to the actions on the
shell and a fully nonlinear elastic-
plastic-hardening material law,

where appropriate.

Note 1 to entry: The imperfections may
also include imperfections in boundary
conditions and residual stresses. A
bifurcation eigenvalue check is included

at each load level.».

5 Modifications to 1.4, Symbols

Delete the NOTE in Paragraph
(12).

In Paragraph (12), replace the
following line:

«a — elastic imperfection reduction
factor in buckling strength

assessment»
with:

«a — elastic buckling reduction
factor in buckling strength

assessment;

0g— geometric reduction factor;
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O, — NOHWXYBaNbHUIN KoediuieHT
HeOOCKOHanocCTi;».

3amMiHumu psgok:

«x — KoediuieHT nocrnabneHHs

CTIMKOCTI OSN3 MPYKHO-NMMNACTUYHUX
edeKTiB Npu OUiHOBaHHI MILHOCTI Ha

NMOB3O0BXHIN 3MVH;»

Ha TaKuK:
«X — NOHWXYBanNbHUN koedilieHT
BTpaTn CTIMKOCTI y  NPYXHO-

NIacTUY4HOMY CTaHi  Ans  NpPYXHOo-
naacTMyHMX  edekTiB  3a  YMOB
OLliHIOBaHHS MiLIHOCTI Ha

NOB3O0BXHIN 3rNH;».
3amiHumu:

«Xov— 3aranbHUN KoeqilieHT
nocnabneHHa onopy CTinkocTi gng

BCi€l 0DONOHKU;»
Ha:

«Xov— 3aranbHumn NMOHWXXYBanbHUN

KoediuieHT  BTpaTi  CTIMKOCTI Yy
MPYXXHO-NMacTUYHOMY  CTaHi  ang

BCiel OOONOHKN;».

a,— imperfection reduction

factor;».

In Paragraph (12), replace the

following line:

«x — buckling reduction factor for
elastic-plastic effects in buckling

strength assessment;»

with:

«x — elastic-plastic buckling
reduction factor for elastic-plastic
effects in

buckling  strength

assessment;».

In Paragraph (12), replace:

«Xov— Overall buckling resistance

reduction factor for complete

shell;»
with:

«Xov— overall elastic-plastic
buckling reduction factor for a

complete shell;».
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63miHa po 2.2.5 «JliHinHO-

NPY>XHMU po3paxyHOK Oidypkauii
(NBP)»

MyHKT (1)

3amiHumu «8.6 Ta 8.7» Ha «8.7 Ta
8.8».

7 3miHa po 2.2.6 «leomeTpu4HO
HeNiHIMHUA NPYXHUNA PO3pPaxyHOK
(THP)»

MyHKT (2)

3amMiHumu «8.7» Ha «8.8».

83miHa po 2.2.7

HeniHinHun pospaxyHok (PHP)»

«®Di3anyHoO

MyHKT (1)
3amiHumu «8.6 Ta 8.7» Ha «8.7 Ta
8.8».

9 3miHa go 2.2.8 «eOMeTPUYHO i
pi34HO HeniHiMHUN po3paxyHOK
(TPHP)»

MyHkTH (1) Ta (2)
3aMiHuUmu TeKCT Ha Takun:
«(1) PesynbTtaTtom

FPOHP,

reoMeTpuU4HO HerniHinHe

PO3paxyHKy
aHanoriyHo po 2.2.7, €

rpaHnyHe

6 Modification to 2.2.5, Linear
elastic
(LBA)

bifurcation analysis

In Paragraph (1), replace «8.6
and 8.7»with«8.7 and 8.8».

7 Modification to 2.2.6,
Geometrically nonlinear elastic
analysis (GNA)

In Paragraph (2), replace«8.7»
with «8.8».

8 Modification to 2.2.7,
Materially nonlinear analysis
(MNA)

In Paragraph (1), replace «8.6
and 8.7» with «8.7 and 8.8».

9 Modification to 2.2.8,
Geometrically and materially

nonlinear analysis (GMNA)

Replace Paragraphs (1) and (2)
with the following ones:
«(1) The result of a GMNA

analysis, analogously to 2.2.7,

gives the geometrically nonlinear
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niacTMyHe pPyMHIBHE HaBaHTaXXEHHS

Ans igeanbHOl KOHCTPYKUIT i npupicT

nnacTnyHol gedopmadii, Aki MOXxHa

BUKOPUCTOBYBATU  ON1  NepeBipKu
rPAHUYHMX CTaHIB 3@ Hecy4or
3paTHicTio TC1i IMC2.

(2) Axwo B Oyob-sKiA YaCTWHI

060MNOHKM nepeBaxakTb CTUCKAmbHI
abo 3CyBHi Hanpy>XeHHs1, po3paxyHOoK
[OHP pae HaBaHTaxeHHS, 3a AKOro
CTINKOCTI

BinbyBaeTbCca  BTpaTa

ideanbHOl KOHCTPYKUIT Yy MpPYXHO-

nracTM4yHOMY CTaHi. Lle
HaBaHTaXXEHHA 3a YMOB BTpaTu
CTINKOCTI igearnbHol 060NOHKK

3aBXxauM cnig  Bu3HadaTu,  KoSn
rpaHnyHMn ctaH [C3 nepeBipsoTb
3a ponomoroto aHanizy [PHHP,

amB. 8.8. ».

10 3miHa go 2.2.9 «l'eomeTpuUYHO
HenNiHINHUA NPY>XHUU PO3pPaxyHOK

3 ypaxyBaHHsM gedekTiB (THHP)»

MyHKT (1)

3amiHumu «8.7» Ha «8.8».

plastic failure load of the perfect
structure and the plastic strain
increment, that may be used for
checking the limit states LS1 and
LS2.

(2) Where compression or shear
stresses are predominant in some
part of the shell, a GMNA analysis
gives the elasto-plastic buckling
load of the perfect structure. This
perfect shell buckling load should
always be determined when the
limit state LS3 is verified using
GMNIA analysis, see 8.8.».

10 Modification to 2.2.9,
Geometrically nonlinear elastic
analysis with imperfections

included (GNIA)

In Paragraph (1), replace «8.7»
with «8.8».
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11 3miHa po 2.2.10 «f'eomeTpU4HO
I (pi3NYHO HeniHiNHUN po3paxyHOK
i3 ypaxyBaHHAM aedexTiB

(T®OHHP)»

MyHKT (1)

3amMiHumu «8.7» Ha «8.8».

12 3miHa pgo 3.3

AOMNYCKU i reoMeTpUYHi AedeKTn»

«"eomeTpUYHI

MyHKT (3)

3amiHumu «8.7» Ha «8.8» ABiui.

13 3miHn pgo 4.1.1 «I'C1: NpaHuua

TEeKY4YOCTi»
MianyHkT (4.1.1)

3aMiHumu 3arofioBOK Ha TaKuUM:
«["C1: rpaHnyHMIn cTaH NNacTU4YHOro

PYNHYBaHHSA».

MyHKT (1)
3amiHumu TEeKCT Ha Takum:

«(1) 3a Hecy4o 34aTHICTIO HA MeXi
NnacTUYHOro pYyMHYBaHHSA K
rPaHNUYHUI CTaH NPMAMalOTb CTaH, 3a
30aTHICTb

SAKOro KOHCTPYKLUiT A0

onopy Oigm BUYepnaHa

NIIaCTUYHICTIO MaTepiany.

11 Modification to 2.2.10,
Geometrically and materially
analysis with
imperfections included (GMNIA)

nonlinear

In Paragraph (1), replace «8.7»
with «8.8».

12 Modification to 3.3,
Geometrical tolerances and

geometrical imperfections

In Paragraph (3),
«8.7» with «8.8».

replace twice

13 Modifications to 4.1.1, LS1:

Plastic limit

itself  of
«LS1:

Replace the title
411 with

Plastic failure limit state».

Subclause

Replace Paragraph (1) with:

«(1) The limit state of the plastic
failure should be taken as the
condition in which the capacity of
the structure to resist the actions
on it is exhausted by plasticity in

the material.
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Onip KOHCTPYKUiT B rPAHUYHOMY CTaHi
NIacTUYHOrO  PyMHYBaHHS cnig
BIOPI3HATM Big HOMIHANbHOro Onopy
nnactuyHMM  gedpopmauisMm,  SKUK
BUBOOATb K HaBaHTaXXeHHS
NJacTUYHOrO PyMHYBaHHS, OTPUMaHe

3 MexaHi3My, 3aCHOBaHOro Ha Teopil

Manux nepeMilleHb 3
BUKOPUCTaAHHAM XapaKTepucTunk
igeanbHoro NPY>XHO-NAaCTUYHOIO

Marepiany.».
MyHKT (3)

3amiHumu TEeKCT Ha Takum:

«(3)3a  BIiACYTHOCTI  KPINUAbHUX
OTBOPIB  MOXHa  BBaxaTu, WO
nepeBipKy rpaHM4YHOrO CTaHy 3a

HEeCy4Yol 3[aTHICTIO pOo3puBy Npw

pO3TAry  OXOMNEHOo nepeBipKOoo

rPAHWYHOrO  CTaHy  MracTUYHOro
pyrHyBaHHSA. OfHak, y pasi nosiBu
OTBOpPIB  ANs KpinunbHUX BUPOOGIB
Cnig BUMKOHATK OOLATKOBY MNepesipKy
BignosigHo fo 6.2 ctaHpgapty EN

1993-1-1:2005.».
MNMyHKT (4)
3aMiHUMuU TEKCT Ha TaKuW:

«(4) MMig yac nepeBipkM rpPaHNYHOro

CTaHy MNacTUYHOrO  PYNHYBaHHS

The plastic failure resistance
should be distinguished from the
plastic reference resistance which
is derived as the plastic collapse
load obtained from a mechanism
based on small displacement
theory using an ideal elastic-

plastic material law.».

Replace Paragraph (3) with:

«(3) In the absence of fastener
holes, verification at the limit state
of tensile rupture may be assumed
to be covered by the check for the
plastic failure limit state. However,
where holes for fasteners occur, a
check in
accordance with EN 1993-1-
1:2005, 6.2 should be carried

out.».

supplementary

Replace Paragraph (4) with:

«(4) In verifying the plastic failure

limit state, plastic or partially
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MOXHa nepenbayunTtn nnactndHy abo

4YaCTKOBO  MMIAaCTU4HY  MOBELiIHKY
KOHCTPYKLUI
Npo  NPYXHY

3HexTyBaTH).

(TOBTO  MOSIOXKEHHAMMU

CYMICHICTb  MOXHa

Mpumitka. OCKINbKKM TrPaHMYHMA  CTaH
NacTUYHOro PyMHyBaHHA BKMovae B cebe
3MiHYy reoMeTpii, MOXHa Big3HA4YUTK, LWO
Ueh rpaHUYHUA CTaH MOXe  TaKoX
oxonnBaTu MUTTEBE BUMUHAHHS, SKe
MOXe BigOyBaTUCA B MPYXHOMY CTaHi.
HomiHanbHUN onip NIacTUYHUM
aedopmadisam He BKNtoYae 3MiHy
reoMeTpii, TOMYy UI€l ABHOI aHoManii He

BMHUKaE.».

14 3miHa po 4.2.2.2 «[lepBUHHI

Hanpy>XeHHs»

MyHkT™n (1) Ta (2)
3aMiHUMuU TEeKCT Ha Takui:

«(1) TlepBWHHI HanpyxeHHA cnig
npumuMaT SK HanpyXeHun CTaH,
HeoOXioHMM  ons piBHOBarM 3
NPVKNageHUMN HaBaHTaXeHHaMU. Ix
MOXHa obuncnntn 3a 6yab-AKoK
pearnicTU4YHOLO CTaTU4HO
A0MNyCTUMOLO AeTepmMiHOBaHO
CUCTEMOIO. ['paHN4YHNI CTaH
nnacTnyHoro pyrMHyBaHHa (FC1) cnig
BBaXaTu

[AOCSATHYTUM, AKLLO

plastic behaviour of the structure

maybe assumed (i.e. elastic

compatibility considerations may

be neglected).

NOTE Since the plastic failure limit state
includes change of geometry, it may be
noted that this limit state may also
capture snap-through buckling, which
may occur in the elastic state. The
plastic reference resistance does not
include change of geometry, so this

apparent anomaly does not occur.».

14 Modification to

Primary stresses

4.2.2.2,

Replace Paragraphs (1) and (2)
with:

«(1) The primary stresses should
be taken as the stress system
required for equilibrium with the
imposed loading. They may be
calculated from any realistic
statically admissible determinate
system. The plastic failure limit
state (LS1) should be deemed to
be reached when the primary

stress reaches the yield strength
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NepBUHHE  HanpyXeHHs  Oinwno
rpaHuLi TEeKy4OoCTi MO BCiA TOBLYMHI
CTIHKM B OOCTaTHIN KiNbKOCTI TOYOK,
TOMY nuLle peseps gedopmaLlinHoro
3MiLHEHHs abo 3MiHa reomeTpil
npu3BeayTb A0 36inNbLIEeHHsT onopy

KOHCTPYKLIl.

(2) O6uuncneHHd NepBUHHOIO
HanpyXeHHs mae ByTn 3acHOBaHe Ha
cuctemi

Oyob-sKin IHTerpanbHUX

Hanpy>XeHb, $Ki  3a00BOJIbHAKTb
BUMOIM WOAO piBHOBArnm KOHCTPYKLIT.
Y ubOoMy BuUNaOKy MOXe Takox 6yTu
BpaxoBaHO nepesaru Teopil
NacTUYHOCTI. AK anbTepHaTUBHUU
BapiaHT, OCKIfIbKA NiHIMHO-NPY>XHUW
PO3pPaxyHOK 3a[0BOJSIbHSE BUMOTU
LWoAo piBHOBAru, MOro OLLIHKY TaKOX
MOXXHa BMKOPUCTOBYBATU SK HadiNHe
npeacTtaBneHHa [PaHUYHOro CTaHy
(rc1).

MoxHa 3acTocoByBaTu Oyab-AKUn i3

NNacTUYHOrO  PYMHYBaHHS

MeToAiB
y 5.3.».

pO3paxyHKy, HaBeAeHUX

15 3miHa o 4.2.4 «lpoeKkTyBaHHSA
3a A0NOMOroto 3aranbHoro

YMCNOBOro PO3pPaxyHKy»

MyHKT (6)

3amiHumu «8.7» Ha «8.8».

throughout the full thickness of the
wall at a sufficient number of
points, such that only the strain
hardening reserve or a change of
geometry would lead to an
increase in the resistance of the

structure.

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

be applied.».

15 Modification to 4.2.4, Design

by global numerical analysis

In Paragraph (6), replace «8.7»
with «8.8».
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16 3miHa

pO3paxyHKy»

ao 5.3 «Bunan

Tabnuua 5.2

3amMiHumu psigokK:

«

(EN 1993-1-6:2007/A1:2017, IDT)

16 Modification to 5.3, Types of
analysis

In Table 5.2, replace the row:

®i3n4HO HeniHinHUM po3paxyHok (PHP) niHinHa HeniHinHa ineanbHa

Materially nonlinear analysis (MNA) linear nonlinear perfect
»

Ha: with:

«

®i3n4HO HeniHInHMM po3paxyHok (PHP) niHinHa \neanbHa npyxHo- idearnbHa

Materially nonlinear analysis (MNA) linear rnactvina perfect

ideal elastic-plastic

17 3miHa Ao po3ainy 6

«paHNYHMI CTaH nNNacTUYHOCTI
(LS1)»

3amMiHumu 3aronoBOK Ha TaKuMm:

«[paHW4YHMA  CTaH  MNIACTUYHOrO

pynHyBaHHs (FC1)».

18 3miHn o 6.2.1 «Po3paxyHKOBI

BEeNTMYUHUN HaMNpPYXeHb»

MyHKT (1)

3amMiHuUmu TEKCT Ha TaKUi:

«(1) Hespaxarwun Ha Te, WO
NPOEKTYBaHHA 3a  HaMpyXeHHsM
3aCHoBaHe Ha NPY>KHOMY

PO3PaXxyHKy, a, OTXKe, HE MOXe TOYHO

nepenbavatu rPAHNUYHMA  CTaH

MNIAaCTUYHOrO  PYMHYBAHHA,  MOro

»

17 Modification to Clause 6,
Plastic limit state (LS1)

the title itself with

«Plastic failure limit state (LS1)».

Replace

18 Modifications to

Design values of stresses

6.2.1,

Replace Paragraph (1) with:

«(1) Although stress design is
based on an elastic analysis and
therefore cannot accurately predict
the plastic failure limit state, it may
be used, on the basis of the lower
bound

theorem, to provide a
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MOXXHa BUKOpUCTaTU, BUXOOSYM 3
TeopemMn WOoA0 HWXKHBLOI MeXi, ans
3HaXOOKEHHS KOHCepBaTUBHOI

OLliHKM onopy nnacTuYHoOMy
PYVHYBaHHIO, SIKy 3aCTOCOBYHOTb OJ1s1
NpeacTaBreHHs1 PaHWYHOro CTaHy
NNacTUYHOro PYVHYBaHHS,

avB. 4.1.1.»

MyHkTH (5) Ta (6)
3aMiHuUmMu TeKkcT Ha Takum:

«(5) Mg 4ac  BUKOPUCTAHHSA

pO3paxyHKy 3a MeMbpaHHO
Teopieto abo po3paxyHKy Ha OCHOBI
Teopii NiHINHOroO 3rMHy OBO0MOHKM
(JIP) oTpumaHe B  pesynbTarTi
OBOBMMIpPHE none  iHTerpanbHUX
HanpyXeHb Nyeq, Ng,eq TA Nyg gg MOXE
OyTn npeactaBneHe ekBiBaNEHTHUM
PO3paxyHKOBUM HarMpPYXeHHAM Oeq e,

OTpUMaH1M 3a POPMYJSIOHO:

conservative assessment of the
plastic collapse resistance which
is used to represent the plastic

failure limit state, see 4.1.1.».

Replace Paragraphs (5) and (6)
with:

«(5) Where a membrane theory
analysis is used, or where a linear
bending theory analysis (LA) is
used subject to the conditions
defined in (6), the resulting two-
dimensional field of stress
resultants nyeq, Ne,eq a@Nd Nyg g
may be represented by the
equivalent design stress Ogqeq

obtained from:

R e
O eq.Ed =7 N gd TMora — My kd

(6) Y pasi BUKOPUCTAHHSA po3paxyHKy
JIP abo THP Ta sakwo BenuyuHa
HanbinbLOoro NoBEPXHEBOIO
HanpyxeHHa Miseca, BM3HA4YeHOro
3a cbopmyrnamm (6.2)—(6.4), y j pasis

nepeBuLLYyE MembpaHHe

Mypg + 3”5@,&1 (6.1)

(6) Where an LA or GNA analysis
is used, and the magnitude of the
largest von Mises surface stress
found using Formulae (6.2) to
(6.4) exceeds j times the von

Mises membrane stress found
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HanpyxeHHAa Miseca, Bu3Ha4vyeHe 3
BUKOpUCTaHHAM c¢opmynn  (6.1) B

TOMYy X Micui, eKBiBaneHTHe

HanpyXeHHa cnig npuamaTtn 4K
3Ha4YeHHs, BU3Ha4eHe 3a

dopmynamu (6.2)—(6.4).

using Formula (6.1) at the same
location, the equivalent stress
should be taken as the value
determined using Formulae (6.2)

to (6.4).

[ 2
OcqEd = \/ Oykd T Oprd ~Oxkd

ae

_ nx,Ed + mx,Ed
Gx,Ed - -,
t T (£2/4)

n m
x0,Ed + x0,Ed

t (tP/4)

T oEd —

Mpumitka 1. Popmynn (6.2)—(6.4) gatoTb
crnpoweHe KOHCepBaTUBHE eKBiBaneHTHe

HarnpyxXeHHA OJ14 NPpoeKTyBaHHA.

MpumiTka 2. 3HayeHHs j MOXHa obupaTn

3a HauioHanbHMM J00AaTKOM.

PekomeHgoBaHO 3HAYEHHSA 3. »

19 3mMiHn o 6.3 «lpoeKkTyBaHHA
IUNAXOM 3aranibHOro 4YuCcnoBOro
®HP a6o N'PHP aHanisy»

MynkT (1)M

3amMiHumu TeKkCT Ha Takun:

«(1)n Po3paxyHkoBumn onip
NacTU4HOMY PYWHYBaHHIO
BU3HA4YalOTb  4Yepe3  KoeiuieHT
3anacy MIiLIHOCTI Ry, AKUN

"Ogpa T 373@,&1 (6.2)

in which:

_Mopa | Mora
Oopa = )
t (t°/4)

(6.3)

(6.4)

NOTE 1 Formulae (6.2) to (6.4) give a
simplified conservative equivalent stress

for design purposes.

NOTE 2 The National Annex may
choose the wvalue of j. The

recommended value is 3.»

19 Modifications to 6.3, Design
by global numerical MNA or
GMNA analysis

Replace Paragraph (1)P with:

«(1)P The design plastic failure
resistance shall be determined as
a load factor R, applied to
Feq of the

thedesign values
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BUKOPUCTOBYIOTb ansa
pPO3paxyHKOBUX 3HayeHb Feq
KombiHaLin BMNSMBIB ans
BiAMNOBIAHOIO CNony4YeHHsA

HaBaHTaXEHb.».
MyHKT (3)
3amMiHumu TekCcT Ha Takun:

«(3) g yac npoBeeHHs

FOHP,

pPO3paxyHKOBIN

po3paxyHky OHP  abo
3aCHOBaHOMY Ha
rpaHuui Tekyyocti f,4, Ha OBOMOHKY
MalTb  BAAMBATU  PO3pPaxyHKOBI
BESIMYMHN CNOSTyHYEHb HaBaHTaXEHb,
onucaHmx y (2), i3 NOoCTynosum
30iNbLeHHAM Ha KoediuieHT 3anacy
MILIHOCTI R 0o [OCArHEHHS

rpaHnN4HoOro CTaHy nacTn4yHoOro

PyNHyBaHHA Ry.».

MyHkT (4)

3amiHumu «8.7» Ha «8.8».
MyHKT (5)

3amMiHumu TEeKCT Ha Takun:

«(B5) Tlig 4ac  BUKOPUCTaHHA
po3paxyHky [OHP, sgakwo BiH
NPOrHo3ye MakcumarsibHe

HaBaHTaXEHHA, a  MoTiM noro

3MEeHLLUEeHHA, an4d BU3HAYEHHA

KoediuieHTa 3anacy MiLHOCTI Rguna

combination of actions for the

relevant load case.».

Replace Paragraph (3) with:

«(3) In an MNA or GMNA analysis
based on the design yield strength
f,a, the shell should be subject
tothe design values of the load
cases detailed in (2), progressively
increased by the load ratio R until
theplastic failure condition at the

load ratio R, is reached.».

In Paragraph (4), replace «8.7»
with «8.8».

Replace Paragraph (5) with:

«(5) Where a GMNA analysis is
used, if the analysis predicts a
maximum load followed by a
descending path, the maximum
value should be used to determine

the load ratio Rguna. Where a
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BUKOPUCTOBYIOTb MakcumarnbHe
3Ha4yeHHA. AKwo pospaxyHok [PHP
He nepegdbadae MakcUMarbHOro
HaBaHTaXXEHHS, ane nokasye

MOCTYNOBO 3pOCTaloyy 3anexHiCTb

«Jisi-nepeMileHHS» 6es
nedopmauinHoro 3MiLIHEHHA
mMartepiany,  KoediuieHT  3anacy

MiLUHOCTI Rguna CNig npumMaTtn He
OiNnblUMM HiXK BenuyuHa, 3a SAKol
MaKkcumanbHa eKBiBaneHTHa

nnactuyHa pgedopmauia Miseca B

KOHCTPYKUii  HabyBae  3HA4eHHS
Emps = nmps'(fyd/E)-
Mpumitka. Y HauioHanbHOMY  goaaTky

MOXe OyTu nepeandbavyeHo Ha BubIp

3HAYEHHS Nmps. PEKOMEHA0BaHO 3HaYEHHS
Nmps = (66-1fy4/15), pe f,g BUMIpPIOOTH

y Mna.».
HAdonyyumu nyHkT (6):

«(6) PospaxyHok ®HP He moOXxHa
BMKOPUCTOBYBATU [ONA BU3HAYEHHS
HOMIHaNIbHOro ONopy NAACTUYHUM
nedopmadiam R, AKUN
BUKOPUCTAHO B po3aini 8 K YacTuHy

meTony po3paxyHky JIBP-OHP.».

3amiHumu Homep nNyHKTY (6) Ha
(7), a TakoxX HOMepW HaCTyMHUX

NYHKTIB BiANOBIOHUM YMHOM.

GMNA analysis does not predict a
maximum load, but produces a
progressively rising action-
displacement relationship without
strain hardening of the material,
the load ratio Rguna Should be
taken as no larger than the value
at which the maximum von Mises
equivalent plastic strain in the
value

structure attains  the

Emps = nmps’(fyd/E)-

NOTE The National Annex may choose
the value of nNmps. The value
Nmps = (66—f,4/15), where f,4 is in MPa, is

recommended.».

Add a new Paragraph (6):

«(6) A GMNA analysis may not be
used to establish the plastic
reference resistance Ry, which is
used inClause 8 as part of the

LBA-MNA design method.».

Renumber accordingly
Paragraph (6) (as Paragraph (7))

along with the following paragraphs.
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MyHKTY 6 (HOBUI HOMEp 7)

3amMiHumu TeKkCT Ha Takum:

«(7) Ak xapakTepucTuyHun onip
MIacTU4HOMY PYWHYBaHHIO Ry« cnig

RMMA abo

npummMmaTu Remna

BiAgnoBigHO 0o BUKOPUCTAHOIO

PO3PaxyHKy.».

MyHkTy (7)N
(HoBun Homep (8)M)

3amMiHumu TeKkCT Ha Takum:

«(8)MN PospaxyHkoBum onip
NIacTUYHOMY  PYWMHYBaHHIO  Fgry

OTPUMYHIOTb 32 POPMYOI0:

_FRk_Rk'FEd

VMo 7' Mo

20 3miHa po 8.2

BU3HAYeHHSA i NO3HAKU»

«CneuianbHi

MyHKT (1)

3amMiHumu TeKkCcT Ha Takun:

«(1) Cnig
BN3HAYEHHA
1.3.7, wo

BTPaTU CTINKOCTI.».

BUKOPMCTOBYBATH
cnevuianbHi TEPMIHIB

3rigHo 3 CTOCYHOTbCH

8.5.2

«Po3paxyHkoBui onip (MiUHiCcTb

21 3MiHMn oo

Ha NOB3AOBXHiN 3rnMH)»

MyHKT (1)

Rd'FEd

Replace the former Paragraph(6)
(new Paragraph (7)) with:

«(7) The characteristic plastic
failure resistance R, x should be
taken as either Ryna OF Rouna
according to the analysis that has

been used.».

Replace the former
Paragraph (7)P (new Paragraph
(8)P) with:

«(8)P The design plastic failure
resistance Fgrq shall be obtained

from:

(6.7)»
20 Modification to 8.2, Special
definitions and symbols

Replace Paragraph (1) with:

«(1) Reference should be made to
the special definitions of terms

concerning buckling in 1.3.7.».

21 Modifications to 8.5.2,
Design resistance (buckling
strength)

Replace the first sentence of
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3aMiHUMuU nepLie pevYeHHs Ha

Take:
«Onip BTparTi CTINKOCTI cnig
NpeacTaBnATU  HanpyXeHHAMU  3a
BTpaTU CTIMKOCTI, $K 3a3HayeHo
B 1.3.7.»
MyHKT (3)

3amMiHumu TekCcT Ha Takun:

«(3) XapaKTepuUCTUYHI Hanpy>XeHHA
3a yMOB BTpaTuM CTIUKOCTI cnig
BM3HA4YaTU  LUMSIXOM  MHOXEHHS
XapakTePUCTUYHOI rpaHuLi TEKYYOCTi
Ha MNOHWXYBarbHi KoeqilieHTH

BTPATWU CTIMKOCTI X Y MPYXHO-

NacTUYHOMY CTaHi:

GX,R_k = foyk ) GG,Rk = Zefyk ) TxO,Rk — eryk /\/g

MyHKT (4)
3amMiHumu TEeKCT Ha Takun:

«loHWXKyBanbHiI KoedilieHTn BTpaTH
CTINKOCTI Yy MPYXHO-NIAaCTUYHOMY
CTaHi Xx, Xo TA X: CNiJ BU3Ha4aTW 9K
JoYHKLi0

YMOBHOI FHYYKOCTI

o6onoHkn A 3a popmynamu:

Paragraph (1) with:

«The buckling resistance should
be represented by the buckling

stresses as defined in 1.3.7.».

Replace Paragraph (3) with:

«(3) The characteristic buckling
stresses should be obtained by
multiplying the characteristic yield
strength by the elastic-plastic

buckling reduction factors y:

(8.12)»

Replace Paragraph (4) with:

«(4) The elastic-plastic buckling
reduction factors x,, Xe and x;:
should be determined as a

function ofthe relative slenderness

of the shell 4 from:

A _ (8.13)
X=Xn— T (X =D, 3a ymosu, wo (when) 4 < 4,

0

7-72Y L (8.14)
y=1-p| —= ,3ayMOBV|,u_|,o(when)/10</1</1p

2~
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_a
vy
ae
a—  MOHWXYBanbHUA  KOEQILEHT

BTPATW CTINKOCTI Y MPY>XHOMY CTaHi;

B — KoedilieHT 30HM MAACTUYHUX
Aedopmauin;

N — NOKa3HWK CTYMNeHs B3aeMoail;

Ay — YMOBHa THYYKICTb Ha rpaHuL
MILIHOCTI;

Xh— FPaHNLSA 3MILHEHHS.».

MyHKT (8)

3amMiHumu «8.6.2» Ha «8.7.2».

22 lony4yeHHss  nignyHkTy 8.6
«Po3paxyHOK i3 3acTocyBaHHAM

BeJINYUH HOMIHaNbLHOro onopy»

Hdonydumu nippo3ain 8.6; nicnsa
4yoro 3amiHUmu HoOMepH
nigpo3ainie 8.6 Ta 8.7 Ha 8.7 Ta 8.8
BiANOBIOHO, a TaKOoX HOMepU BCiX
dopMyn y HacTynHUX 3a HUM

nigpo3sainax sianoBigHMM YNHOM:

_ (8.15)

7, 3a ymoem, wo (when) 4, <4

where:

a is the elastic buckling reduction

factor;

B is the plastic range factor;

n is the interaction exponent;

A,is the squash limit relative

slenderness;

Xn is the hardening limit.».

In Paragraph (8), replace «8.6.2»
with «8.7.2».

22 Addition of a new Subclause
8.6, Design using reference

resistances

Add the following new Subclause
8.6 then have the
Subclauses 8.6 and 8.7

automatically renumbered as 8.7

former

and 8.8 and renumber all the
formulae in the latter subclauses

accordingly:
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«8.6 Po3paxyHoK i3
BUKOPUCTaAHHAM 3Ha4YeHb

HOMiHasfIbHOro onopy
8.6.1 NMpuHuMN

(1) Ockinbkn BTpaTta CTIMKOCTI He

byBae cnpUynHEHa OKpeEMMUM

MeMBpaHHUM Hanpy>XeHHAM B
OKpeMoMy MicCLi, a 3anexuTb Big
YTBOPEHHSA 30HMU BUCOKMNX
HanpyXeHb, $Ka MOXe BKNYaTh
3Ha4yHy MJIACTUYHICTb, TPaHUYHU
CTaH BTpaTM CTINKOCTI B LbOMY
po3aini npeacTaBreHo
PO3paxyHKOBUM 3HAYEeHHAM i, L0
AoJalTb 4O TOYKM BTpPATU CTINKOCTI
Ta 3acTOCOBYKTb [0 creuianbHo

BM3HA4YE€HNX YMOB.

(2) Bnnne membpaHHUX i 3rmHanbHNX
edekTis, NAacTUYHOCTI Ta
reoMeTpuYHmX HeOCKOHanocTeu
Mae OyTn BKMOYEHO 3a paxyHOK
BUKOPUCTaHHS ABOX 3HayeHb
HOMIHaANbHUX OnopiB i napamMmeTpiB

BTpaTu CTINKOCTI.

«8.6 Design using reference

resistances

8.6.1 Principle

(1) Because buckling is not
controlled by a single membrane
stress at a single location, but
depends onthe development of a
zone of high stress that may
include significant plasticity, the
buckling limit state,within this
section, is represented by the
design value of the actions,
augmented to the point of
bucklingand applied to the specific

defined conditions.

(2) The influence of membrane
and bending effects, of plasticity
and geometric imperfections are
allincluded in the use of the two
reference resistances and the

buckling parameters.
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8.6.2 Po3paxyHKOBi 3Ha4YeHHA Ain

(1) Po3spaxyHKOBi 3HayeHHs AOin
MNOBUHHI ByTW NPUMHATI BIgNOBIGHO

0o 8.1(1)n.

8.6.3 Po3paxyHkoBe 3Ha4eHHA

onopy

(1) PospaxyHkoBun onip BTparTi
CTIMKOCTI cnig BM3HaA4YaTU BUXOOSAYU
3 HOMiIHaANbHOroO KPUTUYHOIO Onopy
npyxHnm  gedgopmauiam R, Ta
HOMiHaNbLHOro Onopy nNMAacTUYHUM
aecopmadiam R, ona reomeTpil |
CMNOJSTIy4EeHHS HaBaHTaXeHb pa3oM 3
napameTpamu npugatHocTi a, B, n,

Ao Ta Xh, 9K 3a3Ha4eHo B fopatky E.

(2) HomiHanbHWM onip MNNacTUYHUM
nedopmauiam Ry Moxe 6yTn B3ATO
3 pgopatka B. 3HauyeHHa Ry AnA
AAaHOro Chnosfly4YeHHs1 HaBaHTaXeHb,
BKMOYaO4M, B  3anexXHocTi  Bifg,
BUNAOKy, HaBaHTaXeHHA P, g4, Pyed,
Pneds, Feq TOWO, NOBUMHHO OyTU
OTPMMaHO Yy Takuh cnocib. AKWwo €
Binblle o4HOro HaBaHTaXyBasIbHOro
KOMMNOHEHTAa, CniBBIAHOLLEHHA MK
Pi3HUMM HaBaHTaXyBaslbHUMU
KOMNOHEHTaMKN MOBWHHI 30epiraTuca

Yy MNOCTINHMX Mponopuiax, Apuyomy

8.6.2 Design value of actions

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

8.6.3 Design value of resistance

(1) The design buckling resistance
should be determined from the
reference elastic critical
resistanceR,, and the reference
plastic resistance R, for the
geometry and load case, together
with the capacity parameters a, £,

n, Ao and x;, as defined in Annex E.

(2) The reference

resistance R, may be taken from

plastic

Annex B. The value of R, for a

given loadcase, involving as
appropriate the loading P, g4, PxEed
Pned, Feq, €tc. should be obtained
as follows.Where there is more
than one loading component, the
ratios between different loading
componentsshould be retained in
fixed proportions, with one
nominated as the leading load Fgg.

The plasticcollapse load should
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OA4HEe 3 HMX 3a3HayaloTb K NpoBigHe
HaBaHTaXeHHA Fgq. Y  UbOMY
BUNaaKy HaBaHTaXXeHHS
NIAaCTUYHOIO PYWHYBaHHSA MOBUHHO
OyTm BU3HayYeHe [ONS  BENUYMHU
NPOBIOHOrO HaBaHTaXeHHA $K Frg.
HOMIHAaSIbHOro

KoedilieHT onopy

nnacTuyHMM  gedopmadiam  nicngd

UbOro Mae Oyt 3HangeHo 4K

BiJHOLLUEHHS:

F

R

Pl_F

(3) HomiHanbHWn KpUTUYHWIA onip

NPY>XHUM aedopmauisam Rer
BU3HayeHO y popatky E  anga
KOHKPETHUX reoMeTPUYHNX
XapaKTepPUCTHUK, CnosiyyYeHb
HaBaHTaXeHb | [pPaHNYHUX YMOB,

NOro MoXHa BMKOpPUCTOBYBATU JnLle

ONSA LUX KOHKPETHUX BUNAKIB.

(4) YMOBHY TFHYuYKiCTb OBOSNIOHKN Mae

ByTn 3HangeHo Tak:

7= |

cr

(5) TloHwkyBanbHUM  KoeqilieHT
BTPATWU CTIMKOCTI X Y MPYXHO-
nacTM4HOMY  CTaHi  Mae  6yTu

BU3HAYEHO $AK (YHKUII0O YMOBHOI

Ed

then be determined for the
magnitude of the leading load as
Fr. The

resistance should then be found

plastic reference

as the ratio:

(8.24)

(3) The elastic critical reference
resistance R, is defined in
Annex E for specific geometries,
load cases, and boundary
conditions and may only be used

for these specific cases.

(4) The relative slenderness of the

shell should be found as:

(8.25)

(5) The elastic-plastic buckling

reduction factor x should be

determined as a function of the

relative slenderness of the shell A4
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rHY4KOCTi OBONMOHKN A 3 TaK1X YMOB: from:
x=x,—-A12,)(x,—1), 3a ymosu, wo (when) A< /TO (8.26)
7Y (8.27)
=1 A _ﬂ'o - - =
r=1-p 71 , 3@ ymoBM, LWo (when) 4, <A <4,
D 0
a = = (8.28)
X =?, 3a ymoBwm, Lo (when) 1,) <A
Ae where:
a— MOHWXKYBanbHUN  KOeiLiEHT a is the elastic buckling reduction

BTpaTK CTINKOCTI Y NPY>XHOMY CTaHi;

B — KoewmiuieHT 30HM nnacTUYHNX
nedopmadin;

N — NOKas3HUK CTYNeHA B3aemMogil;

Ay — YMOBHa THY4YKiCTb Ha rpaHuLj
MiLlHOCTI;
Xh— FPaHNLA 3MILHEHHS.».

Mpumitka. 3Ha4yeHHs unMx napameTpiB cnig
Opatn 3 gopatka E. Axkwo B gomatky E
3HAYEHHA UMX NapameTpiB He BU3HA4EHi,
BOHM  MOXyTb  OyTM  3a3HayeHi B

HauioHaneHoOMy foaaTky.

dopmyna (8.28) onucye ymoBy
BTPATW CTIMKOCTI Y NPY>KHOMY CTaHi 3
ypaxyBaHHAM reoMeTpuYHoOI
HEesHINHOCTI i reoMeTPUYHUX
HeJOCKOHanoCTEWN. Y LbOMY
BUNAOKy, SKWO  MoBefdiHKka €
abcontoTHO MPY>KHOHO,

factor;

B is the plastic range factor;

n is the interaction exponent;

A, is the squash limit relative

slenderness;

Xh is the hardening limit.».

NOTE The values of these parameters
should be taken from Annex E. Where
Annex E does not define thevalues of
these parameters, they may be given by

the National Annex.

(8.28)
buckling

Formula describes the

elastic condition,
accounting for geometric
nonlinearity andgeometric
imperfections. In this case, where
the behaviour is entirely elastic,

the characteristic buckling
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XapakTepucTuyHMn  onip  BTparTi
CTIMKOCTi, MOXe O6yTn BMU3Ha4YeHo,3a
anbTepHaTUBHUM BapiaHTOM,

6es3nocepeaHbo 3 ymosu R = aR.,.

(6) 3HAYEHHS1 YMOBHOI THYYKOCTi A4,

rpaHuui MMIacTUYHOCTI cnin

BU3Ha4aTu 3a POpMYyIIoHo:

(7) XapaktepucTu4Hun onip
obONMoHKM cnig  BM3HaA4YaTM  3a

doopMmyJioto:

R = ZRp1

(8) PospaxyHkoBui onip 0BOSTIOHKM
cnig, NoTiM BM3Ha4aTun 3a

doopMmyJioto:

Ry =R /|y

8.6.4 lNepeBipka MiL4HOCTI 3a yMOB
BTpPaTU CTiIUKOCTI
(1) Mae

nepeBipKy KOHCTPYKLiT OB6ONOHKN Ha

OyTM  BMKOHAHO  Taky

onip Ail NeBHOro HaBaHTa)XEHHS:

Ry 1

resistance may alternatively be

determined directly from Ry = aR,,.

(6) The value of the plastic limit
relative slenderness Zp should be

determined from:

(8.29)

(7) The characteristic resistance of
the shell should be determined

from:

(8.30)

(8) The design resistance of the

shell should then be determined

from:

(8.31)
8.6.4 Buckling strength
verification

(1) The following verification of the
resistance of the shell structure to
the defined

undertaken:

loading should be

(8.32)»
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23 3miin po 8.6.2 (HoBMM HOMep
nignyHkty 8.7.2) «Po3paxyHkoBa

BeJIn4nHa onopy»

MyHKT (3)
3amMiHumu TeKkCT Ha Takun:

«(3) KoegiuieHT = HOMiHanbHoOro
onopy nnactuyHuUM gedopmadisam
Ro (avB. puc. 8.5) mae 6ytu
OTPMMaHMN 3a OOMNOMOrok isnyHoO

HeniHinHoro pospaxyHky (PHP) sk

rpaHnyHe nnacTuyHe
HaBaHTaXXeHHSA 3a YMOBWU
npuknageHol kombBiHauii gin. Ak
KoeiuieHT 3anacy MiLIHOCTI
RpMOXHa  MpUAHATM  Hanbinblue
3HA4YeHHd, oOTpumaHe nig  4ac

pPO3paxyHKy, 3  BUKOPUCTaHHSAM
XapakTePUCTUK ioeanbHOro Mpy»KHO-

NnacTUYHOro Marepiany.».
MyHKT (4)

3amiHumu Bcio dopmyny (8.24)

(3amiHumu Homep Ha (8.33)):

tfou

23 Modifications to 8.6.2, (new

subclause number: 8.7.2),

Design value of resistance

Replace Paragraph (3) with:

«(3) The reference
resistance ratio R (see
Figure 8.5) should be obtained by

nonlinear

plastic

materially
(MNA) as the plastic limit load

under the applied combination of

analysis

actions. This load ratio R, may be
taken as the largest value attained
in the analysis, using an ideal

elastic-plastic material law.».

In Paragraph (4), replace the
whole Formula (8.24) (to be

renumbered as (8.33)):

(8.24)»

« Tro =7 > >
\/ Nyka =M ra  Mo.ga T Mg pa T Mg ra

Ha TakKy:

t'fk
« R,= =

with

pl 2 2 2
\/ Mopg ~ Mg Mopa + Mg pa + 305 kg

(8.33)»
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MyHKT (4). Mpumitka

3amiHumu «Bupas (8.24)» Ha

«popmyna (8.33)».

MyHKT (8)
3amMiHumu TeKkCT Ha Takun:

«(8) 3aranbHum MOHWXXYBanbHUN

KoeiuieHT BTpatn  CTINKOCTI Y
NPYXXHO-NNACTUYHIN CTagdil Yoy Mae

ByTn BU3HAYEHUN SK:

Zov = f(/,{_’ov’ﬂ_’ov,O’aovﬂﬂovﬁ 7701/9 Zov,h)

i3 3acTtocyBaHHaAM 8.5.2(4), oe ay—
3aranbHUK NMOHWXXYBaSTbHUN
KoeiuieHT HeJOCKOHaroCTI y
APYXHiN cTagii; Loy— KoedilieHT
30HM MNacTUYHUX aedopmMauin; Noy—

MOKa3HWK CTyMeHs B3aeEMOLIT; Xovh—

rpaHuus  3MilHeHHs Ta A, —
YMOBHA THYYKICTb Ha  rpaHuui
MiLHOCTI.».
MyHKT (9)

3amMiHumu TEeKCT Ha Takun:

«(9) OBumcnioYM KoediLieHTH /Tov,o ,

Qovs Bow nov Ta Xov,h; CJ'IiLI,
ypaxoByBaTu YYTNUBICTb Ao
HeZJOCKOHaoCcTewN, reoMeTpUYHy

HeniHIMHICTL Ta  iHLWi acnekTn

In Paragraph (4), in the NOTE,
replace «expression (8.24)» with
«Formula (8.33)».

Replace Paragraph (8) with:

«(8) The overall
buckling

should be

elastic-plastic
reduction factor x..

determined as
Zov :f(ﬁ_’ovﬂ/?_‘ov,O’aovﬂﬂov’ nov’lov,h)

using 8.5.2(4), in which a,, is the

overall elastic imperfection
reduction factor, ., is the plastic
range factor, n,, is the interaction

exponent, Xovh is the

hardeninglimit and 4,, is the

squash limit relative

slenderness.».

Replace Paragraph (9) with:

«(9) The evaluation of the factors

/?“ov,Oa Qovs BOVa r’OV and XOV,ha ShOUId
take account of the imperfection
sensitivity, geometric nonlinearity

and other aspects of the particular
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KOHKPETHOro BUMNaOKy BTpaTH
cTinkocTi 06onoHkn. KoHcepBaTUBHI
3HaYeHHS UMX napamMmeTpiB MalTb

ByTV BM3HAYEHI LUNAXOM MOPIBHAHHS

3 BigOMMMW BUNagKamum BTpaTU
CTIMKOCTI 060NoHKK (ams.
popatok D),  4ki  malTb  CXOXi

PEXUMU BTpPaTU CTIAKOCTI, CXOXY
YYTNMBICTbL O HeOOoCKOHanocTen,
CXOXY TEeOMETPUYHY HEnMiHINHICTb,
CXOXY YYTNUBICTb A0 NNACTUYHUX
aedopmauin i noseaiHKy

nicng BTpaATW CTIMKOCTI. Y 3HaYeHHi

CXOXY

O,y TAkOX Mae 6yTn BpaxoBaHO
BiANOBIOAHWW KNnac OOMNYyCKy SIKOCTi Ha

BUTOTOBJIEHHA.

Cnig yBaXHO nocTaBUTMCS OO
BMOOPY BIANOBIAHOIO 3HAYEHHS o,
32 YMOB BMKOPUCTAHHS  LIbOrO
nigxogy Ao reomeTpii 06ONOHOK i
CMNoSfiydeHb  HaBaHTaXeEHb, KO
MOXIMBa MUTTEBA BTpaTa CTIUKOCTI.
J[1o Takmnx BunagkiB BiAHOCATb KOHi4HI
N cdepuyHi KoBnaku i Kynonu nig
Ai€l0  30BHILWWHLOrO TUCKY abo Ha
ornopax, fKi 34aTHi nepemillyBaTucs
pagianbHo. Cnig TakoX YyBaXHO
BUOMpaTn BIONOBIOHE 3HAYEHHS Ay,
0BONoHKM i

AKLLO reomeTpis

shell buckling case.Conservative

values for these parameters
should be  determined by
comparison with known

shellbuckling cases (see Annex D)
that have similar buckling modes,
similar

imperfection sensitivity,

similargeometric nonlinearity,
similar yielding sensitivity and
similar  postbuckling behaviour.
The value ofayshould also take
account of the appropriate

fabrication tolerance quality class.

Care should be taken in choosing
an appropriate value of a,, when
this approach is used on shell
geometries and loading cases
where snap-through buckling may
occur. Such cases include conical
andspherical caps and domes
under external pressure or on
supports that can displace radially.
The appropriate value of a,,
should also be chosen with care
when the shell geometry and load

case produce conditions that are
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CnoJ1y4eHHA HaBaHTaXeHb

CTBOPIOKOTb YMOBW, BUCOKOYYTIIUBI

A0 3MiH reomeTpil, Hanpuknag,
HenigkpinneHi CTUKM MiXK
LMITIHOPUYHUMN i KOHIYHUMW
cermeHTamm OOONOHKM nNig A€t
MepuaioHaNbHUX CTUCKanbHUX
HaBaHTaXXEeHb (Hanpuknag, y
anmosux Tpybax).

3assuyanm pPEECTPOBaAHI

HaBaHTaXeHHA 3aBTpaTu CTIMKOCTI
ODOMOHKN Yy MPYXXHOMY CTaHi y Takux
ocobnmMBMX BUNAZKax 3acHOBaHi Ha
reoMmeTpuyHo HeniHinHoOMY
pO3paxyHKy,  3acTocBaHOMY A0
ineanbHol abo HeigeanbHoOI
reomeTpil, KNI nependbavae
HaBaHTaXXEHHS, Lo BUKINKae
MUTTEBY BTpPATy CTIMKOCTI. HaBnaku,
BMKOPUCTOBYBaHa TYT MeToAosiorid
NPUAMAE HaBaHTaXEHHA  JHINHOI
Bicpypkauii AK

KPUTUYHUKA  OonNip

HOMIHanNbHUN
NPY>XHin  BTpaTi

CTIMKOCTI, WO € 4acto HabaraTo

BULLEe B4  HaBaHTaXeHHd  3a
MUTTEBOI BTpaTn CTIMKOCTI.
[MpOEeKTHUN  pO3paxyHOK MOBUHEH
BpaxoByBaTM Ui [.OBa [mKepena
3HWKEHOro onopy LLUNIAXOM

highly sensitive to changes of
geometry, such as at unstiffened
junctions between cylindrical and
under

conical shell segments

meridional compressive loads

(e.g. in chimneys).

The commonly reported elastic
shell buckling loads for these
special cases are normally based
on geometrically nonlinear
analysis applied to a perfect or
imperfect geometry, which
predicts the snapthrough buckling
load. By contrast, the methodology
used here adopts the linear
bifurcation load as the reference
elastic critical buckling resistance,
and this is often much higher than
the snap-through load.The design
calculation shall account for these
two sources of reduced resistance
by an appropriate choice of the
overall elastic buckling reduction
factor a,,. This choice shall include
the effect of boththe geometric

nonlinearity (that can lead to snap-
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BignoBigHOro BWOOPY 3aranbHOro
MOHWXXYBarbHOIo KoeQiuieHTa

BTpaTMU CTIMKOCTI Y NPYXHIN cTtagii

Qov- Lien BMOIp NOBWHEH
BpaxoByBaTu edexT AK
reoMeTpuyHol  HeniHinHocTi (o
MOX€E Mpu3BEeCTM OO MUTTEBOI

BTpaTK CTIMKOCTI), Tak i 4OAATKOBOro
3MEHLUEHHA MILHOCTI, BUKITUKAHOIO
reoMmeTpuyHMMm

He0CKOHANoOCTAMMN. ».
MyHkT (11)

3aMiHuUmMu TEKCT Ha TaKui:

«(11) Akwo ocobnuei 3HAYEHHS Aoy,

BOVa r’OV’ /IOV,O Ta XOV,h B'ﬂCyTHl B (9)

abo (10), MOXXHa NPUNHATH
3HAYEeHHS ansi NOB30BXHbO
CTUCHYTOrO HenigkpinneHoro

uuniHapa (ause. D.1.2.2). Akuwo icHye

MOXINUBICTb MUTTEBOI BTpaTh

CTINKOCTI, cnig PO3rnNaHyTU
BignoBigHe noganblle 3MEeHLUEeHHS

oy -».

through) and the additional

strength reduction caused by

geometric imperfections.».

Replace Paragraph (11) with:

«(11) If specific values of a,y, Bov,

Nows Ao @nd Xovn are not available

according to (9) or (10), thevalues

for an axially compressed
unstiffened cylinder may be
adopted, see D.1.2.2. Where

snap-throughis known to be a

possibility, appropriate further
reductions in a, should be

considered.».



AOCTY-H B EN 1993-1-6:2011/3miHa Ne 2:20__ (EN 1993-1-6:2007/A1:2017, IDT)

CrtopiHka 40

24 3miHv po 8.7.2 (HOoBUM HOMep
nignyHkty 8.8.2) «Po3paxyHkoBe

3HaA4YeHHA onopy»

MyHKT (4)
3amMiHumu TeKkCcT Ha Takun:

«(4) Crnoyatky cnig  BUKOHaTK

pO3paxyHOK JIBP ineanbHol
KOHCTPYKLIT, oo BU3HAYUTU
KPUTUYHUI KOeiLiEHT onopy BTparTi
CTIMKOCTI igeanbHOl OBOOMNOHKM Yy

NPYXHin ctagil R,

(5) TMMicna uboro cnig BWKOHATH
pO3paxyHOK OHP ineanbHol

KOHCTPYKLUil, npuuMarun igearnbHi
MNPY>XXHO-MMNACTUYHI  XapaKTepUCTUKN
marepiany, angd BU3HAYEHHS
iaeanbHOro KoediuieHTa
HOMIHaNbLHOro Onopy nNMacTUYHUM

Aedopmadiam Ry,.

(6) Ui Bn3Ha4veHi pospaxyHkamu JIBP
Ta OHP «koediuieHT onopy cnig
NOTiM BMKOPUCTOBYBAaTU ang

BU3HAYEHHA  3aranbHOi  YMOBHOI

rHyukocTi 4, yciei 06ONoHKM 3rigHO
3 dopmyroto (8.25).».
MyHkT™! 3 (5) no (27)

3aMiHUmMu HomMepu Bi4NOBIAHO.

24 Modifications to 8.7.2 (new

subclause number: 8.8.2),

Design value of resistance

Replace Paragraph (4) with:

«(4) An LBA analysis should first
be performed on the perfect
structure to determine the elastic
critical buckling resistance ratio R,

of the perfect shell.

(5) An MNA analysis, adopting a

perfect elastic-plastic  material
representation, should next be
performed on the perfect structure
to determine the perfect plastic

reference resistance ratio R,,.

(6) The LBA and MNA resistance
ratios should then be used to

establish the overall relative

slenderness 4, for the complete

shell according to Formula
(8.25).».
Renumber accordingly the

following Paragraphs (5) to (27).
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MyHKT (15) (HOBUIN HOMep (17))

3amiHumu «(13) Ta (14)» Ha «(15)
Ta (16)».

MyHKT (20) (HOBWMIA HOMED (22))

3amiHumu «(18)» Ha «(20)».

MyHKT (22) (HOBWIN HOMep (24)).

MpuMiTKy 3amiHumu Ha Takun
MYHKT:

«AKWwo 3a YMOB onopy
nepesaxalTb edoekTn
NMacTUYHOCTI, BiJHOLLUEHHS

(Remnin/Revna) 0yae 3HayHo Ginblue
HDK  MOHWXYyBasibHUN  KoeilieHT
BTpaTK CTIMKOCTI Yy NPYXHiN cTagii a
Ta He MoOXe OyTM Hisikoro iHLWoro
NopiBHAHHA. [poTe, SKLWOo onip, Wo €
3Ha4yHOI0

Mipoto NPY>XHUM,

BM3HA4Ya€TbCA ABULLEM BTpaTH

CTIMKOCTI, BiJHOLLUEHHS
(RGMNIA/RGMNA) Mae 6yTV| nniie

Tpoxu OGinblwmMm 3@  3HAYEHHS,
OTpUMaHe 3a pPO3pPaxyHKOM BpPYYHY,
npuyomMy  HeobxigHO  peTenibHO
BUBYNTU paKTopu, SKi npusBenn Oo

ICTOTHO OiNIbLLOro 3Ha4YeHHSA. ».

In Paragraph (15) (to be
renumbered as (17)), replace
«(13) and (14)» with «(15) and
(16)».

In Paragraph (20) (to be
renumbered as (22)), replace
«(18)» with «(20)».

Replace the NOTE beneath
Paragraph (22) (to be
renumbered as (24)) with the
following paragraph:

«Where the
dominated by plasticity effects, the

resistance is

ratio (Remnia/Revna) Will be much
larger than the elastic buckling
reduction factor a, and no close
comparison can be expected.
However, where the resistance is
controlled by buckling phenomena
that are substantially elastic, the
ratio (Remnia/Ramna) should be only
a little higher than the value
determined by hand calculation,
and the factors that have led to
any substantially higher value

should be examined carefully.».
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25 3miHa oo poaartka B

(o6boB’s13KOBOrO) «[opaTKoBi
¢opmynu onopiB nnactTMYHoOMy

PyNHYBaHHIO»

HasBa

3amiHumu «[lopaTkoBi

doopmynu
OnopiB NNacTU4YHOMY PYNHYBAHHIO»

Ha

«[dooaTkoBi popmynin HOMiIHaASNbHNX

onopis NfacTUYHUM gedopmanigam»

26 3minHa po C.3.3 «Uuningp

3aKpinfeHun: piBHOMipHUWA

BHYTPIlLHIK TAUCK i oOcCboOBe
HaBaHTaXeHHsA»
dopmyna AnAa  MakKCUMalrbHOro

eKBiBarieHTHOro Harn PYXeHHA

3amiHumu

«

Ha

« Makcumanpae (Maximum) o,

Maxkcumansre (Maximum) o,

25 Modification

(normative),

to Annex B
Additional
expressions for plastic collapse

resistances

Replace the title

«Additional expressions for plastic

collapse resistances»
with

«Additional expressions for plastic

reference resistancesy.

26 Modification to C.3.3,
Cylinder, pinned: uniform
internal pressure with axial

loading

Replace the formula itself for the

maximum equivalent stress:

2
(o2 O
:O_MT 1_( Mij'i‘[ MTXJ
X »
O'mre O mro

with:

2
(o2 O
_ MTx MTx
Owmro O Mo
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27 3MiHMn ao D.1.2.2 27 Modifications to D.1.2.2,
«MepuaioHanbHi napameTpu Meridional buckling parameters
NO340BXHbLOIO 3rMHY»

MyHKT (1) Replace Paragraph (1) with:

3amMiHumu TeKkCT Ha Takun:

«(1) MoHmxyBanbHUA KoeQilieHT «(1) The meridional elastic
MepuaioHanbHOI BTpPaATU CTINKOCTI Y buckling reduction factor
APYXHIN cTagii a,= aygly Mae byTn a,= a,ca, should be obtained
BU3HAYEHO SK: from:
a,c = 0,83 (D.14a)

oy, = : D.14b

T 142,2(Aw, /1) (D.145)
KoediuieHT 30HMU NIaCTUYHUX The plastic range factor B, should
aedopmauin B, mae 6ytn oTpumMaHo be obtained from:
3a oopMyrnolo:

0,95
=1- d

2 141,2(Aw, /1) (D-14c)
[Moka3HWK CTyneHa B3aemogil n, Ta The interaction exponent n, and
rpaHnLU  3MIUHEHHS X, cnig the hardening limit xy, should be
OTPUMyBaTU TakKUM YMHOM: obtained from:

= >4 d) 0 = 1,0 D.14d
N aoaw ) 2@ xa=1, (D-14d)

ae where:
Awy, — amnnitTyga xapakTepucTUYHUX Awy is the characteristic

3Ha4YeHb HEJOCKOHArOCTI: imperfection amplitude:



AOCTY-H B EN 1993-1-6:2011/3miHa Ne 2:20__ (EN 1993-1-6:2007/A1:2017, IDT)

CrtopiHka 44

Aw, =
0

ae

Q — napameTp [OOMYyCKy SIKOCTi Ha

BUTOTOBJ1IEHHA 3a YMOB

MepPUAOiIOHANbLHOIO CTUCKY. ».
MyHKT (3)

3aMiHUMuU TEKCT Ha TakNi:
«(3) NpaHnyHa mepuaioHanbHa

FHYYKiCTb A , CTUCHYTOro enemeHTa

mMae OyTV NpUNHATA SK Taka:

Ay =0,20

D.1.3.2

napamMeTpy No3f0BXHbLOIO 3rMHY»

28 3miHa pmo «Konosi

MyHKT (1)
3amMiHumu TekCcT Ha Takun:

«(1)

BTpaTK CTIMKOCTI y NPYXHiN cTagil 3a

[MoHWXKyBanbHUN  KoediuieHT
KOJSTOBOKO DOPMOIO cnif npunmMaTtu 3a
Tabnuueto D.5 signosigHO Oo knacy

[0NYCKY SIKOCTi HA BUFOTOBEHHS. ».

(D.15)

where:

Q is the meridional compression

fabrication quality parameter.».

Replace Paragraph (3) with:

«(3) The meridional squash limit

slenderness 4, should be taken

as:

(D.16)»
28 Modification to D.1.3.2,
Circumferential buckling

parameters

Replace Paragraph (1) with:

«(1) The circumferential elastic
buckling reduction factor should
be taken from Table D.5 for the
specified

fabrication tolerance

quality class.».
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29 3miHa po D.1.4.2 «[apameTtpu
NO3AO0BXHbLOrO 3rMHYy B BUMNagKy

3cyBYy»

MyHKT (1)
3amMiHumu TekcT Ha Takun:

«(1) MoHmxyBanbHUA KoeqilieHT
BTpaTK CTIMKOCTI y NPYXHiN cTagil 3a
YyMOBW 3CyBY Crnig npuimaTtM 3a
Tabnuuero D.6 signosigHO Oo0 knacy

[0MYCKY SKOCTi Ha BUTOTOBJIEHHS. ».

30 3miin go D.1.5.2 «[MapameTtpmn
MepuAIOHaNbLHOro NO3[0BXHbLOrO

3rUHY»

MyHKT (1)

3amMiHumu TeKkCT Ha Takun:

«(1) HanpyxeHHs MepuaioHanbHOI
BTpaTH CTIMKOCTI B ait
BHYTPILLHLOrO TUCKY CIiJ NepeBipsaTH
aHanoriY4Ho OO0 TaKkoro camoro
napameTpa, ane 6e3 Aail TUCKy, §K
3a3HadeHo y 8.5 i D.1.2.2. lpote
MNOHWXYBanbHUN KoediuieHT BTpaTtu
CTIMKOCTI Yy nNpyXHin cTtagii ©Oes

TUCKY Oy MNOTPIOHO 3aMiHMTM Ha

NOHWXKYBarnbHUN KOeilieHT BTpaTu
ctagil 3

CTIMKOCTI 'y  NPYXHIn

ypaxyBaHHSIM TUCKY Oyy.».

29 Modification to D.1.4.2, Shear

buckling parameters

Replace Paragraph (1) with:

«(1) The shear elastic buckling
reduction factor should be taken

from Table D.6 for the specified

fabrication tolerance quality
class.».

30 Modifications to D.1.5.2,
Pressurised meridional

buckling parameters

Replace Paragraph (1) with:

«(1) The pressurised meridional
buckling stress should be verified
analogously to the unpressurised
meridional buckling stress as
in 85 and D.1.2.2.

However, the

specified
unpressurised
elastic buckling reduction factor a,
should be

pressurised elastic buckling factor

replaced by the

Qxp. 2.
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MyHKT (2)

3amMiHumu nepwe pe4vyeHHs1 Ha

Take:

«loHWxKyBanbLHUN KoeilieHT
BTpaTW CTIMKOCTI Yy MPYXHiA cTagil 3
ypaxyBaHHAM  TUCKY Oy  Cnig
NPUUMaTN AK MEeHLe 3 TaknxX OBOX

3HaYeHb:».
MyHKT (3)

MosicHeHHs 10O NO3HaKn nig

c¢opmynoto (D.42).

3amiHumu:
«dy — KoeduiuieHT  3MeHLUEHHS
MepuaioHanbHOI NPY>XHOI

aedgopmadii 6e3 ypaxyBaHHSA TUCKY
BignosigaHo Ao D.1.2.2;»

Ha

«dy — MNOHWXYBaNbHUN KoediuieHT
BTpaTK CTIMKOCTI Y NPYXHIN cTtagil
6e3 ypaxyBaHHA TUCKY BignoBigHO

po D.1.2.2, Ta».

In Paragraph (2), replace the first

sentence with:

«The pressurised elastic buckling
reduction factor a,, should be
taken as the smaller of the two

following values:».

In Paragraph (3), replace the

notation beneath Formula (D.42):

«0y is the unpressurised

meridional elasticimperfection
reduction factor according to
D.1.2.2,»

with:

«dy Is the unpressurisedmeridional
elastic buckling reduction factor

according to D.1.2.2, and».
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31 3miHa po D.1.6 «CymicHa pis
MepuaioHanbLHOro (ocboBOIro)
CTUCKY, KonoBoro (o6py4) CTUCKY

i 3cyBy»

MyHKT (1)
NMosicHeHHA A0 No3Hak nia

c¢opmynoto (D.49).
3amiHumu:

«Xx Xo, Xr— KOeiLiEHTN 3MEHLUEHHS
NO300BXHLOrO 3rMHY, BU3HA4YeHi B
8.5.2, 3 BUKOpPUCTaHHAM napameTpis
MO300BXHLOrO 3rMHYy, HaBedeHuXx Yy
D.1.2-D.1.4.»

Ha Take:
“Xx Xe» X: —  TOHWXKYyBarnbHi
KoedilieHTn BTpaTU CTIMKOCTI Y

NPYXXHO-NMACTUYHIN cragit,
Bu3Ha4yeHi B 8.5.2, 3 BUKOPUCTAHHAM
CTIWKOCTI,

napameTpis BTpaTU

HaBegeHuxy D.1.2-D.1.4.».

32 3MiHun oo D4.2.2

«MepuaioHanbHUN CTUCK»

HAdonyyumu nyHkT (3):

«(3) AMnniTyaa XxapakTepuUCTUYHUX

3Ha4YeHb HeaockoHanocTi Aw,, SKi
HeobOxigHi  ansa

MOXYTb  ByTn

31 Modification to

Combinations of

D.1.6,
meridional
(axial) compression,
circumferential (hoop)

compression and shear

In Paragraph (1), replace the
notation beneath Formula (D.49)

with the following one:

«Xx Xe» X: are the buckling
reduction factors defined in 8.5.2,
using

givenin D.1.2to D.1.4.»

the buckling parameters

with:

Xx Xo, X: are the elastic-plastic
buckling reduction factors defined
in 8.5.2,
parameters given
D.1.4.».

using the
in D1.2 to

buckling

32 Modifications to

Meridional compression

D.4.2.2,

Add a new Paragraph (3):

«(3) The characteristic
imperfection amplitude Aw, which

may be needed for tolerance
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nepesipku  gonycky, mae 6yTtu

NPUMNHATA SK Taka:

Aw, =(2J}t-t
0

ae

Q — napameTp AOMYCKy SIKOCTi Ha
BUrOTOBIIEHHS 3a yMOB

MepuaioHanbLHOro CTUCKY,

t — MicueBa ToBLIMHA Ta

A — THYYKICTb ODOSTOHKM. ».

33 Nony4yeHHA aoaartka E
(oboB’saaskoBOro) «®opmynu AanA

pO3paxyHKy HOMiHaNbLHOro

onopy»

Y KiHUi OOKymeHTa dosydumu

nonatok E:

controls, should be taken as:

(D.70a)

where:

Q is the meridional compression

fabrication quality parameter,
t is the local thickness and

A is the shell slenderness.».

33 Addition of a new Annex E
(normative), Expressions for

reference resistance design

Add the following new Annex E at

the end of the document:
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«

Odoaatok E

(06oB’A3KkoBUIN)

dopmynu ana po3paxyHKy

HOMiHasfIbHOIro onopy

E.1 UuniHapuyHi  oGonoHkn 3a
YMOB pPiBHOMIpPHOro 3ararnibHoro

BUTUHY

E.1.1 3aranbHi NONoOXeHHA
E.1.1.1 Ccepa 3acTocyBaHHSA

(1) HaBepgeHi HUXYe npasuna

3aCTOCOBHI Jale) OAHOPIOHUX
He3aKpinmeHnx LMITIHOPUYHNX
0DOOMNOHOK, CXUITbHUX Jo

PIBHOMIPHOrO 3aranbHOro BUTMHY.

(2) Ui npaBuna obmexeHi 3agaHnmMmm

aianasoHamu:

25<2 <3000

t

E.1.1.2 Cuctema no3Hak

Y ubOoMy NigNyHKTi 3aCTOCOBAHO TaKy
cuctemy nosHak (ame. pucyHok E.1):
r— pagiyc cepeguHHOl MOBepXHi
uMniHagpa,;

t — piBHOMIpHa TOBLUMHA UMNIHOPA;

L — poBXwWHa uuniHgpa;

Annex E

(normative)
Expressions for reference

resistance design

E.1 Cylindrical

uniform global bending

shells under

E.1.1 General
E.1.1.1 Scope

(1) The following rules apply to

uniform  unstiffened cylindrical

shells subjected to uniform global

bending.

(2) The rules are limited to the

ranges given by:

(E.1)

E.1.1.2 Notation

In this subclause the following
notation is used (Figure E.1):

ris the radius of the cylinder
middle surface;

tis the uniform thickness of the
cylinder;

L is the length of the cylinder;
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M —3ruHanbHUn MOMEHT, LLO

PIBHOMIPHO Ji€ Ha uuniHap.

M s the uniform bending moment

acting on the cylinder.

PucyHok E.1 — Liuningp 3a ymMOB 3aranbHOro BUrMHy

Figure E.1 — Cylinder under global bending

E.1.1.3 N'paHnyHi ymoBu

(1) HaBepgeHi TYyT npasuna
3aCTOCOBHI BUKIIOYHO 00 UMniHApiB
3 rPaHNYHMMN YMOBaMUN HEPYXOMOTO
3aTuUcHeHHs KiHuiB BC1r. LUumningpwu
3a rpaHuyHux ymoB BC1f Takox
MOXHa posrnagaTu, AKLLIO
6e3po3MipHUA NnapameTp AOBXUHU W

€ Oinbwum 3a 5.

E.1.1.4 YMoBU HaBaHTaXeHHSA

(1) HaBegeHi HUXYe npasuna
3aCTOCOBHI no PiIBHOMIPHOIo
3aranbHoro BUMMHY, Lo
XapakTtepusyetbca  MOMeHToM M

(ows. pucyHok E.1).

E.1.1.3 Boundary conditions

(1) The rules given here are
strictly applicable to cylinders with
fixed end boundary conditions
BC1r. Cylinders with BC1f may
treated if the
dimensionless length w is greater

than 5.

also be

E.1.1.4 Loading conditions

(1) The following rules apply to

uniform global bending

characterized by the moment M
(Figure E.1).
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E.1.2 Onip BTpaTi cTiKOCTI

E.1.21 HomiHanbHUM

nnactMHumMm gedopmadiam

(1)

nNacTM4HUM

onip

MomeHT HOMiHanbLHOro ornopy
aedopmadiam  Mae

ByTn BU3HA4YeHO 3a hopMynolo:

2
M Rpl — 4r°tf. vk

E.1.2 Buckling resistances

E.1.2.1 Plastic reference

resistance

(1) The plastic reference moment

should be obtained from:

(E.2)

E.1.2.2 KputnyHunm onip BTpaTi E.1.2.2 Elastic critical buckling
CTiINKOCTI Yy NpYyXHin ctagii resistance
(1) KputnyHmn  MOMEHT  BTpaTtu (1) The elastic critical buckling
CTINKOCTI B npyXHin cTagii Mg moment Mg, is given by:
BU3Ha4alOTb 3a POPMYIIOLO:

M, =1,813C_ —rt’ ~1,90C, Ert’, (E.3)

’ l1-v

y skin koedpidieHT C, BpaxoBye where the factor C,, accounts for
Pi3HULIIO Mi>K NiHINHUM the difference between the linear
BipypkauinHum 3HaYeHHAM bifurcation bending moment and

3rMHaribHOro MOMEHTY I KIacu4yHUM
NPYXHUM  KPUTUHHUM  3rMHalribHUM

MOMEHTOM.

(2) KoHcepBaTMBHO 3HayeHHs C,,

MoXe ByTM NPUNHATE SIK Take:

C.=l+—

m 2

theclassical elastic critical bending

moment.

(2) The value of C,, may be taken

conservatively as:

(E.4)
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ae neplumnm 6e3po3MipHUM napameTp where the first dimensionless

AOBXWHW BU3Ha4aloTb AK: length is given by:

w=—7= (E.5)

E.1.23 MapameTpu BTpaTn E.1.2.3 Buckling parameters

CTIUKOCTI

(1) MoHwxyBaneHW KoeqilieHT (1) The geometrical reduction
reoMeTpuyHol opMnN dg 3anexuTb factor ag depends on the second
BiA apyroro 6e3po3MipHOro dimensionless length of the
napamMeTpa [OOBXMHM uuniHgpa Q, cylinder Q,which should be
LLIO Ma€e ByTn BU3HAYEHNN SK: determined as:

r\r r

3Ha4YeHHA dg Ccnig BM3HA4aTwU The value of ag should be
BignosigHoO Ao Tadbnuup E.1 Ta E.2 determined according to

Tables E.1 and E.2.

Tabnuusa E.1- Knacu goBXuHW Ta 3HaYEHHS ag

Table E.1 — Length classes and values of ag

[diana3oH [iana3oH
Knac noBXuHu Popmynu Ana BU3HAYEHHS dg
3Ha4YeHb W 3Ha4veHb Q
Lengthclass Expression for ag
Range of w Range of Q
KopoTkuii 3sw<48 1,93-0,5(w—3,8)* —0,44(w—-3,8)°
Short
CepenHin 4,8£a)<0,5(£j Ous. Tabnuuio E.2
Medium t See Table E.2
MpomixxHnI -

_ 05<0<70 L07 1-0,22Q+0,061Q2~
BapiaHT O = , ) 140,120
Transitional
[oBrmnn

Q=70 0,516

Long
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Tabnuua E.2— 3HayeHHs ag Ans umniHapiB cepeaHbol AOBXKMHN

Table E.2 — Values of ag for medium length cylinders

Liana3oH 3Ha4vyeHb Q

q)OpMan/I AnA BU3HA4YeHHA dc

Range of Q Expression for ag
48<w<8,6 0,85 + 0,029 (w — 7,1)?
r
8,6Sa)<0,5(?j 0,92
(2) MoHwxyBanbHW KoeqilieHT (2) The imperfection reduction

HegockoHanocTi a Mae  6ytu

oTpuMaHnn 3a POpPMYyoko:

1

factor a, should be obtained from:

o, = s
" 142,00 (Aw, /1)

ae

Aw, — amnniTyga xapakTepUcTUYHMX

3Ha4YeHb HEJOCKOHAMOCTI:

1
AWk :E\/I"—f,

B sikoMy Q-— napameTp AOonycky

SAKOCTi HA BUIrOTOBMNEHHSA, HaBeJEeHNI
y (3).
(3) Ans

BUFOTOBMEHHS MapameTp [OOMyCcKy

3agaHol AKOCTI

AKOCTi Ha BurotoBrieHHs Q cnig

npurmaTy 3a Tabnuueto E.3.

(E.7)
where
Aw is the characteristic
imperfection amplitude:

(E.8)

in which Q is the fabrication quality

parameter given in Paragraph (3).

(3) The
parameter Q should be taken from
Table E.3 for the

fabricationtolerance quality.

fabrication quality

specified
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Tabnuua E.3 — 3HaveHHs napamMeTpa O0MycKy AKOCTi Ha BUrOTOBIIEHHSA Q

Table E.3 — Values of fabrication quality parameter Q

Knac gonycky fikocTi XapakTtepucTtuka
Quality Class Description .
Knac A BigMiHHA SKICTb
Class A excellent 40
Knac B BMCOKa AKICTb
Class B high 25
Knac C HOpMarbHa SKICTb
Class C normal 10
MpumiTka. BunpobyBaHHsA Tpyo NOTE For manufactured tubes, tests may
3aBO/CbKOro BUTOTOBIEHHA MOXYTb show that the relevant value of Q may be
nokasaTtu, LO BiANOBiAHE 3Ha4YeHHA Q different from the above. The National
BiAPI3HAETLCA  Big  BuULLE3a3HA4YEHOro. Annex may define an appropriate value of
BignoBigHe 3HayeHHs Q Moxe 6yTu Q.
BM3HayeHo y HauioHanbHOMY foaatky.
(4) MoHwmxyBanbHUN KoemILEHT (4) The elastic buckling reduction

BTpaTK CTINKOCTI y NPYXHiN cTagii a factor a should be found as:

Mae 6yTM BU3HAYEHO SIK TaKUIA:

a=dg q (E.9)
(5) KoediuieHT 30HM NfacTUYHOI (5) The plastic range factor g8
aedopmauii B mae 6yTM BU3HAYeHO should be found as:
AK TaKUN:
0,60
:1— 2

p 1+1,2(Aw, /1) (E.10)
(6) MNMokasHMK cTyneHs B3aemogii n (6) The interaction exponent n and
Ta MeXy 3MIiLHEHHs X, cnig the hardening limit x, should be
BU3HAYTU SK: found as:

1n=0,65+0,2(Aw, /t) ta(and) g, =1,0 (E.11)
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(7) YMOBHa rHyYkicTb A, Ha rpaHuui

MiLHOCTI Mae 6yTn npurHAaTa 4K

TakKa.:
4, =0,30

E.1.2.4 XapaktepuctuyHum onip

BTpaTi CTIMKOCTI

(1) XapaktepuctuyHuim onip BTparTi

CTiMKOCTI Mae 6yTn BU3HaA4YeHUN
3rigHo 3 8.6.3, NpU4YoOMy OCHOBHE
HaBaHTaXXeHHA Fgy Cnig NPUUHATK SK
NPUKMNageHnn 3ruHanbHUA  MOMEHT
Mgy, HOMIHANbLHMIA ONip NMIACTUYHUM
aedopmMauiam  Fgr
Mg p (dbopmyna (E.2)), a

HOMIHaNbHUA KPUTUYHUU onip Fgrr

NPUAUHATU  SK

NPY>XHUM AedhopmMauiaMm NPUNHATU
AK Mg o (popmyna (E.3)).

(2) Ue Ao
ornopy, siKi BU3Ha4aroTb 3a BUPA3OM:

npn3BoanTb 3Ha4YeHb

(7) The squash Ilimit relative

slenderness 4, should be taken as:

(E.12)
E.1.2.4 Characteristic  buckling
resistance
(1) The  characteristic  buckling
resistance should be determined
according to 8.6.3, with the
leadingload Fgqy taken as the

applied bending moment Mgy, the
reference plastic resistance Fgy
taken as Mg (Formula (E.2)) and
the
resistance Fgg;
(Formula (E.3)).

reference elastic critical

taken as Mg,

(2) This leads to the resistances

evaluated as:

M M
R, =—2 o and) R, =—= (E.13)
P MEd ( ) MEd
(3) YMOBHY  THyukicTb A ToAj (3) The relative slenderness A is

BM3HA4YalOTb TaK:

M

y

(4) Xapaktepuctu4yHun onip BTpaTi

CTINKOCTI abo MOMEHT BTpaTu

M

then:

Rl (E.14)
R,cr

(4) The  characteristic ~ buckling

resistance or the buckling moment
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CTIMKOCTI micnga uUbOoro BM3HaA4arTb

is then found as:

AK:
Rk = ZRpl abo (Or)MR,k = ZMR,pla (E.15)

Ae X [OOPIBHIE TMOHWXKYyBallbHOMY in which:

KoedilieHTy BTpaTW CTIAKOCTI Y X = the elastic-plastic buckling

MPYXHO-MNACTU4HIN cTagii reduction factor according

BignosigHo oo 8.6.3 (5). t0 8.6.3 (5).

E.1.3 [llepeBipka MiLHOCTIi 3a E.1.3 Buckling strength

YMOB BTpaTU CTiIUKOCTI verification

(1) MNMepeBipky Ha BTpaTy CTIAKOCTI

BUKOHYIOTb 3a NPOCTO (POPMYIIOHD:

VM1
ne KoeiuieHT HagiMHOCTI yuq Mae
ByTm nNpUMHATO 3a BIiANOBIAHUM

rany3esmMmMm CtaHOapTOM.

E.2 3amMKHeHi Ta 4aCTKOBO

cchepuyHi 060NMOHKHU

E.2.1 3aranbHi NOMOXEHHA
E.2.1.1 Chepa 3acTocyBaHHSA

(1) BuknageHi  Hwx4ye  npasuna
3aCTOCOBHI 40 cpepnyHMX 0O0NTOHOK
| CbepnYHMX KOBMNAaKiB 3a HASIBHOCTI
BHYTPILLHbLOIO BaKyymy abo
PIBHOMIPHOTIO pO3MoA4ineHoro

30BHILWWHLOIO TUCKY Ta 3a PIi3HUX

(1) The buckling verification is then

simply:

(E.16)

where the safety factor yyus should
be taken from the appropriate

application standard.

E.2 Complete and partial

spherical shells

E.2.1 General
E.2.1.1 Scope

(1) The following rules apply to
spherical shells and spherical caps
under internal vacuum or uniform
external pressure with different
boundary conditions. The wall

thickness of the spherical shell
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rPaHUYHUX YMOB. TOBLUMHY CTiHKU
cpepnyHOi 00ONOHKM He Mae ByTn
O6onoHka He

ICTOTHO 3MiHEHO.

nigkpinnexa.
(2) Ui npaBuna obmexeHi 3agaHnmm

JianasoHamu:

7

100 <=
t

<3000

shouldnot vary significantly. The

shell is unstiffened.

(2) The rules are limited to the

ranges given by:

(E.17)

@ < 135° (cpepuyHi KoBMakun) 3i cneyianbHUM JOMNOBHEHHSAM

((spherical caps) with the special addition of)

(E.18)

¢ = 180° (3amkHeHa chepa) (complete sphere)

HwkHIO MexXy [fianasoHy ¢@ He
HaBegeHo, ane Hanbinbll NIOCKi
cdrepunyHi KoBNaku crig nepesipsaTn
LUNISIXOM  pO3paxyHKy Ha BTparty

CTINKOCTI  nnactuHwW.  BignosigHy
MEXY 3aCTOCyBaHHS BCTaHOBIIOKOTb
LUIAXOM MepeBipkM 3a dpopMyrotro

(E.20).

(3) CermeHTn 060M0OHKK MaOTb ByTH

3'eQHaHi 3BapHUMU CTUKOBUMMU

weamMm abo  CUMETPUYHMMKM 3
noaBiMHMM HaxectoMm Ha bonTax,
abo obonoHka mae cknagaTtuca 3
OKPEMOro CcdepuyHOro eriemMeHTa

6e3 6yab-AKnX BHYTPILLHIX 3'€QHaHb.

No lower limit on the range of ¢ is
given, but very flat spherical caps
should be checked by means
ofplate bending analysis. The test
of Formula (E.20) defines the

corresponding limit of application.

(3) The shell segments should be
connected by welded butt-joints or
by bolted

lapjoints or the shell should consist

symmetrical double-

of a single spherical element

without any interior joints.
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E.2.1.2 Cuctema no3Hak

Y ubOoMy MigNYyHKTI 3aCTOCOBAHO TaKy

cuctemy nosHak (auBe. pUCYHoOK E.2):

rs— pagiyc cdepn (cepeaunHHa

NoBepxXHS 0OONOHKN);

r— TnpocCTUN pagiyc cepeanHHOol

noBepxHi OBOSIOHKM, WO [OPIBHIOE

r(x), nepneHouKynapHUn [O  OcCi
obepTaHHs;
ro— pafaiyc 06a30BOI  OKPYKHOCTI

CdrepmYHOro KoBMnaka;
t — ToBLLUMHA OOOMNOHKM;

¢ — HaniBKYT CpepnyYHOro KoBMaka.

lMo3Haku:
1 cdepuyHnn KoBnak
2 OKpYXHICTb

3 Ga3oBa OKPYXHICTb

4 3amMmkHeHa cdepa

E.2.1.2 Notation

In this subclause the following

notation is used (Figure E.2):

Is is the radius of the sphere (shell

middle surface);

ris the simple radius of the shell
middle surface = r(x), perpendicular

to the axis ofrotation;

ryis the radius of the base circle of

the spherical cap;
tis the thickness of the shell;

@ is the semi-angle of the spherical

cap.

1 spherical cap
2 circumference
3 base circle

4 complete sphere

PucyHok E.2 — MeomeTpisi cdhepnyHoi 060M0HKM

Figure E.2 — Spherical shell geometry
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E.2.1.3 YmoBu

rpaHuUy4Hi ymoBu

ob6nupaHHA Ta

(1) HaBepgeHi HUXYe npasuna
3aCTOCOBHI TiNbku OO ODOMOHOK, SKi
obnupatoTbCsl, €K MNokKasaHo Ha
pucyHky E.3, 3a Takmx rpaHu4HmuX

YMOB:

YO 1 (SC 1): samkHeHa ccepa 6e3
onopu abo 3amkHeHa cdepa 3
MepuaioHanbHUM  0BnNMpaHHAM Mo

BCI OKPY>XHOCTI;

YO 2 (SC 2): chepnyHmin KoBMak i3

3aTUCHYTUMWN KPOMKaMWU;

YO 3 (SC 3): cepuyHmin koBnak i3
KpOMKaMn, Wo MalTb obMexyBadi
nepeMilLeHHS AK y
MepuaioHanbHOMY HanpaMKy, TakK i
nepneHankynsapHoO [0 CepeanHHOI
noBepxHi OBOSIOHKM, Ta LWapHIpHO

obnepTi BiA 3rMHAHHS;

YO 4 (SC 4): cdepnyHmin KoBnak i3
KpOMKamMu, WO MakTb OOMexyBaui
nepeMileHHsa y MepuaioHanbHOMY
HanpsiMKy, ane € BiflbHAMU Y
NepneHauKynsapHoOMY HanpsiMKy Ao
cepeauHHOI noBepxHi 0BONOHKM Ta

LLIapHipHO obnepTi BiA 3rMHAHHS;

YO 5 (SC 5): chepnyHmin koBnak i3

E.2.1.3 Support and boundary
conditions
(1) The

applicable only to shells that are

rules given here are

supported as indicated in
Figure E.3 withthe

boundary conditions:

following

SC 1: complete sphere without
support or complete sphere with
around

meridional support

acomplete circumference;

SC 2: spherical cap with clamped

edges;

SC 3: spherical cap with edges
with displacement restraint in both
the meridional direction andnormal
to the shell middle surface, and

flexurally pinned;

SC 4: spherical cap with edges
with displacement restraint in the
meridional direction, but
freenormal to the shell middle

surface, and flexurally pinned;

SC 5: spherical cap with edges
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KpOMKamu, Lo BifIbHO
nepemillyoTbCs Yy NMOWnHI 6a30BOi

OKPY>XHOCTI.

free to displace in the plane of the

base circle.

PucyHok E.3 — MNpuknagu pisHMx ymoB o6nmpaHHs

Figure E.3 — lllustrations of the different support conditions

E.2.1.4 YMOoBM HaBaHTaXXeHHSA

(1) HaBegeHe Hwmxk4ye cTOCYETbCA

nuwe  HaBaHTaXeHHs  p  Big
PiBHOMIPHO po3noaineHoro
BHYTPILLHbOrO  BakyyMHoro  abo
30BHIiLLHbOIO TUCKY, Lo aie
nepneHauKynsipHo Ao CTiHKN
o0onoHkn (amsB. pucyHok E.4). 3a
BM3Ha4anbHe 3HadeHHsa cnig Opatu
pO3paxyHKOBE 3HAYEeHHSA Pi3HULI MK
BENIMYMHAMWN TUCKY, LWO Aie Ha

BHYTPILUHI Ta 30BHILUHI NOBEPXHi Pgy -

E.2.1.4 Loading conditions

(1) The following apply only to

uniform internal vacuum or

external pressure loading p

perpendicularto the shell wall
(Figure E.4). The design value of
the pressure difference between
the inside and outside surfaces pggq

should be takenas the key value.
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SO

o

a) 3amkHeHa cepa, nigaaHa

BHYTPILLHbOMY BakyyMy ab0 30BHiLLHbOMY

TUCKY

a) Complete sphere subjected to internal

vacuum or external pressure

1/
(X

b) CdepunyHum koBnak, niggaHnin

30BHiLLHbOMY TUCKY

b) Spherical cap subjected

to external pressure

PucyHok E.4 — HaBaHTaxeHHs1 Ha cdhepuyHi 0GOMOHKM Ta KOBMaKm

Figure E.4 —Loading on spherical shells and caps

(2) Ansa BunagkiB HaBaHTaXXEHHSA Bif
BNacHoi Barm abo CHiry BuKNageHi
TYT MeToamn MOXHa
BUKOPUCTOBYBATH 3 METOH
OTPUMaAHHSA KOHCEPBATUBHOI OL|HKN
SIKOCTI

oropy, SKLLO B

MakcuMarbHOro NoBEPXHEBOIO
HaBaHTaXeHHA, NepneHanKynspHoro
A0 cepeanHHOl NoBEPXHI 0DOSOHKY,
npurumaroTb 3Ha4YeHHs

HaBaHTaXeHHA Big il TUCKY p.

E.2.2 lonyckn pana cdepudHux

00O0NOHOK

(1) FleomeTpuyHi gonycku nogineHo
Ha TpW Knacu OONYCKIB HAKOCTI Ha

BurotosrneHHs: Big A go C.

(2) For the loading cases of self-
weight or snow, the procedures
here may be used to obtain a
conservative estimate of
resistance if the value of the
pressure load p is taken as the
maximum surface load normal to

the middle surface of the shell.

E.2.2 Tolerances for spherical

shells

(1) The geometrical tolerances are
classified into three Fabrication

Tolerance Quality Classes A to C.
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(2) Ons ponyckiB, noB'A3aHuX i3
BTPATOK CTIMKOCTI, 3aCTOCOBYHTb
nonioXxXeHHa 8.4, npurmaroum pagiyc
rs cdepuyHol 0B6OMNOHKM 3aMiCTb
pagiyca uuningpa r ta giametp 2r;
3aMmicTb giameTpa uuniHgpa d.
BumiptoBaHHs Bvm’aTuH (8.4.4) cnig
BMKOHYBaTU SK Yy MepuaioHanbHOMY,
Tak | B KiNbUeBOMY HanpsiMKax,
BUKOPUCTOBYIOUM AO0BXUHU Kanibpy
fox, BU3HaA4eHi 3a dopmynoto (8.6),
Ta fow BM3HAYeHI 3a
dopmyrnoto (8.8). 3actocoByBaTu
[OOBXWHY Kanidpy fye, BM3HA4YeHy 3a

dopmyroto (8.7),He NOTpiGHO.

(3) Ona KOXHOro Kracy Aonycky
AKOCTI Ha  BUIOTOBMEHHSA  cnig
BUKOPUCTOBYBATU IPaHUYHI OOMYCKW,

HaBe[eHi y 8.4.

E.2.3 Po3paxyHOK Ha BTpaTty
CTIMKOCTI
E.2.3.1 ObmexeHHSA Ha

po3paxyHKU 3a BTPATOK CTIMKOCTI

(1) MepeBipky Ha BTpaTy CiMAKOCTI
BUKOHYBaTU He noTpibHO B
obonoHkax, sKi BionoBigatoTb Takum

yMOBaM:

(2) For the buckling relevant

tolerances, the provisions of
Subclause 8.4 apply by taking the
radius rs; ofthe spherical shell in
place of the cylinder radius r and
the diameter 2r, instead of the
diameter d of thecylinder. The
measurement of dimples (8.4.4)
should be performed in both the
meridional and circumferential
directions using the stick lengths
fox given by Formula (8.6) and £,
given by Formula (8.8). It is not
necessary to use the stick length

40 given by Formula (8.7) at alll.

(3) The tolerance limits for each
fabrication tolerance quality class

given in 8.4 should be used.

E.2.3 Buckling design

E.2.3.1 Limitation on buckling

calculations

(1) It is not necessary to check the
resistance to buckling in shells
that satisfy the following

conditions:
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chepuyHi 0600OHKM, AKi Spherical shells that satisfy the
BiANoBigaloTb YMOBI: condition:
Lo £ ¢ (E.19)
t 20/,
| Oy>Xe Nnocki cpepuyHi KoBnNaku, sKi and very flat spherical caps that
BiANOBigal0Tb YMOBI: satisfy the condition:
o Ll (E.20)
8 v/t

E.2.3.2 KputmnyHunn onip BTpaTi E.2.3.2 Elastic critical buckling

CTINKOCTi B NPYXHin ctaail resistance
(1) KpuTnyHmin onip BTpaTi CTINKOCTI (1) The elastic critical buckling
B NPYXHiN cTagil pr . BU3Ha4alTb pressure pr. is given by:
AK:
2
P -2 ¢ E(LJ (E.21)
J3-v) 2

ae koediuieHT C. 3anexuTb Big where the factor C. depends on
ymMOB 0ObnupaHHa i Mae 6yTtu the support conditions and should
NPUNHATMIA 3a Tabnuueto E 4. be taken from Table E.4.

Tabnuua E.4— 3HadeHHs C. ans pisHUX yMOB 0BNMpaHHS

Table E.4 — Values of C. for different support conditions

YmoBu obnupaHHsa, YO YO 1 YO 2 YO 3 YO4 | YOS5
Support condition SC SC1 SC 2 SC3 SC4 | SC5
Cc 1,0 0,8 0,7 0,4 0,1
3acToCcoBHI o 3aMKHeHa cdepa
@ <135°
Applicable for complete sphere
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E.2.3.3 HomiHanbHUNn onip

nsacTMyHUmM gedopmadiam

(1) HomiHaneHW onip NNacTUYHUM
aedopmauism mae Oyt BU3HAYEHO

3a hopmyrnoto:

ae koediuieHT Cp € pyHKUiE yMOB
obnupaHHs i Mmae 6yTn NPUNHATUIA 3a

Tabnuueto E.5.

E.2.3.3 Plastic reference
resistance

(1) The plastic  reference
resistance should be obtained
from:

2t
pR,pl = fy,k 'Cpl T

(E.22)

N

in which the factor C,, is a function
of the support conditions and
should be taken from Table E.5.

Tabnuusa E.5 — 3HaveHHa C, Ana pisHNX yMOB 06nnpaHHA

Table E.5 — Values of C,, for different support conditions

YmoBu o6nupaHHsa, YO YO 1 YO 2 YO 3 YO4 | YOS
Support condition SC SC1 SC 2 SC3 SC4 | SC5
Coi 1,0 0,9 0,9 0,8 0,2
3acTocoBHi 4o 3aMKHeHa cdepa
¢ <135°
Applicable for complete sphere

E.2.3.4 NMNapameTpu BTpaTn
CTiNKOCTI
(1) MoHwxyBanbHW KoeqilieHT

reomMeTpuyHol popmn ag 3agarTb

AK TaKUNn:

ag = 0,70

E.2.3.4 Buckling parameters

(1) The geometric reduction factor

Og is given as:

(E.23)
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(2) MoHwmxyBanbHUI KoedilieHT
HegoCKoHanocTi a Mmae  6ytu

BMU3HA4YeHO 3a (oOpPMYnoto:
1

(2) The imperfection reduction

factor a, should be obtained from:

a =
b14+1,90(Aw, /)7

ae
AW, — amnniTyga xapakTepUcTUYHMX

3Ha4YeHb HEJOCKOHANOCTEWN:

Aw, =é\/a

y ki Q — napamMeTp OOMNYCKy SAKOCTI

Ha BUrOTOBIIEHHS, HaBeaeHun B (3).

(3) MapameTp pQonycky 4KOCTi Ha
BUroToBreHHA Q cnig npynmaTun 3a
Tabnuueto E.6 BignosigHO Oo knacy

[I0NYCKY SIKOCTi HA BUTOTOBIIEHHS.

(E.24)
where:
Aw is the characteristic
imperfection amplitude:

(E.25)

in which Q is the fabrication quality

parameter given in Paragraph (3).

(3) The fabrication
parameter Q should be taken from
Table E.6 the

fabrication tolerance quality.

quality

for specified

Tabnuusa E.6 — 3HayeHHs napameTpa Q AONYCKY SKOCTi HA BUTOTOBIIEHHS

TableE.6 — Values of fabrication quality parameter Q

Knac ponycky sikocTi XapaktepucTtuka
Quality Class Description Q

Knac A BigMiHHA SKICTb 40
Class A excellent
Knac B BMCOKa SAKICTb
Class B high 25
Knac C HOpMarbHa SKICTb
Class C normal 10
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(4) MNMoHwmxyBaneHWn KoedilieHT  a
BTpaTK CTIMKOCTI Y NPYXHIN cTtagil

Mae 6yTV BU3HAYEHO SIK TakWA:

a=agaq
(5) YMOBHaA TrHY4YKiCTb Ha rpaHuui
MiLuHoCcTi  4,, KoedilieHT 30HU
N1aCTUYHUX nedopmadin B,

NOKa3HUK CTyneHsa B3aemopail n Ta
rpaHnus 3MiLUHEHHST X, MatoTb ByTu

NPUNHATI SK:

2,=020 B=0,70

E.2.3.5 XapaktepuctuyHmun  onip

BTpaTi CTIMKOCTI
(1) XapaktepuctuyHui onip BTparTi
CTINKOCTI cnig BuM3Havatu 3rigHO 3

8.6.3,

HaBaHTaXXEHHS Fgqy

npuyomy nposigHe
NpUUMaoTb SK
npuknageHe 30BHiLLUHE
HaBaHTaXEHHA Pgg, HOMIHANbHUN
onip NNacTU4HUM Jedopmaniam Fgp
Prp  (popmyna

(E.22)) Ta HOMIHaNbHUA KPUTUYHUI

npuumarTb  SK

Onip NPY>XHUM HaBaHTaXEHHAM Fg,

K Prer  (dopmyna

npurumaroTb
(E.21)).

(2) Ue npwussogutb OO TOro, LWo

3Ha4YeHHS ONopy OLiHIOTL SAK:

(4) The elastic buckling reduction

factor a should be found as:

(E.26)

(5) The squash Ilimit relative

slenderness 4,, the plastic range

factor B, the interaction exponent n
and the hardening limit y;, should be

taken as:

n=10 x,=1,0 (E.27)
E.2.3.5 Characteristic  buckling
resistance
(1) The characteristic  buckling

resistance should be determined
according to 8.6.3, with the leading
load Fgq taken as the applied
external pressure pgq, the reference
plastic resistance Fg taken as pr
(Formula (E.22)) and the reference
elastic critical resistance Fg taken

as prcr (Formula (E.21)).

(2) This leads to the resistances

evaluated as:
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(3) YMOBHaA THy4YKiCTb A1 Yy Takomy

pasi:

(4) Xapaktepuctu4Hmn onip BTpaTi

CTinkoCcTi abo TUCK 3a BTpaTn
CTIMKOCTI Yy TakoMy pasi OTpUMYIOTb

3a TakMmMn oopMynamu:

Rk = ZRpl

abo (or)

B AKX

X  DOOpPIBHIOE  MOHWXKyBanbHOMY

KoeiuieHTy BTpaTuM CTIMKOCTI Y

NPY>XHO-NNAACTUYHIN cTaail

BignosigHo oo 8.6.3(5).

E.2.4 MNepeBipka Mil4HOCTi 3a ymoB

BTpPaTU CTIMKOCTI

(1) NepeBipKky MiyHOCTI 3a YyMmOB
BTpaTM CTINKOCTI BUKOHYIOTb 3a
Tako popmMynoro:

R

R =—2>1

VM1
y AKIiN  KOeILIEHT HaQIMHOCTI Y
cnig npuamaTtM  3a  BIAMNOBIgHUM

rany3eBuMM CTaH4APTOM.».

(E.28)

(3) The relative slenderness 1 is

then:

i (E.29)

To | Brn [
RR,cr R

cr

(4) The  characteristic ~ buckling
resistance or the buckling pressure

is then found as:

Prx = X Prpi (E.30)
in which:

x =the elastic-plastic  buckling
reduction factor according to
8.6.3(5).

E.2.4 Buckling strength
verification

(1) The buckling verification is then:

(E.31)

where the safety factor yys should
be taken from the appropriate

application standard.».
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