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EN 1993-4-2

HAIIIOHAJIBHUH BCTYII

Lleii cranmapt € TotoxkHuM nepeknagom EN 1993-4-2:2007 Eurocode 3 - Design of steel
structures - Part 4-2: Tank€Hpokon 3. IIpoekTyBaHHs craneBuX KOHCTpykuid. Yactuna 4-2.
PesepByapn).

EN 1993-4-2:2007miaroroneno Texuiunum komitetom CEN/TC 250, cekperapiat sKoro
niarpumyerses BSI.

Jlo HaliOHATLHOTO CTAHAAPTY J0JIYYEHO aHTJIOMOBHHM TEKCT.

Ha Tepurtopii VYkpaiHn sK HallOHaIbHMHA CTaHAApT Ji€ JiBa KOJIOHKA TEKCTY
JICTY-H b EN 1993-4-2:2007 Eurocode 3: Design of steel stines — Part 4-2: Tank€g¢pokox 3.
[MpoektyBaHHs cTaneBux KOHCTpYKLii. YactuHa 4-2. Pe3epByapu), BUKIIaZeHa YKPAaiHCHKOIO MOBOIO.

Binmosigno no JIBH A.1.1-1-2009 &€ucrema crangapTuzaiii Ta HOpMyBaHHS B OyIiBHHUIITBI.
OCHOBHI TOJIOKEHHS» I CTaHIapT BIAHOCHUTHCS 110 KoMIulekcy B.2.6 «Konctpykuii OyauHKIB 1
cropyn».

CrangapT MICTHTh BUMOTH, SIKi BIATIOBIAIOTh YAHHOMY 3aKOHOJIABCTRBY.

HaykoBo-TexHi4Ha opraHizailisg, BiAIOBiIaNbHA 3a e cTaHaapT, — TOBapUCTBO 3 0OMEKEHOIO
BIJIMOBIJANBHICTIO «Y KpaiHCHKUH IHCTUTYT CTANEBUX KOHCTPYKIiK iM. B.M. lllumaHnoBChKOTO».

Jlo ctangapTy BHECEHO TaKi pelaKIliitHi 3MIHU:

- CIIOBa «Iei €BPONEHCHKUI CTaHAAPT» 3aMIHEHO Ha «Iel CTaHAapT»;

- CTPYKTYpHI €JIEMEHTH CTaHIapTy.: «TuTynbHuN apkym», dlepeamoa», «HarioHanbHUN
BCTYI» 0OPMIICHO 3TiHO 3 BUMOTAaMH HAI[IOHATBHOI CTaHAapTH3aIlii YKpalHH;

- 3 «lepemmoBu mo EN 1993-4-2:2007»y meil «HamioHaNbHUI BCTYI» B3AT€ T€, IO
6e31mocepeIHbO CTOCYETHCS IIbOTO CTAHIAPTY;

Komii MC, mo HenpwifHATI K HaI[lOHAJIbHI CTaHJApTH, aje Ha SKi € TMOCUJIaHHS B |
EN 1993-4-2:2007,moxHa oTpumatu B ['onoBHOMY ¢oOHIOI HOpMATHUBHHUX JOKyMeHTIB JII1
«YxpH/IHL».
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Beryn

Leit €Bponeticekuii crapmapr EN 1993-4-2
«€Bpokon 3. IIpoekryBaHHS  CTaJeBHX
KOHCTpYKLIN» - Yactuna 4-2: «Pe3epByapu»,
MMATOTOBJIEHUNA TexaiyauM Kowmiretom
CEN/TC 250 &yniBenbHi  €Bpokoan»,
CeKperapiaT sIKOTO TinmopsakoBanuii BSI.
CEN/TC 250 Hece BiamoBimampHICTh 3a BCi
OyniBenbH1 €BPOKOIH.

[Iromy €BponeiicbkoOMy cTaHAAPTy HAAA€THCS
CTaTyC HallOHAJIBHOTO CTaHAAPTy IiCIs
OImyOIiKyBaHHS 1JEHTUYHOTO TEKCTYy, a00 Ha
MiZICTaBl MIATBEPKEHHS HE TMi3HIIIEe CEpIHS
2007 p. Bci cynepeuHi  HalioHaJbHI
CTaHJApTH TOBMHHI OYyTH CKacoBaHi 10
6epesnst 2010p.

Le#t noxymeHT po3pobneHuii Ha 3aminy ENV
1993-4-2:1999.

3rinio 3 pernmamentom CEN/CENELEC
BUKOHAHHS €BpocTaHgapTy MOBUHHI
3abe3neuyBatn  HarmioHanpHi opranum i3
CTaHJapTH3allil HACTYIIHUX JepKaB. ABCTpIs,
bensris, bonrapis, Kinp, Uecbka PecnyOuika,
Hanist, Ecrtonis, @innsganis, Dpaniis,
Himewunna, ['pemis, Yropmwuna, Icnmanmis,
Ipnanmis, Iramis, JlatBis, Jlutsa,
JlrokceMOypr, MauisTa, Hinepnanmu,
Hopgeris, Ilonbma, Ilopryranis, Pymysis,
CnoBauunna, Crosenid, Icmamig, IlIBemnis,
[IBeitnapis Ta BenukoOpuTaHis.

Vi

Foreword

This European Standard EN 1993-4-2,
Eurocode 3. Design of steel structures:
“Design of Steel Structures — Part 4-2: Tanks”,
has been prepared by Technical Committee
CEN/TC250 « Structural Eurocodes », the
Secretariat of which is held by BSI.
CEN/TC250 is responsible for all Structural
Eurocodes.

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 latest by March 2010.

This Eurocode supersedes ENV1993-4-2:
1999.

According to the CEN-CENELEC Internal
Regulations, the National Standard
Organizations of the following countries are
bound to implement this European Standard:
Austria, Belgium, Bulgaria, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland,
Italy, Latvia, Lithuania, Luxembourg, Malta,
Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden,
Switzerland and United Kingdom.
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HALIOHAJILHUIA CTAHJIAPT YKPATHU

€BPOKO/ 3. NIPOEKTYBAHHS CTAJIEBUX KOHCTPYKIIIH
YACTHHA 4-2.PESEPBYAPHU

EBPOKO/] 3. [TPOEKTUPOBAHUE CTAJIbHBIX KOHCTPYKIIH
YACTbD 4-2.PEEPBYAPLHI

EUROCODE 3DESIGN OF STEEL STRUCTURES
PART 4-2: TANKS

IlepeamoBa il CTBOPEHHSI MPOrpPaMu
€sBpoxonay

VY 1975poui Kowmicisa €Bponeiicbkoi CiibHOTH
NpUiHSIA PIMIeHHS II0J0 BIPOBA/KCHHS B
oOmacTi OyniBHULITBA IIpOrpaMu y
BiamoBigHocTi g0 crarri 95 Vrogu. Meroro
NPUAHATOT IpoTpamMu OyJI0 YCYHEHHS TEXHIYHUX
NEepemIKoJl JUIi TOPriBJIi 1 TapMOHi3allis
TEXHIYHUX BHMOT.

B pamkax miei mporpamu Kowmicis nposiBuia
HIIaTHBY ~ [I0JI0  BCTAHOBIICHHS npu
NPOEKTYBaHHI  OyHiBEIbHUX  KOHCTPYKIIiH
CHCTEMH TapMOHI30BaHMX TEXHIYHUX IPaBHII,
SK1 Ha TEpIIOMY eTarli CKJIanu OU alnbTepHATUBY
HAI[IOHAIBHUM TIpaBWJIiaM, a B HOJAJBIIOMY
3aMiHMIIa OU iX.

[Mpotsirom m'stHamusaTH pokiB  Kowmicis, mpu
niarpumii PoGouoro KowmireTy mnpencTaBHUKIB
JepKaB-wIEHIB, KepyBaia po3poOKoI0 Mporpamu
€BpokoiB, 110 puBeo 110 nosisu 'y 19804 poku
nepmux €BpOKOIiB.

VY 1989poni Kowmicis ta nepxasu-uinenn EU ta
EFTA ua mixgcrasi yrozml mix Komiciero ta CEN
Bupimmmiu  nepenatu  CEN  migrotoBky i
nyOmikamito €BpOKOIIB 3a JOTIOMOTOK cepii
MaH/aTiB 3 TUM 100 Yy MOAAJbIIOMY HAJaTH iM
craryc €Bponericekoro cranmapry (EN). Lle

YuHHUI BiJ

Background of the Eurocode
programme

In 1975, the Commission of the European
Community decided on an action programme
in the field of construction, based on article

95 of the Treaty. The objective of the

programme was the elimination of technical
obstacles to trade and the harmonisation of
technical specifications.

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

For fifteen years, the Commission, with the
help of a Steering Committee with Represen-
tatives of Member States, conducted the
development of the Eurocodes programme,
which led to the first generation of European
codes in the 1980s.

In 1989, the Commission and the Member
States of the EU and EFTA decided, on the
basis of an agreeméntbetween the

Commission and CEN, to transfer the
preparation and the publication of the
Eurocodes to the CEN through a series of



np. ICTY-H B EN 1993-4-2:28X

¢bakTHYHO YB's3ye €BPOKOIM 3 TOJOKEHHIMU
JupektuB Pamu i/abo Pimennsmu Kowmicii, siki

CTOCYIOTBCSI €BpOMEHCHKIX CTaH/apTiB
(mampuknan, JupextuBa Pamum 89/106/EEC
CTOCOBHO OymiBenbHuXx BupodiB — (CPD),

HupextuBun Pamqu 93/37/EEC, 92/50/EECra
89/440/EECGmo010 cycniibHUX pOOIT Ta MOCYT i
aHanoriyux qupektuB EFTA, mera sikux cripo6a
BCTAHOBJICHHS Ta PETYJIOBAHHS BHYTPILIIHBHOTO

PHHKY)

[Iporpama OyniBenbHUX €BPOKOIIB BKIIOYAE
HACTYIHI CTaHJAPTH, KOXHHUW 3 SKHUX, SK
MIPAaBUJIO, CKJIAZAIOTHCS 3 JEKUTPKOX YaCTHH:

EN 1990 €spokoa: OcHOBHI mpaBuia
MPOEKTYBAHHS KOHCTPYKIIiH

EN 1991 €mpokon 1: HapantaxkeHHs Ha
KOHCTPYKIIi{

EN 1992€Bpokon 2: [IpoexTyBaHHS OETOHHHUX
KOHCTPYKIIH

EN 1993 E€ppokon 3: [IpoekTyBaHHS CTaleBUX
KOHCTPYKLIH

EN 1994 €spoxkonx 4: IlpoexryBaHHA
3aJ11300€TOHHUX KOHCTPYKITii
EN 1995 €spokox 5: IlpoexryBaHHA

JepeB’ SHUX KOHCTPYKIIIH
EN 1996€Bpoxkon 6: IIpoekryBaHHsS KaMm’' STHUX

KOHCTPYKIIH

EN 1997 €spoxox 7. T'eorexniune
MIPOEKTYBaHHS

EN 1998 €Bpokox 8: IlpoexryBaHHA
CeMCMOCTIHKUX KOHCTPYKITIH

EN 1999 €spokox 9: IlpoexryBaHHA
AIIOMIHIEBUX KOHCTPYKIIIH.

Crannaptu €BpoKo/IiB BCTAHOBJIIOIOTH
BIJITOBIAAIBHICTE IIOBHOBAXHUX Oprasi

KO’KHOI 3 JIepKaB-4CHIB 1 TapaHTyIOTh 1M IIPaBO
BU3HAYaTU KPUTEPii, IO BITHOCATHCS 10 MUTAHb
perymtoBaHHs Oe3IeKy Ha HalllOHAIbHOMY PiBHI,
AKIIO X 3HAYCHHS BIIPI3HAIOTBHCS y Tii abo B
HIITIHA JepKaBi.

Mandates, in order to provide them with a
future status of European Standard (EN).
This links de factathe Eurocodes with the

provisions of all the Council’'s Directives

and/or Commission’s Decisions dealing with
European standards (e.g. the Council
Directive 89/106/EEC on construction

products - CPD - and Council Directives
93/37/EEC, 92/50/EEC and 89/440/EEC on
public works and services and equivalent
EFTA Directives initiated in pursuit of

setting up the internal market).

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

EN 1990 Eurocode: Basis of Structural

Design

EN 1991 Eurocode 1: Actions on structures

EN 1992 Eurocode 2. Design of concrete
structures

EN 1993 Eurocode 3: Design of steel
structures

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

EN 1995 Eurocode 5: Design of timber
structures

EN 1996 Eurocode 6: Design of masonry
structures

EN 1997 Eurocode 7: Geotechnical design

EN 1998 Eurocode 8: Design of structures
for earthquake resistance

EN 1999 Eurocode 9: Design of aluminium
structures.

Eurocode standards recognise the responsi-
bilty of regulatory authorities in each
Member State and have safeguarded their
right to determine values related to
regulatory safety matters at national level
where these continue to vary from State to
State.

Yroma wmix Kowmiciero €sporeiichkoi CrinpHoTH Ta
€sporeiicbkkum  Komiterom 3i  crangaprusanii  (CEN)
CTOCOBHO pPO3POOKM €BpOKOIIB HAa IPOCKTYBAHHS
Oyaisens i ciopyn (BC/CEN/03/89).

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



Crartyc Ta cdepa 3acTocyBaHHS
€BpokoaiB

HepxaBu-unenn EU ta EFTA Bu3HatoTh
€BpoKOM B AKOCTI JOKYMEHTiB, Ha SKi
IMOCHJIAIOTHCS 3 METOIO:

— MIATBEPDKCHHS BIIMOBIAHOCTI KOHCTPYKITiH
OymiBenb 1 CHOpPYyd OCHOBHUM BUMOTaM
HupektuBu Pamun  89/106/EEC — 30kpema
BuMo3l N°1 «MexaHiuHa MIIHICTE 1 CTIHKICTE»
Ta BuUMO031 N°2 «loxkexHa Oe3rexa»;

— BUKOPHUCTAHHS iX K OCHOBU IpPH YKJIAJaHHI
KOHTPAKTIB Ha BUKOHAHHS OyNiBEIbHHUX POOIT i
HAJaHHS BIIMOBIIHUX IHKCHEPHUX MOCIYT;

— BHUKOPHCTaHHS 1X SK PaMOYHHX YMOB IIpH
PO3po0Ili rapMOHI30BaHUX TEXHIYHUX YMOB Ha
oynisenbHi BupoOu (ENsTa ETAS).

OckiTbkH €Bpoxo 6e3mocepeHbOo
CTOCYIOThCSl OyHIBENbHUX KOHCTPYKIIii, BOHHU
MalOTh MpPSIME BiJHOIIEHHS 1O MOSCHIOBAJIBHUX
I[OKyMeHTiBZ, mo HaseneHi B crarri 12 CPD,
He3BaXKarouu Ha  IX BIIMIHHICTB BIJ
rapMOHI30BAHMX  CTAHZAPTIB HA  BHPOOH .
Buxoasun 13 1poro, BIAMOBIAHUM TeXHIYHUM
Kowmireram CEN i/abo po6ounm rpynam EOTA,
0 pO3poOJSAIOTh CTaHIApTH Ha OyJiBenbHI
BUpOOHM, HeoOximHO po3risagatd  TexHiuHi
acrieKTh €BpOKOAIB 3 METOI0 JOCATHEHHS
MOBHOI CYMICHOCTI TakMX TEXHIYHHX YMOB 3
€BpOKOIaMHU.
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Status and field of application of
Eurocodes

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

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

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

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

The Eurocodes, as far as they concern the
construction works themselves, have a direct
relationship with the Interpretative Docu-
ment$ referred to in Article 12 of the CPD,
although they are of a different nature from
harmonised product standatdsTherefore,
technical aspects arising from the Eurocodes
work need to be adequately considered by
CEN Technical Committees and/or EOTA
Working Groups working on product stan-
dards with a view to achieving a full compa-
tibility of these technical specifications with
the Eurocodes.

Arigmo 31 crarrero. 3.3 CPD Tiymausi JI0KyMEHTH
NOBUHHI KOHKpeTH3yBaTd ocHoBHi Bumoru (ERS) mis
BCTaHOBJICHHS HEOOXiTHOro 3B’SI3Ky MIDK OCHOBHUMH
BUMOTaMH i MaHAaTamu s rapMmoHi3oBanmx ENS ta
ETAGS/ETAs.

#rigmo 3i crarrero. 12 CPD Tiymauni J0KyMeHTH
TIpU3HAYCHI IS

a) KOHKpeTH3allii OCHOBHHUX BHMOT IIUISIXOM Y3TOJDKCHHS
TepMiHOIOrii 1 TexHiuHOI 0a3u, a y pas3i HeoOXiJHOCTI,
IUITXOM 3a3HAYCHHS KJIACiB a00 piBHIB KOXKHOi BUMOTH;

b) BcraHOBiEHHS METOMIB CIIBBiIHOIICHHS 3a3HAYCHHX
KJIaciB 200 piBHIB 3 TEXHIYHHUMHU BUMOTaMH, HATIPUKIIA],
IIOJI0 METO/IB PO3PaxyHKIiB, BHIIPOOYBaHb Ta MpPaBUI
MIPOEKTYBAHHS , TOIIO;

C) IOCHJIAHHS HAa HUX TP PO3POOJICHHI TapMOHI30BaHHX
CTaHAAPTIB JUIS 3aTBEPUKEHHST €BPONEHCEKUM TEXHIYHUM
KOMITETOM.

@akTnyHO €BPOKOIM BiAIrparoTh MOMIOHY poib B chepi
nii ronoBHoi Bumord Ne 1 (ER 1)i wactuni Bumoru Ne2
(ER 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 theese
sary links between the essential requirements laad t
mandates for harmonised ENs and ETAGS/ETASs.
3According to Art. 12 of the CPD the interpretative
documents shall :

a) give concrete form to the essential requirements
harmonising the terminology and the technical bases
and indicating classes or levels for each requingme
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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€BpPOKOIM pErJIaMEHTYIOTh 3arajbHi IpaBHIIa
OyIiBeIBHOTO TPOEKTYBaHHS, IO MOCTIHHO
3aCTOCOBYIOTBCS pu MPOEKTYBaHHI1
KOHCTPYKIIH B IIITIOMY Ta iX OKpPEeMHX €JIEeMEHTIB
SK  TPaguWI[ifHOTO, TakK 1 IHHOBAI[IMHOTO
xapakrepy. s HerpaguuiiiHux  ¢dopm
KOHCTPYKLIA ab0 TPOEKTHUX pilleHb, SKi
OKpEMO HE PpO3IJSHYTI, NPOEKTYBAIbHUKOM
ITIOBUHHO Oyru  TpOBEICHO €KCIIEPTHE
OLIIHIOBAHHSI.

HamnionajbHi cTaHaapTH, 110
BIIPOBAKYIOTH €BpOKOAH

HamionanbHi craHmapTd, SKi BOPOBAIKYIOTh
€BpOKO/IM, TOBHHHI MICTUTH TOBHHUU TEKCT
€Bpokoja (3 nogarkamu), onyosaikoBanuit CEN
3 MOXJMBHM JIOJIaHHSM THUTYJIBHOTO JIUCTA,
NEepeMOBH Ta JIOJAaTKa 3 JOBIKOBUM CTAaTyCOM,
mo OoQOpPMIIOIOTBCS  3TIIHO 3  BUMOTaMH
HarionansHo1 cTaHgapTH3AILLI.

HamioHanesHUHA  JOJATOK  MOXKE  BKJIIOYATH
iHpOpMalil0 TUTPKM BIAHOCHO THUX HapaMmeTpiB,
IO 3&JUIIeHI B €BPOKOAAX BIAKPUTHUMH IS
HAIlOHAJIILHOTO BHOODY, BIIOMHUX SIK
HamionaneHO  BHM3HAaueHI  TmapaMeTpH,  SKi
BUKOPHUCTOBYIOTbCS B TI€BHIA JepkaBi IpH
NPOEKTYBaHHI Oy/iBeNb Ta IH)KEHEPHUX CIOPY.T
PI3HOTO MPHU3HAYCHHS, a CaMe!

— BenmuuHU  1/ab0 KiacH, sKimo B €BpOKOi
HABOJATHCS aTbTEPHATUBHI BapiaHTH;

— BEJIMYMHH, K1 HEOOX1JTHO BUKOPHCTO - BYBaTH
SKIIO B €BPOKO/Ii HABEACHUI TUTHKU CHMBOJ;

— cneuuiyHi  TepUTOpiadbHI  BIZOMOCTI
(reorpa¢iuni,  KIIMAaTHYHI  JaHi,  TOIIO),
HAMPUKIIA]], KapTa CHIrOBOTO TIOKPHUBY;

— BH3HAYCHHS KOHKPETHOI METOAMKH Yy pasi
HaBeleHHS B €BpOKOAl  aJbTEPHATUBHHUX
BapianTiB. HamioHanmpHUIl ~ 10JAaTOK  MOXKe
MICTHTH TaKOX:

— peKoMeHAallil 00 3aCTOCYBaHHS JI0JIaTKIB
JOBIIKOBOTO CTaTyCy ;

— TOCWJIAHHA Ha HE CYNEpe4yHy JI0JaTKOBY
iH(OpMalito, 10 JoToMarae KOpucTyBady MpHu
3aCTOCYBaHHI €BPOKONY.

The Eurocode standards provide common
structural design rules for everyday use for
the design of whole structures and
component products of both a traditional and
an innovative nature. Unusual forms of
construction or design conditions are not
specifically covered and additional expert
consideration will be required by the
designer in such cases.

National Standards implementing
Eurocodes

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

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

— values and/or classes where alternatives
are given in the Eurocode,

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

— country specific data (geographical,
climatic, etc), e.g. snow map,

—-the procedure to be used where alternative
procedures are given in the Eurocode. It may
also contain:

— decisions on the application of informative
annexes,

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



3B’ s13kH Mixk €BpokogaMu
TA TAPMOHI30BAHUMM TeXHIYHUMH
ymoBamu (ENsTa ETAS) Ha BupoOu

HeoOxigHo  3a0e3me4ynTd  Y3rODKEHICTh
rapMOHI30BaHUX  TEXHIYHUX yMOB  Ha
OyniBenbHI BUPOOH 3 TEXHIYHUMHU BUMOTaMHU
10 OymiBeTbHUX KOHCprKuiﬁ4. Kpim 1poro,
yes  iHpopmMmanis, mo cymnpoBompkye CE -
MapKyBaHHs OyJiBeIbHUX BHPOOIB, Ha SIKi €
nocuiganHs B €BPOKOAAx, MOBHHHA YITKO
BKa3yBaTH sKi HaI[IOHAILHO BU3HAYECHI
napamMeTpu BpaxoBaHi.

4 Hus. crarri 3.31a 12 CPD,a takox 4.2; 4.3.1;

4.3.2;1 5.2 ID 1.

JonaTkoBa cnenudiuna Hpopmauis
moxo EN 1993-4-2

B EN 1993-4-2 naBeneHi pexomeHAAIii
1010 TIPOEKTYBAHHS Pe3epBYyapiB.

B EN 1993-4-2 mHaBenmeHi mpaBuWiia
MPOEKTYBaHHS, $Ki JOMOBHIOIOTH 3arajibHi
npasuia B yactuHax EN 1993-1.

EN 1993-4-2npusnaveHuii st 3aMOBHHKIB,
MPOEKTYBAIHHHUKIB, MiIPSTHUAKIB 1
BIJIOBIHUX OPTaHIB BJIAJH.

EN 1993-4-2 MPU3HAYCHUN ISt
BuKkopucTanHs B noenHanHi 3 EN 1990, EN
1991-41i igmmmu yactuaamu EN 1991, EN
1993-1-6, EN 1993-4-1 i iHmMMH
yactuHamu EN 1993,3 EN 1992ta iHmmmu
yactuHamu EN 1994+ EN 19990 maroTh
BIJTHOIIICHHS JI0 MPOEKTYBAaHHS pe3epBYyapiB.
ITuranHs, sKI BX€ BHUCBITJIEHI B IUX
JOKyMEHTaX, y JaHoMy €BpOKOai He
MTOBTOPIOIOTHCS.

Yucnosi 3HaUeHHsT KOedillieHTIB Oe3MeKku Ta
THIINX napameTpiB HaAIHHOCTI
PEKOMEHIYIOThCSI Yy SKOCTI 0a30BHX, MIO
3a0e31euyioTh HEeOOXi1THHIA piBEHb
HaJIMHOCTI. 3HaUeHHs i Oy/lIM BCTAaHOBJICHI
32 yMOBH 3a0e3Me4eHHs BiAMOBIAHOTO PIBHS
SAKOCTI1 B nporeci BUTOTOBJIEHHS
KOHCTPYKILI Ta BHKOHAHHS OyiBeIbHO-
MOHTaXHUX POOIT.

Jlns pesepByapiB, sk BUPOOY (3aBOJCHKOTO
BUPOOHUIITBA) Koe]ilieHTH Oe3nexu
MOXYTb BH3HAYATHUCS BIJIIOBITHUMU
opranami. IIpu MapkyBaHHi pe3epByapiB, 5K
BUpoOy, koedimieHTH 3rimHo 3 2.9 MaioTh
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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.

4 see Art.3.3 and Art.12 of the CPD, as well as
clauses 4.2, 4.3.1, 4.3.2 and 5.2 of ID 1.

Additional information specific
for EN 1993-4-2

EN 1993-4-2 gives design guidance for the
structural design of tanks.

EN 1993-4-2 gives design rules that
supplement the generic rules in the many
parts of EN 1993-1.

EN 1993-4-2 is intended for clients,
designers, contractors and relevant
authorities.

EN 1993-4-2 is intended to be used in
conjunction with EN 1990, with EN 1991-4,
with the other Parts of EN 1991, with EN
1993-1-6 and EN 1993-4-1, with the other
Parts of EN 1993, with EN 1992 and with
the other Parts of EN 1994 to EN 1999
relevant to the design of tanks. Matters that
are already covered in those documents are
not repeated.

Numerical values for partial factors and
other reliability parameters are
recommended as basic values that provide an
acceptable level of reliability. They have
been selected assuming that an appropriate
level of workmanship and quality
management applies.

Safety factors for ‘product type’ tanks
(factory production) can be specified by the
appropriate authorities. When applied to
‘product type’ tanks, the factors in 2.9 are
for guidance purposes only.
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cTaTyc peKOMEHJALIMHUX. X mpu3HayeHHS
MIAKPECTUTH HEOOXiqHI piBHI Oe3meku yis
3a0e3neueHHs HaiiHOCTI KOHCTPYKILIi.

Hanionaasuuii nogatok xo EN
1993-4-2

Ile#t craHgapT MICTUTH BKa3iBKH, J€ MOXE
Oytu 3poOieHuit HallOHAIBHUNA BUOIp, TOMY
HarioHaneHUK  cranmapt EN  1993-4-2
IMOBUHEH Maru HarjoHanbHUA [0JAaTOK, B
AKOMY  HaBOJATbCA  yCi  HaIlOHAJIBHO
BU3HAYECHI  mapameTpd, sKi  Oynyrb
BUKOPUCTOBYBATUCS TPH  MPOCKTYBAHHS
OyxiBenb 1 criopyx, o OyayTh OyayBaTHCS Yy
BIIOBIIHIN KpaiHi.

Hamionaneuuit  Bubip B EN 1993-4-2
JOIMYCKAETHCS B HACTYIMHHUX ITYHKTaX:

— 221

— 22(3)
— 2921 (1p
— 2.921(2P
— 2.921(3)P
— 2922(3)P
— 29.3(2)
~ 330

— 4.1.4(3)
— 4.3.1(6)
— 4.3.1(8)

They are provided to show the likely levels
needed to achieve consistent reliability with
other designs.

National annex for EN 1993-4-2

This standard gives alternative procedures,
values and recommendations for classes with
notes indicating where national choices may
have to be made. Therefore the National
Standard implementing EN 1993-4-2 should
have a National Annex containing all
Nationally Determined Parameters to be
used for the design of buildings and civil
engineering works to be constructed in the
relevant country.

National choice is allowed in EN 1993-4-2
through:

—2.2(1)
—2.2(3)
—2.9.2.1(1)P
~2.9.2.1(2)P
—2.9.2.1(3)P
~2.9.22(3)P
~2.9.3(2)
~3.3(3)
—4.1.4 (3)
—4.3.1 (6)
—4.3.1(8)



1 3AT'AJIBHI HOJIOKEHHSA

1.1 Cdepa 3acTocyBaHHs

(1) Yactuna 4.2 €Bpokoga 3 BCTaHOBIIIOE
OCHOBHI TPUHIMOM Ta IPaBUJIa MPOCKTYBaHHS
BEPTUKATBHUX IVUTHIPUIHUX Ha3eMHUX
CTaJIeBUX pe3epByapiB Juisg 30epiraHHs pPiIKUX
MPOJIYKTIB 3 TAKUMH XapaKTePHCTHKAMHU:

a) BHYTPILIHIA HAJIMIIKOBHI TUCK y pe3epByapi
- e menur 100M6ap i He Ginmbm 500MGap”;

0) po3paxyHKOBa TemmepaTypa MeTana
KopIycy pesepByapa B aiamazoni Bin -50 € go
+300 €. [lnsa pesepByapiB BUTOTOBICHHUX 13
HEpXKaBilo4oi CTaji po3paxyHKOBa TemIleparypa
KopIycy Moke OyTtu B giana3oHi Big — 165 € no
+300 €. [Ings  1UKIYHO—HABAaHTAXKECHUX
pe3epByapiB TemIeparypa KOpHycy IOBHHHA
Oytu B mianasoHi - 7'< 150 €,

B) MaKCUMAaJIbHUN IIPOCKTHUN piBEeHb
HATlOBHEHHS pesepByapa HE MOBHHEH
MEPEBUIILYBAaTH BEPXHIO BIIMITKY LMIIHIAPUYHOT
0OOJIOHKH.

(2) Yacruna 4.2 BpaxoBye BHMOTH MIOJIO
MII[HOCTI Ta CTIHKOCTI CTaJeBUX pe3epBYyapiB.
[Hmni  KOHCTpyKWiMHI ~ BUMOTHM IS BCIX
pe3epByapiB, IO  EKCIUIyaTyIOThCS  TpH
TeMIepaTypi  HaBKOJIMIIHBOTO  CEPEJOBHIIA,
HaBomaThcss B EN 14015, a npu HUBBKHX
temneparypax — B EN 14620, Bumoru miono
BUTOTOBNIEHHS Ta MOHTaXy — B EN 1090.

Bei  1mi  gomaTkoBi  BUMOTH — CTOCYHOTHCS
MiZATOTOBKY OCHOBH 1 BJAIUITYBaHHS (QYHIAMEHTY,
BUTOTOBJICHHSI, CIIOPYIUKEHHS M BUIIPOOYBaHHS,
eKCIUTYaTaI[IfHOT HAJIITHOCT1 TAKUX €JIEMEHTIB SIK
mokH, (IaHIi, TpPUCTPOi I MiABOAY 1 3JIUBY
POIYKTY.

(3) CremianpHi BHUMOTHM B TPOCKTYBaHHI
CEMCMOCTIHKUX KOHCTPYKIIH, II0 JOTIOBHIOIOTH
BuMoru €Bpokosna 3, BukianeHi B EN 1998-4
(€Bpokox 8 wactmHa 4  {IpoekTyBaHHS
CeMCMOCTIHKUX KOHCTPYKIIIi: Cunocu,
pe3epByapu Ta TpyOOTIPOBOIH).

° [Ipu BigCyTHOCTI IHIIWUX TO3HAYEHb THCK 3aBXKIU
BKa3yeThCsl B MOap.

(4) [TIlpoexTyBaHHS HECy4yHMX  KOHCTPYKIii
pesepByapiB posrasayto B EN 1993-1-1.

(5) IlpoekTyBaHHsS aNTIOMIHIEBUX KOHCTPYKIH
MNOKPUTTS CTAJIICBUX pe3epBYapiB PO3IIISHYTO B
EN 1999-1-5.
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1 GENERAL

1.1 Scope

(1) Part 4.2 of Eurocode 3 provides principles
and application rules for the structural design
of vertical cylindrical above ground steel tanks
for the storage of liquid products with the
following characteristics:

a) characteristic internal pressures above the
liquid level not less than —100mbar and not
more than 500mbar;

b) design metal temperature in the range of
—50°C to +300°C. For tanks constructed using
austenitic stainless steels, the design metal
temperature may be in the range of —165°C to
+300°C. For fatigue loaded tanks, the
temperature should be limited to T < 150°C,;

c) maximum design liquid level not higher
than the top of the cylindrical shell.

(2) This Part 4.2 is concerned only with the
requirements for resistance and stability of
steel tanks. Other design requirements are
covered by EN 14015 for ambient temperature
tanks and by EN 14620 for cryogenic tanks,
and by EN 1090 for fabrication and erection
considerations.

These other requirements include foundations
and settlement, fabrication, erection and
testing, functional performance, and details
like man-holes, flanges, and filling devices.

(3) Provisions concerning the special
requirements of seismic design are provided in
EN 1998-4 (Eurocode 8 Part 4 “Design of
structures for earthquake resistance: Silos,
tanks and pipelines”), which complements the
provisions of Eurocode 3 specifically for this
purpose.

®> All pressures are in mbar gauge unless otherwise
specified

(4) The design of a supporting structure for a
tank is dealt with in EN 1993-1-1.

(5) The design of an aluminium roof structure
on a steel tank is dealt with in EN 1999-1-5.
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(6) [IpoektyBanHs 3ami300eTOHHUX (PyHIAMEHTIB
IUIs CTaJieBUX pe3epByapiB posrisiHyro B EN
1992i EN 1997.
(7) YucnoBi 3HaueHHs OCOOJMBHX BIUIMBIB Ha
CTaJIeBl pe3epByapH, siKi HEOOXiHO BpaXOBYBaTH
npu npoekTyBaHHi, HaBeneHo B EN 1991-4
«BrmuBu Ha cuiiocH 1 pesepByapu». JlogaTkoBi
YMOBH IIOJI0 BIUIMBIB Ha pe3epByapu HaBEACHO B
nonatky A no gactunu 4.2 €Bspokona 3.
(8) Yactuna 4.2He BKIIOYAE:

— IUTaBarO4i MOKPHUTTS 1 TOHTOHH,

— BOTHECTINKICTh 3a0e3neueHHs (BUKIAACHE B
EN 1993-1-2).
(9) Umninapuyni pe3epByapH, IO PO3IIISHYTI B
bOMY CTaHIApPTi, MalOTh BICECUMETPUYHY
dopMy B TIUIaHI, ange MOXKYTh MiJAaBaTHCA
HECUMETPUYHOMY BIUIUBY 1 MOXYTh MaTH
HECHUMETPUYHY (POpMY HECYdO1 KOHCTPYKIIII.

1.2 HopmaTuBHi nocuIaHHSA

Lleit  €Bpomeicbkuii  cTaHmapT  MICTUTH
MOJIOKCHHST  IHIMUX NyOmikKamii y BUIJISII
JaTOBaHUX a00 HEJAaTOBaHMX IMocuiaaHb. Lli
HOPMAaTHBHI MMOCUJIAHHS 3HAXOAATHCS Y BIAMOBIJI-
HUX MiICLUAX TEKCTYy, a TMepemiKk IyOsikarii
HaBOJUThCA HWX4Ye. JIJIS JaTOBaHMX IMOCHIIAHb
MoJaNblIi MOMpaBKku abo penakmii Oyab-KHX
TakuxX MyOmikamii 3acTOCOBYIOTBCSA 0 I[HOTO
€BpOMECHKOr0 CTAaHAAPTY JIUIIE 32 YMOBH, IO
BOHU BKIIOYCHI JO HBOTO TIOMPaBKOK abo
penakmiero. J[ns HeAaTOBaHMX TMOCHIIAHB 3aCTO-
COBYETHCSI OCTAHHE BUIAHHS MYyONiKaIlii, Ha SKy
JAETHCS TTOCUITAHHS.

EN 1090-2 BupoOHUITBO  CTaleBHX 1
AIOMIHIEBUX KOHCTpPYKIii. YactuHa 2: TexHiuHi
BHMOTH JIO CTAJIIEBUX KOHCTPYKIIIH;

EN 19900cH0BH poeKTyBaHHS KOHCTPYKITIHA;
EN 1991€Bpoxox 1: BBy Ha KOHCTPYKIIIi;
Yactuna 1.1:Tluroma Bara, BiacHa Bara, KOPHCHI
HABAaHTKEHHS B HA3eMHOMY OY/IIBHHIITBI,
Yactura 1.2: BrumBu moxexi Ha
KOHCTPYKIIII;

Yacrura 1.3: CHIroBe HaBaHTAKEHH
Yactuna 1.4:BitpoBe HaBaHTa)KEHHS,
Yactuna 4: BrumBu Ha CHIIOCH 1 pe3epByapu:

EN 1992 €spokon 2: [IpoekTyBaHHsS OETOHHHUX
KOHCTPYKITiH;

EN 1993 €spoxon 3: IIpoekTyBaHHS CTaJeBUX
KOHCTPYKITIH:

Hecyul

(6) Foundations in reinforced concrete for
steel tanks are dealt with in EN 1992 and EN
1997.
(7) Numerical values of the specific actions on
steel tanks to be taken into account in the
design are given in EN 1991-4 "Actions on
Silos and Tanks". Additional provisions for
tank actions are given in annex A to this Part
4.2 of Eurocode 3.
(8) This Part 4.2 does not cover:

- floating roofs and floating covers;

- resistance to fire (refer to EN 1993-1-2).

(9) The circular plan form tanks covered by
this standard are restricted to axisymmetric
structures, though they can be subject to
unsymmetrical actions, and can be
unsymmetrically supported.

1.2 Normative references

This European Standard incorporates, by
dated or undated reference, provisions from
other publications. These normative references
are cited at the appropriate places in the text
and the publications are listed hereafter. For
dated references, subsequent amendments tc
or revisions of any of these publications apply
to this European Standard only when
incorporated in it by amendment or revision.
For undated references the latest edition of the
publication referred to applies.

EN 1090-2 Execution of steel structures and
aluminum structures — Part 2: Technical
requirements for steel structures;

EN 1990 Basis of structural design;

EN 1991 Eurocode 1: Actions on structures ;
Part 1.1: Actions on Structures - Densities,
self weight and imposed loads for buildings;
Part 1.2: Actions on structures - Actions on
structures exposed to fire;

Part 1.3: Actions on structures - Snow loads;
Part 1.4: Actions on structures - Wind loads;
Part 4: Actions on silos and tanks;

EN 1992 Eurocode 2: Design of concrete
structures ;

EN 1993 Eurocode 3:
structures:

Design of steel



Yactuna 1.1: 3aranbHi npaBuia 1 mpaBuia ajs

OymiBenb;

Yactuna 1.3: XosoxHodopmoBaHi TOHKI
€JIEMEHTH 1 JIUCTH,

Yactuna 1.4: HeipxkaBitoui cTaini,

Yactmna 1.6: 3aranpHi mpaBuia - JOJATKOBI

NpaBiia IIOJ0 MIIHOCTI Ta CTIAKOCTI JIMCTOBHX

KOHCTPYKLIIH;
Yactmna 1.7 3aranpHi mpaBuia - JI0JaTKOBI
IpaBuIA. [nactuxyari KOHCTPYKIIIT pH

HABaHTaKEHHI 11032 MEKaMH IUIOIINHH;

Yactuna 1.10: XapakTepucTHKH Matepialy 3a
MIIHICTIO 1 yJJapHOIO B’ A3KICTIO;

Yacrtuna 4.1: Cunocu;

EN 1997€Bpoxon 7: 'eoTexHidHE MPOEKTYBAHHS,
EN 1998 €Bpokon 8: IlpoekTyBaHHs celicMO —
CTIMKUX KOHCTPYKIIIH;

Yactuna 4: CunocH, pesepByapH, Tpyoorpo —
BOJIH;

EN 1999 €Bpokon 9:
AIIOMIHIEBUX KOHCTPYKIIIH.
Yacruna 1.5:KoHceTpykiii 00010HOK;

EN 10025 BwupoOu  rapsuekarani 3
KOHCTPYKI[IHHOT HEJIErOBaHOi CTalmi — TEXHIYHi
YMOBH MOCTayaHHS;

EN 10028 Bupobu mutocki
BUKOPHUCTAHHS IiJ] THCKOM;

EN 10088Cranp HepkaBiroua,;
EN 10149Bupo0u i3 cTasi 3 BUCOKOIO IPAHUIICIO
TEKY4YOCTI IUIOCKI rapsdeKkaTaHi Ui XOJIOJHOTO
¢dbopmyBaHHS,

Yactuna 1:3aranbpHi yMOBHU MOCTaYaHHS
YactuHa 2: YMOBH TOCTa4aHHS TEPMO3MII[ -
HEHO1 MPOKaTHOT cTai

Yactuna 3: YMOBHU NMOCTa4aHHS HOpMaJli30BaHO1
a00 HOpMaJi30BaHOI MPOKATHOI CTai

EN 13084 Tpyou nuMoBi MpOMHCIOBI OKpEMO
cTos4l

Yactuna 7: TexHiuyHI yMOBM Ha HHJIIHAPUYHI
CTasieBi BUpOOU JIsi AMMOBHUX 1 00CaTHUX TPYO.
EN 14015TexHiuHi yMOBHM Ha HPOCKTYBaHHS 1
OyIIBHUIITBO Ha3eMHHUX BEPTUKAIbHUX, 3BAPHHX,
CTaJieBUX, UWIHIPUYHUX  pe3epByapiB 3
IUIOCKUM JHHINEM, AJis 30epiraHHs piauHH, sKi
MOHTYIOThCS Ha OyIiBeNbHUX MaiilaHYMKax B
TeMIepaTypHUX yMOBax HE HIDKYE
HaBKOJIMIITHBOTO CEPEIOBHIIIA,;

EN 14620 IlpoexryBanHs 1 BUPOOHMLITBO Ha
MICI[I BEPTHKAIbHUX IWIHAPUYHUX, 13 TIOCKUM
JHUIIEM, CTaJEeBHX pe3epByapiB Ui 30epiraHHs
OXOJIOJDKEHUX 3pIDKEHHX Ta3iB 3 poOoydoro
temnepatypoio —5°C 1 —165°C;

IIpoekTyBaHHs

crajeBl A
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Part 1.1: General rules and rules for buildings;
Part 1.3: Cold formed thin members and

sheeting;
Part 1.4: Stainless steels;

Part 1.6: General rules - Supplementary rules

for the strength and stability of shell
structures;

Part 1.7: General rules - Supplementary rules

for  planar structures  loaded
transversely;

Part 1.10: Material toughness and through
thickness properties;

Part 4.1: Silos;

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

Part 4: Silos, tanks and pipelines;

plated

EN 1999 Eurocode 9; Design of aluminium
structures;

Part 1.5: Shell structures;

EN 10025 Hot rolled products of non-alloy
structural steels - technical delivery
conditions;

EN 10028 Flat products made of steel for
pressure purposes;

EN 10088 Stainless steels

EN 10149 Specification for hot-rolled flat
products made of high yield strength steels for
cold forming.

Part 1: General delivery conditions
Part 2: Delivery  conditions
mechanically rolled steels

Part 3: Delivery conditions for normalized or
normalized rolled steels

EN 13084 Freestanding industrial chimneys

for thermo

Part 7: Product specification of cylindrical
steel fabrications for use in single wall steel
chimneys and steel liners

EN 14015 Specification for the design and
manufacture of site built, vertical, cylindrical,
flat bottomed, above ground, welded, metallic
tanks for the storage of liquids at ambient
temperatures

EN 14620 Design and manufacture of site
built, vertical, cylindrical, flat-bottomed steel
tanks for the storage of refrigerated, liquefied
gases with operating temperatures between
5°C and -165°C;
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ISO 1000Cucrema onunuip - Cl

ISO 3898 OcHoBu mpoekTyBaHHS OyAiBETHHUX
KOHCTPYKI[id. YMOBHI TMO3HAuYeHHS. 3arajibHi
CHUMBOJIH;

ISO 8930 3aranpHi NPUHIUIK HATIMHOCTI

OyaiBeTbHUX KOHCTPYKIIIH. [Mepenix
eKBIBaJICHTHUX TEPMIHIB

1.3 ¥YMoBH 3acTOCYBaHHS

(1) [HomatkoBO 10  3araibHUX  BHXITHUX

nosioxxeHb EN 1990,BpaxoByeThCst HaCTyIHE:

- BUTOTOBJIEHHS Ta MOHTAX IIOBUHHI BIAIIOBiIaTH
umoram EN 1090, EN 140151 EN 14620
BIJITOBIAHO.

1.4 BigMminHicTe Mik
NMPaBUJIAMHU 32CTOCYBAHHS

(1) AuBuce 1.4 EN 1990.

1.5 Tepminu Ta BU3HAYEHHA

NpUHOMNAMH i

(1) Tepminm, sixi HaBeneHo B 1.5 EN 1990mus
3arajibHOTO0 BUKOPUCTAHHS B CTPYKTYpI
€BpoxkoiB, Ta BU3HaueHHs HaBeaeHi B 1ISO 8930,
3acrocoBytoThcsi B Uactunu 4.2 EN 1993 saxmo
He BKasaHo iHme, axe B Yactuui 4.2 HaBeneHi
Takl JOJaTKOB1 BU3HAYEHHS:

1.5.10060/10HKA.

KoHcTpykilis, BHUKOHaHa 13  BUKPHUBIEHOTO
TOHKOTO JIucTa. [ pe3epByapa 1ei TepMiH Mae
ocobmuBe 3HaYeHHd, AuB. 1.7.2.
1.5.2BicecumeTpryHa 000/10HKA.

KoHcTpykitis  CTiHKH,  TeoMeTpisi  [Koi
BHU3HAYA€ETHCS 00EPTaHHAM MEpUIIOHATBHOT JiHiT
HABKOJIO IEHTPAIBHOT OCi.
1.5.3kopo0.

TpuBumipHa KOHCTpYKIis, $Ka BHUKOHAaHA 31
30ipHUX TUIOCKUX JIMCTIB, IO CKJIAJAIOTBCS B
3akpuTy 00'emMHYy (opmy. Jns uinei mporo
CTaHJAapTy KOpoO Mae po3Mipd, [Ki B ILUIOMY
3iCTaBHI B YCiX HaNpsMKax.
1.5.4mepuaioHaIbHUI HATIPSAM.

JloTuyHa JiHIS 1O KOPIyCY pe3epByapa B OyIib-
SKUI TOYIll BEPTHKAIBHOTO TMEpepizy, 1o
NpOXOAUTh Yepe3 Bich pesepByapa. Bona
3MIHIOETBCS B 3aJIGKHOCTI BiX €JIEMEHTA
KOHCTPYKIIii, III0 PO3TIISAA€THCS.
1.5.5kinbueBnii HANPSAM.

lopusoHTanpHa MAOTHYHA JiHIS 10 KOPIYyCYy
pesepByapa B Oydb-akuii  Touli. Bona
3MIHIOETBCS  BIIHOCHO KOPIYCYy pe3epByapa,
JSKUTh Yy TOPH3OHTAIBHIM  IUIOMMHI U
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ISO 1000 Sl Units;
ISO 3898 Bases for design of structures -
Notation - General symbols;

ISO 8930 General principles on reliability for
structures - List of equivalent terms.

1.3 Assumptions

(1) In addition to the general assumptions of
EN 1990 the following assumption applies:

- fabrication and erection complies with EN
1090, EN 14015 and 14620 as appropriate

1.4 Distinction between principles and
application rules

(1) See 1.4 in EN 1990.
1.5 Terms and definitions

(1) The terms that are defined in 1.5 in EN
1990 for common use in the Structural
Eurocodes and the definitions given in ISO
8930 apply to this Part 4.2 of EN 1993, unless
otherwise stated, but for the purposes of this
Part 4.2 the following supplementary
definitions are given:

1.5.1 shell A structure formed from a curved
thin plate. This term also has a special
meaning for tanks: see 1.7.2.

1.5.2 axisymmetric shell A shell structure
whose geometry is defined by rotation of a
meridional line about a central axis.

1.5.3 box A structure formed from an
assembly of flat plates into a three-
dimensional enclosed form. For the purposes
of this standard, the box has dimensions that
are generally comparable in all directions.

1.5.4 meridional direction The tangent to
the tank wall at any point in a plane that
passes through the axis of the tank. It varies
according to the structural element being
considered.

1.5.5 circumferential direction.  The
horizontal tangent to the tank wall at any
point. It varies around the tank, lies in the
horizontal plane and is tangential to the tank
wall irrespective of whether the tank is
circular or rectangular in plan.



30epiraeThCsi HE3aJIEKHO Bi TOTO 5SKO1 (hopMu
pe3epByap - LWWITHAPUYHOT YU KBAJAPATHOI.
1.5.6¢cepequnHa MOBePXHS.

Lleit TepMiH BUKOPHCTOBYETHCS Ul TMO3HAYECHHS
K BUIBHOI BiJ HampyXeHHs CepeaHbOi 30HH
nepepidy mix yac QopmyBaHHS  OOOJOHKHU
MPOCTHM 3TMHOM, TaK 1 cepeHbO1 30HH Tepepizy
IUIOCKOTO JIMCTA, L0 € CKJIaJ0BOI0 YaCTHUHOIO
Kopooa.

1.5.7inTepBaJ Mixk pedpaMu KOPCTKOCTI.
Bigcrane MDK HO3HOBXKHIMH  OCSIMH  JIBOX
CYCI/IHIX MapajelbHuX pedep KOPCTKOCTI.
Honatkoso go Yactuau 1 EN 1993 {Yactunu 4
EN 1991), y UYactuni 4.2 3acCTOCOBYETHCS
HACTYITHA TEPMIHOJIOTIS

1.5.8pe3epByap.

€MHICTh a5 30epiraHHs PiIKUX MPOIYKTIB. Y
[bOMY CTaHAApTi TependavaeThcsi, IO BiH
NpU3MaTHYHUN 3 BEPTHKAIBHOIO Bicclo (3a
BUHSATKOM HIDKHBOI YaCTMHH pe3epByapa Ta
YACTHH NOKPHTTSI).

1.5.90060.,10HKA.

Ob6osoHKa — 11e UWJITIHAPUYHA CTIHKA pe3epByapa
Kpyria B muiaHi. Take BU3HAUeHHS JIEIIO HE
KOpeCIoHAYyeThCsl 3 BU3HaueHHsM B 1.4.1, ane
JIOCUTh 4YacTo TaK BUKOPUCTOBYeThes. Jlns

YHUKHEHHS HETMOPO3yMiHb MOKJIUBE
aJbTEPHATUBHE BHU3HA4YCHHS QIWTIHIPUYHA
CTIHKa».

1.5.10kopnyc pe3epByapa.
MertarneBi TUCTOBI €IIEMEHTH, 3 SKUX (HOPMYIOTh
BEPTUKAJbHI CTIHKU, MOKPUTTS 1 AHUINA, TOOTO

KOpITyC pesepByapa. Bukitouno 10
BEPTUKAJIBHUX  CTIHOK I  TepMiH  He
BUKOPHUCTOBYETHCSI.

1.5.11nosc.

[MuninapuyHa cTiHKa pe3epByapa (HOpMyeThes 3
KOPOTKHX HWTIHAPUYIHUX CeKIIii 3

BEPTUKAJIBHUMU 3'€THAHHSAMH MDK OKPEMHUMU
BaJIplbOBAaHMMHM Jiuctamu. llosic He Mae
TOPU30HTAJIBHUX 3'€THAHb.

1.5.12xonmep.

30DKHa 110 HHU3y 4YacTHHa pe3epByapa. Bin
BUKOPUCTOBYETHCS /ISl HAIPaBIICHHS PIAMH 0
OTBOPY Ui IXHBOTO BUJAIICHHS i MIi€I0 CHIHN
TSOKIHHA. 3a3BMYail BIAIITOBYIOTh MPU BMICTI
3aBHUCIIMX TBEPAUX YACTOK.

1.5.133'ennanns.

Byson, y sikomy 3’e€qHyIOThCs JBa abo Ouiblie
eJIEMEHTIB KOpIycy a00 IUIOCKMX JHCTiB. BiH
MOXKe BKIIO4aTH abo He BKIOYaTH pedpo

np. ICTY-H B EN 1993-4-2:28X

1.5.6 middle surface This term is used to
refer to both the stress-free middle surface
when a shell is in pure bending and the middle
plane of a flat plate that forms part of a box.

1.5.7 separation of stiffeners The centre to
centre distance between the longitudinal axes
of two adjacent parallel stiffeners.
Supplementary to Part 1 of EN 1993 (and Part
4 of EN 1991), for the purposes of this Part
4.2, the following terminology applies:

1.5.8 tank.A tank is a vessel for storing liquid
products. In this standard it is assumed to be
prismatic with a vertical axis (with the
exception of the tank bottom and roof parts).

1.5.9 shell The shell is the cylindrical wall of
the tank of circular planform. Although this
usage is slightly confusing when it is
compared to the definition givan 1.4.1,it is

so widely used with the two meanings that
both have been retained here. Where any
confusion can arise, the alternative term
“cylindrical wall” is used.

1.5.10 tank wall The metal plate elements
forming the vertical walls, roof or a hopper
bottom are referred to as the tank wall. This
term is not restricted to the vertical walls.

1.5.11 courseThe cylindrical wall of the tank

is formed making horizontal joints between a
series of short cylindrical sections, each of
which is formed by making vertical joints
between individual curved plates. A short
cylinder without horizontal joints is termed a
course.

1.5.12 hopper A hopper is a converging
section towards the bottom of a tank. It is used
to channel fluids towards a gravity discharge
outlet (usually when they contain suspended
solids).

1.5.13 junction A junction is the point at
which any two or more shell segments or flat
plate elements meet. It can include a stiffener
or not: the point of attachment of a ring

11
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KOpCTKOoCTi. Mice TnpuenHaHHS KUIbIIEBOTO
pebpa XKOPCTKOCTI 0 KOPITyCcy abo Kopoba Moxe
PO3IIsIAaTHCA 5K 3'€AHAHHS.

1.5.14nepexinne 3'ennanus (YTOpHHii CTHK).
3'emHaHHS BEPTHKAIBHOI CTIHKM 3 JHHIIEM ado
XxonmepoM. 3'€HaHHS MOXe OyTH y HHXKHbBOI
KPOMKH BEPTHKAJIbHOI CTIHKK 200 MOpYyY i3 HElO.
1.5.153'eqnaHHs KOpIYC - MOKPHUTTH.
3'emHaHHS KOPITYC-TIOKPUTTS — 1€ 3’ €IHAHHS MK
BEPTUKAJIBHOIO CTIHKOIO 1 TOKPUTTAM

TepmiH, 110 1HOJI BKa3yeThCs K BEPXHE YTOPHE
3'eTHaHHS.

1.5.16m0310B:KHE PeOPO KOPCTKOCTI.
JlokanpHM €NeMEHT 3MIIHEHHS KOHCTPYKIIii,
pO3TAllIOBaHUI  y3/I0BXK  MEPUIIOHAIBLHOTO
HampsMy 000JOHKH. BcTaHoBmIO€TBCS AT
3a0e3neueHHs] CTIHKOCTI ab0 BHUKOPHUCTOBYETHCS
s Teperavyi HAa  KOPHYC — JIOKaJIbHHUX
HaBaHTAXEHb, a00 I CHOPUHHATTS OCHOBHX
HaBaHTaXeHb. s COPUUHSATTS 3TUHY Bim Aii
MOTIEPEYHUX HABAHTAXXECHb HE NMPU3HAYAETHCS.
1.5.17pebpo.

JlokanpHMIA €JIeMEHT, KUl 3a0e3neuye nepenavy
HaBaHTAXKEHb, 110 BUKJIMKAIOTh 3TUH CTIHKU abo
il JMCTIB, BUKOPUCTOBYETHCS JUIS PO3MOJTY Ha
KOHCTPYKIIIO TONEPEYHUX HABAHTAXEHb, IO
BUHUKAIOTH MiJ] BIUIMBOM 3TUHY.

1.5.18kinbueBe pedpo KOPCTKOCTI.

EnemMeHT KOpCTKOCTI, IO TPOXOJUTH IO
NepuMeTpy  CTIHKM  Ha  TEBHIM  BHCOTI
[Tpumyckaernes, 110 HKOPCTKOCTI y
MEpUIIOHATBHOMY HAIIPSIMKY B €JIEMEHTI HE Mae.
BukopucroByerbcsi pebpo Ui MiIBUINECHHS
criikocti  abo CIOPUMHATTA  JIOKAJIBHUX
HaBaHTAXXEHb, aje HE € OCHOBHUM HECY4YUM
eJIEMEHTOM. Y LWIIHAPUYHUX CTIHKAX BOHO Ma€
¢dbopmy KinblLig, a B MPIMOKYTHUX TaKy X (opmy
B IIJIaHi, K 1 KOHCTPYKIIis.

1.5.19omnopHe Kiabue.

EnemeHT, 1110 IPOXOAUTH 10 IEPUMETPY HUKHBOT
KPOMKH CTIHKM B 30HI JHHINA pe3epByapa i
NPU3HAYAETHCS s 3a0€3MEeUYEeHHST MPOEKTHOTO
MIOJIOKEHHSI CTIHKH.

1.5.20kinbueBa 6anka.

Kpyroee pebpo >xopcTkocTi, 1o 3abe3mneuye
3TUHAJIbHY KOPCTKICTh Ta MIIHICTh
WIIHAPUYHOT CTIHKM a00 BUKOPHUCTOBYETHCS B
NpSMOKYTHOMY KOpoOi mpu 3MiHI B IUIaHi
BIAIMOBIAHOT dbopmu. Kinbrena Oanka
PO3TAIIOBYETHCSI MO HOPMadi J0 IUIOLIMHH
KOHCTPYKIlii, 1 € OCHOBHUM €IIEMEHTOM JJIsi
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stiffener to the shell or box may be treated as a
junction.

1.5.14 transition junction. The transition
junction is the junction between the vertical
wall and a hopper. The junction can be at the
base of the vertical wall or part way down it.
1.5.15 shell-roof junction The shell-roof
junction is the junction between the vertical
wall and the roof. It is sometimes referred to
as the eaves junction, though this usage is
more common for solids storages.

1.5.16 stringer stiffener A stringer stiffener

is a local stiffening member that follows the
meridian of a 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 or to carry axial
loads. It is not intended to provide a primary
load carrying capacity for bending due to
transverse loads.

1.5.17 rib. A rib is a local member that
provides a primary load carrying path for
loads causing bending down the meridian of a
shell or flat plate, representing a generator of
the shell of revolution or a vertical stiffener on
a box. It is used to distribute transverse loads
on the structure by bending action.

1.5.18 ring stiffener A ring stiffener is a local
stiffening member that passes around the
circumference of the structure at a given point
on the meridian. It is assumed to have no
stiffnress in the meridional plane of the
structure. It is provided to increase the
stability or to introduce local loads, not as a
primary load-carrying element. In a shell of
revolution it is circular, but in rectangular
structures is takes the rectangular form of the
plan section.

1.5.19 base ring A base ring is a structural
member that passes around the circumference
of the structure at the base and is required to
ensure that the assumed boundary conditions
are achieved in practice.

1.5.20 ring girder or ring beam A ring
girder or ring beam is a circumferential
stiffener which has bending stiffness and
strength both in the plane of the circular
section of a shell or the plan section of a
rectangular structure and also normal to that
plane. It is a primary load-carrying element,
used to distribute local loads into the shell or



CIPUHHATTA  HABaHTAXEHHS Ta  PO3IMOJALLY
JIOKaJIbHUX HAaBaHTAXEHb HA KOHCTPYKII CTIHKU
abo kopooba.

1.5.21pe3epByap Ha nocTiiiHiil 0OCHOBI.
PesepByap, mo po3ramoBaHuWi HAa TOCTIHHIN
OJTHOPi/HII OCHOBI MO BCiH IUIOLIMHI CITUPAHHS.
He3nauHi BiIXUJICHHS BiJ OJHOPITHOCTI OCHOBU
(Hanpukiaa, HEBETUKUM OTBIp) HE MOBUHHI
BILJIMBATU HA 3aCTOCYBAHHS L[bOT'O BU3HAYCHHSI.
1.5.22nuckpeTHe o0nMpaHHs.

Texuiune pimeHHs, 3TAHO 3 SKUM pe3epByap
oOnupaeTbess Ha OOMEKEHY KUIBKICTh JIOKaTbHUX
CTOSIKIB 1 KPOHIITEHHIB.

1.5.23ya0Ba0BajibHMI pe3epByap.

30BHIIIHIA pe3epByap Ajisl YTPUMaHHS PiUHH,
sKa MOX€ BWJIMBATHCh B PE3YJIbTaTi MPOTIKAHHS
a0o yepe3 aBapito B OCHOBHOMY pe3epByapi. Lleit
TUN KOHCTPYKIII 3aCTOCOBYETbCA TaMm, M€ B
OCHOBHOMY pe3epByapi yTPUMYIOThCSI TOKCHYHI
a00 HeOe3neuHi piAuHY.

1.6 CumBoO.IH, 1110 BUKOPUCTAHI B YacTHHI 4-2

€Bpoxoaa 3

CuMBOJIM  3aCTOCOBYIOTBCSL 3TiITHO 3 ISO

3898:1987.

1.6.1JIaTuHCchKi BeJuKi OyKBH

A — TUIoMIa MOTIEPEYHOTO Mepepizy;

Al, A2 — mrjomia BEPXHBOTO Ta HIKHBOTO
GmaHIiB  TEHTPATbHOTO  KUIbLA
MOKPUTTS;

D — JiaMeTp pe3epByapa;

E — moayab FOHra;

H — BHCOTa YaCTUHU CTIHKH [0 BEpXY

pIAMHU; MaKCUMalbHa TMPOEKTHA
BHCOTa HAIIUBY PiWHU,;
Hy — BHCOTA CTIHKH pe3epByapa,
I — MOMEHT iHepuil MONepeuHOro
nepepisy;
K — KOe(IIi€HT, 0 BUKOPUCTOBYETHCS
IpU pO3paxyHKax Ha CTIHKICTB,
L — BHCOTA JUISHKU 000JIOHKH a00
BIZICTaHb MK peOpaMu KOPCTKOCTI,
M — 3rMHAJILHUI MOMEHT B KOHCTPYKTUB —
HOMY €JIEMEHTI;
N — OChOBa CWJIAa B KOHCTPYKTHBHOMY
€JIEMEHTI;
N; — MiHIMaAJIbHE YHMCIIO IMKJIIB HaBaHTa-
KYBaHHSI IPU PO3PaXyHKY YTOMH;
P — BEpTUKAIbHE  HABAaHTAKEHHS Ha
KPOKBY IMOKPHUTTS,

np. JICTY-H B EN 1993-4-2:28X
box structure.

1.5.21 continuously supported A
continuously supported tank is one in which
all positions around the circumference are
supported in an identical manner. Minor
departures from this condition (e.g. a small
opening) need not affect the applicability of
the definition.

1.5.22 discrete supportA discrete support is

a position in which a tank is supported using a
local bracket or column, giving a limited
number of narrow supports around the tank
circumference.

1.5.23 catch basinAn external tank structure
to contain fluid that may escape by leakage or
accident from the primary tank. This type of
structure is used where the primary tank
contains toxic or dangerous fluids.

1.6 Symbols used in Part 4.2 of Eurocode 3

The symbols used are based on ISO
3898:1987.
1.6.1 Roman upper case letters

A — area of cross-section;

Al, A2 — area of top, bottom flange of roof
centre ring ;

D — diameter of tank;

E — Young’s modulus;

H — height of part of shell wall to liquid

surface; maximum design liquid

height;

Ho — height of the tank shell;

I — second moment of area of cross-
section;

K — coefficient for buckling design;

L — height of shell segment or stiffener
shear length;

M — bending moment in structural
member;

N — axial force in structural member;

[\ — minimum number of load cycles
relevant for fatigue;

P — vertical load on roof rafter;

13
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R — paaiyc KpUBHU3HHU IUISHKA CTIHKH 3
BIIXUJICHHSM Bifl IMJIIHAPUIHOCTI;

T — TEMIIEpaTypa,

w — TIPY)KHUH MOMEHT OIOpy TMepepisy;
Bara.

1.6.2MauJi 1aTuHCcbKi OYKBH

a — JIOBKMHA TIPSIMOKYTHOTO OTBOPY B
000JIOHIj;

b — IIMpPHHA MPSIMOKYTHOTO OTBOpPY B
oOONOHIII;  IMMpPUHA  JUCTa B
MoTIepeyHOMY Tiepepisi;

G — aepoauHaMIUYHUN KOEQIIliEHT;

d — jgiameTp Jitoka abo martpyoOka;

e — BIICTaHb BiJl 30BHIIIHHOTO BOJIOKHA
Oaiku 10 oci OaJIKH;

fy — pO3paxyHKOBa TpaHHI TEKy4OCTi
crai;

fu — TpaHUIls MIHOCTI CTalli;

h — MiAHOM TOKPHUTTS (BHCOTa BEPUIMHU
KyIl0oJ1a IOKPUTTS HaJ IUIOLIUHOKO 11
NpUETHAHHS 710 KOpITyCcy

pe3epByapa); BUCOTA KOKHOTO TOsica
CTIHKHM pe3epByapa,

] — KoedIIieHT MIHOCTI  3'€JHAHHS;
KoeQiIlieHT KOHIIEHTpalii Hampy -
JKEHHS, KUIBKICTD [OSACIB CTIHKH,

I — BHCOTa KOpIIyca, HaJ SKUM MOXE
YTBOPHUTHUCS BUTHH,

m — 3TUHAJIBHUNA MOMEHT Ha OJMHUIIIO
JOBXKUHH;

n — TOJIOBHE MeMOpaHHE  3YCHIUIA,
KUIBKICTH ~ KPOKB Yy  KpPYIJIOMY
MOKPUTTI pe3epByapa,

p — pO3MOJUICHE  HaBaHTaXCHHsS (HE
00OB'SI3KOBO MiJ MPSIMHUM KyTOM JIO
CTIHKH);

Pn — HOPMQJIbHUM THUCK Ha  KOpIIYC
pesepByapa (330BHI);

r — panuiyc CepeMHHOI  TOBEpXHI
LWITIHAPUYHOT CTIHKU pe3epByapa;

t — TOBIIMHA CTIHKH,

w — MiHIMalbHa  IIUPHUHA  OTOPHOTO
KUIbLIA,

X — pajianbHa KOOpIUHATA JUIS MOKPUTTS
pesepByapa,

y — MicCIleBa BepTUKaJIbHA KOOPJMHATA JUIS

MOKPUTTS pe3epByapa; KoediieHT
KOMIIGHCAIlli B KOHCTPYKIII MiAcH -
JICHHS OTBODIB;
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] — joint

R — radius of curvature of shell which
is not cylindrical;

T — temperature;

W — elastic section modulus; weight.

1.6.2 Roman lower case letters

a — side length of a
opening in the shell;

b — side length of a rectangular
opening in the shell; width of a
plate element in a cross-section;

rectangular

Co — coefficient for wind pressur
loading;

d — diameter of manhole or nozzle;

e — distance of outer fibre of beam to
beam axis;

fy — design yield strength of steel;

fu — ultimate strength of steel,

h — rise of roof (height of apex of a

dome roof above the plane of its
junction to the tank shell) height
of each course in tank shell;

efficiency factor; stress
concentration factor; count of shell
wall courses;

I — height of shell over which a buckle
may form;

m — bending moment per unit width;

n — membrane stress resultant
number of rafters in circular tank
roof;

p — distributed loading (not necessarily
normal to wall);

Pn — pressure normal to tank wall
(outward);
r — radius of middle surface of

cylindrical wall of tank;
— wall thickness;

—+

w — minimum width of base ring
annular plate;

X — radial coordinate for a tank roof;

y — local vertical coordinate for a tank

roof; replacement factor used in
design of reinforced openings:



z — T0JIOBHA OCHOBA KOOPAMHATA y3J0BXK
BEPTHKAIBHOI ~ OCi  pe3epByapa
(obonoHKa 0OepTaHHs).

1.6.3I'peunbki 6ykBu

a — HaxuWJI IIOKPHUTTH,

£ — BIIXWJICHHS JTHUIIA pe3epByapa Bil
Beptukani; P = w/n, ge N — e
KUTBKICTh KPOKB;

VE — koe(iieHT HaJIfHOCTI 3a

HABaHTAKEHHSIM,

M — Koe(IIieHT HAIIIHOCTI 32 MaTepiaaoMm;

— TPOTHH;

—3MiHa 3MIHHOT;

— koedirmient [lyaccoHa;

— KpyroBa KOOpJAMHATA IO KOJY CTIHKH,

T >

Q

— HOpMAaJIbHE HAINIPYXEHHS,
T — JOTUYHE HANPYKEHHS.

1.6.411ixpsiakoBi ingeKkcu
E — 3HAYEHHsl HANpyxXeHHs abo mepemi -

IICHHS (3a pe3ynbTaTaMu
PO3paxyHKiB);

— Ha TMOJIOBHHI MTPOJLOTY; BIUIHB,

— KUIBIEBUI;

— pO3paxyHKOBE 3HAUCHHS,

— yToMma,

— B CEpelIHI; CIIPIMOBAHUI yCcepenIuHy;
pO3paxyHKOBa 3MIHHA;

— IEHTPATbHE KUTbIIE TOKPHUTTS;

— HOpMAaTUBHE 3HAYCHHS;

— cepeliHe 3HAYCHHS;

in — MiHIMaJbHA TOTYCTUMA BEIMYNHA,

— HOMIHAJIBHUH; M1 IPSAMUM KYyTOM JIO
CTIHH,

— 330BHI; CIPSIMOBaHU HAa30BHI;

— THCK,

— pajianbHUil; KUIBIIEBHA;

— Hecy4Ya 3JaTHICTb;

— Ha or1opi;

— CTIHKA 00O0JIOHKA;

— MepHIIOHALHUN;
OCBOBUI;

— KUIBLIEBOT; MEPIEHAUKYIISIPHHIA;
miacTuyHa aedopmaris;

S 33X = ThO T

= 0nwng-T o

pamiaabHUM,

<

—CTaJIOHHE 3HAYCHHS,;

—BEpXHIH;

—HVKHINI;

—xinbiieBuit (B 000JI0HKax 0OepTaHHS:).

SNk O
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z — global axial coordinate coordinate
along the vertical axis of an

axisymmetric tank (shell of
revolution)
1.6.3 Greek letters
a  — slope of roof;
£ —inclination of tank bottom to vertical;
B = n/n, wheren is the number of
rafters;
¥ — partial factor for actions;
yu  — patrtial factor for resistance;
0  — deflection;
A — change in a variable;
v — Poisson'’s ratio;
8 — circumferential coordinate around
shell;
o — direct stress
T — shear stress

1.6.4 Subscripts
E — value of stress or displacement
(arising from design actions);

F — at half span; action;

a — annular;

d — design value;

f — fatigue;

i — inside; inward directed; counting
variable;

k — roof centre ring;

k — characteristic value;

m — mean value;

min — minimum allowed value;

n — nominal; normal to the wall;

o] — outside; outward directed;

p — pressure;

r — radial; ring;

R — resistance;

S — at support;

S — shell wall;

X — meridional; radial; axial;

y — circumferential; transverse; yield;

0 — reference value

1 — upper

2 — lower

0 — circumferential (shells of

revolution)

15



np. ICTY-H B EN 1993-4-2:28X

1.71IpaBnja yMOBHUX O3HAYECHD

1.7.1 VYmoBHi mno3HaYeHHA B 3arajbHii
CHCTeMi  KOOPAMHAT sl  KOHCTPYKIil
IMJIIHIPUYHHUX pe3epByapiB

(1) YmoBHI mo3HaUEHHS HABEACHI TYT Ui BCiel
KOHCTPYKIIi pe3epByapa 1 MiAKPECTIOITh, 10
caM  pe3epByap HE €  KOHCTPYKTUBHUM
eneMeHToM. HeoOXiqHO yBa)KHO KOPHCTYBAaTHUCh
CUCTEMOI0 KOOPJAMHAT, MO0 HE TUTyTaTh MiCleBi
KOOPAMHATH, IO TMOB'SI3aHi 3 MPUMUKAIOUYUMH 0
CTIHKM KapKacy eleMEHTaMH, 1 HaBaHTa)KEHHS,
SKI HaBOJAATHCA B MICIIEBUX KOOpAWHATAX, aje
BU3HAYAIOTHCS B 3araJIbHHX.

(2) B uinomy yMOBHI MO3HAYEHHS JJIsI 3arajlbHOT
OCbOBOi  CHCTEeMHM  KOOPOMHAT  KOHCTPYKIIT
pe3epByapa - Taki IMJIIHAPUYHI KOOPAWHATH
(muB. puc. 1.1):

Koopaunarna cucrema
KoopaunaTa B310BXK IIEHTPaIbHOT OC1

obepTaHHsS 000TOHKH z
PanianbHa koopauHaTa r
KonoBa koopaunaTa 0

(3) VYmoBHe TmO3HAYCHHS UIS IO3UTHBHOIO
HaTPSAMKY:

Hamnpsimok Ha30BHi (BHYTpILIHIN THCK, 3MILICHHS
HA30BHI — MO3UTUBHHIA).

Po3srsaraenns nmo3utuBHe ( 32 BUHATKOM DIBHSHB
3TUHY, JI¢ TIO3UTUBHUM € CTUCHCHHS).

(4) YMoOBHI TmO3HAYEHHS Ui PO3MOIUICHUX
BIUIMBIB Ha IOBEPXHIO KOPIYCY pe3epByapa Taki:

Tuck  nepneHIuKyJISpHUN Kapkacy
(30BHIIIHIH THCK) - Py
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1.7 Sign conventions

1.7.1 Conventions for global tank structure
axis system for circular tanks

(1) The sign convention given here is for the
complete tank structure, and recognises that
the tank is not a structural member. Care with
coordinate systems is required to ensure that
local coordinates associated with members
attached to the shell wall and loadings given in
local coordinate directions but defined by a
global coordinate are not confused

(2) In general, the convention for the global
tank structure axis system is in cylindrical
coordinates (see figure 1.1) as follows:

Coordinate system
Coordinate along the central axis of a shell
of revolution y4
Radial coordinate r
Circumferential coordinate 6

(3) The convention for positive directions is:

Outward direction positive (internal pressure
positive, outward displacements positive).
Tensile stresses positive (except in buckling
equations where compression is positive).

(4) The convention for distributed actions on
the tank wall surface is:

Pressure normal to shell (outward
pressure) -P



P — Bich pesepByapa,

M — mepuzian 000JIOHKH KOPITyCY;
C — TUMYacOBUH LIEHTP
MepH/1iOHAJIEHOT KPUBU3HA

D — mokpurrs;
S— criHKa;

B — naumie;

T — 3'eqHaHHs

a) TPUBMMIpPHA CXEMa i3 3arajbHOI0 BICECHMET -

PUYHOIO CUCTEMOIO KOOPJIUHAT CTIHKH

a) 3D sketch with general axisymmetric shell
coordinate system

np. ICTY-H B EN 1993-4-2:28X
b)

A
\D
» S
—
p T
5N -
B r
|

P — pole;

M — shell meridian;

C — instantaneous centre of
meridional curvature

D — roof;
S— shell;
B — bottom;

T — transition

b) koopnuHaTH 1 HaBaHTa)KEHHS:
BEPTUKAJIBHUNA PO3pi3

b) coordinates and loading: vertical section

Pucynok 1.1- KoopaunatHa cuctema s HHJIIHIPUYHOTO pe3epByapa

Figure 1.1:
1.7.2 YMOBHIi mNO3HAYeHHS B 3arajbHiil
CHCTeMi  KOOpPAMHAT I NPSIMOKYTHHX
pe3epByapi

(1) YMoBHI mo3HauCHHS, HABEACHI TYT JJIs BCiel
KOHCTPYKIIi pe3epByapa Ta MiIKPECIIOIOTh, 10
cam pe3epByap HE € eIeMEHTOM OUTBII 3arajibHO1
OyniBenbHOi KOHCTpyKUii. HeoOximHo yBa)xHO
KOPHUCTYBAaTHCh CHUCTEMOIO KOOpAMHAT, 100 He
IUTyTaTH MICIIeBI KOOpAMHATH, TOB'sI3aHi 3
MPUMHUKAIOYMMU 10 CTIHKK KapKaca eJeMEeHTaMHu,
1 HAaBaHTAXKEHHsS, SIKI HABOMITHCA B MICIEBUX
KOOpJIMHATAaX, ajieé BU3HAYAIOThCS B 3araJIbHUX.
(2) Y 1inomy, yMOBHI MIO3HAYCHHS, 1110 BUKOPHC -
TOBYIOTHCSI B 3aralibHill CUCTEMI1 KOOPAWHAT JUIS
pe3epByapiB — 1€ A€KapTOBI KOOPAMWHATH X, Y, Z,
7e 3a BEpTHKAIbHY BiCh NMPHUUHATA Bich Z (IMB.
puc. 1.2).

(3) VYMoBHe mO3HAYCHHS [UIS IMO3UTHUBHUX
HANPSIMKIB!

Hamnpsimok Ha30BHi (BHYTpILIHIN THCK, 3MILICHHS

Coordinate systems for a circular tank

1.7.2 Conventions for global tank structure
axis system for rectangular tanks

(1) The sign convention given here is for the

complete tank structure, and recognises that
the tank is not a structural member. Care with
coordinate systems is required to ensure that
local coordinates associated with members
attached to the box wall and loadings given in

local coordinate directions but defined by a

global coordinate are not confused.

(2) In general, the convention for the global
tank structure axis system is in Cartesian
coordinates, y, z, where the vertical direction
is taken agz (see figure 1.2).

(3) The convention for positive directions is:

Outward direction positive (internal pressure

17
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HA30BHI) - MO3UTHBHUU.

Posrsraenns mo3utuBHe ( 32 BUHATKOM DIBHSHB

3TUHY, JI¢ TIO3UTUBHUM € CTUCHCHHS).

JlotuuHe HanpyxeHHs: auB. 1.8.4

(4) YmoBHE mO3HAUYCHHS IS PO3IMOJAUICHUX

BILUIMBIB Ha IOBEPXHIO KOPITyCa pe3epByapa Take:
Tuck NEPIEeHIUKYIAPHUI KOpoOy

(30BHIIIHIN THCK TO3UTHBHHIA) p

a)

B — mepunian kopoba

B — box meridian

a) TPUBMMIPHA CXeMa i3 3araJIbHOK CHCTEMOIO
KOOpAUHAT
a) 3D sketch with general coordinate system

positive, outward displacements positive)
Tensile stresses positive (except in buckling
eguations where compression is positive)
Shear stresses: see 1.8.4

(4) The convention for distributed actions on
the tank wall surface is:

Pressure normal to box (outward positivep
b)

\ £

D — mokpurts; W— crinka; B — naume

D — roof; W— wall; B— bottom

b) koopauHaTH 1 HABAaHTAKCHHS:
BEPTUKAJIBHUNA PO3pi3
b) coordinates and loading: vertical section

Pucynok 1.2- KoopaunaTtHa cucrema s IpSMOKYTHOIO pe3epByapa

Figure 1.2:

1.7.3 ¥YmoBHi mnmo3HayeHHsu JJA  oceil
KOHCTPYKTHBHHX €JIeMEHTIB B IUJIiHAPUYHUX
i IPAMOKYTHHX pe3epByapax

(1) YMoBHI mo3HauYeHHS Ui KOHCTPYKTHBHHUX
CNIEMEHTIB, M0 NPUMHKAIOTH JO KOPIYyCY
pesepByapa (muB. puc. 1.3 1 1.4) pisusaTbest s
MEPHII0HAIBHUX 1 KITbIIEBUX €JIEMEHTIB.

(2) VYMoBHI  mMO3HAYeHHSA U1 OPIMHX

MEpPUIIOHANBHUX KOHCTPYKTUBHUX €JEMEHTIB

(muB. puc 1.3), M0 TPUMHUKAIOTH 10 CTIHKH

pe3epByapa (SK 10 0OOJOHKH, TaK i 0 KOpoOa)

TaKi:

— MepHioHabHA KOOPAUHATA JJISl PUKPIIIICHb
pe3epByapy, XoIrmepa i HOKPUTTS X
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Coordinate systems for a rectangular tank:

1.7.3 Conventions for structural element
axes in both circular and rectangular tanks

(1) The convention for structural elements
attached to the tank wall (see figures 1.3 and
1.4) is different for meridional and
circumferential members.

(2) The convention for meridional straight
structural elements (see figure 1.3a) attached
to the tank wall (for both a shell and a box) is:

— meridional coordinate for cylinder, hopper
and roof attachment X
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— 3HAYHO CKPHBJICHA Bich (MTapasieibHO - strong bending axis (parallel to
GbanIsM) y flanges) y
— Jemio CKpuBJcHa Bick (MEpHEeHIMKYISIpHA — weak bending axis (perpendicular to
GaHIIM) z flanges) z
a) b)
= T
/ h\‘\f
D T
S
4 T_,Z
\/
< S
W »
P4

D — nokpurrs; S— crinka (obomonka); B — muumnie
D — roof; S— shell; B — bottom

a) pedpo KOPCTKOCTI 1 OCI 3TUHY b) micuesi oci B pi3HHX ejeMeHTax

a) stiffener and axes of bending b) local axes in different segments

Pucynok 1.3- MicieBa cucteMa KOOpIMHAT MJIsi MEPHUAIOHAIBHUX  pedep
KOPCTKOCTI Ha 000JIOHII 200 KOpoOi

Figure 1.3: Local coordinate systems for meridional stiffen@nsa shell or box:

a) b)

\
>
j

r

Y

D — nax; S— crinka(o6oonka); B — auumie
D — roof; S— shell; B— bottom

a) pedpo KOPCTKOCTI i OCl 3TUHY; b) micuieBi oci B pi3HUX eleMeHTax

a) stiffener and axes of bending b) local axes in different segments

Pucynok 1.4— Micuesa cucreMa KOOPIUHAT AJIs KUTBIIEBUX pedep )KOPCTKOCTI:
Ha 000J10HII 200 KOpoOi

Figure 1.4: Local coordinate systems for circumferential stifes on a shell
or box

19
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(3) VYmoBHI mo3HauYeHHs IS KUIBIICBHX
KOHCTPYKTUBHHX elleMeHTiB (auB. puc. 1.4), mo
NPUMHKAIOTh JI0 KOPITYCY, HACTYIIHI:

— KUTbIIeBa KOOPAWHATHA BiCh (KpUBa) o)
— pajianbHa BICh r
— BEpTUKAJIbHA BICh z

(4) VYwmoBHI  TO3HAUEHHS  JUIS  NPSIMHUX
KOHCTPYKTUBHUX €JIEMEHTIB, IO KPIIUIATHCSA 0
Kopo0a 1o nepumMeTpy, HacTyIHI:

— BICB 110 IEPUMETPY X
— TOpPU30HTAJIbHA BiCh y
— BEpTUKAJIbHA BICh z

1.7.4 YmoBHi mO3HA4YeHHs1 3yCWJIb JJIs
HHJIIHAPHYHHX | IPAMOKYTHHX pe3epByapiB

(1) VYMoOBHI mMO3HAYeHHS 3 BHKOPHUCTAHHSIM
MIAPSAIKOBUX  IHACKCIB, 110 BKa3ylOTh Ha
MeMOpaHHI CHJTH, HACTYITHI:

[TigpsinkoBuii 1HAEKC BU3HAYAE€ HAMPSAMOK, Y
AKOMY BHUHHKa€ HOpPMaJlbHE  HAIPYKEHHS,
BUKJIMKaHE i€l 1iel cumu. s mMemOpaHHUX
nedopmariii 3cyBy 1 Ui KpYTHIBHUX MOMEHTIB
YMOBHI IIO3HAa4YeHHs HaBesleH1 Ha puc. 1.5.
MewmOpanHi 3ycuiis, 1uB. puc. 1.5:

Ny — MepuIioHaTbHE MEeMOpaHHEe 3yCHILIS;

Ny — KUIblIeBe MEMOpaHHE 3yCUILIS B
000JIOHIII;

Ny — MeMOpaHH1 3yCHJIJIS IO TIEPUMETPY B

NPSIMOKYTHUX KOPOOax;
Ny abo Ny — MeMOpaHHI 3ycwuii JAedopmartii

3CYyBY.

MemOpaHH1 HaNpyKEeHHS:

Omx — MepHIl0HaJIbHE MEMOpaHHe Hanpy —
KECHHS,

Omo — KUIblIeBE MEMOpaHHE HAPY>KEHHS B
00010H11];

Omy — MeMOpaHHE HaIllpy>KEHHS 10 Nepu —
METpY MPSIMOKYTHUX KOPOOiB;

Tmxy 400 Tmxy — MeMOpaHHe HaNpyXCHHS
nedopmartii 3cyBy.

(2) YMOBHI MO3HAYCHHS MIAPSIKOBUX 1HJICKCIB,
110 BKa3yIOTh HA MOMCHTH:

[TigpsinkoBuii iHIEKC BU3HAYAE HAMPIMOK, Y
SKOMY BHUHHKA€ HOPMAaJbHE HAMPYXCHHS, IO
BUKIIUKAHE IIMM MOMEHTOM. J[isi KpyTHIBHHX
MOMEHTIB yMOBHI TIIO3HA4YeHHs IIOKa3aHi Ha
puc. 1.5.
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(3) The convention for circumferential curved
structural elements (see figure 1.4a) attached
to a shell wall is:

— circumferential coordinate axis (curved)

— radial axis r

— vertical axis z

(4) The convention for circumferential straight
structural elements attached to a box is:

— circumferential axis X
— horizontal axis y
— vertical axis z

1.7.4 Conventions for stress resultants for
circular tanks and rectangular tanks

(1) The convention used for subscripts
indicating membrane forces is:

“The subscript derives from the direction in
which direct stress is induced by the force” for
direct stress resultants. For membrane shears
and twisting moments, the sign convention is
shown in figure 1.5.

Membrane stress resultants, see figure 1.5:

Ny — meridional membrane  stress
resultant;

Ny — circumferential membrane stress
resultant in shells;

Ny — circumferential membrane stress

resultant in rectangular boxes;
Ny OF Ny — mMembrane shear stress resultant.

Membrane stresses:

Omx — meridional membrane stress;

Omo — circumferential membrane stress
in shells;

Omy - circumferential membrane stress

in rectangular boxes;
Tmxy OF Tmxo — Membrane shear stress.

(2) The convention used for subscripts
indicating moments is:

“The subscript derives from the direction in
which direct stress is induced by the moment”.
For twisting moments, the sign convention is
shown in Figure 1.5.



Mpumitka: 1{i ymoBHI o3HaueHHs JUIsi 00OTOHOK i
JIMCTIB HE BIAMOBIJAIOTH MMO3HAYEHHSAM I OaJIoOK 1
KOJIOH, L0 BUKOPHCTOBYIOThCA B wyacThHax 1.11 1.3
€Bpokoga 3. Buxomsuum 3 1mporo ix HEOOXiTHO
BHUKOPUCTOBYBATH 3 0COOIHMBOIO 00EPEXKHICTIO.

3ycuiis 3TuHy, AuB. puc. 1.5:

my — MEpUIIOHATBHUI 3rHHATBHII MOMEHT
Ha OJIMHHIIO IIUPUHU

my — KUIBLIEBUH 3TUHAJIBHUA MOMEHT Ha
OJIMHUITIO IITUPUHU B CTIHKaX

my — 3rMHAJBHUKA MOMEHT IO MEPUMETPY B

NPSIMOKYTHUX KOPOOax
Myy ab0 My — KPYTHIBHUH MOMEHT Jedop —
Marlii 3cyBy Ha OJUHHIIIO ITUPUHH
Hamnpyxenns 3runy:

Obx  — MEpHUIOHAIbHE 3TUHAJIbHE HAIIPYKCHHS

Ow  — KUIBLIEBE 3TUHAJbHE HANPYKCHHS B
CTIHKax

Opy  — 3TUHAJbHE HAIPYKCHHS IO MEPUMETPY
NPSIMOKYTHUX KOPOOiB

Toxy @00 Thyy — KPYTHIBHE HAIPYXKEHHS
nedopmartii 3cyBy

HanpyxeHHst ~ BHYTpIIHIX 1  30BHIMIHIX

MIOBEPXOHbD:
Osix, Osox — MEpPHUJIOHAJIbHE HANpPY)KEHHS BHYT -
PIIIHBOT Ta 30BHIIIHBOI TOBEPXOHb

Osig, Os9 — KUIBLIEB1 HANpPYKEHHS BHYTPIIIHBOT
1 30BHIIIHBOT TOBEPXOHb O0OJIOHOK

Osiy, Osoy — HANPYXKEHHS  BHYTPIIHBOI  Ta

30BHIITHBOT MMOBEPXOHb 1o
epUMETpy B NPSIMOKYTHHUX
Kopobax

Tsixy, Tsoxy — HAIIPY)KEHHA  Jedopmariii  3CyBYy
BHYTPIIHBOT i 30BHIIIHBOT
MOBEPXOHb B IPSIMOKYTHHX
Kopobax

np. ICTY-H B EN 1993-4-2:28X

NOTE: This plate and shell convention is at
variance with beam and column conventions used
in Eurocode 3: Parts 1.1 and 1.3. Care needs to be
exercised when using them in conjunction with
these provisions..

Bending stress resultants, see figure 1.5:

my — meridional bending moment per
unit width

my — circumferential bending moment
per unit width in shells

m, - circumferential bending stress

resultant in rectangular boxes
m,y Or My — twisting shear moment per unit

width

Bending stresses:

Obx — meridional bending stress

Obo — circumferential bending stress in
shells

Oby - circumferential bending stress in

rectangular boxes
Toxy OF Toxg  — tWiSting shear stress

Inner and outer surface stresses:

— meridional inner, outer
urface stress

Osixs Osox

Osip, Osp — Circumferential inner, outer surface
stress in shells

Osiys Osoy — Circumferential inner, outer surface
stress in rectangular boxes

Tsixy, Tsoxy — INNEr, outer surface shear stress in
rectangular boxes
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a) b)
nX mxy
n m
Xy X
n
y m
Xy
m y
¥
L. m /é‘
Xy |
n
y
m
q X
o
n mxy
X

a) MeMOpaHHI 3yCHILIS b) srunanbpHI MOMEHTH
a) membrane stress resultants b) bending stress resultants

Pucynox 1.5- 3ycwwis B cTiHII pe3epByapa (000JIOHKH 1 KOpoOn)

Figure 1.5:  Stress resultants in the tank wall (shells and §pxe

1.8 Opuunni CI 1.8 Units
(1) P Opununi Cl moBHMHHI 3aCTOCOBYBATHCH (1)P S.1. units shall be used in accordance with
srigao 3 1ISO 1000. ISO 1000.
(2) Mns po3paxyHKiB pEKOMEHIOBaHI TaKi (2) For calculations, the following consistent
yHi(IKOBaHI OJJUHUILI: units are recommended:
— po3mipu : M MM
— dimensions ©m mm
— mUTOMA Bara : kH/v® H/mn?®
— unit weight . kN/m® N/mn
— CHJIM Ta HaBaHTa)KCHHS : kH H
— forces and loads : kN N
— MOTOHHI 3yCHJUIA Ta HABAHTAXKEHHS : kH/m H/mm
— line forces and line loads : kN/m N/mm
— TUCK Ta BIUIMBH, PO3IOJIUICH] IO TUIOIINHI : klIa MlIla
— pressures and area distributed actions ‘kPa MPa
— IIUIEHICTD : kr/m® kr/mm®
- unit mass : kg/n? kg/mn?
— IPUCKOPEHHS : Kkm/cex’ m/cex®
— acceleration - km/§ m/s
— MeMOpaHH1 MOTOHHI 3yCHIUIA : kH/M H/mm
— membrane stress resultants : KN/m N/mm
— MOTOHHI 3yCHJUIA 3TUHY : kHm/M Hmm/mm
— bending stress resultants - kKNm/m Nmm/mm
— HaInpy>KeHHS 1 MOl IPY>KHOCTI : klla MIla (=H/mm?)
— stresses and elastic modules : kPa MPa (=N/mn)
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2 OCHOBU ITPOEKTYBAHHAA
2.1 Bumorn

(1)P PesepByap moBuHEH OyTH CIPOCKTOBAHHH,
CIOPYIKEHUH 1 0OCIyroByBaTHcs Tak, II00
BignoBigatu BuMoram posmimty 2 EN 1990 3
HACTYTHUMH  JOTIOBHEHHSMH,  HaBEJCHHUMU
HIDKYC.

(2) OcobnuBa yBara TOBHHHA HPUAUIATUCS
yYMOBaM I1iJ] 9ac OyiBHUIITBA.

2.2 Knacudikanis 3a HagiliHicTIO

(1) tlono xmacudikaii 3a HagilHicTIO quB. EN
1990.

[pumitka: HamionanpHHI TOJATOK MOXE HaJlaBaTH
BH3HAUCHHS KJIACIB BiJIOBIJANBHOCTI B 3aJIEKHOCTI
BiJ MicLs pO3TallyBaHHs, CHOCOOY 3alOBHEHHA Ta
HABaHTa)XEHHS, TUIY KOHCTpyKuUii, il po3mipy Ta
0COOIMBOCTEH eKCILTyaTallii.

(2)P Ilpum npoekTyBaHHI pe3epByapiB TOBHHHI
BUKODUCTOBYBATHUCSA pi3HI piBHI MiAXOIYy B
3aJIeKHOCTI Bif BU3HAUYEHOT'O KJ1acy
BIJIOBIAATBHOCT], BKIIOYAIOYH KOHCTPYKTHBHI
pIIEHHS 1 CXWIBHICTP JO pI3HUX BHUIIB

pyHHYBaHHS,

(3) YV wiff yacTMHI BHKOPUCTAHO TpPU KIJIACH
BIAMOBIAAIBHOCTI 3 II€EBHUMH BHUMOTAaMH JIO
00’ ekTy MIPOEKTYBaHHS, 3a SIKUMH
BCTaHOBITIOETHCA (DAKTUYHO OJHAKOBUH MIIXiJ B
OIIHIII BUTpPAT 1 HEOOXIMHUX 3aXOJiB II0JIO
3HUKCHHS pU3UKYy  pYHHYBaHHS pi3HUX
KOHCTPYKIIN: Kacu BiAnoBigamsHocTi 1, 21 3.

[pumirka: Indopmarris LI010 KJ1aciB
BIITOBIAJIbHOCTI MOXe oyt HajgaHa B
HamionaneHOMy nmomaTky. PekoMeHIyeThcs —Taka
KIacuQiKarris.

— Kunac BinmoBinaabnocti 3. PesepByapu ans
30epiraHHss piguHU a00 CKpamjieHuX TrasiB 3
TOKCUYHUM abo BUOYXOHEOE3MEUHUM
MOTEHI[iaJIOM 1 pe3epByapu BEIMKOTO pO3MIpy i3
3aiMUCTHMHU pigMHaMU a0 3a0pyIHIOIOUYUMHU
BOJy Ha MIChKUX TepuTopiax. Tam, ge 1e
HEOOXIJJHO JUIS IIMX KOHCTPYKIIN MOBUHHI TAKOXK
BpPaxoBYBaTHCh aBapiifHi HAaBaHTA)XCHHS, JUB.
nonatok A.2.14.

— Kuac BignoBinaasHocTi 20 PesepByapu
CepeHHOTO PO3MIPY 13 3aMMHCTUMH PiIMHAMHU
abo 3a0pymHIOIOUMMH  BOJAY HA  MICBKUX
TEPUTOPIAX.
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2 BASIS OF DESIGN
2.1 Requirements

(1)P A tank shall be designed, constructed and
maintained to meet the requirements of section
2 of EN 1990 as supplemented by the
following.

(2) Special consideration should be given to
situations during erection
2.2 Reliability differentiation

(1) For reliability differentiation see EN 1990.

NOTE: The National Annex may define
consequence classes for tasks as a function of the
location, typeof infill and loading, the structural
type, size and type of operation.

(2)P Different levels of rigour shall be used in

the design of tanks, depending on the

consequence class chosen, that also includes
the  structural arrangement and the

susceptibility to different failure modes.

(3) In this Part, three consequence classes are
used with requirements which produce designs
with essentially equal risk in the design
assessment and considering the expense an
procedures necessatp reduce the risk of
failure for different structures: consequence
classes 1, 2 and 3.

NOTE: The National Annex may provide
information on the consequence classes. The
following classification is recommended

— Consequence Class :3Tanks storing
liquids or liquefied gases with toxic or
explosive potential and large size tanks with
flammable or water-polluting liquids in urban
areas. Emergency loadings should be taken
into account for these structures where
necessary, see annex A.2.14.

— Consequence Class Medium size tanks
with flammable or water-polluting liquids in
urban areas.
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— Kuac Bigmosinanbnocti 1. PesepByapu B
CUTBCBKOMY TOCHogapcTBi abo pesepByapu, B
SKHX YTPUMYIOTb BOJY.

(4)P Busnauenns BianosimHoro Kiacy Bimmosi -
IaTbHOCTI  Y3TOMKYETHCSI MDK — NPOEKTY -
BaJIbHUKOM, 3aMOBHHUKOM 1  BiAIIOBIIHUM
KOHTPOJIIOIOYNM OPTraHOM.

2.3T'panuyHi ctann

(1) ¥V wiif yacTHHI MOBHHHI MPHIMAaTHCh Tpa -
HUYHI cTaHy, o Bu3HavyeHi B EN 1993-1-6.

2.4HaBaHTaKeHH TA BILINBH

(1)P HeoOxigHO JOTPUMYBATUCS 3arajibHHUX
npaBwI, Bukiagerux B posaur 4 EN 1990.

(2) Ockinbku B EN 1991 naBenena HemoBHa
iHpOpMallii CTOCOBHO BITPOBHUX HaBaHTaKEHb,
[0 JOMNOBHIOIOTh HABAHTAKCHHS BHUKIMKAHI1
THUCKOM pinuHwu, BHYTPIIITHIM THUCKOM,
HABAaHTAXXCHHS BiJ] TEMIIEPATYPHUX BIUIUBIB, BiJ
KJIalaHiB, TpyO 1 IHIIKMX €JEeMEHTIB, 3'€/IHAaHUX 3
pe3epByapoM, Bif HEPIBHOMIPHOTO OCiTaHHS, i
aBapiifHi HaBaHTAXEHH, MIPUBOIUTHCS
crenianbHa J0AaTKoBa iH(opmMaris y 1oaaTky A.

2.5BaacTuBocti MaTepiany

(1) HeoOxigHO AOTpUMYBATHCS
BUMOT, HaBeAeHux B EN 1993-1-1.

3arajJJbHHuX

(2) dnsa pesepByapiB MOBUHHI 3aCTOCOBYBATHCH
MaTepianu i3 crneuu(piYHUMHU BJIACTUBOCTAMU
3TiHO 3 po3AuIoM 3.

2.6TeomeTpuyHi gaHi

(1) CrocoBHO TeOMETPUYHHMX JaHUX MOXKE OyTH
BUKOPHUCTAaHA 3arajbHa iH(opMmaIlis, HaBeleHa B
EN 1990.

(2) CrOoCOBHO KOHCTPYKI[iii OOOJOHOK MOXE
BUKOPHUCTOBYBATHUCh  JI0JIaTKOBA  crierudiuyHa
iHpopMmaris, ska HaBeaeHa B EN 1993-1-6.

(3) ToBuMHA JUCTIB MPH PO3paxyHKaX MOBHHHA
BU3Ha4aTucs, 3rigHo 3 4.1.2.

2.7 MopeoBaHHA pe3epByapa s
BH3HAYEeHHS Pe3y/bTaTiB BIUINBIB

()P HeoOxigHO IOAEPKYBATUCS 3arajlbHUX
mpaBu, siki HaBeAeHi B EN 1990.
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— Consequence Class 1Agricultural tanks
or tanks containing water.

(4)P The choice of the relevant Consequence
Class shall be agreed between the designer, the
clientand the relevant authority.

2.3 Limit states

(1) The limit states defined in EN 1993-1-6
should be adopted for this Part.

2.4 Actions and environmental effects

()P The general requirements set out in
section 4 of EN 1990 shall be satisfied.

(2) Because the information wind loads on
liquid induced loads, internal pressure loads,
thermally induced loads, loads resulting from
pipes valves and other items connected to the
tank , loadsresulting from uneven settlement
and emergency loadings set down in EN1991
is not complete speciatformation is given in
annex A.

2.5 Material properties

(1) The general requirements for material
properties given in EN 1993-1-1 should be
followed.

(2) The specific properties of materials for
tanks given in section 3 of this Part should be
used.

2.6 Geometrical data

(1) The general information on geometrical
data provided in EN 1990 may be used.

(2) The additional information specific to shell
structures provided in EN 1993-1-6 may be
used.

(3) The plate thicknesses given in 4.1.2 should
be used in calculations.

2.7 Modelling of the tank for determining
action effects

()P The general requirements of EN 1990
shall be followed.



(2) Hnsa  3abe3meueHHs — eKCIUTyaTalliiHOT
HQJIHHOCTI  MpPH  PO3paxyHKax  KOXHOTO
KOHCTPYKTUBHOTO eJIEeMEHTa MOBUHHI

BpaxoByBaTHCs crielu(iuHiI BUMOTH 3TiTHO 3 5.5,
7.519.4.

(3) [ns KOHCTPYKTMBHOTO aHami3y BiIHOCHO
TPAaHUYHOTO CTaHy 3a HECYYOl0 3/aTHICTIO
MOBHHHI 3aCTOCOBYBATHCS cCIelU(IuHI BUMOTH,
3azHaveni B 5.3, 7.31 9.3 ( OumblI JOKIAAHO B
EN 1993-1-6).

2.8 IIpoekTyBaHHs  3a  pe3yJbTaTaMu
BHIIPOOYyBaHb
(1) HeoOxigHO JOTPUMYBATUCHh  3arajbHUX

npaswi, Buknangeanx y Jomatky I EN 1990.

2.9 IlepeBipka rpaHM4YHHMX CTaHiB 3a

pe3yJibTaTaMH BILIUBIiB
2.9.13arajpHi M0JI0KEeHHH

(1) HeoOxigHO JOTPUMYBATHCH
npasui 3rigao 3 EN 1990.

3arajJbHHUX

2.9.2 KoeginieHTH /51 TPAHUYHMX CTAHIB 3a
HECY4010 31aTHICTIO

2.9.2.1 KoepiuieHTn
HABaHTaKeHHSIM pe3epByapa

HagiiiHoCTI 3a

(1P s mocriitHEX i
PO3paxyHKOBHUX CUTYaIIiit
BPaxOBYBaTHCh KOEQIIIIEHTH YF.

KOPOTKOYaCHHX
MOBHUHHI

Hpumitka: Y HanionansHOMy J0AaTKy MOXYTh
OyTH TIpeACTaBlieHI 3Ha4YeHHS IS KoeillieHTiB
HaJIIHOCTI 32 HaBaHTaKEHHAM Yr. Tabmuis 2.1Hanae
PEKOMEHI0BaHi 3HAUCHHS JUTS Y.

(2)P Hdns ocoOnuBUX pO3PaxyHKOBUX CHUTYaIliil
IpU 3MIHHUX BIUTUBaX BUKOPHUCTOBYIOTHCS TAKOXK
Koe(ilieHTH YE. Ile MOXKeE TaKOX
3aCTOCOBYBAaTUCh IPH HABAHTAXKEHHI PIAWHOIO
YJIOBIIIOIOUYHX pe3epBYapiB.

Hpumitka: YV HamionansHOMY 10AaTKy MOXYTh
OyTH TIpeACTaBlieHI 3HAa4YeHHS IS KoeillieHTiB
HAJIIHOCTI 32 HaBaHTAKEHHAM Yr. Tabmuus 2.1Hanae
PEKOMEHI0BaHi 3HAUCHHS JUTS Y.

(3)P KoedimieHTn 1151 «THMIOBHX pe3epByapiB»
(3aBOJICHKOTO  BHTOTOBJICHHSI) TMPH3HAYAIOTHCS
OKpEeMO.

Hpumitka: YV HamionansHOMY 10AaTKy MOXYTh
OyTH TIpeACTaBlieHI 3Ha4YeHHS IS KoeillieHTiB
HAJIIHOCTI 32 HaBaHTOKEHHAM Yr. Tabmuus 2.1Hanae
PEKOMEHI0BaHi 3HAUCHHS TS Y.
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(2) The specific requirements for structural
analysis in relation to serviceability set out in
5.5, 7.5 and 9.4 should be used for the relevant
structural segments.

(3) The specific requirements for structural
analysis in relation to ultimate limit states set
out in5.3, 7.3 and 9.3 (and in more detail in
EN 1993-1-6) should be applied.

2.8 Design assisted by testing

(1) The general requirements set out in Annex
D of EN 1990 should be followed.

2.9 Action effects for limit state verifications

2.9.1 General

(1) The general requirements of EN 1990
should be satisfied.

2.9.2 Partial factors for ultimate limit states
2.9.2.1 Partial factors for actions on tanks

()P For persistent and transient design
situations, the partial factoys shall be used.

NOTE: The National Annex may provide values
for the partial safety factors . Table 2.1 gives the
recommended values fgg .

(2)P For accidental design situations, the
partial factorsr for the variable actions shall
be usedThis also applies to the liquid loading
of catch basins.

NOTE: The National Annex may provide values
for the partial safety factong Table 2.1 gives the
recommended values fgr.

(3)P Partial factors for ‘product type’ tanks
(factory production) shall be specified.

NOTE: The National Annex may provide values
for the partial factoryr. Table 2.1 gives the
recommended values fgr.
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Tabaunsi2.1 — PekoMmeHmoBaHi 3HAueHHs U KOe(illieHTIB HaAIMHOCTI 3a HaBaHTAXKEHHIM Ha
pe3epByapu A MOCTIMHMX 1 TMMYacOBHUX PO3PAaXyHKOBHX CHTYalliid, a TaKoX JUis
0COOIMBHUX PO3PAXYHKOBHX CUTYALlil

Table 2.1 - Recommended values for the partial factors fapaston tanks for
persistent and transient design situations anddoidental design situation
Po3paxynkoBa PexoMeHoBaH1 3HAUCHHS IS Ve
CHTyal T pitann Recommended values for
design situation liquid type - ™
IIpH 3MIHHUX IIpu NOCTIMHUX
BIINIMBax pl,Z[I/IHI/I BIINIMBax
in case of variable in case of
actions from permanent
liquids actions
eKCIUTyaTaIiiHi TOKCHYHI, BUOyXOHEOe3MeuH1
HABaHTAXXCHHS Bl pinuHU | a00 HeOe3meuH1 piquHu
liquid induced loads toxic, explosive or dangerous 1,40 1,35
during operation liquids
3alMHCTI PIIUHU
flammable liquids 1,30 1,35
1HII PIIUHA
pUE 1,20 1,35
other liquids
BUIIPOOYBAJIbHI
HABaHTAXXEHHS Bl PIIUHA OyIb-SIKI PIIUHA
. . P g . p. 1,00 1,35
liquid induced loads all liquids
during test
0CO0IMBI BIUTUBHU OyIb-sIKi piTUHI 1.00
accidental actions all liquids '
2.9.2.2Koe¢inienTn HagiiiHoCTi 2.9.2.2 Partial factors for resistances
(1) [Ipy  BHW3HAYCHHI  KOHCTPYKTHBHHX (1) Where structural properties are determined

XapaKTepUCTUK LUIIXOM BHUIPOOYBaHb, TOBHUHHI

3aCTOCOBYBAaTUCh BUMOTH
nependaueni B EN 1990.

1 METOOUKH, IO

(2) IepeBipka Ha yToMy MOBHHHA MPOBOJUTHUCH

BignoBiAHO 10 po3airy 9 EN

(3)P Koeoimientu ymi s

cradiB HaBejeHl B Taoum 2.
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1993-1-6.

PI3HUX TPaHUYHHUX

2.

by testing, the requirements and procedures of
EN 1990 should be adopted.

(2) Fatigue verifications should satisfy section
9 of EN 1993-1-6.

(3)P The partial factorgy; shall be specified
according to Table 2.2.



Ta6aunsa 2.2 —Koedinientn HaxiiHOCTI
Table 2.2 — Partial factors for resistance
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Omip Buay pyiiHyBaHHS
Resistance to failure mode

v BimnosigHO
Relevanly

I'PaHULS TUTACTUYHOCTI CTIHKH 00O0JIOHKH
31 3BapHUMH 200 OOJITOBUMH 3'€THAHHIMHU

welded or bolted shell wall to plastic limit
state, cross-sectional resistance

™Mo

Hecyd4a 3JaTHICTh CTIHKHA 00OJIOHKH 32 CTIHKICTIO

shell wall to stability

M1

MIIHICTh CTIHKH 00OJIOHKH
31 3BapHUMH 200 OOJNTOBUMH 3'€THAHHIMHU

welded or bolted shell wall to rupture

Y™m2

MAaJIOLUKIIYHA MIIIHICTh CTIHKHU
000JIOHKHA

shell wall to cyclic plasticity

Y™M4

welded or bolted connections or joints

Hecy4a 37aTHICTh 3BapHHUX 200 OONTOBUX 3'€THAHB

YM5

yTOMa CTIHKH 00O0JIOHKH

shell wall to fatigue

Y™M6

Hpumitka: Koedimientn 7§y A1 pe3epByapis
MOXYTh OyTH BH3HaueHi B HamioHadbHOMY IOZATKY.
HonaTkoBy iH(oOpMaLilo s 3HAYEHb Yys MOXKHA
3Haiitt B EN 1993-1-8 lonaTtkoBy indopmamnito mis
3HAuYeHb Yvme MOKHA 3HadiTH B B EN 1993-1-9.][ns
pe3epByapiB peKOMEHI0BaHi Taki mu(poBi 3HAUCHHS:

NOTE: Partial factorgy; for tanks may be defined
in the National Annex. For values of gM5, further
information may be found in EN 1993-1-8. For
values ofyys, further information may be found in
EN 1993-1-9.The following numerical values are
recommended for tanks:

Ymo = 1,00 Ym1 = 1,10

Y2 = 1,25

Yma= 1,00 Yms = 1,25

Yme = 1,10

2.9.3 I'panuyHi cTaHM 32 NPHUAATHICTIO [0
eKcIIyaTamii

(1) Sxuro BimmoOBimHI MpaBUIIA MO0 TPAHHUYHOTO
CTaHy 3a MNPUAATHICTIO JI0  HOPMAaJbHOT
eKCIUTyaTalii MICTATh CIpPOIIECHI MNpaBuja, TO
HEeMae HEOOXIMHOCTI BUKOHYBATH JIETAJIbHI
pO3paxyHKH 3 BHKOPUCTaHHSIM KOMOiHAI[ii
BILJIMBIB.

(2) dns Bcix rpaHUYHUX CTaHIB 3a MPUAATHOCTI
70 HOpMalbHOI eKCIulyaTalii MOBMHHO OyTH
BKa3aHO BIIMOBIAHE 3HAUYCHHS Ysser:

2.9.3 Serviceability limit states

(1) Where simplified compliance rules are
given in the relevant provisions dealing with
serviceability limit states, detailed calculations
using combinations of actions need not be
carried out.

(2) For all serviceability limit states the values
of yaser should be specified.
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Mpumitka: YV HamionansHOMY 10OaTky Moxe OyTH
HaJaHa IHQOpMAIls IIOM0 3HAYCHHS KoeQilieHTa
MPUJATHOCTI 0 HOPMAIIbHOI eKCIUTyaTallil Yaser -
PexomenmyeTbes Yayser = 1.

2.10Komo0inanii BnjuBiB

(1) P HeoOximHO mOAEpPKYBaTHUCh 3arajibHUX
sumor EN 1990.

(2) OnmHOYacHO BPaxoByBaTH BIUIHB
eKCIUTyaTaI[IfHUX 1 CHITOBUX HAaBaHTa)KEHb HEMae
HEOOX1IHOCTI.

(3) 3HaueHHS KOPOTKOYACHOTO  BITPOBOTO
HAaBaHTQXXCHHS B KOMOIHAIii 3 BIUIMBAMHU MpHU
riIpOCTaTUYHOMY BHIIPOOYBaHHI MoOXe OyTH
3MEHIICHO.

(4) TIlin wwac BumpoOyBaHHS MOXHa HE
BpaxoOBYBaTH CEHCMIYH1 BILUTUBH.
(5) Ilin wac BumpoOyBaHHS MOXHa HE

BpaxoByBaTH aBapiiiHi BrumBH. KomOiHariiiHi
MpaBWiIa s OCOONMBUX BIUIMBIB, IO BKAa3aHi B
EN 1990, nmoBuHHI 3acTOCOBYBaTHCS NpHU
aBapifHUX CUTYaIlisX.

2.11 ToBroBiuHicTh

(1) HeoOxigHO JOTPUMYBATHCH
BuMor, Hasegenux B EN 1990.

3 XAPAKTEPUCTHUKU MATEPIAJIIB

3arajJJbHHUX

3.13arajapHi M0JI0KEeHHH

(1) Bei mapku craiti, iKi BAKOPHCTOBYIOTBCS JIISI
pe3epByapiB, TOBUHHI OyTH TPUAATHUMHU s
3BapIOBAaHHS,  BPAaxOBYHOYH  MOJXIIMBI,  3a
HEOOXIJHOCTI, HACTYIHI MOAU(IKaILii.

(2) Bci mapku craiti, 110 BUKOPHCTOBYIOTBCS IS
pe3epByapiB  IWIIHAPUYHOT (QOpMHU, TIOBHUHHI
Oyrv mnpuAaTHi a1 XOJOTHOTO (OPMYBaHHS
JHUCTIB 200 €IEMEHTIB KPUBOJiHIHHOT hopMmHu.

(3) BractuBoCTI 1 XapaKTepHCTUKU MaTepiaiiB,
BKa3aHi B I[bOMY PO3/LTi, TOBHHHI PO3IJIAJaTUCh
SK HOMIHAJBHI 3HAYEHHS, aje B TPOCKTHUX
pO3paxyHKax MPUHMAIOThCS K HOPMATHUBHI.

(4) Inmni xapakTeprCTUKU MaTepiaiiB HaBeICHI y
BIIMOBIIHUX CTaHIapTax, no3HaueHux B EN

1993-1-1.

(5) Sxmio pesepByap MOXe HAIOBHIOBATHCS
OPOAYKTaMH 3 TIJBHUIIEHOIO TEMIIepaTypolo,
BEJIMYUHH XapaKTEPUCTHK MaTepialliB I TAKOTO
pe3epByapa THOBMHHI  OyTH  3HIDKEHI 10
MaKCHMAJIBHO JIOTTYCTUMHX.
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NOTE: The National Annex may provide
information on the value for the partial factor for
serviceabilityyyser- Yuser= 1 is recommended.

2.10 Combinations of actions

()P The general requirements of EN 1990
shall be followed.

(2) Imposed loads and snow loads need not be
considered to act simultaneously.

(3) Reduced wind actions, based on a short
exposure period, may be used when wind is in
combination with the actions of the hydrostatic
test.

(4) Seismic actions need not be considered to
act during test conditions.

(5) Emergency actions need not be considered
to act during test conditions. The combination
rulesfor accidental actions given in EN 1990
should be applied to emergency situations.

2.11 Durability

(1) The general requirements set out in EN
1990 should be followed

3 PROPERTIES OF MATERIALS

3.1 General

(1) All steels used for tanks should be suitable
for welding to permit later modifications when
necessary.

(2) All steels used for tanks of circular
planform should be suitable for cold forming
into curved sheets or curved members.

(3) The material properties given in this
section should be treated as nominal values to
be adopted as characteristic values in design
calculations.

(4) Other material properties are given in the
relevant Reference Standards defined in EN
1993-1-1.

(5) Where the tank may be filled with hot

liquids, the values of the material properties
should be appropriately reduced to values
corresponding to the maximum temperatures
to be encountered.



(6) Ilpm migBumenii Temmepatypi  (mis
KOHCTpyKIiHux craneit 7 > 100 €, a mia
HepxaBitounx craned 7 > 50 C) xapakre -
PUCTHUKM MaTepialliB MOBUHHI MPUIMATUCH 3T1JHO

3 EN 13084-7.

3.2 KoHcTpykuiiini craui

(1) Metoau po3paxyHKiB, HaBeZIeHI B yacTuHi 4.2
EN 1993, moxyre 3acrocoByBaTtucs JUis
KOHCTPYKIIHHUX cTanei, sk Bu3HadeHo B EN
1993-1-1, sixi BimmoBimaroTh yacTuHam 2-6 EN
10025. Metoau MOXYTb TaKOX
BUKOPUCTOBYBATHCS JJsl CTaliel, BKIIIOUEHUX B

EN 1993-1-3.

(2) MexaHiuHi BJIACTHBOCTI KOHCTPYKI[IHHUX
cranei BimnosinHo 1o EN 10025a60 EN 10049
noBuHHI Oytu B3ati 13 EN 1993-1-1a6o EN
1993-1-3.

3.3 CraJi a4 cocyaiB i3 BHYTPillIHIM THCKOM

(1) Metoau po3paxyHKiB, HaBeZIeHI B yacTuHi 4.2
EN 1993, MoXyTb BHUKOPHCTOBYIOTHCS IS
craineit, ki Bigmosimarotb EN 10028 i
3aCTOCOBYBATHUCH JJISI COCY/IIB 3 TUCKOM 32 YMOBH
SIKILIO.

— TpaHMIs TeKy4OCTI 3HAXOIUTHCS B Jiara3oHi,
Bu3HaueHomy EN 1993-1-1;

— TpaHUIld MIIHOCTI HE MEHIIEe MIHIMAJIBHOTO
3HaueHHsa it crajger srigao 3 EN 1993-1-1 sxki
MaloTh CaMe TaKy K TPaHUII0 TeKYyJOCTi;

— cniBBignomenns fu/fy vHe menme 1,10.

(2) MexaniuHi BIACTMBOCTI  CTajeu, sKi
3aCTOCOBYIOTBCS JUISI TOCY/MH 3 THCKOM, TOBUHHI
sBiamosigatu EN 10028.

(3) Tam, ne mnpu mNPOEKTYBaHHI MOTPIOHI
pO3paxyHKu Ha CTIMKICTB, MMOBUHHI
BUKOPHUCTOBYBATHUCS BIIMOBIAHI  TpUBENEHI
xapakrepuctuku, muB. EN 1993-1-6o3nin 3.1.

Mpumirka: JogatkoBa iHpopmauis Moxe OyTu
HaBeneHa B HamionansHOMY 1ogaTky

3.4 Hep:xaBiroui craJi

(1) MexaHiuHi BJaCTUBOCTI HEPXKABIFOUUX CTaICH
srizpo 13 EN 10088 moBuuui Bigmosimatu EN
1993-1-4.

(2) Pexomenpaiii om0 BHOOpPY HEPIKaBIFOUUX
cTajeil 3 ypaxyBaHHSM CTYIEHIO KOPO3IHHOTO
BIUTMBY MOXYTh OyTH OTpHMaHi 3 BIAMOBIAHUX
IpKepe.
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(6) The material characteristics at elevated
temperature T > 100°C for structural steels
and T > 50°C for stainless steels) should be
obtained from EN 13084-7.

3.2 Structural steels

(1) The methods for design by calculation
given in this Part 4.2 of EN 1993 may be used
for structural steels as defined in EN 1993-1-1,
which conform with parts 2 to 6 of EN 10025.
The methods may also be used for steels
included in EN 1993-1-3.

(2) The mechanical properties of structural
steels according to EN 10025 or EN 10049
should betaken from EN 1993-1-1 or EN
1993-1-3.

3.3 Steels for pressure purposes

(1) The methods for design by calculation
given in this Part 4.2 of EN 1993 may be used
for steels for pressure purposes conforming
with EN 10028 provided that:

— the yield strength is in the range covered by
EN 1993-1-1;

— the ultimate strain is not less than the
minimum value for steels according to EN

1993-1-1 which have the same specified vyield
strength;

— the ratiof/fy is not less than 1,10.

(2) The mechanical properties of steels for
pressure purposes should be taken according tc
EN 10028.

(3) Where the design involves a stability
calculation, appropriate reduced properties
should be used, see EN 1993-1-6 section 3.1.

NOTE: Further information may be given in the
National Annex.

3.4 Stainless steels

(1) The mechanical properties of stainless
steels according to EN 10088 should be
obtained from EN 1993-1-4.

(2) Guidance for the selection of stainless
steels in view of corrosion actions may be
obtained from appropriate sources.
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(3) Tam, ne mnpu npoeKTyBaHHI HEOOXiaHI
pO3paxyHKH Ha CTIHKiCTh, TOBHUHHI OyTH
3aCTOCOBAaHI BIAITOBIAH1 MpUBEICH1
xapaktepuctuku, 1uB. EN 1993-1-6.

3.5BuMoru mroa0 MilHoOCTI
3.5.13arajapHi M0JI0KEeHHH

(1) Bumorm 11040 MIIHOCTI CTajli ITOBHHHI
BU3HAYATUCH JUISA MIHIMAJIbHOI PO3paxyHKOBOT
temnepatypu 3rigHo 3 EN 1993-1-10.

(2) MinimanipHa poO3paxyHKOBa TeMIIEparypa
metany (MPTM) noBMHHA BU3HAYATUCH 3TITHO 3
3.5.2.MPTM moXxe BUKOPHCTOBYBATUCH 3aMICTh
TegB EN 1993-1-10.

3.5.2MiHimMajibHA po3paxyHKOBa TeMIiepaTypa
MeTay

(1) MPTM mnoBuHHa OyTH CaMOK HH3BKOIO 3
MOJIMBUX MIHIMQJIBHUX TEMIIEPATyp MPOIYKTY
a0o 3 HaBeneHUX B Tabmuii 3.1.

(2) Sk miniManbHa cepenHbOI000BA TemIepa -
typa nositps (MC/TII) npuitmaerbes HaliHMKYA
cepesiHsl TeMIlepaTypa 3apeecTpoBaHa 3a Oy.ib-
AKUi 1000BUH mepioa mpoTsrom 24 roauH. 3a
BIJICYTHOCTI 10CTaTHRO MOBHUX BuMipiB MC/ITII
MOKe OyTH B3siTa SK CepelIHs BiJl MaKCUMaJbHOI
Ta MiHIManpHOI TemmepaTyp abo eKBiBaJeHTHE
3HAYCHHS.

(3) Where the design involves a buckling
calculation, appropriate reduced properties
should be used, see EN 1993-1-6.

3.5 Toughness requirements
3.5.1 General

(1) The toughness requirements should be
determined for the minimum design metal
temperature according to EN 1993-1-10.

(2) The minimum design metal temperature
MDMT should be determined according to
3.5.2. MDMT may be used in place &d. in
EN 1993-1-10.

3.5.2 Minimum design metal temperature

(1) The minimum design metal temperature
MDMT should be the lowest of the minimum
temperature of the contents or those classified
in table 3.1.

(2) The Ilowest one day mean ambient
temperature LODMAT should be taken as the
lowest recorded temperature averaged over
any 24 hour period. Where insufficiently
complete records aravailable, this average
temperature may be taken as the mean of the
maximum and minimum temperatures or an
equivalent value.

Tabanmusn3.1 — MinimansHa po3paxyHkoBa Temrieparypa metary MPTM ua 6a3i MCJITIT

Table 3.1 — Minimum design metal temperature MDMT based on IMOXT

MiHimanbHa cepeTHb0000Ba
temmneparypa nosirpst (MCITII)

MinimaneHa po3paxyHKoBa Temieparypa metany (MPTM)
Minimum design metal temperature MDMT

Lowest one day mean ambient naHi 3a 10 pokiB nani 3a 30 pokiB
temperature (LODMAT) 10 years data 30 years data
~10 T < MC/TII MC/ITIT +5 C MCJITIT +10 T
-10°C < LODMAT LODMAT +5 °C LODMAT +10 °C
—25 T < MCJITIT °C <-10T MC/TII MC/ITIT +5 C
25 T<LODMAT °C <-10T LODMAT LODMAT +5 °C
MC/ITIT <-25 T MCJITIT -5 T MC/ITII
LODMAT <25 C LODMAT -5 °C LODMAT
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4 OCHOBHI TPABUJIA KOHCTPYKTUB -
HOT'O AHAJII3Y

4.1T'paHu4Hi CTAHM 32 HECY4O0I0 3JATHICTIO

4.1.10cHOBHIi MOJIOKEHHSA

(1) Po3mipu craseBUX KOHCTPYKIIH Ta iX
€JIEMEHTIB TMOBUHHI BIANOBIAATH OCHOBHUM
MPOCKTHUM BHMOT'aM, BUKIIAJICHUM B PO3/LTi 2.

4.1.2 Po3paxyHKoBe
JINCTA

3HAYCHHsI TOBIIHUHHU

(1) Y po3paxyHkax Ui BU3HAYCHHS HECy4oi
3IATHOCTI, PO3PAaXyHKOBE 3HAYECHHS TOBIIMHU
JINCTa — I€ HOMIHAJbHA TOBIIMHA, 3rigHo 3 EN
10025, EN 10028, EN 100480 EN 10088,
3MEHIIIEHa  Ha  MAaKkCHUMajbHE  3HA4YEHHS
MIHYCOBOTO JOMYCKY 1 3Ha4eHHS KOPO3iiHOTO
NpUITyCKY, BKa3aHe B 4.1.3.

4.1.3BnimmB Kopo3ii

(1) BruuB xopo3ii HeoOXigHO OpaTH 10 yBar.
(2) Koposzis 3ajgexuTh BiA  piIMHH, IO
30epiraeThCsi, THITY CTali, TepMiuHOT 0OpOOKH Ta

3ax0JiB, MPUUHATUX AJS 3aXUCTY CHOPYIH Bif
KOPO3ii.

(3) 3a HeoOXigHOCTI TOBHMHHA BKa3yBaTHCS
BEJIMYHMHA TIPHITYCKY.

4.1.4¥YT1oma
()P [Tpu IMABUAIECHIN LIUKIIYHOCT1
HaBaHTAXCHHS KOHCTPYKIIIO HEOOX1THO

NEPEeBIPSTH 32 TPAHUYHUM CTAaHOM BiJl yTOMH.

(2) IIpoexryBaHHS OpU  MaJOLUKIOBOMY
HAaBaHTa)XCHHI MOke BUKOHYBaTucCs 3rigHo 3 EN

1993-1-6.

(3) Skmo 3a pO3paxyHKOBHUM  CTPOKOM
eKcruTyaranii OyayTb 3acTOCOBYBATHUCS 3MIiHHI
BIUIMBH 3 OUIeIn HDK N MUKJIAMH, TO
KOHCTPYKIII0O HEOOXIHO TEepeBIpATH Ha yTOMY
(LS4) 3rigHo 3 pozaitom 9 EN 1993-1-6.

Mpumitka: Y HanionanbHOMYy IOIaTKy MOXKe OyTH
HaBemeHe uuciao ukIiB N PexomennoBane
sgaueHHs Ny =10000.
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4 BASIS FOR STRUCTURAL ANALYSIS

4.1 Ultimate limit states

4.1.1 Basis

(1) Steel structures and components should be
so proportioned that the basic design
requirements given in section 2 are satisfied.

4.1.2 Plate thickness to be used in resistan
calculations

(1) In calculations to determine the resistance,
the design value of thickness for a plate is the
nominal thickness specified in EN 10025, EN
10028 EN 10049 or EN 10088 reduced by the
maximum value of minus tolerance and a
value of corrosion allowance specified in
4.1.3.

4.1.3 Effects of corrosion

(1) The effects of corrosion should be taken

into account.

(2) The corrosion depends upon the stored
liquid, the type of steel, the heat treatment and
the measures taken to protect the construction
against corrosion.

(3) The value of an allowance should be
specified if necessary.

4.1.4 Fatigue

(1)P With frequent load cycles the structure
shall be checked against the fatigue limit state.

(2) The design against low cycle fatigue may
be carried out according to EN 1993-1-6.

(3) If variable actions will be applied with
more thanN; cycles during the design life of
the structure the design should be checked
against fatigue (LS4) according to section 9 of
EN 1993-1-6.

NOTE: The National Annex may provide the
value for the numbeN; of cycles. The valuél =
10000 isrecommended
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4.1.5/1onyck 3a TeMnepaTypHUMH BILINBAMH

(1) BrutuB pi3HUII TeMIepaTyp MK 4acTHHAMHU
KOHCTPYKIIi MOBUHEH OyTH BpaxoBaHUU NpHU
pPO3paxyHKy pO3MOJUICHHS HANpyXEHHS B
3aJIeKHOCTI BiJ] MPUHHATOTO T'PAaHUYHOTO CTaHY
3a HECy4Ol0 3[IaTHICTIO.

4.2 AHaJji3 KiJIb1EeBOi 000 10HKH KOHCTPYKILii
pe3epByapa

4.2.1 MopeawBaHHS KOHCTPYKILi 00010HKH

(1) MopenroBaHHsT  KOHCTPYKI[T  00OJIOHKH
nosuHHe Bigmosizaru BuMoram EN 1993-1-6,
aJie 1[i BUMOTH MOXYTh BBa)XaTHCh BUKOHAHUMU
TUIBKH 32 YMOB, HABCJICHUX HIKYC.

(2) Ilpu mMonenoBaHHI KOHCTPYKLIH OOOJOHKH
HEOOXIJJTHO BpaxoBYBaTH BCi peOpa >KOPCTKOCTI,
OTBOPU Ta JieTall KpIrJICHHS.

(3) INpu mpoekTyBaHHI HEOOXITHO 3a0C3MEUUTH
BIJINOBIAHICTh 3aJJAHUM TPAaHUYHUM YMOBAM.

4.2.2 MeToau aHami3zy

4.2.2.13arajpHi MOJI0KEHHA

(1) Awnaniza o00OJOHKM pe3epByapa IOBHHEH
npoBoAUTHCS BinnmoBiaHo A0 BuMor EN 1993-1-6.

(2) 3aBxau Moxe OyTH 3aCTOCOBAHUU OUIBII
TOYHUI  MeToJ  aHalidy HDK  TOH, M0
BCTaHOBJICHUI TUIS oOpaHoro KJ1acy
BIJITOBIAAIBHOCTI.

(3) HesamexxHo Big NPUHHATOrO  Kiacy
BIIMOBIAABHOCTI MOXE€ OyTH BHKOPUCTAHO
CIIPOIIEHHUI PO3PaxyHOK, 0 OTMIMCAHUH B PO3ALIL
11,3 noTpuMaHHAM HaBEAECHUX Y HOMY YMOB.

4.2.2.2Knac BignoBinaanHocti 1

(1) Ans pesepByapiB Kiacy BimmoBimaiabHOCTI 1,
MoOke OyTH BUKOpUCTaHa MeMOpaHHa Teopis A
BHU3HAYCHHS TOJIOBHUX HaTpyXeHb 3
KoedilieHTaMu 1 CHOpOIICHHSMH  IIOJIO
BpaxyBaHHs MICIEBUX 3THHAJIbHUX 3yCHIIb Ta
HECUMETPHUYHHUX HAaBAaHTA)KCHb

4.2.2.3Kaac BignoBinajanHocTi 2

1) Jlns pe3epByapiB Kiacy BiANOBiaIbHOCTI 2
OpU BICECUMETPUYHOMY BIUIMBI 1 Bicecm —

METPUYHIH OMOpi MOBUHEH OyTH BUKOPUCTAHUN
OJIUH 13 IBOX aJIbTePHATHUBHUX METOJIIB aHANTI3Y:

32

4.1.5 Allowance for temperature effects

(1) The effects of differential temperature
between parts of the structure should be
included indetermining the stress distribution
depending upon the ultimate limit state
considered.

4.2 Analysis of the circular shell structure
of a tank

4.2.1 Modelling of the structural shell

(1) The modelling of the structural shell
should follow the requirements of EN 1993-1-
6, but thesanay be deemed to be satisfied by
the following provisions.

(2) The modelling of the structural shell
should include all stiffeners, openings and
attachments.

(3) The design should ensure that the assumed
boundary conditions are satisfied.

4.2.2 Methods of analysis

4.2.2.1 General

(1) The analysis of the tank shell should be
carried out according to the requirements of
EN 1993-1-6.

(2) A higher class of analysis may always be
used than that defined for the selected
Consequence Class.

(3) Irrespective of the Consequence Class
chosen, the simplified design described in
Section 11 may be used if the conditions listed
there are met.

4.2.2.2 Consequence Class 1

(1) For tanks in Consequence Class 1,
membrane theory may be used to determine
the primary stresses, with factors and
simplified expressions to describe local
bending effects and unsymmetrical actions.

4.2.2.3 Consequence Class 2

1) For tanks in Consequence Class 2 under
axisymmetric actions and support, one of two
alternative analyses should be used:



a) Jlns BuW3HAUCHHS TOJIOBHUX HANPYXEHb 3
BUKOPUCTAHHAM TeOpii 3TMHY B MPYXHIH cTanii i
OmHuCy  BCIX  MiclueBUX  e(eKTiB  Moxe
BHUKOPHUCTOBYBATHCS MEMOpaHHA TEOPisl.

b) MoxHa BUKOPUCTOBYBATH  BiIIMOBITHHIA
YHCeNbHUN aHami3 (HampuKiaja, aHalli3 000J0HKU
METOJIOM CKIHYEHHHX €JIEMEHTIB), HaBEICHUH B

EN 1993-1-6.

(2) 3a yMOBH HE BiCECHMETPUYHUX HABAHTAXKCHB,
HEOOXITHO BUKOPHUCTOBYBATU BIJITOBIAHAI
YHCEIbHUN  aHaji3, 3a BHHATKOM  YMOB,
BukiaaeHux B (3)1 (4).

(3) HesBaxkatoun Ha (2), KOJIM HABKOJIO
00O0JIOHKM HABaHTAXXEHHS 3MIHIOCTLCS ILIABHO,
BUKIIMKAIOYM JIMIe 3arajibHuii 3ruH ( TOOTO
dopma rapmoniiina 1), 1 BU3HAYCHHS
TOJIOBHUX HAIMpYKeHb MOXeE OYTH BHUKOPHCTaHA
MeMOpaHHa TeoPisl.

(4) Mpu anamizi BILUIMBIB Bifg il BITPOBOTO
HaBaHTAXECHHS Talabo BIJ ocigaHHs
byHIaMeHTY, MOJKHA CKOPHUCTATHUCS
HaniBMEMOpPaHHOI0 200 MEMOPAHHOO TEOPI€IO.

Hpumirka: Indopmanito mono MeMOpaHHOI Teopii,
muB. EN 1993-1-6.HaniBmemOpanHa Teopisi onucye
MOBEIHKY y B3a€EMOIi 3 KUIBIIEBOIO KOPCTKICTIO TIPU
3THHI.

(5) Sxio, npu aHaizi 000JI0OHKH
BUKOPHUCTOBYETHCSI MEMOpaHHA TEOPis, TO OKpeMi
KUIBISL, IO  TOpPUEAHAHI A0  130TPOIHOI
WIHAPUYHOT  OOOJIOHKM  pe3epByapa,  sKa
nepe0yBa€e Mix BHYTPIIIHIM THCKOM, MOXYTh
MaTH e(QEeKTUBHY IUIOILy, 3 BKJIIOUEHHSIM
YACTUHU JOBXKUHU CTIHKH BHUIIE Ta HUKYE KUIBIS
0,78\rt, y pasi, AKII0 KUTbIIe HE 3HAXOTUTHCS Ha
CTHKY.

(6) Skmo o00o0JIOHKA OKpPEeMO  MiJCHUJICHA
BEPTUKATbHUMU peOpamu AKOPCTKOCTI,
HanpyXeHHs B peOpax i 000J0HI MOXYTh OyTH
BHU3HAYCHI 3 YpaxyBaHHSM pPO3IMOJUICHHS pebep
KOPCTKOCTI 1O CTiHI[i, 32 YMOBH, IO BiJCTaHb
MDK peOpaMu KOPCTKOCTI HE OUTBIIT HIK 5V rt.

(7) Sxmo BepTuKaibHI pedpa KOPCTKOCTI
PO3MOALICHH] MO CTiHLI, HampyXeHHS B peodpi
AKOPCTKOCTI MTOBUHHO BU3HAYATHUCS 3
ypaxyBaHHSM BIANOBIIHOTO JIOMYCKY IOJO
CYMICHOCTI MDK peOpOM KOPCTKOCTI Ta CTIHKOIO,
a HampyKeHHS CTIHKA B OPTOTOHAIBHOMY
HaNpsMKY 3TiIHO 3 4.4.

np. ICTY-H B EN 1993-4-2:28X

a) Membrane theory may be used to determine
the primary stresses, with bending theory
elastic expressions to describe all local effects.

b) A validated numerical analysis may be used
(for instance, finite element shell analysis) as
defined in EN 1993-1-6.

(2) Where the loading condition is not

axisymmetric, a validated numerical analysis
should be used, except under the conditions
set out in (3) and (4) below.

(3) Notwithstanding (2), where the loading
varies smoothly around the shell causing
global bending only (i.e. in the form of
harmonic 1), membrane theory may be used to
determine the primary stresses.

(4) For analyses of actions due to wind
loading and/or foundation settlement, semi-
membrane theory or membrane theory may be
used.

NOTE: For information concerning membrane
theory, see EN 1993-1-6. The semi-membrane
theory describes the membrane behaviour in
interaction with the circumferential bending
stiffness.

(5) Where membrane theory is used to analyse
the shell, discrete rings attached to an isotropic
cylindrical tank shell under internal pressure
may be deemed to have an effective area
which includes a length of shell above and
below the ring of 0,78lrt, except where the
ring is at a junction.

(6) Where the shell is discretely stiffened by
vertical stiffeners, the stresses in the stiffeners
and the shell wall may be calculated by
treating the stiffeners as smeared on the shell
wall, provided the spacing of the stiffeners is
no wider than 5/ rt .

(7) Where vertical stiffeners are smeared, the
stress in the stiffener should be determined
making proper allowance for compatibility
between the stiffener and the wall and the wall
stress in the orthogonal direction, according to
4.4,
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8) Ilpu BCTaHOBJICHHI KUIBLIEBOT Ok BHIIE
OKpEMHUX  OIOp, HEOOXiATHO  BpaxoOBYBaTH
B3a€MO3B’SI30K OCBhOBOI jaedopmartii KutbLs 1

MIPUIETIINX TIISTHOK 0OOJIOHKH. SAxmo
BUKOPUCTOBYEThCS ~ Taka  KuiblleBa  Oajka,
HEOOXiJTHO  BPaxOBYBAaTH  EKCLEHTPUYHICTh

pO3TallyBaHHs LIEHTPa Baru i HEHTpa >KOPCTKOCTI
OalKyM  BITHOCHO  CTIHKM  OOOJIOHKM  Ta
LEHTPaAJIbHOI JIiHI{ ommop.

(9) Skmo kinblieBa Oaika pO3IIIAIAETHCS SIK
npu3MaTH4YHa cekuis (BUTbHAa Bim aedopmy -
BaHH), JAUISTHKA MPUMHUKAHHS 10 CTIHKHA MOBUHHA
MaTH THYYKICTh Jiucta He Outbm b/t = 20.

(10) Tam, nme kinbieBa Oaka BUKOPHCTOBYETHCS
IUIsL TIEpepO3IOIUTy 3yCHIIb Ha OKpeMi omopu i
O0ontu abo oxpemi 3’€IHYBAJIBbHI JAETaNi, IO
BUKOPUCTaHI Ui 3'€IHaHHS KOHCTPYKTHBHHX
€JIEMEHTIB, TIOBUHHI OyTH BU3HAYEHI MOKA3HUKU
IOJ0 Mepefadi 3ycuib 3CyBY MDK YacTHHAMU
KUTBI BHACTIIOK 3THHY CTIHKM Ta KUIBIEBOI
OanKH.

4.2.2.4Knac signoBigaasHocTi 3

(1) dns pesepByapiB Kiacy BiAmOBimambHOCTI 3
BHYTPIIHI CHJIM Ta  MOMEHTH  HOBHHHI
BHU3HAYATUCh 1 MIATBEPKYBATHCH BiAMOBITHUM
aHaimi3oM  (HampwKiIaj,  aHaimi3  000JIOHKHU
METOJIOM CKIHUYEHHHUX €JICMCHTIB) K HABCICHO B
EN 1993-1-6I'pannunuii cTan 3a IIACTHYHICTIO
(LS1) moxe OyTi BU3HAUCHHI 3 BAKOPHCTAHHSIM
IUIACTUYHOTO ~ ONOPY  pPYHHYBaHHIO  IIpH

rOJOBHOMY HAmpyKeHHI, fK BH3HaueHO B EN
1993-1-6.

4.2.3T'eoMmeTpUYHi BiIXUJIeHHS

(1) TeomerpuuHi BigXWJICHHS B O0OOJIOHIII
[OBUMHHI  BIAMOBIIATH 0OMEXEHHM, 1110
BusHaueni B EN 1993-1-6.

(2) dns pesepByapiB Kiacy BiAMOBITAIBHOCTI 2 i
3 B mpoueci OyIiBHHITBA T'€OMETPHYHI
BIIXWJICHHS BUMIPIOBATUCH JUIA 3a0e3nmeueHHs
BCTaHOBJICHUX OOMEXEHb 32 JIOMYCKaMHU.

(3) T'eomeTpuuHi BigXWJICHHS B OOOJIOHII HE
MOBHHHI 0Oe3MocepelHb0  BPaxOBYBaTHCh MpHU
BU3HAYEHHI BHYTPIMIHIX CHJI 1 MOMEHTIB, 3a
BUHATKOM, KOJM 3acTtocoByeTbes aHanizs GNIA
a6o GMNIA, 3rimxo 3 EN 1993-1-6.
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(8) If a ring girder is used above discrete
supports, compatibilty of the axial
deformation between the ring and adjacent
shell segments should be considered. Where
such a ring girder is used, the eccentricity of
the ring girder centroid and shear centre
relative to the shell wall and the support
centreline should be included.

(9) Where a ring girder is treated as a
prismatic section (free of distortion), the
vertical web segment should have a plate
slenderness not greater thah= 20

(10) Where a ring girder is used to redistribute
forces into discrete supports and bolts or
discrete connectors are used to join the
structural elements, the shear transmission
between the ring parts due to shell and ring
girder bending phenomena should be
determined.

4.2.2.4 Consequence Class 3

(1) For tanks in Consequence Class 3, the
internal forces and moments should be
determined using a validated analysis (for
instance, finite element shell analysis) as
defined in EN 1993-1-6. The plastic limit state
(LS1) may be assessed using plastic collapse
strengths under primary stress states as
defined in EN 1993-1-6.

4.2.3 Geometric imperfections

(1) Geometric imperfections in the shell
should satisfy the limitations defined in EN
1993-1-6.

(2) For tanks in Consequence Classes 2 and 3,
the geometric imperfections should be
measured following construction to ensure that
the assumed fabrication tolerance has been
achieved

(3) Geometric imperfections in the shell need
not be explicitly included in determining the
internal forces and moments, except where a
GNIA or GMNIA analysis is used, as defined
in EN 1993-16.



4.3 AHani3 KOHCTpPYKUii Kopoda
NPSIMOKYTHOI0 pe3epByapa

4.3.1MopenoBaHHs KOHCTPYKIIi Kopoda

(1) MonenoBaHHS KOHCTPYKIIT KOpoOa MOBHHHE
BUKOHYBaTHCA 3 ypaxyBaHHsAM BuMor EN 1993-
1-7, a TakoX  BIANOBIIATH  HACTYIHUM
MIOJIOKEHHSIM.

(2) MopentoBanHst kopobOa TOBHHHE BKJIHOYATH
Bci peOpa JKOPCTKOCTI, OTBOPH 13’ €THAHHS.

(3) B mnpoekri moBMHHO OyTH TrapaHTOBAHO
JAOTPUMAHHS MPUHHATUX TPAHUYHUX YMOB.

(4) 3'ennanHs MK cerMeHTaMu KopoOa MOBUHHI
3aJI0BOJIBHSATH BUXITHUM MOJIOYKEHHSIM
MO/ICTIOBaHHS 100 MIITHOCTI1 Ta }KOPCTKOCTI.

(5) Koxna manens Kopoba MOKE pO3TIISIaTUC
SK IHAWBINYyaJIbHUN JTUCTOBHM €JIEMEHT 3a TaKUX
YMOB:

a) SIKIIO BiJ CYCIJHIX TaHEeJICH BpaXxoBaHi CHIIH 1
MOMEHTH, IIO JAIFOTh Ha KOXKHY NaHEb;

b) sixkmo mnpu 3ruHI BpaxoBaHa JKOPCTKICThH
MIPUJIETIIUX MTaHEJIEeH.

(6) Y pasi, sKmo CTiHOBa TMaHElb TMPSMO
niicuieHa pedpaMu >KOPCTKOCTI, HANPYXEHHS B
pedpax >KOPCTKOCTI 1 Yy CTIHII MOXYTb OyTH
BHU3HAYEHHI 3 ypaxyBaHHAM TOTro, IO pebpa
KOPCTKOCTI PO3MOJUICHHI TO CTIHII Kopoba i
BIZICTaHb MDK peOpaMH >KOPCTKOCTI He OLIbII Ng
t.

Mpumitka: 3HaueHHs Ns Moxke OyTu oOpaHe Yy
HaHiOHaHBHOMy AOJATKy. PeKOMeHI{OBaHe 3HAa4YCHHA
ns = 40.

(7) Slkmo pebpa KOPCTKOCTI PO3MOAUICHHI IO
CTIHLl, HAampyXEHHS B HHUX MOBUHHO OyTH
BU3HAQUYCHO 3  ypaxyBaHHSM  BiIMOBILIHHUX
JOIYCKIB IIOJ0 EKCIEHTPUCUTETY MDK pedpom
’KOPCTKOCTI 1 JJUCTOM CTiHKH, a Ul HAaNPY>KEHHS
B CTIHII - Y HampsMKY NEPIEeHAUKYIIPHOMY 0
oci pedpa )KOPCTKOCTI.

(8) MiiicHa mupuHa JUCTa 3 KOXKHOT CTOPOHHU Bif
pebpa KOpPCTKOCTI TOBUHHA NPUUMATUCS  HE
OumbIIe, HIK New f, me t - JOKalbHA TOBIIMHA
JINCTA.

Mpumitka: 3HaveHHS Ney, MOXKE OYTH HABEICHO Y

HaLIiOHaJ'IBHOMy AOJAaTKy. PCKOMCHILOBaHe 3HAYCHHA
New = 15.
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4.3 Analysis of the box structure of a
rectangular tank

4.3.1 Modelling of the structural box

(1) The modelling of the structural box should

follow the requirements of EN 1993-1-7, but

they may be deemed to be satisfied by the
following provisions.

(2) The modelling of the structural box should
include all stiffeners, openings and
attachments.

(3) The design should ensure that the assumed
boundary conditions are satisfied.

(4) The joints between segments of the box
should satisfy the modelling assumptions for
strength and stiffness.

(5) Each panel of the box may be treated as an
individual plate segment provided that both:

a) the forces and moments introduced into
each panel by its neighbours are included;

b) the flexural stiffness of adjacent panels is
included.

(6) Where the wall panel is discretely stiffened
by stiffeners, the stress in the stiffeners and in
the wall may be calculated by treating the
stiffeners as smeared on the box wall,
provided that the spacing of the stiffeners is no
wider thamns t.

NOTE: The National Annex may choose the value
of ns . The valueng = 40 is recommended

(7) Where smeared stiffeners are used, the
stress in the stiffener should be determined
making proper allowance for eccentricity of

the stiffener from the wall plate, and for the

wall stress in the direction orthogonal to the

axis of the stiffener.

(8) The effective width of plate on each side of
a stiffener should be taken as not greater than
Newt, Wheret - is the local plate thickness

NOTE: The National Annex may choose the value
of new. The valueng,, = 15 is recommended.
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4.3.2T'eomeTpuyHi AedekTn

(1) T'eomerpuuni nedexTn B KOpoOi MOBHHHI
3aJI0BOJIBHATH OOMeXeHHs, Bu3HadeHi B EN

1993-1-7.

(2) I'eomeTpuuHi nedekTH B KOpoOi HE TTOBUHHI
BpPaxoBYBAaTHCS MPU BH3HAUCHHI BHYTPIIIHIX CHUJI
1 MOMEHTIB

4.3.3MeToau po3paxyHKiB

(1) BuyrpimHi CHIM B JIMCTaxX CTIHKA KOpoOa
MOYTh OyTH BU3HAUYCHI 3 BUKOPUCTAHHSM:

a) CTaTUYHOI PIBHOBArM JIsi MEMOpPaHHUX CHII 1
Teopii 3runy Ui 6aJoK;

b) po3paxyHky, 3acHOBaHOTO Ha JIHIHHOMY 3THHI
JHCTa 1 Teopii po3TATY;

C) pO3paxyHKy, 3aCHOBAaHOTO Ha HENIHIHHOMY
3TUHI JUCTa 1 TeOPii po3TATY.

(2) Ons pesepByapiB Kjlacy BiamoBimaibHOCTI 1
Moke Oytu Bukopuctanuii meron (a) B (1).

(3) Ans pesepByapiB Ki1acy BiIIOBiTadbHOCTI 2,
32 yYMOBH CHMETPHYHOTO  PO3PaXyHKOBOTO
HABAHTAXCHHS Ul KOXKHOTO CErMCHTA JIUCTa,
Moske Oytu Bukopuctanuii meron (a) B (1).

(4) Ans pesepByapiB Ki1acy BiINOBITadbHOCTI 2,
32  YMOBH AaCHMETPUYHOTO  PO3PaXyHKOBOIO
HABAaHTAXXCHHS, HEOOXITHO BHKOPUCTOBYBATH

abo meton (b), a6o (¢) B (1).

(5) dnst pesepByapiB Kiacy BiIHOBiZaabHOCTI 3
BHYTpPIIHI CHJIM Ta MOMEHTH TIOBHUHHI OYyTH
BHU3HAYCHI 3 BUKOpHCTaHHSIM abo metoxy (D), abo

(©) B (2).

4.4 ExBiBaJeHTHi OPTOTPONHiI BJACTHBOCTI
ro)poBaHUX JHUCTIB

(1) Sxmo roppoBaHi JIUCTH BHKOPHCTOBYIOTHCS
SIK YaCcTHHA KOHCTPYKIIIT pesepByapa,
PO3paxyHOK MOke OyTH 3poOJIeHUH TpH pO3TIIsaL
OOIIMBKH SK €KBIBaJICHTHOT OPTOTPOIIHOT CTIHKH.

(2) OpTOTpOIHI BIACTHBOCTI, IO OTPHUMYIOTHCS
IpU PO3TAIlyBAHHI HABAHTAXXEHHS TOQPOBAHOI
CeKIlii B OPTOTOHAJBPHUX HAMpPIMKAX, MOXYTh
OyTH BUKOPHCTaHI1 JIs1 pO3PaxyHKIB HAPY>KEHHS
1 criikocTi KoHCTpykuii. Lli XapakTepuCTHKH
MOXYTh OyTH oTpuMani sik omucano B 4.4 EN
1993-4-1.
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4.3.2 Geometric imperfections

(1) Geometric imperfections in the box should
satisfy the limitations defined in EN 1993-1-7.

(2) Geometric imperfections in the box need
not be explicitly included in determining the
internal forces and moments.

4.3.3 Methods of analysis

(1) The internal forces in the plate segments of
the box wall may be determined using either:
a) static equilibrium for membrane forces and
beam theory for bending;

b) an analysis based on linear plate bending
and stretching theory;

c) an analysis based on nonlinear plate
bending and stretching theory.

(2) For tanks in Consequence Class 1, method
(a) in (1) may be used.

(3) Where the design loading condition is
symmetric relative to each plate segment and
the tank is in Consequence Class 2, method (a)
in (1) may be used.

(4) Where the loading condition is not

symmetric and the tank is in Consequence
Class 2, either method (b) or method (c) in (1)
should be used.

(5) For tanks in Consequence Class 3, the
internal forces and moments should be
determined using

either method (b) or method (c) in (1).

4.4 Equivalent orthotropic properties of
corrugated sheeting

(1) Where corrugated sheeting is used as part
of the tank structure, the analysis may be
carried out treating the sheeting as an
equivalent orthotropic wall.

(2) The orthotropic properties obtained from
considering the load displacement behaviour
of the corrugated section in the orthogonal
directions may be used in a stress analysis and
in a buckling analysis of the structure. The
properties may be determined as described in
4.4 of EN 1993-4-1.



5 NPOEKTYBAHHA HUJITHAPUYHUX
CTIHOK

5.1 OcHoBHi npaBuIa
5.1.13araanHi NoJ10KeHHA

(1) Posmipy nmmiHApHYHHX 0OOJOHOK-CTIHOK
KOpPIYCy TOBHHHI  BIJMOBIIaTH  OCHOBHUM
NPOCKTHUM BUMOTaM ILOJIO0 TPAHMYHKUX CTaHIB 32
HECYYOI0 3JJaTHICTIO, 3TIHO 3 PO3AUIOM 2.

(2) Ominka Oe3nekd MWIHAPUIHOT O0OOJIOHKH
MOBHHHA OYTH MPOBEJICHA 3 JTOTPUMAHHIM YMOB
EN 1993-1-6.

5.1.2 KoHCTpYKTHBHE
000JI0HKH
(1) Umniaapuyna o0OJOHKA-CTIHKA pe3epByapa
NoBMHHAa OyTW TepeBipeHa 3a HACTYIHUMU
IpaHUYHUMH CTaHaMU, 1m0 Bu3zHadeHi B EN 1993-
1-6:

- 3aranbpHa CTIMKICTh 1 CTATUYHA PIBHOBAra;

- LS1:rpanuns miacTUIHOCTI;

- LS2: manonukioBa MIIHICTE,

- LS3:BTpara criiikocTi;

- LS4:yroma

pillleHHSI  CTIHKH-

(2) HwninapuuHa 000JIOHKA-CTIHKA IMOBUHHA
Bignosigatu ymoBam EN 1993-1-63a BunsaTKOM,
KOJIM IIeW CTaHAapT rependadyae aabTCPHATHBH,
10 BIZIHOCSITHCS 0 I[bOTO CTAHIAPTY

(3) dnst pesepByapiB kiacy BiamoBimambHOCTI 1
IpaHUYHI CTaHU 32 MAaJOLMUKIOBOIO MIIHICTIO 1
YTOMOIO MOXYTb HE PO3TJISIIATUCS.

5.2 Kaacudikanis
000JIOHOK

OMIIHAPUYHHUX  opMm

(1) uminapuuna 000JI0OHKA-CTIHKA, BUKOHAHA 13
IUIOCKOTO  TPOKAaTHOTO  CTaJeBOrO  JIKCTa,
MO3HAYAETHCS TEPMIHOM «i30TporHa» (muB. 5.3.2
EN 1993-4-1).

(2) Huningpuuna 000JIOHKA-CTIHKA, BUKOHAHA 13
ropoBaHuX CcTaNEeBUX JHUCTIB, B SKIH rodpu
OpOXOISATh  B3JOBX  CTIHKM  pe3epByapa,
MO3HAYAIOThCS TEPMIHOM <3 TOPU3OHTAILHHM

ro¢pyBanusam» (muB. 5.3.4 EN 1993-4-1).

3) [Huniaagpuyna 000JIOHKA-CTIHKA 3
30BHIIIHIMU peOpaMu KOPCTKOCTI, HE3aJICKHO
BiJl BiZICTaHI MK HUMH, MIO3HAYAETHCS TEPMIHOM
«i3 30BHIIIHIMH €JIEMEHTaMH >KOPCTKOCTI» (IMB.

5.3.3 EN 1993-4-1).
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5 DESIGN OF CYLINDRICAL WALLS

5.1 Basis
5.1.1 General

(1) Cylindrical shell walls should be so
proportioned that the basic design
requirements for the ultimate limit state given
in section 2 are satisfied.

(2) The safety assessment of the cylindrical
shell should be carried out using the
provisions of EN 1993-1-6.

5.1.2 Wall design

(1) The cylindrical shell wall of the tank
should be checked for the following
phenomena under the limit states defined in
EN 1993-1-6:

— Global stability and static equilibrium

— LS1: plastic limit

— LS2: cyclic plasticity

— LS3: buckling

— LS4: fatigue

(2) The cylindrical shell wall should satisfy

the provisions of EN 1993-1-6, except where
this standard provides alternatives that are
deemed to satisfy the requirements of that
standard.

(3) For tanks in Consequence Class 1, the
cyclic plasticity and fatigue limit states may be
ignored.

5.2 Distinction of cylindrical shell forms

(1) A cylindrical shell wall constructed from
flat rolled steel sheet is termed ‘isotropic’ (see
5.3.2 of EN 1993-4-1).

(2) A cylindrical shell wall constructed from
corrugated steel sheets where the troughs pas:
around the circumference of the tank is termed
‘horizontally corrugated’ (see 5.3.4 of EN
1993-4-1) .

(3) A cylindrical shell wall with stiffeners
attached to the outside is termeexternally
stiffened» irrespective of the spacing of the
stiffeners (see 5.3.3 of EN 1993-4-1).
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5.3 Hecyua 31aTHicTh KOpIyca pe3epByapa

(1) Hecyya 3maTHiCTh IMIIHIPUYHOT O0OOJOHKHU
NMOBHHHA OyTH OOYMCIIEHA BIANOBIAHO IO YMOB
EN 1993-1-6, 3a BUHATKOM BUNAAKY, KOJIH
BUKOHYIOTBCSI YMOBHM IYHKTY 5.4 1poro
CTaHIapTYy.

(2) 3a ymoBu BukoHanns Bumor EN 14015a60
EN 14620 cruxkoBe 3'emHaHHS CYIUTBHUM
3BapHUM IIBOM 3 TIOBHUM IIPOBapoM 3abe3neuye
PIBHOLIIHHICTH OCHOBHOMY MeETally.

(3) dns iHmMX THIIB 3'€IHAHHS KOHCTPYKTHBHI
pimeHHs By3JiB moBHHHI Bigmosigatu EN 1993-
1-8.

5.4MipKyBaHHs 11010 ONIOP i OTBOPIB

54.1 O6ogonka, 9dKa
MOPOKHUCTUH HMJIIHAP

CIUPAETbCST  HA

(1) Y pasi cnupanHs HHIIHAPUIHOT 0OOJIOHKU Ha
MOPOKHUCTUMN LWITIHJD, HEOOXiTHO
norpumysarucs Bumor EN 1993-4-1.

5.4. 21 uiiHapu4HAa 000/10HKA 3 MHJIACTPAMH

(1) Sxmo mwIHAPUYHA CTIHKA MiATPUMYETHCS
BIZIOKpEMIICHUMHU NUIACTpaMH, HEOOXiJTHO
norpumysartucs sumor EN 1993-4-1.

5.4.3 Huainapuyna 000/10HKA 3
BilOKpeMJICHUMH ONIOpPaMu

(1) Sxmo mwIiHAPUYHA CTIHKA MiATPUMYETHCS
BIZIOKpEMJIEHUMH Oomopamu abo B IHIIUH crocio,

HeoOxigHo goTpumysartucs sumor EN 1993-4-1.

5.4.4BinokpemiieHe CIMPAaHHSA pe3epByapa Ha
KOJIOHH IIi/I XONIepoM

(1) PesepByapu 3 BiTOKpEMIICHMM CHHPAHHSM Ha
KOJIOHH TiJ XONIEpOM TIOBHHHI BIAMOBiIATH
sumoram EN 1993-4-1.

5.4.5J/IokanbHi ONOPHI eleMeHTH i pedpa 1
nepenayi HABAHTA’KEHHSI HA NUJIIHIAPUYHI
CTiHKH

5.4.5.1 JlokanbHi onopu mnia HUWIHAPHUYHOIO
CTiHKOI0

(1) JloxaypHi OnOpH MiJ MMITIHIPUIHOIO CTIHKOO
nmoBuHHI Bigmosigatu sBumoram EN 1993-4-1.

5.4.5.2 JlokaabHi pedpa as mnepeaaui
HABAHTAKEHHS HA NWIHAPUYHI CTIHKH
(1) JloxanpHi pebpa i nepeavi HaBaHTAKECHHS

Ha [WIHAPUYHI CTIHKM TOBHHHI BIANOBiIATH
sumoraMm EN 1993-4-1.
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5.3 Resistance of the tank shell wall

(1) The resistance of the cylindrical shell
should be evaluated using the provisions of
EN 1993-1-6, except where the clauses of 5.4
contain provisions that are deemed to satisfy
the provisions of that standard.

(2) The joint efficiency of full penetration butt
welds may be taken as unity provided that the
requirements of EN14015 or EN14620, as
appropriate, are met.

(3) For other types of connection the joint
design should be in accordance with EN 1993-
1-8.

5.4 Considerations for
openings

5.4.1 Shell supported by a skirt

supports and

(1) Where the cylindrical shell is supported by
a skirt, this should satisfy the provisions of
EN 1993-4-1.

5.4.2 Cylindrical shell with
columns

(1) Where the cylindrical shell is supported
with engaged columns, this should satisfy the
provisions of EN 1993-4-1.

5.4.3 Discretely supported cylindrical shell

engaged

(1) Where the cylindrical shell is discretely

supported by columns or other devices, the
provisions of EN 1993-4-1 for this condition

should be satisfied.

5.4.4 Discretely supported
columns beneath the hopper

tank with

(1) Tanks discretely supported with columns
beneath the hopper should satisfy the
provisions of EN 1993-4-1.

5.4.5 Local support details and ribs for load
introduction in cylindrical walls

5.4.5.1 Local supports beneath the wall of a
cylinder

(1) Local supports beneath the wall of the
cylinder should satisfy the provisions of EN
1993-4-1.

5.4.5.2 Local ribs for load introduction into
cylindrical walls

(1) Local ribs for load introduction into
cylindrical walls should satisfy the provisions
of EN 1993-4-1.



5.4.60T1BOpH B CTiHLI pe3epByapa

5.4.6.13araJbHi m0JI0:KeHHA

(1) Sxmo oTBip y UWIIHAPUYHOMY KOPITyCi

3MEHIIIye HeCydy 3JaTHICTh a00 3HUKYE
CTiiKicTh  OOOJIOHKHM, BIH TOBHHEH OyTH
MJCHJIEHUI.

(2) Take migcuieHHS MOKHA BUKOHATH MUISIXOM:

- 30UIBILIEHHS TOBIUHH JUCTIB 000JIOHKH,
- IOJAaBaHH IIICHIIOI0YOI0 JIMCTA,
- 32 paXyHOK Harpyoka.

IIpumiTtka: Po3paxyHOK TIpaHHMYHOrO CTaHy 3a
wiactnuHicTio (LS1) morpiGeH B 30HI BHCOKOTO
TUCKY ( BiI pIIMHM # HAJJIMIIKOBOTO THUCKY), Y TOM
Yac sK po3paxyHOK Ha criiikicte (LS3) HeoOXimHumit
TaM, Ji¢ TOBIIMHA JIUCTIB BEPXHIX TOSCIB HE €
JOCTaTHBOIO.

5.4.6.2 IlaTtpyOKH HeBeJMKOro jaiamMerpa B
000J10HLI

(1) IMarpyOku i3 30BHIIIHIM IiaMETPOM MEHIIIC
HDK 80 MM kmacu]ikyloTbCsi SK HEBEIMKiI 3a
PO3MIpOM.

(2) IincunenHs MOXKHA He TepeadaydaTH, SKIIO
TOBIIMHA CTIHKM Oinsg maTpyOka He MeHIIe
3a3HayeHoi B Tadmui 5.1

np. ICTY-H B EN 1993-4-2:28X

5.4.6 Openings in tank walls

5.4.6.1 General

(1) Where an opening in the cylindrical shell
wall reduces the load carrying capacity or
endangers the stability of the shell, the
opening should be reinforced.

(2) This reinforcement may be achieved by:

— increasing the thickness of the shell plate;
— adding a reinforcing plate;
— the presence of a nozzle body.

NOTE: The design against the plastic limit state
(LS1) generally governs in the region of high
pressure loading (liquid and internal) whereas
stability considerations (LS3) are likely to cortro
the design in regions where the plate thickness is
small due to low pressures (upper courses).

5.4.6.2 Shell nozzles of small size

(1) Shell nozzles with outside diameter less
than 80mm are classed as of small size.
applicable

(2) Reinforcement may be omitted, provided
that the thickness of the wall at the nozzle is
not less than that given in table 5.1.

Ta0auusa 5.1 —~MinimanbHa TOBIIMHA CTIHKY NaTpyOKa

Table5.1 — Minimum nozzle body thickness

3oBHiIHIA giameTp dy
JroKa abo matpyOka (Mm)

MiHimManbHa HOMIHAIbHA TOBIMMHA ref n (MM)

Minimum nominal thickness;es, n (mm)

Outside diameted, of
manhole or nozzle (mm)

Byrneuesa cranp

Carbon steel

AyCTeHITHa CTallb 1 ayCTEHITHO-
(depuTHa HEepKaBioya CTalh

Austenitic and austenitic-ferritic
stainless steel

d, <50 50 3,5
50 <dh <75 5,5 5,0
75 <d, <80 7,5 6,0

5.4.6.3 KoHcrpykuisa miokiB i narpyOkiB
BeJIMKOro AiameTpa B 00010HLi 1ast LS1

(1) JTroxm i marpyOku B OOOJIOHIII i3 30BHIIIHIM
niamerpom Outbmie HbK 80MM KimacudikyrOThCs
SIK BEJIHKI 32 pO3MIpOM.

5.4.6.3 Design of shell man holes and shell
nozzles of large size for LS1

(1) Shell man holes and shell nozzles with

outside diameter greater than 80mm are
classed as of large size.
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(2) PospaxyHOK MOXe OYTHM BHKOHAHHI 3a
METOJIOM 3aMiHHU TUIOIII 3TiHO 3 myHKTamu (3) i
(4) abo anbTEPHATUBHHM  METOJAOM, IO
onucanuii y nynkrax (5)1 (6).

(3) Hincunenns o6aacTi MOMEPEYHOTo Tepepizy
DA noBunHO OyTH nependayeHe y BEpTUKAIbHIN
IUIONIWHI, BITHOCHO IEHTpa OTBOpY, IO
BHU3HAYAETHCS 32 (POPMYIIOIO:

DA4 =0,75d t

ne
d — miametp OTBOpY B 00OJIOHIL;

tref — TOBIIIMHA OOOJIOHKHU 0€3 OTBOpY, fKa
HeoOXiJHa pH po3paxyHKy st LS1.

(4) IMipcwnenns miomi DA wmoxe Oyru
3abe3neuyeHo 3a OAHMM abo B Oyab-sKii
KOMOiHaIIi1 32 TphOMa HACTYITHUMH METOIaMU:

a) besmocepennbo maTpyOkoM abo srokoM. Sk
NIICWICHHS  MOX€  pO3MJIAJaTHCh  YacTHHA
naTpyOKa, IO JIGKHTh B MeXaX TOBLIMHU JHCTa
CTIHKM 1 Ha BiACTaHi He OUIbIIE YOTUPUKPATHOT
TOBIIMHHA JIUCTa BiJ TOBEPXHI CTIHKH, SKIIO
TUIBKH TOBIIMHA TMaTpyOKa HE 3MEHIIYEThCS B
MeXxax I1iel BigcraHi.

b) HdomaBaHHsSM y CTiHKY BCTaBKH 3 OLUIbII
TOBCTOTO JKUCTa a00 MiJCHIIOKYOr0 JHUCTa 3
Mmexero migcwienns 1,5d<d,<2d, ne d, —1ue
epekTUBHMIA  agiameTp — miacwieHHs.  [lpum
JNOTpUMAaHHI MIHIMaIbHUX BHUMOT ISt
MiACUJICHHS MOJ€ BUKOPHCTOBYBATHCS 1 HE
KpyrJia TinTa.

C) BuxopucranHsM a1 O0OOJOHKH  OUIBII
TOBCTHUX JIMCTIB HDK MOTPIOHO Ui CTiHKH Oe3
OTBOpY Tmpu po3paxyHky mus LS1. Mexi
MIJICUICHHS TaKi Xk, 5K B (0).

(5) Sk anpTepHaTHBA METO/AY 3aMiHHU TUIOILI, IO
3a3HayeHo B (3) 1 (4), miacwieHHs Moxe OyTH
JIOCATHYTO 3a PaxyHOK BKJIFOUCHHS KoOpITyca
naTpyOka, IO BHUCTYNae 3 JBOX OOKIB JHCTa

o0onoHkH, ane He MeHm Hix 1,17,/r t. .. Lei

METO/I MOX€ BHUKOPUCTOBYBATHCS, SIKIIO KOPITYC
natpyoOka Oinbine Hixk Ha 100MM BigmaneHuit Big
JIMCTa OKPaNKH.
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(2) The design may be undertaken using either
the area replacement method according to
paragraphs (3) and (4), or alternatively by the
method described in paragraph (5) and (6).

(3) A reinforcement of cross-sectional are& D
should be provided in the vertical plane
containing the centre of the opening, given by:

(5.1)

where:
d — is the diameter of the hole cut in the
shell plate;
ter — IS the thickness required by the design
for LS1 for the shell plate without
opening
(4) The reinforcing area®may be provided
by any one or any combination of the
following three methods:
a) The provision of a nozzle or a manhole
body. The portion of the body which can be
considered as reinforcement is that lying
within the shell plate thickness and within a
distance of four times the body thickness
from the shell plate surface unless the body
thickness is reduced within this distance,
when the limit is the point at which the
reduction begins.
b) The addition of a thickened shell insert
plate or a reinforcing plate, the limit of
reinforcement being such that d,5 d, < 2d,
whered, is the effective diameter of
reinforcement. A non-circular reinforcing
plate may be used provided the minimum
requirements are met.
c) The provision of a shell plate thicker than
required by the design for LS1 for the shell
plate without an opening. The limit of
reinforcement is the same as that described in
(b).
(5) As an alternative to the area replacement
method specified in (3) and (4) the
reinforcement may be achieved by introducing
a nozzle body that protrudes on both sides of
the shell plate by an amount not less than

1,17\/atrefyn. This method should not be used

unless the nozzle body is more than 100 mm
from the base ring plate.



(6) ToBmmHa kopmyca maTpyOKiB IOBHHHA
oOuparucs TaKoIo, 106 KoeilieHT
KOHIICHTpAIlli HalpyXCHHs | HE IEPEBUILYBaB
2,0. KoedimieHT KOHIEHTpalil HaNpyXeHHS |
MIPUHAMAETHCSA 32  MamoHkoM 5.1 3
BUKODUCTaHHAM  KoedilieHTa  3aMmiHd Y.
KoedimieHT 3aMiHM Y TOBUHEH BU3HAYATHCH 32
bopmynoro:

ylse_FH
t\r, \2r,

ne
t — ToBIIMHA THCTA OOOJIOHKH,
th, — ToBIIMHA KOpITyca maTpyoOKa,
I'm — CEpeIMHHMIA pajilyc marpyoka,

I'e — 30BHIIIHIN pajiyc naTpyoxa,

np. JCTY-H B EN 1993-4-2:20(X

(6) The thickness of the nozzle body should be
chosen such that the stress concentration
factor | does not exceed 2,0. The stress
concentration factgrshould be obtained from
figure 5.1 using the replacement facyorThe
replacement factoy should be evaluated from:

(5.2)
where:
t — is the shell plate thickness;
t, — is the nozzle body thickness;
rm — is the mean radius of the nozzle

(nozzle middle surface);
re — is the external radius of the nozzle;

I — BHYTpIIIHIN pajiyc marpyoka ri — is the inside radius of the nozzle.
2.5 AN N e |
N h D N — | I re/ r;
N \\ \\ s .
S~ Pt
20 AN — 1’3 Nk — —
‘\\ »ny 1,2 ~ \ [ ———
j 15 S~ —
[~
1,04 —~
1.0 =
0.5
-0 0.1 02 03 04 05 06 07 0.8 09 1
y

=

j — KoediuieHT KOHIEHTpALII HANPYIKEHHS;

y — KoediunienT 3aminn

KoedirienT
BUITYCKHUM NaTpyOKOM

Pucynoxk 5.1-

Figure 5.1:

5.4.6.4 BniiuB 0TBOpPiB HAa BTPATY CTilKOCTI
o0osioHKM A LS3

(1) BrutuB 0TBOpIB Ha CTIHKICTh OOOJIOHKH MOXKE
HE BpaxXxOBYBAaTHUCS 3a YMOBH, SKIIO OTBOPHU
pO3MIpOM 7 MEHIIE HiX #jmax= 0,6, mpu 11pOMY
/) BU3HAYAETHCS SIK:

KOHIICHTpaulii

j — Stress concentration factor;
y — Replacement factor
MMICHJIEHH]

Hallpy)KEHHs.  IIpHU

Stress concentration factor for barrel-type noreieforcements

5.4.6.4 Design for LS3 in the presence of
shell openings

(1) The effect of openings on the stability of
shells may be neglected provided that the
dimensionless opening sizeis smaller than
nmax = 0,6, andy is given by:

(5.3)
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hi (S
I — paaiyc MWIHIPHUYHOT 0OOJOHKHU OLIs
OTBODY;
t — ToBImMMHA HE MIAKPIMIEHOT CTIHKH -
000JIOHKH 01151 OTBODY;
I'o — paaiyc oTBOpY.

(2) Sxmo oTBip NMPAMOKYTHH, eKBiBaTeHTHHUI
paziyc OTBOpY MOXke OyTH BU3HAUCHHH K:

fo = a+b
4
nie
a — JOBXHMHA TOPU3OHTAIBLHOI CTOPOHH

OTBODY;
b — Bucora otBOpY.

(3) Tam, ne paumiyc OTBOpY Fo MEHIIE OMIHIET
TPETUHHU pajiyca IMIIHAPUYHOT OOOJOHKH I,
HEMae HEOOXiTHOCTI BpPaxOBYBAaTH 3MEHIICHHS
PO3paxyHKOBOTO OIOpPY BTpaTH CTiliKOCTiI 3a
HAsBHOCTI OTBOPY, NPH YMOBH, IO IUIOIIA
MOTIEPEYHOr0 Iepepi3y OTBOPY MEHIIEe HIK
IUIOIIA TOTIEPEYHOro mepepizy miacuieHHs AA.
[Tincunenns Moxxe OyTu 3abe3nedyeHe 3riiHO 3
5.4.6.3 (4) abo mUIIXOM BCTAaHOBJCHHS pebep
KOPCTKOCTI B MEPUIIOHAIBHOMY HAIPSIMKY.

(4) SIxmo pebpa KOPCTKOCTI B MEPUAIOHATBHOMY
HaNpsSMKY BUKOPUCTOBYIOTbCS JUISL MiICHIICHHS
OTBODY, IUIOIIA MOTIEPEUHOTO Mepepi3y KOKHOTO
pebpa KOPCTKOCTI TOBUHHA OyTH 3MEHIIEHa Ha
KIHI[IX ISt 3aro0iranus KOHIIEHTpaIii
Hampy)KeHHs Yy  JUCTax  OOOJIOHKH,  Jie
3aKpITIOIOTHCS pedpa )KOPCTKOCTI.

5.4.7AHKepHe KpillJIeHHsI pe3epByapa

(1) Sk npaBwio, aHKEpHE KpIIUICHHS MOBHHHE
MPUETHYBATUCA IO MIJIIHAPUIHOI OOOJOHKH, a
HE TUIBKH JI0 OTIOPHOT IIJTUTH.

(2) Ilpu mpoexTyBaHHI HEOOXITHO BPAaxOBYBaTH
NepEMIIIeHHS pe3epByapa pu 3MiH1
TemmnepaTypu abo TiApOCTaTUYHOTO THCKY JUIs
MiHIMI3aIil Hapy»XeHb, [0 BUHUKAIOTh B CTIHITI
i MU BIUIMBAMHU.

(3) Skmo pesepByap Ma€e IKOPCTKI aHKEPHI
KpilIEeHHsT ¥ cIOpuiiMae  TOPU3OHTAJIbHI
HaBaHTXKeHHsIM (HANpUKIaa, BiTEp, YyIapu)
aHKepHI 3ycuJuisl HeoOXiTHO BU3HAYaATH 3TiIHO 3
TEOPi€I0 000JIOHOK.

Mpumitka: HeoOximHO 3a3HA4YMTH, IO Ii 3YCHIUISA
JIOKaJIbHO MOXYTh OyTH Habarato BHIII HIX Ti, SKi

BH3HAYAIOTHCS 3rigHO 0anouHoi Teopii. JMB. MyHKT
(3) y migpozaini 5.4.78 EN 1993-4-1.
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where:
r — is the radius of the cylindrical shell
near the opening;
t — is the thickness of the unstiffened

shell wall near the opening;
ro — is the radius of the opening.

(2) Where the opening is rectangular, the
equivalent opening radius may be taken as:

(5.4)
where:
a — is the horizontal side length of the
opening;
b — is the vertical height of the opening.

(3) Where the radius of the openirgis less
than one third of the radiusof the cylindrical
shell, no reduction in the assessed buckling
resistance need be made as a result of the
opening, provided that the cross-sectional area
taken away by the opening is smaller than the
reinforcement cross-sectional aréaf. The
reinforcement can be provided according to
5.4.6.3 (4) or by means of stiffeners in the
meridional direction.

(4) If stiffeners in the meridional direction are
used to reinforce the opening, the cross-
section of each stiffener should be reduced
towards the ends to prevent the formation of
buckles due to stress concentration in the shell
plate near the stiffener ends.

5.4.7 Anchorage of the tank

(1) The anchorage should be principally
attached to the cylindrical shell and not to the
base ring plate alone.

(2) The design should accommodate
movements of the tank due to thermal changes
and hydrostatic pressure to minimise stresses
induced in the shell by these effects.

(3) Where the tank is supported on a rigid
anchorage, and is subject to horizontal loads
(e.g. wind, impact) the anchorage forces
should be calculated according to shell theory.

NOTE: It should be noted that these forces may be
locally much higher than those found using beam
theory. See clause (3) of section 5.4.7 of EN 1993-
4-1.



(4) Po3paxyHOK UWIIHAPUYHOI OOOJOHKH 3
ypaxyBaHHSIM JIOKaJbHUX CHJI 1 3TUHAJIBHUX
MOMEHTIB Bil aHKEpiB TOBHHEH BIAMOBIIATH
ymoBaMm 5.4.5.

5.5 I'panuyHi CcTaHM 3a NPHIATHICTIO 10
HOPMAJILHOI eKCILTyaTamil

5.5.10cHoBHI npaBuia

(1) T'paHuyni cTaHWM 3a MNPHIATHICTIO 0O
HOPMAJbHOI eKCIUTyaTarmii JUisi UUJTIHAPUIHUX
JMCTOBUX 0OOJIOHOK MOBUHHI MPUUMATHUCS SK:

- nmedopmamii Ta TPOTWHU, IO HETATUBHO

BIUTMBAIOTh Ha  e(peKTHBHE  BUKOPHCTAHHSA
KOHCTPYKIIi;

- nedopmarii, mporuHu abo BiOparii, 1m0
MOXYTh BUKJIHKATH YIITKOPKCHHS HE

KOHCTPYKIIHHUX €TIEMEHTIB.

(2) Mdns BiOnoBiZHOCTI 3a3HAYCHHM  BHIIEC
KpuTepisiM, naedopmariiii, nporuHu ¥ BiOparii
MOBHHHI OyTH 0OMEKEHUMHU.

(3) CrneuiasibHi TpaHWYHI OOMEKEHHS IIOJIO
MO>KJIMBOTO BHKOPHCTaHHS pe3epByapiB MOBHUHHI
OyTM  y3roJUKeHI MDK  HIPOEKTYBaJIbHHUKOM,
3aMOBHUKOM 1 BIAMOBIAHUM KOHTPOJIOIOYUM
OpraHom, BPaxOBYIOYH 10 yBaru
XapaKTePUCTUKH PiMHM, 10 Oy/e 30epiraTucs.

6 KOHCTPYKIISA KOHIYHUX XOIIIIEPIB

(1) KoHcTpykKilisi KOHIYHUX XOTMIEPIB MOBHHHA
BiamoBigatu BuMoraM EN 1993-4-1.

7 KOHCTPYKIIA KPYTJIMX IOKPUTTIB

7.1 OcHoBHI nIpaBuIa
7.1.13arajapHi NoJ0KEeHHA

(1) Moxputts craneBux pe3epByapiB MOBHHHI
MaTH Taki HapamMeTpH, ski 3abe3meuyBaiu Ou
OCHOBHI ~ KOHCTPYKTMBHI  BHMOTH  HIOJO
TPAaHUYHOTO CTaHy 3a HECydol0 3JIaTHICTIO,
3a3Ha4yeHi y po3auni 2.

(2) OrminroBanHs Oesneku  cepuvHoi  abo
KOHIYHOT OOOJIOHKM TIOBHHHO TPOBOJUTHCS

srigao 3 EN 1993-1-6.

(3) OuinroBanHs Oe3reku HECy4oi KOHCTPYKIIIl
KPYIJIOTO  TOKPHUTTS TOBHHHO  ITPOBOJUTHUCS
srigao 3 EN 1993-1-1.
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(4) The design of the cylindrical shell for local
anchorage forces and bending moments
resulting from the anchorage should meet the
provisions of 5.4.5.

5.5 Serviceability limit states

5.5.1 Basis

(1) The serviceability limit states for
cylindrical plated walls should be taken as:

— deformations and deflections that adversely
affect the effective use of the structure;

- deformations, deflections or vibrations that
cause damage to non-structural elements

(2) Deformations, deflections and vibrations
should be limited to meet the above criteria

(3) Specific limiting values, appropriate to the
intended use, should be agreed between the
designer, the client and the relevant authority,
taking account of the intended use and the
nature of the liquids to be stored.

6 DESIGN OF CONICAL HOPPERS

(1) The design of conical hoppers should
satisfy the requirements of EN 1993-4-1.

7 DESIGN OF CIRCULAR ROOF
STRUCTURES
7.1 Basis

7.1.1 General

(1) Steel tank roofs should be so proportioned
that the basic design requirements for the
ultimate limit state given in section 2 are
satisfied.

(2) The safety assessment of the spherical or
conical shell should be carried out using the
provisions of EN 1993-1-6

(3) The safety assessment of the roof
supporting structure should be carried out
using the provisions of EN 1993-1-1.
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7.1.2KoHcTpyKUIisi NOKPUTTSH

(1) [MokpuTTs MOBUHHE IEPEBIPSATUCS HA!

— BTpAaTy CTIHKOCTI;

— MIIHICTH CTUKIB (3'€IHAHB);

— OIip pYHHYBaHHIO Bi/l BHyTPILIHBOTO TUCKY.

(2) JlucroBa oOIIMBKA MOBHHHI 3aJ0BOJIbHATH
Bumoru  EN 1993-1-6, 3a  BUHATKOM
nepeabadeHoro B 7.3%7.5 anbTepHATUBHOTO
MIIXOdY.

7.2 Kuaacupikamis KOHCTPYKTMBHUX ¢opM
MOKPHUTTS

(1) HoxputTss Moke Matu chepuyuHy, KOHIYHY,
Topo-cepuyny abo TOpo-KoHIUHY Qopmu. 3a
HasSIBHOCTI BHCOKOTO BHYTPIIIHHOTO
HQ/UTMIIKOBOTO TUCKY TIOBHHHAa OOHMpaTHCH,
MEepPEeBaKHO, TOpo-chepuyHa abo TOPO-KOHIUHA

dopma.
(2) KoncrpyktuBHi GOpMHU MOKPUTTS, 3TITHO 3

(1), moxyTh OyTH 3 HecyduM Kapkacom abo 0e3
HBOTO.

(3) Hecyuwmit kapkac mOKpUTTS 3rigHO 3 (2) MOXKe
CIIMPATHCS HA CTOSIKH.

(4) Hecyumnit kapkac MOKPUTTS MOKE PO3TAIIO -
BYBATHCS HIDKYE 200 BUILE JIUCTIB MTOKPHUTTSI.

(5) JIucroBa oOIIMBKA TOKPUTTS MOXKE:

a) MATPUMYBATUCS KOHCTPYKIIEIO TOKPUTTS O3
3'eTHAHHA,

b) kpinuTHCH 10 KOHCTPYKIIIT MOKPUTTS.

(6) S0 moTpiOHI MOKPHUTTSA 3 MOCIA0ICHUMHU
3'eITHaHHSAMH, HEOOX1THO BUKOPHCTOBYBAaTH THII

(a).

(7) Skmo xapkac, IO MIATPUMYE TOKPUTTS,
PO3TALIOBYETHCSA HA30BHI, HEOOX1THO
BukopucroByBaru tui (D).

7.3 Hecyua 31aTHiCTh KPYIJINX IOKPHUTTIB

(1) JlucroBa oOmIMBKA TOKPUTTS TOBHUHHA
3anoBoibHATH Bumorm EN  1993-1-6, sximro
crelianbHi BUMOTH HE perjiaMeHTOBaHi B 7.4.

(2) Koncrpykuis, IO MATPUMYE TOKPHUTTH,
MOBUHHA 3310BOJIbHITA BuMoru EN 1993-1-1.

(3) Topo-chepuuHi Ta TOPO-KOHIYHI TOKPUTTS
MOBHHHI IIPOEKTYBATHUCh Tax, moou

YHEMOXKJIUBUTH 3TUH BiJl BHYTPIIIHHOTO THUCKY B
30HI IEPETUHY T'paHell 000TOHKH.
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7.1.2 Roof design

(1) The roof should be checked for:

— resistance to buckling;

— resistance of the joints (connections);

— resistance to rupture under internal pressure.

(2) The roof plating should satisfy the
provisions of EN 1993-1-6 except where 7.3
to 7.5 provide an alternative approach.

7.2 Distinction of roof structural forms

(1) The roof may either have a spherical, a
conical, a torispherical or a toriconical shape.
Where high internal pressures occur above the
liquid surface, the shape should preferably be
chosen as torispherical or toriconical.

(2) A roof structure in one of the shapes
described in (1) may either be unsupported or
supported by structural members.

(3) The roof supporting structure according to
(2) may be supported by columns.

(4) The roof supporting structure may be
arranged below the roof plating or above the
roof plating.

(5) The roof plating may be:

a) supported by the roof structure without
connection;

b) attached to the roof structure.

(6) Where frangibility of the roof is required,
type (a) should be used.

(7) Where the roof supporting structure is
external, type (b) should be used.

7.3 Resistance of circular roofs

(1) The roof plating should satisfy the
provisions of EN 1993-1-6 unless special
provisions are given in 7.4.

(2) The roof supporting structure should
satisfy the provisions of EN 1993-1-1.

(3) Torispherical and toriconical roofs should
be designed to prevent buckling of the knuckle
region under internal pressure.



7.4 MipkyBaHHs OO0 iHAUBiAyaJbHUX Gopm
KOHCTPYKIIH

7.4.1be30n0pHiI KOHCTPYKIiI MOKPHUTTHA

(1) Be3omopHi MOKPUTTSI HEOOXIAHO 3BAPIOBATH Y
CTUK 200 BHAITYCK JJBOMA IIIBAMH.

(2) Ilpu 3BaproBaHHI MOKPUTTS BHAIYCK JBOMa
IIBAMH B pO3paxyHKax HeoOXimHO Opatu 10
yBard 3MEHILIEHHS OMNOpYy BTpaTi CTIMKOCTI 1
TpaHUIll TEKy4yoCTi 4Yepe3 IO03aleHTPOBICTh
CTHKY.

7.4.2 KoniyHi Ta KynoJbHi NOKpPUTTH 3
ONOPHHUMH eJIeMEeHTAMH

7.4.2.1KoHcTpyKIisi 00IIMBKH

(1) JluctoBa OOIIMBKA TOKPUTTS MOXE OyTH
po3paxoBaHa 3 BUKOPHCTaHHSIM TEOPIii BEIMKHX

nedopmartii.

(2) Sxmo mOTPiOHI MOKPHUTTS 3 MOCITAOICHUMU
3'€/IHAaHHSMH, JIUCTH TOKPUTTS HE TOBUHHI
NPUKPITUIIOBATUCS 10 BHYTPIIIHBOT OMOPHOi
KOHCTPYKIii HOKPUTTS.

7.4.2.2I1poeKkTyBaHHS ONOPHOI KOHCTPYKIIT

(1) OnopHOi KOHCTPYKIIiSI TOKPUTTSI TOBHHHA
3amoBoJibHATH BuMoru EN 1993-1-1.

(2) SAxmo oOIIMBKA MOKPUTTS MPHKPIILTFOETHCS
70 OMOPHOI KOHCTPYKIi, €(pEeKTHUBHA IIHPHHA
Takoi1 OOIIMBKY MOXe OyTH NMPHUIHATA K YaCTUHA
Hecydoi KoHCTpykuii. g edexTuBHa ImmpHHA
Moke OyTu mpuitHsaTa piBHOIO 16t, ko Outbina
BEJIMYMHA HE MIATBEPKEHA PO3PAXYHKOM.

(3) [ns moKpuTTIB, SKi HIATPUMYIOTHCS
KOJIOHAMH, HEOOXiJHO CIeIiaJbHO PO3TIISTHYTH
MOJKJIMBICTB OCiTaHHS (PyHIAMEHTIB.

7.4.3 3'enHaHHsl NOKPUTTHA 3i CTIHKOIO

(BepxHiii yTopHHii BY30.1)

(1) 3'ennanHs TOKPUTTS 31 CTIHKOK (BEpxHii
YTOpPHUN CTHUK) TOBHHHE OYTH 3alpOCKTOBAaHE
TaK, 100 BUTPHUMYBATHU 3arajibHe BEPTUKAIbHE
HABAHTAXXCHHSI Bl MOKPUTTS (Bara KOHCTPYKILi,
CHIT, KOPOTKOYACHE  HABaHTAXEHHS  Ta
BHYTPIIIHIN Bil' EMHUIA THCK).

(2) 3'ennanHHs TOKPUTTS 31 CTIHKOK TMOBHUHHE
3agoBonbHATH BuMorn EN  1993-1-6. Ilpu
BUKOHaHHI BUMOT 3riHo 3 11.1 (1)moxe Oytu
3aCTOCOBAHMN CHPOILEHHH METOJl pO3PaxyHKIB,
HaBeneHui B 11.2.5.
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7.4 Considerations for individual structural
forms

7.4.1 Unsupported roof structure

(1) Unsupported roofs should be of butt-
welded or double welded lap construction.

(2) In double welded lap construction, the
reduction of resistance against buckling and
the plastic limit state due to the joint
eccentricities should be taken into account in
the model for the analysis.

7.4.2 Cone or dome roof with supporting
structure

7.4.2.1 Plate design

(1) The roof plating may be designed using
large deflection theory.

(2) Where roof frangibility is required, roof
plates should not be attached to the internal
roof supporting structure.

7.4.2.2 Design of the supporting structure

(1) The roof supporting structure should
satisfy the provisions of EN 1993-1-1.

(2) If the roof plating is attached to the roof
supporting structure an effective width of this
plating may be taken as part of the supporting
structure. This effective width may be taken as
16t unless a larger value is confirmed by an
analysis.

(3) With column supported roofs, special
consideration should be given to the
possibility of settlement of the foundations

7.4.3 Roof to shell junction (eaves junction)

(1) The roof to cylinder junction (eaves
junction) should be designed to carry the total
downward vertical load from the roof (dead
weight, snow, live load and internal negative
pressure).

(2) The roof to cylinder junction should satisfy
the provisions of EN 1993-1-6. If the
conditions set out in 11.1 (1) are satisfied, the
simplified design method given in 11.2.5 may
be applied.
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(3) st KOHCTPYKILIT MOKPUTTS 3 TOCIA0ICHUMH
3'€JHaHHSAMHU IUIOINA Kommpecii A TIOBHHHA
3aJI0BOJIBHSTH YMOBY:

A< w

ae

W — 3araipHa Bara OOOJIOHKM ¥ HECY4HX
KOHCTPYKLIH MOKPUTTS (ajie He JIUCTIB
OOIIUBKH);

0 — KYT MDK TMOKPUTTSM i TOPHU30HTAIBHOIO
IUTOIIMHOIO B MICII 3'€THAHHSA TOKPUTTA
3 MWJIHAPUYHOIO CTIHKOTO.

7.5 I'panu4Hi cTaHM 32 NPHAATHICTIO 10
HOPMAJILHOI eKCILTyaTamil

(1) Tpanuyni crTaHu 3a OPUIATHICTIO 0

HOpMaJIbHOT ~ eKCIuTyatamii  Juis  MOKPHUTTA

pe3epByapiB MOBUHHI PO3IIISIATUCH SIK:

— gnedopmariii Ta MPOTHHHU, IO HETaTHBHO
BIUTUBAIOTh HA C(QEKTUBHE BUKOPUCTAHHS

KOHCTPYKIIi;
— npedopmartii, mporuHu abo BiOparii, 110
MOXYTh BUKJIUKATH YITKOPKCHHS

IPYTOPSAHUX €JIEMEHTIB.

(2) Hns BIiAMOBIAHOCTI 3a3HAYCHHM  BHIIEC
KpUTepisiM, naedopmaiiii, nporuHu ¥ BiOparii
MOBHHHI OyTH 0OMEKEHUMHU.

(3) CnemianbpHi TpaHUYHI OOMEKEHHS 11010
MO>KJIMBOTO BHKOPHCTaHHS pe3epByapiB MOBHUHHI
Oy TOrOJUKeHI MDK  IPOEKTYBaJIbHHUKOM,
3aMOBHUKOM 1 BIAMOBIAHUM KOHTPOJIOIOYUM
OpraHoM, MPUUMalOYH 10 YBaru XapaKTEPUCTHKU
pinuHH, gka Oyzne 30epiraTucs.

8 MPOEKTYBAHHS NMMEPEXIJTHUX
3' €IHAHb JHUILA 3 OBOJOHKOIO 1
OINMOPHUMH KUILLHIEBUMHY BAJTKAMHA

(1) KoHcTpykiisi mepeximHux 3'€IHaHb KPOMKH
CTIHKM 3 JHHINEM 1 OTOPHUMHU KUIBIIEBUMH
OankamMu TOBHHHA Bigmosigmatu Bumoram EN

1993-4-1.
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2mtana iy

(3) For frangible roof design the compression
areaA should satisfy the condition:

(7.1)

where:

W — is the total weight of the shell and any
framing (but not roof-plates) supported
by the shell and roof;

o —is the angle between the roof and a
horizontal plane at the roof to cylinder
junction.

7.5 Serviceability limit states

(1) The serviceability limit states for tank
roofs should be taken as follows:

— deformations and deflections that adversely
affect the effective use of the structure;

— deformations, deflections or vibrations that
cause damage to non-structural elements.

(2) Deformations, deflections and vibrations
should be limited to meet the above criteria.

(3) Specific limiting values, appropriate to the
intended use, should be agreed between the
designer, the client and the relevant authority,
taking account of the intended use and the
nature of the liquids to be stored.

8 DESIGN OF TRANSITION
JUNCTIONS AT THE BOTTOM OF THE
SHELL AND SUPPORTING RING
GIRDERS

(1) The design of transition junctions at -
bottom edge and supporting ring girders shc
satisfy the requirements of EN 1993-4-1.



9IMPOEKTYBAHHS IPSAMOKYTHHUX
PE3EPBYAPIB 13 IIVIOCKUMH
CTIHKAMMU

9.1 OcHoBHi npaBuJIa

(1) [psmokytHuii  pe3epByap  IOBHHEH
po3paxoByBaTuCs ab0 SK MiACWICHUH KOpoo,
KM B OCHOBHOMY, NpALIOE€ HAa 3TUH, a00 fK
TOHKa MeMmOpaHa, B SKIM TICHs 3HAYHUX
negopmariii  Moke BHUHUKATH  MeMOpaHHE
HaIpy>KCHHS.

(2) Slxmo kKopo® po3paxoBYETHCS HA [0 3TUHY,
npu Horo ekcruryaraiii By3J0Bi KOHCTPYKTHUBHI
3’€HAHHS TOBUHHI 3a0e3meuyBaTv MPUUHATY
OpU  PO3paxyHKy  HalpYKEHOTo  CTaHy
HE3MIHHICTh KOHCTPYKIIii.

9.2 BinMiHHOCTi KOHCTPYKTHBHHX (popM
9.2.1Pe3epByapu 6e3 miicujeHHSs

(1) KoHcTpykKilito i3 IIOCKMX CTaJeBUX JIMCTIB
0e3 pedep KOPCTKOCTI HEOOXITHO PO3TIIAIATH K
«KOpoO 0e3 MiICUICHHS».

(2) Koncrpykuito, MiACHIEHY TUTBKH Y3J0BXK
CTHMKIB MDK JIUCTaMH, 1[0 HE PO3TAIIOBYIOTHCS B
OJIHIN TUIOIIMHI, TaKOX HEOOXITHO PO3TISAaTH
AK «KOp0O 6€3 MiACUICHHS».

9.2.2Pe3epByapH i3 miicuIeHHAMH

(1) KoHcTpykuiro 13 IUIOCKMX JIUCTiB, 3
NPUKPIIUIEHUMH B IUJIOMIMHI JIUCTa pedpaMu
KOPCTKOCTI, HEOOXITHO PO3IIAAATH K <«KOPOO
13 migcuieHHAM». PeOpa KOPCTKOCTI MOXKYTh
PO3TAIIOBYBATUCS TIO MEPUMETPY BEPTHKAIBHO
ab0 OpTOTOHAIIBLHO.

9.2.3Pe3epByapH 3i CTSZKKAMH

(1) PesepByapu 3i CTsHKKaMH MOXYTh OyTH
KBaJpaTHUMH 200 MPSIMOKYTHUMH.

9.3 Hecyua 31aTHICTh BePTHKAJbLHHUX CTiHOK

9.3.1 IIpoexTyBaHHSI OKpeMHUX JHCTIB 0e3
miacHJIeHHs

(1) Jluctm  Oe3  migCWiIeHHS ~— MOBUHHI
PO3paxoByBaTUCS HA 3TUH SK JBOBUMIPHI JIUCTH,
Ha [0 PiAMHU, MO 30epiraeThCsi, TUCKY HaJ
pimuHOIO, MeMOpaHHI Ta MICIEBI 3THHAIBHI
BIUIMBH BiJ] TPYO 1 IHIIMX BPI3iB.
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9 DESIGN OF RECTANGULAR AND
PLANAR-SIDED TANKS

9.1 Basis

(1) A rectangular tank should be designed
either as stiffened box in which the structural
action is predominantly bending, or as a thin
membrane structure in which the action is
predominantly membrane stresses developing
after large deformations

(2) Where the box is designed for bending
action, the joints should be designed to ensure
that the connectivity assumed in the stress
analysis is achieved in the execution.

9.2 Distinction of structural forms
9.2.1 Unstiffened tanks

(1) A structure that is fabricated from flat steel
plates without attached stiffeners should be
treated as an ‘unstiffened box'.

(2) A structure that is stiffened only along
joints between plates which are not coplanar
should also be treated as an ‘unstiffened box'.

9.2.2 Stiffened tanks

(1) A structure that is fabricated from flat
plates to which stiffeners are attached within
the plate area should be treated as a ‘stiffened
box’. The stiffeners may be circumferential or
vertical or orthogonal.

9.2.3 Tanks with ties

(1) Tanks with ties may be square or
rectangular.

9.3 Resistance of vertical walls
9.3.1 Design of individual unstiffened plates

(1) Unstiffened plates should be designed for
bending as a two-dimensional plate under the
actions from the stored liquid, the pressure
above the liquid, stresses resulting from
diaphragm action, and local bending action
from attachments or piping.

a7
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9.3.2 IIpoekTyBaHHS OKpeMHMX JIMCTIiB i3
MiacHJIeHHAM

(1) T'odpoBana abo TpamneiieBUHA MMAHENb, IO
pO3TAIIOBYETHCS ~ TOPU3OHTAIBHO,  MOBHHHA
pO3paxoByBaTUCS HA 3arajlbHUN 3TUH Bim Jii
pimuHH, O 30epiraeThCs, TUCKY HAJA PIAMHOO,
MEMOpaHHUX Ta MICIIEBUX 3THHAIHHUX BIUIMBIB
BiJ TpYO 1 IHIIKX BPI3iB.

(2) EdexrtuBHI 3rHHANBHI XapaKTEPUCTUKH, a
TAKO’XK OMIp B3TUHY JIMCTIB 3 MIiJCUICHHIM
noBuHHI BianmoBigatu EN 1993-1-3.

(3) XKopcTkicTh TUCTIB MPH 3CYBi B IUIOIIUHI Ta
omip 3CYyBy MOXYTh OyTH BH3HAuU€HI 3a
aHAJIOTI€I0 POOOTH TUIOCKMX JIUCTIB, SIKIIO
MaHeNlb TMOCHIJOBHO Y3/I0BXK YCIX KPOMOK
MPUKPIIUIEHA JI0 TPUJIETIINX eIEMEHTIB.

Mpumirka: fxmo 3'eqHaHHS BUKOHAHE YaCTKOBO
TUIBKM 10 BEPTHKAJIBHUX KPOMKax (TUIBKK uepe3
roppoBany  abo  TpamemieBUAHY  OOIIMBKY),
HampyXeHHS MOXE CYTT€BO 30UIbIIMTHCA, a
AKOPCTKICTb MOXKe CYTTEBO 3MEHIIUTHCA.
[lepenbavaeThes, 10 Taki KOHCTPYKIli, uepe3
MOXJIMBY  HEIIUIBHICTh  3'€qHaHb, HE OyIyTh
BHUKOPUCTOBYBATHUCS.

9.3.3 3arajabHuii 3ruH Bil MPAMOro BIJIUBY
piauHu, Mo 30epiraerbcs Ta HAJJIMIIKOBOIO
THCKY

(1) HeoOximHO BpaxoBYBaTH TOPH30HTAIbHUI
3TUH SIK pe3y/lbTaT HOPMAIbHOTO THUCKY Ha
cTiHKy. HaBaHTa)keHHs MOBHHHI CIIPHUIMAaTHCS
0J1HO—, 200 TBOOIYHUM OTIOPOM 3THHY.

9.3.4 MemoOpanHe Hampy:XeHHA Big ail
aiagpparm

(1) Ipu po3paxyHKy HEOOXITHO OpaTH A0 yBaru
MeMOpaHHI ~ HaNpyXeHHS  pO3TATY, AK1
BUHUKAIOTh y pPE3yJibTaTi TiAPOCTaTUYHOTO
TUCKY Ha MPOTHIISKHI CTIHKH,
NEPIEHANKYIISIPHO PO3TAILOBaHi A0 CTIHKH, IO
PO3TIISIAETHCA.

(2) [pu po3paxyHKy TakoX HEOOXiqHO OpaT 10
yBaru MeMOpaHHI HalpPYKEHHS CTHUCHEHHS, SIKi
MOJKYTh BUHUKATH MPH il BITPYy Ha I1HIII CTIHKH,
OpPTOTOHAJIbHI 10 BiIHOWIEHHIO 10 CTIHKH, IO
PO3TISIAETHCS. .

9.3.5MicueBuii 3ruH Bia TpyO i iHmux Bpi3iB

(1) Tlo MOXJIMBOCTI, HEOOXIIHO YHHMKATH
MICIIEBOTO 3THHY Bif TpyO 1 iHIIUX Bpi3iB. Aule,
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9.3.2 Design of individual stiffened plates

(1) Corrugated or trapezoidal sheeting that
spans in the horizontal direction should be
designed for global bending under the actions
from the stored liquid, the pressure above the
liquid, stresses resulting from diaphragm
action, and local bending action from
attachments or piping.

(2) Effective bending properties and bending
resistance of stiffened plates should be derived
in accordance with EN 1993-1-3.

(3) The in-plane shear stiffness and shear
resistance may be determined as analogous to
that of the plane plate if the sheeting is
continuously connected along all its
boundaries to the adjacent members.

NOTE: If the connection is on only parts of the
vertical boundary (e.g. connection only in the
troughs of the corrugation or trapezoidal sheeting)
the stresses can increase dramatically and the
stiffness can decrease dramatically. It is assumed
that such constructions will not be used because of
requirements of water tightness.

9.3.3 Global bending from direct action of
the stored liquid and the pressure above the
liquid

(1) Horizontal bending resulting from the
normal pressure on the wall should be
considered. The loads should be supported by
either one-way or two-way bending action.

9.3.4 Membrane stresses from diaphragm
action

(1) The design should take account of
membrane tension stresses that develop in the
walls as a result of hydrostatic pressures on
opposing walls normal to the wall being
considered.

(2) The design should also take account of
membrane compression stresses that can
develop as a result of wind acting on other

walls that are orthogonal to the wall being

considered.

9.3.5 Local bending
attachments or piping

(1) Local bending action from attachments or
piping should be avoided as far as possible.

action from



SKIIO 11€ HEMOXJIMBO, HEOOXiTHO B 30HI Bpi3iB
NEPEBIPATH MICLIEB1 HANIPYKEHHS 1 edopmartii.

9.4 I'paHuMyHi cTaHM 32 NPHUIATHICTIO [0
HOPMAJILHOI eKCILTyaTanil

(1) Tpanuuni crTaHd 3a TPUAATHICTIO [0
HOPMaJIbHOL eKCILTyaTarlii ISt CTIHOK
NPSIMOKYTHUX CTaJIeBUX pe3epByapiB IMOBUHHI
[IpuAMaTrucs sK:

— ngedopmarii ¥ TPOTUHU, IO HETATUBHO
BIUTMBAIOTh HAa  e(EeKTHBHE BUKOPHCTAHHSA
KOHCTPYKIIi;

— nedopmarii, mporumHu abo BiOparlii, 10
MOXXYTh BUKJIHKATH YIIKOJKCHHS JIPYTOPSIHIX
CJICMEHTIB.

(2) [Jlns BiAMOBIAHOCTI 3a3HAYCHUM  BHIIE
KpuTepisiM, nedopmanii, mporuHu i BiOparii
MOBHHHI OyTH 0OMEXKEHI.

(3) Crernudiuni YUCIOBI OOMEXCHHS, 00
MO>KJIUBOTO BUKOPUCTAHHS pe3epByapis,
[IOBUHHI Oyt IIOTOJDKEH1 MDK
MPOEKTYBAIHHIUKOM, 3aMOBHUKOM 1 BiIMIOBITHUM
KOHTPOJIIOIOYMM OPTaHOM, MPUHMAIOYH 10 yBaru
XapaKTepUCTUKU PiUH, Ki OyayTh 30epiraTucs.

10 BUMOI'M 10 BHUI'OTOBJIEHHA 1
MOHTAXY YV BIIIIOBIZIHOCTI 3
IMPOEKTOM

(1) PesepByap TMOBMHEH BHIOTOBJISATHCS Ta
cnopymkyBarucs BiamosinHo 10 EN 14015a60
EN 14620 signosimati sBumoram EN 1090.

11 CHPOIIIEHU PO3PAXYHOK
11.13aranbHi mMoJI0:KeHHSA

(1) Copouiennii po3paxyHOK B3TiAHO 3 IUM
pPO3ALIOM  MOXE 3aCTOCOBYBAaTHUCS Yy pasi
JOTPUMAaHHS YMOB, BUKJIAJICHUX HIKYE:

— KOHCTPYKLIsl pe3epByapa Takoi ¢popmH, SIK Ha
pucynky 11.1

— €IMHUM BHYTPIIIHIM BIUIMBOM — € THCK
PIIMHY Ta HAJUIMIIKOBUN THCK HaJl MOBEPXHBOIO
piauHy;

— MaKCHUMaJIbHUH PO3paxXyHKOBUN PIBEHb PIIMHU
HE BUIIE BEPXY IMIIHIPUIHOT 000JOHKH,

— KOJIM MOKHa HE BPaxOBYBaTH HaBaHTa)KEHHS,
10 BUKJIMKaHI TEMIIEPATYPHUMH 1 CEHCMIYHUMU
BIUIMBAMHU, HEPIBHOMIPHUM oCigaHHAM
byHIaMeHTy, a TaKOX aBapiiiHi HABAHTa)KEHHS,

np. ICTY-H B EN 1993-4-2:28X

However, if this is not possible, a check
should be made on the local stresses and
deformations near the attachment.

9.4 Serviceability limit states

(1) The serviceability limit states for walls of
rectangular steel tanks should be taken as
follows:

— deformations or deflections which adversely
affect the effective use of the structure;

— deformations, deflections and vibrations
which cause damage to non-structural element

(2) Deformations, deflections and vibrations
should be limited to meet the above criteria.

(3) Specific limiting values, appropriate to the
intended use, should be agreed between the
designer, the client and the relevant authority,
taking account of the intended use and the
nature of the liquids to be stored.

10 REQUIREMENTS ON FABRICATION,
EXECUTION AND ERECTION WITH
RELATION TO DESIGN

(1) The tank should be fabricated and erected
according to EN 14015 or EN 14620 and
executed according to EN 1090, as
appropriate.

11 SIMPLIFIED DESIGN
11.1 General

(1) The simplified analysis of this section may
be applied where all the following conditions
are satisfied:

— the tank structure is of the form shown in
figure 11.1;

— the only internal actions are liquid pressure
and gas pressure above the liquid surface;

— maximum design liquid level not higher than
the top of the cylindrical shell

- the following loadings can all be neglected:
thermally induced loads, seismic loadings,
loads resulting from uneven settlement or
connections and emergency loadings;
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— JKOJIEH TOSIC, IO PO3TALIOBYETHCS HUXKYE, 32
TOBIIMHOIO HE MEHII HDK MOSC HAaJ HUM, 3a
BUHSTKOM IPUJIETIIOTO /10 BEPXHBOTO KUIBIIEBOTO
YTOPHOTO KUIBIIS;

—  pO3paxyHKOBE  3HAUCHHS  KUIBLIEBOTO
Hampy>KeHHs B OOOJIOHIII pe3epByapa MeEHIIe
uix 435H/Mm;

— paziyc KpUBU3HU 115l CHEPUUHOTO MOKPUTTS B
mexax Bing 0,8 mo 1, Saiamerpa pesepByapa;

— U1 KOHIYHOTO TMOKPHUTTS, SKIIO BOHO
HIITPUMYETHCS TUTBKH CTIHKOIO (0€3 BHYTPINIHIX
OTIOp) HAXHJI MOKPUTTS Mae OyTH B MeXax Bil
1:5 10 1:3;

— PpO3paxyHKOBHMH TpalieHT Haxuily IHHIIA
pesepByapa He Oinbie Hix 1:100;

— JHUIIE JIeKUTh HA CYILUIBHIA TOBEpXHI abo
OIATPUMYETbCA ~ ONM3BKO  PO3TAIIOBAHUMHU
napajeIbHIMH OTIOPHUMH €JIEMEHTaMH;

— HOPMATUBHUI BHYTPIIIHIA THCK HE HIDKYE —
8,5mbap 1 He Bumie 60 mbap;

— KUIBKICTh LHUK/IIB HABAHTAXKEHHS BUKIIOYAC
PHU3UK pYyWHYBaHHS BiJl yTOMHU.

(2) PospaxyHKOBa TpaHUIsl TEKy4OCTi B Iiif
TJIaBl MOBHHHA PO3PAXOBYBATUCS SIK:

fy.a= Ty /Yoo,

ae
fy — HopMmaTHBHA rpaHMIII TEKy4OCTi CTaIi;

yMo — 3TiHO 3 2.9.2.2.

— no course is constructed with a thickness
lessthan that of the course above it, except for
the zone adjacent to the eaves ring;

— the design value of the circumferential stress
in the tank shell is less than 435 N/fam

— for a spherical roof, the radius of curvature
is between 0,8 and 1,5 times the diameter of
the tank;

— for a conical roof, the slope of the roof is

between 1 in 5 and 1 in 3 if the roof is only

supported from the shell (no internal support);

— the design gradient of the tank bottom is not
greater than 1:100;

— the bottom is fully supported or supported
by closely spaced parallel girders;

— the characteristic internal pressure is not
below -8,5 mbar and not greater than 60
mbar;

— the number of load cycles is such that there
is no risk of fatigue failure

(2) The design vyield stress throughout this
chapter should be taken as:

(11.1)

where:
fy — is the characteristic yield strength of
the steel;
Ymo — according to section 2.9.2.2

/ |

Pucynoxk 11.1-

\

KoHcTpykiiss pe3epByapa i3 3aXHCHOK CTIHKOIO, SIK MPUKIAA s

3aCTOCYBaHHS CIIPOLIEHOTO PO3PaxXyHKY pe3epByapa

Figure 11.1:
applicable
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11.2Po3paxyHOK CTAliOHAPHOI0 MOKPHUTTS

11.2.1 Hecyya  KOHCTpPYKIIisl 0e3
NiICUJIeHHs] 3’ €IHAHA 3BapPHUM IIBOM Yy
CTHK 200 BHAMYCK IBOMA IIIBAMU

(1) Sxmo mpu po3mojaLTi HaBaHTAKEHHS Ha
MOKPUTTSI BUKOPUCTOBYETHCS MaKCHMAaJIbHE
MICI[eBE 3HAUYCHHS PIBHOMIPHO-PO3TOIIEHOTO
PO3paxyHKOBOT'O HaBaHTAXCHHS 3rifHO 13 (3) i
(5), MOXJIMBY HEOJHOPIAHICTH PO3IMOALICHOTO
HABaHTAXXEHHsI MOYKHA HE BPaXOBYBATH.

(2) Tlpu naii 30cepemKEHOr0 HaBaHTAXKCHHS,
BIJIMIOBIHA OI[IHKA OBUHHA OyTH 3po0JieHa B
OKPEMOMY PO3/ILIi.

(3) MiuHicTh TOKPHUTTS TIPH PO3PAXYHKOBOMY
BHYTPIIIHBOMY THCKY pPoEd NOBHUHHA OyTH
nepeBipeHa 3a BUpa3aMHu:

1St CEPUIHOTO MTOKPHUTTS

for spherical roofs

- 171 KOHIYHOTO TIOKPUTTS

for conical roofs

B sikux RC=r/ Sino 1151 KOHIYHOTO MOKPHUTTS
Pl (M
] —KoeQIIieHT MIIHOCTI 3'€/IHAHHS,;

PoEd — 3OBHIIIHS pagiallbHO CIPSIMOBaHA
CKJIaJIOBA PIBHOMIPHO PO3MOILIIEHOTO
PO3paxyHKOBOTO HABaHTAXEHHS Ha
MOKPUTTS (robT0  HOpMaTHBHE
3Ha4YeHHH, MIOMHOKEHE Ha
koedirieHT 3rigHo 3 2.9.2.1);

r — paglyc UWIHAPUYHOI  OOOJOHKH
pesepByapa,

Re — paziyc KpuBOi KOHIYHOTO IMOKPUTTS,

Rs —paniyc KpuBoi CHEepUIHOTO MOKPHUTTS;

t — TOBILMHA JIUCTIB IOKPUTTS;

o — KyT HaXujly KOHIYHOTO MOKPHUTTS 0

TOPU30HTAITI.

(4) KoedimieHT MIIHOCTI 3'€JHAHHS TOBUHEH
PO3TJIISIATHCS SIK:

] = 1,00 a5 CTUKOBUX 3BapPCHHUX IIIBIB;

] = 0,50 nnsa 3'enHaHp BHANYCK 3 KyTOBHUMH
3BapHUMH IIBaMH 3 000X OOKIB.

Po,

Po.

Ed R 7
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11.2 Fixed roof design

11.2.1 Unstiffened roof shell butt welded or
with double lap weld

(1) Provided that the maximum local value of
the distributed design load is used in (3) and
(5) to represent the distributed pressure on the
roof, possible non-uniformity of the
distributed load need not be considered.

(2) Where a concentrated load is applied, a
separate assessment should be made in
accordance with section

(3) The strength of the roof under the design
internal pressure poeq Should be verified
using:

R.
Fd*™s .
—— < ; 11.2
¢ .]fy.d ( )
< jf_m (11.3)

t

in which:Rc =r / sina for a conical roof

where:

] — is the joint efficiency factor;

Poed — IS the radial outward component of the
uniformly distributed design load on
the roof (i.e. the characteristic value

multiplied by the partial factor
according to section 2.9.2.1);

r  —is the radius of the tank cylindrical shell
wall;

R. —is the radius of curvature for the conical
roof;

Rs -is the radius of curvature of the
spherical roof;

t — is the roof plate thickness;

a - is the slope of the conical roof to the

horizontal

(4) The joint efficiency factor should be taken
as:

j = 1,00 for butt welds;

] = 0,50 for lapped joints with fillet welds on
both sides.
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(5) Criiikicth c(EepUYHOTO TIOKPHUTTS MpU
PO3PaxyHKOBOMY 30BHIIIHBOMY THCKY Pigd
MOBUHHA MIEPEBIPATHCS 32 BUPA30M:

PiEd < 0,05 1,21E(

B IKOMY:

Ro=Rs

ae.

Pied — BHYTPIUIHS pagiajJbHO CHPSIMOBaHA
CKJIaJIOBa PIBHOMIPHO PO3MOAUIEHOTO
PO3PaxyHKOBOTO  HAaBAHTA)XEHHS  Ha
MOKPUTTS (TobTO HOpMAaTHBHE
3HAYEHHS TMOMHOXKEHE Ha KOoe]illieHT
3rijiHo 3 migpo3aiiom 2.9.2.1);

(6) CrilikicTh KOHIYHOTO TIOKPHUTTS IpU
PO3paxyHKOBOMY 30BHIIIHBOMY THCKY [ gd
MOBHHHA TEPEBIPATHUCA 3TiTHO 3 YMOBaMHU

po3ainy 7.3 EN 1993-4-1cfinocn).

11.2.2CamoHecy4ya KOHCTPYKIisi HOKPUTTHA

(1) Sx mnpaBwio, TOBIIMHA BCIX JIMCTIB
MOKPUTTS 13 HEP>KaBil0YOi CTaji MoBUHHA OyTH
HE MEHIIE HDK 3MM, a I IHIIUX CTajled He
MEHIIIE HDK SMM.

(2) Kouctpykiiss TOKPUTTS TOBHHHA OYyTH
00’ emnana abo B's3amu (muB. 11.2.4), abo

KOHCTPYKTUBHO  3'¢/lHaHa 3  OOIIMBKOIO
MOKPUTTSI.
(3) Jlmctm  MOKPUTTI ~ MOXYTh  OyTH
po3paxoBaHi  3TiTHO Teopii  3HAYHHUX
nedopmartii.
(4) PospaxyHOK HeCydyuX KOHCTPYKIIi

MOKPUTTS TOBUHEH 33JI0BOJIbHATH BUMoTHu EN

1993-1-1.

(5) 3a ymoBH, 110 AiamMeTp pe3epByapa MEHILE
60 M 1 po3mojiieHe HABaHTAXKCHHS HE JyKe
BIIXUIIIETHCS BiJl CHMETPii BIIHOCHO OCI
pesepByapa, pospaxyHok B (6)+(10) moxe
3aCTOCOBYBATHCS 1 U151 CPEPUUHUX MOKPUTTIB.
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(5) The stability of a spherical roof under the
design external pressur@eq Should be
verified using:

, 2

Rol (11.4)

in which:

Ro=Rs

where:

pied — is the radial inward component of the
uniformly distributed design load on the
roof (i.e. the characteristic value
multiplied by the partial factor according
to section 2.9.2.1).

(6) The stability of a conical roof under the
design external pressurgies should be
verified according to the provisions of section
7.3 of EN 1993-4-1 (Silos).

11.2.2 Self supporting roof with roof
structure

(1) The specified thickness of all roof plating
should be not less than 3mm for stainless
steels anaot less than 5mm for other steels.

(2) The roof structure should either be braced
(see 11.2.4) or structurally connected to the
roof plating.

(3) The roof plates may be designed using
large deflection theory.

(4) The design of the roof supporting struct
should satisfy the requirements of EN 1993-1-1

(5) Provided that the diameter of the tank is
less than 60m and the distributed load does not
deviate strongly from symmetry about the tank
axis, the procedure described in (6) to (10)
may be used for spherical roofs.
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A

D — npodine mokpurTs;
D — roof profile

i
I
I
;
|
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\
N

A — Bich pe3epByapa
A — tank axis

Pucynok 11.2- KoopauHatu chepudHOro MOKPUTTS pe3epByapa

Figure 11.2:

(6) IMix BrutMBOM PO3MOAUICHUX HaBaHTAKCHb,
0 BUHUKAIOTh BiJl EKCIUTyaTaliiHOTO,
CHITOBOTO, BITPOBOTO i MOCTIHHOTO
HABAaHTAXXCHHS Ta BiJ THUCKY, MaKCHMaJlbHA
BepTUKAIbHA CKIaAoBa Ui  CHEepUUHUX
MOKPUTTIB TPUUMAETHCS SIK  PO3PaAXyHKOBE
3HAYEHHS Py Eq, IO i€ a00 3BepXy 10 HU3Y, YU
HaBMaKW, WpU Jdii 3HU3Y [0 BEpXY
NpURMAETbCA 31 3HAKOM MIHYCYy. 3arajibHa
PO3paxyHKOBa BEPTUKAIbHA CHJIA HA KPOKBSIHY
0aJKy HOBHHHA OyTH MPUKHSATA 32 BUPA30OM:

Tank spherical roof coordinates

(6) For spherical roofs under the action of
distributed loads arising from imposed load,
snow load, wind load, permanent load and
pressure, the maximum vertical component
should be taken as the design valogy,
acting either upwards or downwards, with
pves taken as negative if dcts upwards. The
total design vertical force per rafter should be
taken as:

Peq = 12 Py (11.5)
B SIKOMY: in which:
B=17/n B=17/n
ae where:
N — YHCIIO0 KPOKBSIHUX 0aloK; n — is the number of rafters;
I  — paziyc pe3epByapa,; r — is the radius of the tank;

Pv.Ed — MakCHMaJlbHA BEPTUKAIbHA CKJIaJI0BA
PO3MOIUIEHOTO PO3PaXyHKOBOTO
HaBaHTaXXCHHS (IUB. 10JaTOK A),
BKJIIOYAIOUYH BJIACHY Bary HeCy4oi
KOHCTpPYKIIi (HANpsSIMOK JI0 HU3Y —
MTO3UTUBHUI);

Pgq — 3arasibHa po3paxyHKOBa BepTHKaJIbHA
CHJIa Ha KPOKBSIHY OaJIKy.

pPves — Is the maximum vertical component
of the design distributed load (see
annex A) including the dead weight

of the supporting structure
(downward positive);
Peq — Is the total design vertical force per

rafter.
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(7) Onsa pospaxynky 3rimHo 3 EN 1993-1-1 (7) The normal forcéeq and bending moment

HopMasibHA CcHJia Neq 1 3rHHAJIBHHI MOMEHT Meq in each rafter for design according to EN
MEq y KOXHIM KPOKBSHIH 0Oaiili MOXKYTh OyTH 1993-1-1 may be obtained from:
OTpHUMaHi i3 BUPa3iB:
Nea = 0.375 - Pey (11.6)
Mgy = L[ 1 1—53—1101 P (11.7)
= Bk e r) o\n)[ T '
[Tpu BUKOHAHHI TAKMX YMOB! provided that the following conditions are
met:
pa = 1,2 kKN/m? (11.8)
N 2
L > =4 (11.9)
T°E
bx = 2 hx (11.10)
A 2 A (11.11)
AA I
hy [#] > L (11.12)
Al +A, 25
ae: in which:
2
0,6
£ = Ni ( a 7) (11.13)
ZTTEL,
ne where:
h —Bucora mokputrTsi pesepByapa, JIUB. h —is the rise of the tank roof, see figure
puc. 11.2; 11.2;
X ~ —papmiagpHa BiACTaHb BiJ LEHTPAIBHOI x  —is the radial distance from the
oci pesepByapa, AuB. puc. 11.2; centreline of the tank, see figure 11.2;
Yy —BepTHKaJbHA BUCOTA MOKPUTTS 3AIEKHO y —is the vertical height of the roof at
BiJl KOOpJIUHATH X, AUB. puc. 11.2; coordinatex, see figure 11.2;
by —mwmpuHa UEHTPAIBLHOTO KUTbIS, IHB. b« —is the flange width of the centre
puc. 11.3; ring, see figure 11.3;
hy — BepTukanbHa BiAcTaHb MK (QIAHISIMH h. — is the vertical distance between the
HEHTPAIBHOTO KUTBIL, uB. puc. 11.3; flanges of the centre ring, see figure
11.3;
A; — muoma mnepepizy BepXHBOTO (praHIs A1 — is the area of the top flange of the
LEHTPAJILHOTO Kb, puc. 11.3; centre ring, see figure 11.3;
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A; — moma mepepizy HHKHBOTO  (praHs
[EHTPATBHOTO KUTbIl, AuB. puc. 11.3;

ly — MOMEHT iHepIii mnepepizy Oanku
BIZTHOCHO TOPU30HTAIIBHOI OCI.

(8) SIxmo MoMeHT iHepii nepepizy KpOKBSHOT
Oanku |y 3MIHIOETBCS 110 NOBXKUHI (HAPHUKIAL,
yepe3 3MIHM  JIHCHOI INIMPUHM  JIMCTIB
MOKPUTTS. TPU iXHbOMY MPUKPIIUIEHHI 0
KpOKBsiHMX 0anok), B (7) w™moxe Oytu
BUKOpHCTaHe 3Ha4eHHs |y Ha Bigcrani 0,5 Bin
oci pesepByapa.

(9) Sxmo ymoBu, mo BukiageHi B (7)
BUKOHYIOTBCS, TO PO3PaxyHOK IIEHTPAJIbHOIO
KUTBI[I MOXXHA BHKOHATH, MEPEBIPKOIO TLIBKU
HIDKHBOTO MMosica KibleBoi oanku 3rigHo (10).

(10) 3a ymoBu, mo icHye mnpunaiimuHi 10
PIBHOMIPHO pO3TAIIOBAHUX KPOKBSIHUX 0AJIOK,
PO3paxyHKOBE 3HAYCHHS 3yCHIUIS B €JIEMEHTI
Nreq 1 3ruHambHHE MOMEHT M, gq IS
HEHTPAJIBHOTO  KUIBISI ~ MOXYTb  OyTH
o04MCIIeHI 3 BUKOPUCTAHHAM BUPA3iB:

np. ICTY-H B EN 1993-4-2:28X

A, — isthe area of the bottom flange of the
centre ring, see figure 11.3;
ly — is the second moment of area of the

rafter about the horizontal axis.

(8) If the second moment of area of the rafter
ly varies along the length of the rafter (e.g. due
to the variable effective width of roof plates
when they are connected to the rafters) the
value ofly at a distance Ot5rom the tank axis
may be used in (7).

(9) Provided that the conditions given in (7)
are satisfied, the design of the centre ring may
be verified by checking only its lower chord
according to (10).

(10) Provided that there are at least 10
uniformly spaced rafters, the design value of
the member forc&;eq and bending moment
M:eq for the central ring may be calculated
using:

N

rEd = 2.Ld (11.14)
M.y, = PN2EL 1115
’ 2(3+52) (11.15)

y SAKUX: in which:

N e M
Nypg = —E4 £d (11.16)
hg hg
ne where:

N2 g — pO3paxyHKOBa BEIUYMHA CHJIA Y
HUKHBOMY T0SIC1 KUTBIIEBOT OANIKH,

Ned — poO3paxyHKOBa BeJIMYMHA CHJIA B
KPOKBSIHIN OaJtiti;
Med — pO3paxyHKOBE 3HAYCHHS 3TMHAIBHOTO

MOMEHTY Ha BHYTPIIIHBOMY KiHII
KPOKBSIHO1 OaJKu;

€ — BEpPTUKAJIbHE BIIXWJIEHHS BIJI
CIIBBICHOCTI HEHTpaIbHOI OCi Oanku
BiJl BEpXHBOTO (pJIAHIIS LIEHTPATBHOTO
KUTbIl, AuB. puc. 11.3;

'k — paaiyc HEUTpaJIbHOI OC1 IEHTPAIBHOTO
KUTBIl, AuB. puc. 11.3.

N2 eq— is the design value of the force in the
lower chord of the centre ring;

Nes — is the design value of the force in the
rafter;
Meq — is the design value of the bending

moment in the rafter at its inner end;

e — Is the vertical eccentricity of the rafter
neutral axis from the top flange of the
centre ring, see figure 11.3;

r« — is the radius of the neutral axis of the
centre ring, see figure 11.3.
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-

NA

P — npodins Mix QraHIsIMHY;

BA — Bich 6aiky;

A  — Bich pe3epByapa;

NA — HeiliTpanbHa Bick nepudepiiiaux
exeMeHTiB Kbl (411 A2) npu
BHTHHI B IUTOIIMHI (JIAHIIIB

Pucynoxk 11.3-

Figure 11.3: Roof centre ring
11.2.3 lloxkpuTTH, WO COMPAETHCA HA

KOJIOHHA

(1) ToBuMHA JTUCTOBOT OOLIMBKU MOKPUTTS 3
HEpXKaBilo4oi cTali MOBUHHA OyTH HE MEHIIe
HbK 3MM, a JUId IHIOUX CTaJed HE MEHIIE HDK
SMM.

(2) Jluctm  TMOKPUTTA ~ MOXYThb  OyTH
po3paxoBaHi 3a TEOPi€eI0 3HAYHHUX
nedopmartiii.

(3) PospaxyHOK HecyuyuX KOHCTPYKIIiH

NOKPpUTTA TNOBHUHCH 3aJO0BOJIbHATH BUMOTHU

EN 1993-1-1.
11.2.4B'sa3i

(1) Sxmo auCTH MOKPUTTS He 3'€mHAHI 13
KPOKBSHUMM  OajJlkaMH, TO  HEOOXiJHO
nependayvaTy B's3i.

(2) s MOKpUTTIB, IO MEPEBHLIYIOTh 15v y
miamMerpi, HeoOXimHO mependauuTH  B's31
NpUHAKWMHI, Y ABOX MPOJboTax (ToOTO cycimHi
OaJKu y JIBOX MICHAX 00'€JHaHI PO3KOCAMH).
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P — profile section separating flanges;

BA — beam axis;

A — tank axis;

NA — neutral axis oAl andA2 for
bending in the plane of the plates

LlenTpasibHe KUTbIE TOKPUTTS

11.2.3 Column supported roof

(1) The specified thickness of all roof plating
should be not less than 3mm for stainless
steels and not less than 5mm for other steels.

(2) The roof plates may be designed using
large deflection theory.

(3) The design of the roof supporting structure
should satisfy the requirements of EN
1993-1-1.

11.2.4 Bracing

(1) If the roof plates are not connected to the
rafters, bracing should be used.

(2) For roofs exceeding 15 m diameter, at least
two bays of bracing should be provided (i.e.
two pairs of adjacent rafters connected by
truss members). The sets of braced bays



B's31 moBuHHI OyTH PIBHOMIPHO PO3TalIOBaHi
10 OKPYKHOCTI pe3epByapa.

(3) Hdns mokputriB miamerpoM Bix 15v 1o
25M, B sKuX € B's131 HeoOXiqHO mepeadadynTi
J0JaTKOBE Kinble. sl MOKPUTTIB JiaMeTpoM
Outbie 25v MOBMHHO OYyTH mependayeHo JBa
JIOJATKOBUX KUIBIIA.

(4) B's3i moBuHHI OyTH poO3paxoBaHi Ha
YMOBHY cuily, sika JopiBHIoe 1% Big cymu
HOPMaJIbHUX CHJI Y elleMeHTaX 1o 00’ €JHaH1
B’ AI35IMU.

11.2.5 KinbueBe 3 €IHAHHA  KPOMKH
000JI0HKH 3 MOKPHUTTAM (YTOpHE Kijblie)

(1) 3ycuist B epeKTUBHOMY YTOPHOMY KUTBITI
XKOpCTKOCTI (Miclie, /e TIOKPUTTS 3'€IHYETHCS
13 CTIHKOIO) TIOBMHHO OyTH MeEpeBipeHO 3a
BUPA30M:

np. ICTY-H B EN 1993-4-2:28X

should be spaced evenly around the tank
circumference.

(3) For braced roofs with diameter between 15
m and 25 m, an additional circumferential ring
should be provided. For braced roofs with
diameter over 25 m, two additional
circumferential rings should be provided.

(4) The bracing should be designed for a
stabilising force equal to 1% of the sum of the
normal forces in the stabilised members.

11.2.5 Edge ring at the shell to roof junction
(eaves junction)

(1) The force in the effective edge ring (area
where the roof is connected to the shell)
should beverified using:

N
E < fa (11.17)
Actr
B SIKOMY: in which:
P r?
No, = Lvkd 11.18
& 2tan ( )
ae where:

Acff — (akTHYHA TMIIOIIA YTOPHOTO KUIBLS
KOPCTKOCTI, 3a3HadeHa Ha puc. 11.4,

a — HAXWJI MOKPUTTS 10 TOPH30HTANI B
MicIl 3’ €HAHHS,

PvEd — MakcuManbHA BepTUKaJIbHA CKIAI0BA
PO3PaxyHKOBOI'O PO3IIOILIEHOTO
HABAHTAXXCHHS, BKJIIOYAIOUM BIIACHY
Bary Hecy4ol KOHCTPYKIIi1 (HampsmMok
BHU3 — TIO3UTUBHHUIA).

(2) Skmo BigcTaHb MDK  CYMDKHUMH
KPOKBSIHIMH OaJiKaM¥ B MICIIi X TIPHETHAHHS
70 YTOPHOTO Kbl HE mepeBHInye 3,25M
CTIMKICTh KUTBIISI MOKHA HE MEPEBIPSITH.

(3) Skmo  po3paxyHKOBE  pO3MOJUICHE
HABAaHTAXCHHS Pyed OI€ YBepX, 3THHAIBHI
MOMEHTH B YTOPHOMY KIiJbIli MOXHa HeE
BpPaxXOBYBaTH.

(4) Skmo BigcTaHB MDK  CYMDKHUMH
KPOKBSIHIMH OaJIKaM¥ B MICIIi 1X TIPHETHAHHS
70 YTOPHOTO KinblLig He mepeBumrye 3,25M i
PO3paxyHKOBE pO3MOJAUICHE HaBAHTAKEHHS
Pved Jdi€ BHHM3, 3THHAJIbHI MOMCHTH B
YTOPHOMY KUITBIII MOXKHA HE BPAXOBYBATH.

Aett — is the effective area of the edge ring
indicated in figure 11.4;

o.  — Is the slope of the roof to the horizontal
at the junction;

pved— IS the maximum vertical component of
the design distributed load including
the dead weight of the supporting
structure (downward positive).

(2) Where the separation between adjacent
rafters at their points of connection to the edge
ring does not exceed 3,25m, the stability of the
edge ring need not be verified.

(3) Where the design distributed load,Ed
acts upwards, the bending moments in the
edge ring may be ignored.

(4) Where the separation between adjacent
rafters at their points of connection to the edge
ring does not exceed 3,25m, and the design
distributed loadpv,Ed acts downwards, the
bending moments in the edge ring may be
ignored.
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(5) Skmo BigcTaHB MDK  CYMDKHUMH
KPOKBSIHIMH ~ OaJlkamMH B MicOaX  iX
MPUETHAHHS 0 YTOPHOTO KUIBIIS MEPEBUIIYE
3,25M, 3ruHaIbHI MOMEHTH y KUITBII1 BITHOCHO
HOoro BepTUKAJIBHOI OCi Tpeba po3risiaaTu K
JIOJIATOK 10 HOpManbHOI cuiid Ngg B KUTBIIL.
3ruHagbHI MOMEHTH B KUIbIi (IO3UTHBHI
3HAYCHHS, BKJIIOUAIOYH HaTPYyKCHHS
PO3TSATHEHHST Yy CEpeIMHI KUIbIA) MOBHHHI
OyTu 00YHCIIeH] 32 TAKUMH BHpPa3aMHu.

[Tpu npueananHi Gayku:

(5) Where the separation between adjacent
rafters at their points of connection to the edge
ring exceeds 3,25m, the bending moments in
the edge ring about its vertical axis should be
taken into account in addition to the normal
force in the ringNeq. The bending moments in
the ring (positive values inducing tensile
stresses on the inside of the ring) should be
evaluated using the following expressions.

At the connection of the rafter:

3
M _ Pyv.Eq"
sEd = —
: 2tan

Ha mosnoBuHi BijicTanl Mix OalkaMu:

3
Pyv.Ed"

B
tanﬂj (11.19)

At half span between the rafters:

Myga= -

2tanx

Mpumitka — SKmo Py ey Ai€ B HAMPSIMKY YBEpX,
BOHO OepeTbcs SIK HeraTHBHE 3 HACTYITHOIO 3MiHOIO
3HaKa Ui BCIX HOPMalbHUX CHJ 1 3THHAJIBHUX

MOMEHTIB.
Wo \
\,« -
%
p A
/
"
A We
w, < 16t, "
%
we=06\Rit, [
% .
we=0,6\rt
t —»| | —— r

e
sin 8

(11.20)

NOTE: Wherepv,Ed acts in the upward direction,
it is taken as negative, causing a change of sign i
all the normal forces and bending moments.

R,

LN NN N NN

t_.. _r

Pucynok 11.4- VYTOpHE KUIbLIE HA CTUKY CTIHKH 1 TOKPUTTS

Figure 11.4:
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11.3Po3paxyHok 000I0HKH
11.3.1JInctH 06010HKH

(1) KinbueBe HOpMallbHE HANpYXEHHS BiJ
TUCKY PIAMHU Ta BHYTPIIIHBOTO THUCKY
MOBHHHO OYyTH TepeBipeHe B KOXXHOMY IOSCI
00OJIOHKH 3 BUKOPUCTAHHSAM HEPIBHOCTI:

r .
[yi'ng red +pbd][7} & fy.d

ne BenuduHa Hieq VIS J-20 mosica, MO3HAUCHA
K Hred j BH3HAYaeTbCd 3 YypaxyBaHHAM
BIUIMBY I05ICa, IO PO3TAIIOBYETHCS HUXKYE, 1
skui € nosicom (J-1):

H red,j = Hj —AH SAKIITO
if
H reqj=H; AKIIO
if
B IKOMY:

AH = 0,30metpa

Pl (M

£ — TYCTHHA PiIUHU, IO YyTPUMYETHCS,

g — TpPUCKOPEHHS BUTLHOTO MaAiHHS;

H; — BepTuKanbHa BigcTaHb Big HHU3Y J-TOTO

mosica JIo piBHS PiIvHU;

Ped — PO3paxyHKOBE 3HAYCHHs HAJIUIIKO -
BOro THUCKYy (TOOTO  HOpMAaTHUBHE
3HAYeHHS, TIOMHOXCHE Ha KOoe(illieHT
3TIIHO 3 I0OJaTKOM A).

11.3.2ITiacuarow04i Kijabusa

(1) CramionapHi TOKpPHUTTS  pe3epByapiB
MOBUHHI OyTH JOCTaTHBOIO KOPCTKO 3'€HAHI
3 BepxoM oOoJOHKH. B Takomy pa3i Hemae
HEOOXIJTHOCTI ~ BUKOPHCTOBYBAaTH  OCHOBHE
KLIBIIE.

(2) PeszepByapu 3 BimkputuMm BepxoM (3
IUIaBAIOYUM  TOKPUTTSAM) TOBUHHI  OyTH
OCHAIIIEH] OCHOBHHUM KUIBLIEM, SIKE
PO3TaIIOBYETHCS HAJl 200 TOPYY 13 BEPXHBOIO
KPOMKOIO BEPXHBOTO T05ICa.

(3) Skmo anst omopy BEPTUKAIBHUM TEpeMi -
IICHHSM HIDKHS KpOMKa CTIHKHM 3aKpiIuieHa
aHKepaMH, OCHOBHE KUIbLlE MOXe OyTH
3aIPOCKTOBAHE TaK, 00 33JOBOJIBHATH

np. ICTY-H b EN 1993-4-2:28X
11.3 Shell design
11.3.1 Shell plates

(1) The circumferential normal stress due to
liquid loads and internal pressure should be
verified in each shell course using:

(11.21)

where the value oH.q for the jth course,
denoted byHeq j IS determined according to
its relationship with the value for the course
below it, which is thej{1) th course:

H red, j—I1 H red . j
> (11.22)
f_\'zf._j—l -f)cf._f'
H.r'e( f— H
b o (11.23)
‘f\-d._’,‘_| f‘_\'d.j
in which:
AH = 0,30 metres
where:
p — is the density of the contained liquid;
g — isthe acceleration due to gravity;
H; — is the vertical distance from the bottom
of thej th course to the liquid level;
Pes — IS he ensign value of the pressure
above the liquid level (i.e. the

characteristic valuenultiplied by the
partial factor according to annex A).

11.3.2 Stiffening rings

(1) Fixed roof tanks with roof structures may
be considered to be adequately stiffened at the
top of the shell by the roof structure. A
primary ring need not be used.

(2) Open top tanks should be provided with a
primary ring which is located at or near the top
of the uppermost course.

(3) If the lower edge of the shell is effectively
anchored to resist vertical displacements the
primary stiffening ring may be designed by
satisfying both the strength and the stiffness
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BUMOTH SIK IIOJO MIIHOCTI, TaK 1 MO0
KOPCTKOCTI, HaBeleHI B nyHkrax (12)-(14)
po3ainy 5.3.2.5 EN 1993-4-1.

(4) Slxuio HWKHS KPOMKA CTIHKH HEJIOCTaTHBO
3aKpiruieHa aHKepaMH TSt oropy
BEPTUKAJIBHUM MEPEMIIIEHHSIM, HEOOXiJHO
BUKOHATHU TEpeBIpKy CTidKocTi 3rimHo 3 EN
1993-1-6.

(5) Skmo mimCWITIOOYI KUTBI PO3TaIIoBaHi

Oitbin  HDK Ha 600 MM HUWXKuYe Bepxy

000JIOHKH,  pe3epByap  TOBUHEH  OytH

OCHAIICHUH  BEpXHIM  OOJISIMOBYBAJIbHUM

KYTHKOM 3 TAKUMH PO3MIpaMHU:

— 60x60X5 npu TOBIIMHI BEPXHBOTO MOSCY
CTIHKU HE MEHIIIE HDK 6 MM;

— 80x80%6 mpu TOBIIMHI BEPXHBOTO MOSCY
CTIHKM 6MM abo OuibIe.

Jns Oynp-siKOoi IUISSHKH YTOPHOTO KYTHKA,

TOPU30HTAJIbHA  TOJIMLS  TOBHHHA  OyTH

po3TaimoBaHa HE HIDKYE HDK Ha 25 MM Bif

BEPXHBbOI KPOMKHU CTIHKH.

(6) TIIpomikHi Kimbig (10 3amoOirarOTh
MICIIeBIiif BTpaATi CTIHKOCTI 000JIOHKH) TOBUHHI
OyTu po3paxoBaHI 3 YpaxyBaHHSM TaKHUX
BUMOT. Bucora Bim Bepxy CTiHKH a0o Bif
BEPXHBOTO BITPOBOTO KUIBLS KOPCTKOCTI 0
HU3Y, NIPH TEPEBUILECHHI SIKOT MOXKe BiIOyTHUCS
BTpara CTIHKOCTI OOOJIOHKHM, MOBHHHA OyTH
BHU3HaYCHA 32 (hOPMYIIOIO:

HE = Zh(
ae
h — BucoTa KOXHOTO TOsIcCa HWXKYE KUIBIST
KOPCTKOCTI 1O  BEpXHi  Kpomii
000JIOHKM a00 BEPXHBOTO BITPOBOTO
KUTBIIS )KOPCTKOCTI pe3epByapa;
t — TOBIIMHA KOXXHOTO HACTYIMHOTO MOscCa

IMOCJIIIOBHO;
tmin — TOBIIIMHA HAWTOHIIIOTO MOsICA.

(7) Bucora, y Mexax sKOI MOXHa He
BCTaHOBJIFOBATH MPOMDKHE KUIbIIE, BU3HAYA -
€TbCs 32 HOPMYIIOIO:

Hy = 0,46 (
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requirement given in clauses (12) to (14) of
section 5.3.2.5 of EN 1993-4-1.

(4) If the lower edge of the shell is not
effectively anchored to resist vertical
displacements the buckling assessment should
be carried out using EN 1993-1-6.

(5) When stiffening rings are located more
than 600 mm below the top of the shell, the
tank should be provided with a top curb angle
with the following size:

— 60x60x5 where the top shell course has a
thickness less than 6 mm,;

— 80x80x6 where the top shell course has a
thickness of 6 mm or more.

For either angle section, the horizontal leg
should be not further than 25 mm from the top
edge of the shell.

(6) The requirement for a secondary ring to
prevent local buckling of the shell should be
investigated using the following procedure.
The height over which buckling of the
unstiffened sheltan occur (measured from the
top of the shell or the primary wind girder
downwards) should be takéom:

2,5
’—] (11.24)
where:

h —is the height of each course in turn
below the edge ring or the primary
wind girder;

t —isthe thickness of each course in turn;

tmin — IS the thickness of the thinnest course.

(7) The height that may be taken to be stable
without a secondary ring should be taken
from:

(11.25)

r



ae K =1 — npu 0CbOBOMY HaNpy>KEHH1 Gy £d

in which: K = 1-if the axial stresss,gq IS tensile

r

t

(r

t

K 1+—

0,72\ 12
54 )

SR

ae

Ped — MakcHMalbHE PO3PAaXyHKOBE 3HAUCHHS
BHYTPIIHBOI CKJIAZ0BOT THCKY Ha CTIHKY
(TMCK 3 30BHINIHBOI CTOPOHH, HEraTUBHUK
TUCK 3 BHYTpIIIHBKOI cToponu) i (r/t) yzsare B
TOMY K MICIIi, IO Ta PO3PAXyHKOBE 3HAYECHHS
OxEd OCHOBOIO MEMOPAHHOTO HaIPYKEHHS
IIPU CTUCHEHHI.

Ipumitka: HaBeneni Bume ¢opMmynn MOXYTh
iHOM1 MaTH OB 3amac (0COOMMBO y pasi ayxe
By3bkuxX mosciB). Ymou EN 1993-1-6 moxyTh
JaTH OLTBIIT eKOHOMIYHI PillIeHHS.

(8) INpu pospaxynkax nedopmaiii pesepByapa
HEpIBHOMIPHE PO3IMOAUICHHS TUCKY Cw,ed Bl
i1 30BHINIHHOTO BITPOBOTO HAaBAaHTAKECHHS Ha
HWTIHAPUYHI 000510HKH (muB. puc. 11.5)moxe
OyTu 3aMiHEHE Ha €KBIBAJICHTHHH PIBHOMIPHO
PO3MOIUICHHIA 30BHINTHIN THCK:

Oeq,Ed= K Ow,m
e
OwmaxEd — MaKCHUMAaJIbHUM THUCK BITPY, a Ky
BU3HAYAEThCS OyTM BHM3HAYCHO B TaKui
crocio:
kw = 1/C,,
e

Cw — 3rignHo 3 myHkToM (8) posniny 5.3.2.5
EN 1993-4-1.

np. ICTY-H B EN 1993-4-2:28X

IPU PO3TATHEHHI

(11.26)
08| mpu OChOBOMY HampyXeHHI
IIPU CTUCHEHHI
if the axial stress s (11.27)
compressive.
where

Ped — IS the maximum design value of the
inward component of the pressure on the shell
wall (pressure on the outside, negative
pressure on the inside) and) is taken at the
same location as the design vattygq of the
compressive axial membrane stress.

NOTE: The above formulas can sometimes be
very conservative (especially in the case of very
short courses). The provisions of EN 1993-1-6
may always be used to provide a more economic
design.

(8) The non-uniform distribution of pressure
Ow,ed resulting from external wind loading on
cylinders (see figure 11.5) may, for the
purpose of tank buckling design, be
substituted by an equivalent uniform external
pressure:

ax,Ed (11.28)
where
Owmaxed — IS the maximum wind pressure,

and ky, should be found as follows:

(11.29)
with

Cw — according to clause (8) of section
5.3.2.5 of EN 1993-4-1.
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(9) Tuck ped y dopmyni 11.25,Bu3Havyaerhes (9) The pressureeq to be introduced into
3a BHPa3OM: 11.25 follows from:
Ped= Oeq,edt Os,Ed (11.30)
ne where
OsEd — BHYTpIIIHE MIICMOKTYBaHHS, IO Ose¢ — IS the internal suction caused by
BUKIIUKAETbCA  BEHTWISALIEID,  BHYTPILIHIM venting, internal partial vacuum or other
JaCTKOBUM BaKyyMOM a0o0 IHIITUMU SBUIIIAMH. phenomena.
b)
qEd

a) pO3MOIUT TUCKY BITPY IO KOJY OOOJIOHKH b) mpuBeneHuii po3moOALT BiCECHMETPUYHOTO
THCKY

a) wind pressure distribution around shell D) equivalent — axisymmetric  pressure

circumference distribution

Pucynok 11.5- TumoBuil mnepepo3noAil HABAHTAXKEHHS BiJ 30BHIIIHBOTO
TUCKY BITpY:

Figure 11.5: Transformation of typical wind external pressureado

distribution:
(10) Merox, Buknanenuit B (7), He IOBHHEH (10) The procedure set out in (7) should not be
BUKOPHCTOBYBATHCH, SAKIIO OCBOBUM used where the axial stress is compressive
HAIPY)KCHHSM € CTHCHEHHS | SKIIO TUIBKH HE unless both of the following conditions are
BUKOHYIOTBCSI TaKi JB1 YMOBH: met:
L > 200 (11.31)
t
rift 13
£ 21158 | |- (11.32)
v\ r
ae where:
¢ — Bucota nporuny. [ns Hg BincTtanb Mik ¢ — is the height of the buckle. This is given
CYCIZIHIMH KITBIIEBUMU pPeOpaMH KOPCTKOCTI by He or the distance between the adjacent
NpUMaEeThbCs HailMeHIIa. ring stiffeners whichever is less.
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(11) Slkmo Hr < Hp Hemae HEOOXiTHOCTI
BUKOPHUCTOBYBATH MIPOMDKHE KUIbLIE.

(12) Sxmo Hg > Hp, niis 3ano0iranHst BTpaTH
CTIKOCTI 000JOHKHM, BHCOTa Hp TOBHHHA
Oyru  mopineHa  KUIBLIEBUMH  peOpamu
KOPCTKOCTI, IKI PO3TAIIOBYIOTbCS Ha PIBHHUX
BIICTaHIX, Yy Mexax BucOTH Hp. Skio
HEOOXiHO OUTBII HDK OJHE KUIbIIEBE pedpo
KOpPCTKOCTI, 3HadeHHa K Moxe OyTH
BU3HAYEHO OKPEMO JUIS KOXKHOTO IPOJIbOTY
MDK  KUIBIIEBUMH  peOpamMu, 3  METOIO
BCTAHOBJICHHSI PI3HUX 3HA4eHb Hp Mik
KUTBLIEBUMH peOpamMu )KOPCTKOCTI 3rinHOo (7).

(13) Skmro TOBHIMHA JIUCTIB TOSCY, IO SKOTO
MPUKPITUTIOETHCS PO3TAIIOBAHE HIDKYE KUIbLIE,
OLIbIIE MIHIMAIBLHOT TOBIOWHUA JIUCTIB  tmin,
HEOOXiZTHO 3poOUTH yTOUHEHHs. BincTaHb
Hiower,adj BII BEPXHBOTO YTOpHOro alo Bif
OCHOBHOTO  KUIbIlA 70  KUIBLSL,  IIO
pO3TAIlIOBYEThCSI  HHMDKYE, TOBUHHA OyTH
oOunciena 3a GopmyIolo:

2.5
1
Hluwcr.ad_i = Hlmin + (Hlnwcr_Htmin) (_}

hi (S

Hiower — BIICTaHb BiJ BEPXHBHOT'O YTOPHOTO
KUTBIIL ~ KOPCTKOCTI  abo  BiA
OCHOBHOTO KUTBIISI JKOPCTKOCTI [0
PO3paxyHKOBOTO MIPOMDKXHOTO
KUIbLIA,

Himin — BIOCTaHb Bi YTOPHOTO KUIBIlS

KOPCTKOCTI ab0 Bil OCHOBHOTO
KUTBIL JKOPCTKOCTI /IO HIKHBOT
KPOMKH  Tosica  OOOJIOHKH 3
TOBIIMHOIO {min.

(14) [TpomixHi KUTBIIS MMOBUHHI
pO3TAIIOBYBATUCS HAa BiJICTaHI HE MEHIIE HIK
150 MM Bijx KUTBLIEBUX IIBIB CTIHKU.

(15) Skmo TUIBKKM HE BUKOHYIOTHCS OLUIBII
AeTanbHilI po3paxyHku 3rigHo 3 EN 1993-1-
6, NOPOMDKHI KUIBIM IIOJO0 KOPCTKOCTI
IIOBUHHI BiAIIOBIIATH TaKiil BUMO3I:

2

Np: pyr

oy 2 2 TRET
Emy
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(11) If H; < Hp, a secondary ring need not be
used.

(12) If He > Hp, the heightHg should be
subdivided by stiffening rings equally spaced
atseparation$ip or less to prevent buckling of
the shell wall. If more than one stiffening ring
is necessary, the value Efmay be calculated
separately for each bay between stiffening
rings, to givedifferent distance$ip between
stiffening rings according to (7).

(13) If the thickness of the course to which a
lower ring is attached is greater than the
minimum plate thicknesdmin, an adjustment
should be made as follows. The distance
Hiower,agj @t which a lowerring should be
placed below the edge ring or primary ring
should be evaluated instead as using:

(11.33)

min

where:

Hiower — is the distance from the edge ring or
the primary ring to the secondary
ring position to be adjusted,;

Himin — is the distance from the edge ring or
the primary ring to the lower
boundary of the sheltourses with
thicknesgmin.

(14) Secondary rings should not be located
within 150mm of a circumferential tank seam.

(15) Unless a more detailed assessment is
carried out using EN 1993-1-6 secondary rings
should satisfy the following stiffness
requirement

(11.34)
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3

pj‘Edr(ajH +aJ,-)

wich

(11.35)

Nrjea =

mg = 1,79

2

¥

r

(11.36)

Mg
IR,

— HACTYIIHE IIiJIe YUCII0 MEHIIe Mg ™,
— MOMEHT  iHepIii nepepizy
MPOMDKHOTO KUTBIIA |;

Mmax Ilrj — MakcuManbHe 3HaueHHs |r; 1A
BCIX MPOMDKHHX KUI€Ilb,

H — BHCOTA Bil OCHOBHOI'O KUIBIII a00
BiJl yTOPHOTO CTUKY TOKPHUTTS JIO
3'€lHaHHS ~ HWXKHBOI  KPOMKH
CTIHKH 13 JHUILEM,

g — BIICTaHb BiJl MPOMDKHOTO KUTBIIS
] 10 HACTYITHOTO PO3TAIIOBAHOTO
HIDKYE KUIBI a00 OO HIKHBOT
KPOMKU,;

— BIJICTaHb Bi/l MPOMDKHOTO KUTBIIS
] 10 HACTYITHOTO PO3TAIIOBAHOTO
BUIIE KUIBIL a00 10 OCHOBHOIO
KUTbIld, abo 70  BEpPXHBOTO
YTOPHOTO BY3J1a MMOKPUTTS,

t — CEpeNHE 3HAYECHHA TOBIUWHU

000JIOHKH B MeaxX BiJICTaHI &;;

min (& t) — miHiManeHe 3Ha4eHHA @ fj B
MeXKax BUCOTH H,

r — paaiyc 000JIOHKH pe3epByapa,

Pj.Ed — Bix’ €MHUH PO3paxXyHKOBUH THCK

Ha MPOMDKHOMY KUTBIII j.

&+1

11.3.30T1BOpPH

(1) OtBopu 1 apMaTypa MOBWHHI IPOEKTYBa -
THUCH 3TiIHO 3 5.4.6.

11.4Po3paxyHok JHHMIIA pe3epByapa

(1) [pu po3paxyHKY IUIMTH JTHHIIA HEOOXITHO
BpaxoBYBaTH KOPO3i1HUI BILTUB.

|(2) Jluct nHWINA TOBHWHHI OyTH 3BapeHi
BHamyck abo y crtuk. BkaziBku 1m0710
3paproBanHs auB. EN 14015a60 EN 14620,
3aJIeKHO BiJ 0OCTaBHH.
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2 1/4
- r m1n(aJ,-rJ,-)
max([R‘j)

— next smaller integer tog *;
— second moment of
secondary ring
max lgj — maximum value
secondary rings;
H — height of the primary ring or roof
to shell junction above the
bottom edge;

1
IR, area of

f Ir, for all

& — distance from secondary ringo
the next secondary ring below or
to the bottom edge if there is no
secondary ring below;

— distance from secondary ripgo
the next secondary ring above or
to the primary ring or roof to
shell junction if there is no
secondary ring above;

t; — mean value of the shell thickness

along the distanca;;

min (g t) — minimum value of; t; along the

heightH;

r — radius of the tank shell

— negative design pressure at the
secondary ring.

Pj.ed

11.3.3 Openings

(1) Openings and mountings should be
designed according to 5.4.6.

11.4 Bottom design

(1) The design of the bottom plate should take
corrosion into account.

(2) Bottom plates should be lap welded or butt
welded. For welding details see EN 14015 or
EN 14620, as appropriate.



(3) HominampHa TOBIIMHA JHUCTIB THHUIIA
NMOBHMHHA OyTM HE MEHII HDK 3a3HauyeHa B
tabmumi  11.1, BuUKIIOYAaOUM TPUIYCK Ha
KOpo3ito. bk 3Ha4eHHs] TOBIIUHHA MOBUHHI
3aCTOCOBYBATHUCS pu HEOOXITHOCTI1
3a0e3eueHHs] ONopy BiAPUBY BiJ OMOPHOTO
KUIBISI CTIHKM ~ BHACTIOK  BHYTPIIIHBOTO
HETraTUBHOTO THUCKY, SKIILO TUIBKH
MIHIMAJbHUM  TapaHTOBAHUH  3AIMIIKOBUN
pIBEHb pIAMHU HE BHUKOPUCTOBYETHCSA IS
OTIOpPY BiIpHUBY.
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(3) The specified thickness of the bottom
plates should not be less than specified in table
11.1 excluding corrosion allowance. Larger
values should be used if required to resist
uplift due to the internal negative pressure,
unless a minimum guaranteed residual liquid
level is used to assist in resisting this uplift.

Tadoamus 11.1 — MinimanpsHa HOMIHAJIbHA TOBIIMHA IUITH JHUILA

Table 11.1 — Minimum nominal bottom plate thickness

Marepian

. MM
Material

Jlauine, mpu 3BaploBaHHI BHAITYCK,

Lap welded bottoms, mm

JlHu1ie, mpy 3BaplOBaHHI y CTHK,
MM
Butt welded bottoms, mm

Byrneuesi crani 5

Carbon steels

5

Hepskagiroui crami

Stainless steels

(4) Jluctum npHWma, WO OOHMUPAIOTHCS Ha
napaienbHi Oanku (MigHATE IHUINE) MOXKYTh
OyTH 3ampoOeKTOBaHI SIK HEPO3pi3HI OaiaKu
3rigHO Teopii Manux aedopmamiid. Skio
nedopmalriro MonepeyHoro nepepizy OnopHUX
Oajok BiA Aii MOMEpPeyHOi CHIM MOXKHA He
BpaxoByBaTH (OeTOHHI Oanku, MOPOXKHI
MOPCTKI CEKIlil, OAJKK 3 TOBCTUMH TIOJKAMH)
IPOJIT HEPO3pi3HOI OalKH, sSKa MPEICTaBIIsE
THUINE, MOXXE MPUUMATUCS SIK BIICTaHb MK
MPUIETJINMU KPOMKAMU OTIOPHUX €TIEMEHTIB, a
HE SIK BIJICTaH1 MK IIEHTPAIBHUMH OCSMH ITHX
€JIEMEHTIB.

(5) duuma pesepByapiB nmiamerpom 12,5m i
OlTpIllc TIOBMHHI MaTH OMOPHE  KUIbIIE
(oxpaiiky), siKe BIANOBiZA€ BUMOTaM IIOJ0
MIITHOCTI Ta >KOPCTKOCTI TOSCY CTIiHKH, [0
SKOTO BOHO mpuMuKae. Okpaiika MOBHHHA
MaTH MiHIMaJIbHY O€3 MPHUITYCK Ha KOpO3iio
HOMIHAJBHY TOBIIMHY la , 1[0 BU3HAYAETHCS
SIK.

ta = t/3 +3mm (Mm),

aJie He MEeHIle 6 MM
but not less than 6 mm

(4) Bottom plates supported by parallel girders
(elevated bottoms) may be designed as
continuous beams according to small
deflection theory. If the deformation of the
cross section of the supporting girders due to
the lateral load is negligible (e.g. concrete
beams, hollow sections, beams with heavy
flanges), the span of the continuous beam
representing the plate may be taken as the
distance betweeradjacent edges of these
supporting members, instead of the distance
between the centre-lines of th&upporting
members.

(5) Bottoms for tanks greater than 12,5m
diameter should have a base ring (in the form
of anannular plate) that satisfies the strength
and toughness requirements on the shell
course to which thegre attached. This base
ring should have a minimum nominal
thicknessta excluding corrosiorallowance
obtained from:

(11.37)
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ne ts — TOBIIMHA HMKHBOTO TOSCY 000JIOHKH,
10 MPHKPIILTIOETHCS

Hpumitka 1: [lg miHiMambHA TOBIIMHA JHUIIA
MOXK€ TIPUBECTH JIO0 YTBOPEHHS IUIACTUYHOTO
IIapHipa B OKpAaiilli, BUKIIOYAIOUYH BUHUKHCHHS
BiMOBiIHOT TIACTHYHOI nedopMallii B HWKHIN
KpPOMIIi 3BapHOTO 3'€HAHHS CTIHKH 13 JIHHIIECM.
Ane HeoOXI1DHO BIAMITHTH, IO I MiHIMaJbHa
TOBIIMHA JIMCTIB JTHUINA TAKOXK MOXE MPUBECTH 10
MiJHATTS ~ 30BHIMIHBOI YAaCTHMHW  OKpaWku 3
HACTYITHOIO MOKJIMBICTIO KOPO3ii.

Hpumitka 2: Okpaiika noBuHHa  OyTH
3alpOeKTOBaHa JAJsl TIepepO3NOALTY OCbOBUX CHII,
10 AifOTH 0 MEpPUMETPY KOopIlyca pe3epByapa i
nepenaoTh iX Ha (yHIaMeHT.

(6) BHyTpimrHs yacTHHA OKpalKu HE IOBUHHA
MaTh IIHPHUHY W MEHINY, HDK TpaHHYHE
3HAYEHHS W, , BU3HAUCHE 32 (POPMYIIOIO:

o als2
1
Wa — ]’5 f‘—”
pgH
ae

H — wmakcuManbHa pPO3paxyHKOBa BHCOTA
piIMHHU.

W, — MiHIMallbHa TMiIJaHa BIUIMBY IIUPHHA
(BincTtanp BiJ BHYTPINIHBOTO Kparo
OKpallku JI0 BHYTPIIIHBOI KPOMKHU
JIUCTIB 000JIOHKH).

ta — ToBIIMHA OKpalKu 3 YypaxXyBaHHSAM
MPUITYCKY Ha KOPO3iIO.

p —rTycTHHA pimuMHU, MO 30epiraeThes.
g —TIIpUCKOPEHHS BUIBHOTO IMaJiHHS.

(7) PamianbHi cekilii OkpaiioK, MOBHHHI OyTH
3BapeHi  CYIUIBHUM  IIBOM Yy  CTHK.
Pexomenpanii mono 3BaproBaHHs auB. EN
14015a60 EN 146203a HanexHicTIO.

(8) Bimcranp Bim 30BHINIHEOI CTIHKH [0
30BHIIIHBOTO KPal0 OKpaiKy MOBHHHA OYTH HE
MenIe 50Mm.

(9) TlpuennanHs caMOTO HIXKHBOTO TOsiCa
CTIHKM 70 OKpalOK HEOOXiTHO BHMKOHYBaTH
Oe3repepBHUM KYTOBUM 3BapHUM IIIBOM 3
000X OOKiIB 0OOJIOHKH.
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wherets — is the thickness of the attached
shell course.

NOTE 1: This minimum thickness of bottom plate
may lead to the formation of a plastic hinge in the
annular plate, avoiding alternating plasticity e t
weld detail at the bottom of the shell wall
However, it should be noted that this minimum
plate thickness may also lead to uplift of the pute
edge of the annular plate, with consequent
potential for corrosion.

NOTE 2: Where axial forces develop in the tank
shell, the annular plate must be designed to
distribute these axial forces into the foundation.

(6) The inner part of the base ring annular
plate should not have an exposed widthess
than thdimiting valuew,, obtained from:

aiie He menie 500mm

(11.38)

but not less than 500mm

where:

H —is the maximum design liquid height.

w, —Iis the minimum exposed width (distance
from the inner edge of the annular base
plate to the inner edge of the shell
plate).

ta —is the thickness of the annular plate,

taking account of the corrosion
allowance.

p —is the density of the contained liquid.

g —isthe acceleration due to gravity.

(7) The radial seams connecting annular plates
to each other should be full penetration butt
welded.For welding details, see EN14015 or
EN14620, as appropriate.

(8) The distance from the outer edge of the
shell plate to the outer edge of the bottom
plates or basdang annular plate should not be
less than 50mm.

(9) The attachment of the lowest course of the
shell plate to the annular plates or bottom
sketchplates should be continuous fillet welds

on both sides of the shell plate.



(10) ToBmmuHa KaTeTiB IIBIB IS KOXHOTO
KYTOBOTO 3BapHOTO 3'€JIHaHHS TMOBHUHHA OyTH
Outbiie abo MOPIBHIOBATH TOBIIMHI OKpaiKwy,
anie He nepeBuiryBaTi 10 mm. SIkio ToBIIHMHA
00O0JIOHKM MEHIIIe, HDK TOBIIMHA OKPAWKH,
KaTeTH IUBIB HE TIOBUHHI IE€PEBUIIYBATH
BIJITOBIAHI BEJIMYMHY, BKa3aHi B Ta0mumi 11.2.
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(10) The throat thickness for each fillet weld
should be greater than or equal to the thickness
of the annular plate or of the sketch plate,
except that they should not exceed 10mm and
where the shelpblate thickness is less than the
sketch plate or annular plate thickness, they
should not exceed tlappropriate value given

in table 11.2.

Tab6anus 11.2 — Karer 38apHOTO 1IBa [TPU TOBIIHHI JINCTA 0OOJIOHKH TOHIIIOT 32 JINCTA OKPANKH

Table 11.2- Fillet weld throat thickness if shell plate isrther thansketch plate or annul

plate

ToBmMHA JIUCTIB CTIHKY, t, MM

Shell plate thickness, mm

Karer 3BapHoro mBa, Mm

Fillet weld throat thickness, mm

t<5b 2,0
t=5 45
t>5 6,0

11.5Po3paxyHKH aHKepPHOIo KpinJieHHsI

(1) [Mns pesepByapiB 13 cTamioHapHUM
MOKPUTTSIM aHKEpHE KPIIUIEHHS! TOBUHHE OyTH
nepeadadeHe, SKmO Oyab-fka 3 HaBEICHHX
HIDKYE YMOB MOXE BHKIMKAaTH BiIpUB
[WTIHIPUYHOT 00O0JIOHKH 1 OKpalKU JTHUINA BiJ
byHIaMeHTy:

a) Ilpu BHYTPIIHBOMY pPO3PaXyHKOBOMY
TUCKY MiIHOM MOPOXKHBOTO pe3epByapa He
BPIBHOBAaXYEThCA (DAKTUYHOIO 3 ypaXyBaHHSIM
KOpO3ii, Barol TOKPUTTA, OOOJOHKH U
MOCTIMHUX MPUETHAHUX CIIEMEHTIB,;

b) TIlpu BHYTpIIHEOMY pPO3PaXyHKOBOMY
THCKYy y  KoMOiHamii 3 BITPOBUM
HABAaHTAXCHHSM IIIHOM HE BPIBHOBAXYETHCS
(bakTHUHOIO 3 ypaxXyBaHHSAM KOpO3ii Baroro
MOKPUTTS, CTIHKU Ta TOCTIHHUX MPUETHAHUX
€JIIEMEHTIB 1 TUTFOC Bara pPiIMHU, SKa 3aBXKIU
NPUCYTHS Y pe3epByapi, IIO Y3TOKYETHCS
MIPOEKTYBAIbHUKOM, 3aMOBHHKOM i
BIJIOBIIHUM PETYIIIOBAILHUM OPTraHOM;

c) IlimiioM MOpPOXKHBOTO pe3epByapa uepe3
BITPOBE HABAaHTAXKEHHS HE BPIBHOBAXKYETHCS
(bakTHUHOIO 3 ypaxyBaHHSAM KOpO3ii Baroro
MTOKPUTTH, 000JIOHKH i MOCTIHHUX
MPUETHAHUX EIIEMEHTIB;

d) BimpuB mMOpPOXHBOTO pe3epByapa IpHU
MIATOIUIEHHI Il dYac TMOBeHl. Y Takux
BUITaJIKaX HEOOXiTHO BPaxOBYBATH BIUIMB Ha
JHHINE, 000JOHKY pe3epByapa, TOIIO, a TAKOK
Ha PO3PaXyYHOK aHKEPHOTO KPIIJICHHS.

11.5 Anchorage design

(1) Tank anchorage should be provided for
fixed roof tanks, if any of the following
conditions carcause the cylindrical shell wall
and the bottom plate close to it to lift off its
foundations:

a) Uplift of an empty tank due to internal
design pressure counteracted by the effective
corroded weight of roof, shell and permanent
attachments;

b) Uplift due to internal design pressure in
combination with wind loading counteracted
by the effective corroded weight of roof, shell
and permanent attachments plus the effective
weight of the product always present in the
tank as agreed between the designer, the client
and the relevant authority.

c) Uplift of an empty tank due to wind loading
counteracted by the effective corroded
weight of roof, shell and permanent
attachments;

d) Uplit of an empty tank due to external
liquid caused by flooding. In such cases it is
necessary to consider the effects upon the tank
bottom, tank shell etc. as well as #rechorage
design.
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Jlnisg Takoi mepeBipKU MiTHOMHI CHIU Bif il
BITPOBOTO  HABAaHTAXXEHHS MOXYTh OyTH
00YMCIIeH] 3 MPUMYIIEHHAM, IO IMIIHAPUYHA
CTIHKa pe3epByapa Mae >KOPCTKUN Tomeped -
HUil  mepepis  (Oamouna Tteopis). Take
NPUITYIICHHS HE BHUKIIOYAE MOKIUBOCTI
MICIIEBOTO BiApWUBY. Y BHUMAJKAX, KOJIHU
MICIIEBUH BIAPUB JIOMYCTUTH HE MOXKHA,
noTpiOHE TPOBEACHHS OUTBII  CKIJIAAHOTO
aHawi3y.

(2) Micus aHkepHUX KpilieHb, HACKUIBKU 1€
MOJXJIMBO, HEOOXIHO pO3TAalIOBYBAaTH II0
OKPYXXHOCTI pe3epByapa Ha piBHIH BicTaHi.

(3) PospaxyHok aHkepHHX OoaTiB  abo
KPINWIBHUX IJIAHOK TIOBUHEH BIAMOBIIATH
pumoram EN 1993-1-1.MinimManpHa IUI0IIa
MOTIEPEYHOr0 Mepepizy As aHKepHHUX OOJITIB
abo KPIMUIBHUX IJIAHOK IIOBUHHA
nopisatoBatu 500 MM, Jnis  3axucry Bif
KOPO3ii T0JIa€ThCsl MIHIMAIBHUN TPUITYCK Ha
KOpo3ito piBHUN 1 MM.

(4) AmskepHe KpilJIeHHS, SIK TPaBHIIO,
HEOOXIJJTHO KpImUTH 10 000JI0HKH. BoHO He
MOBHHHO KPIMUTHUCS TUTBKU A0 OKpalKu.

(5) Po3paxyHOK  aHKEpHOTO  KpIIJICHHS
MOBHHEH BpPaxoBYBaTH nepeMileHHs
pe3epByapa Bil TeMmIepaTypHUX KOJIHBaHb i
TiIPOCTATUYHOTO THUCKY, Ta MIiHIMI3yBaTH
Oyab-sike HaNpYXKEHHS, [0 BUHHUKAE B
00O0JIOHIII.

(6) PospaxyHox o0O0OJIOHKM Ha il CcHiI i
3THHAJIBHUX MOMEHTIB B MICISIX aHKEPHUX
KpIJIeHb TOBHHEH 3/IHCHIOBAaTHCH 3TITHO 3

puMoramu 5.4.615.4.7 EN 1993-4-1.

(7) MonepenHe HAaTATHEHHsSI aHKEPHOTO OOJTa
a00  KpimMiabHOI IUTAHKM HE  MOBUHHO
3aCTOCOBYBATHCS JUIS BKIIOYECHHS iX B poOOTY
TUIBKA y BHWITAJKy BUHUKHEHHS MiTHOMHOT
CHJIU B 000JIOHIII pe3epByapa.

Hpumirka: Sxmo ankepHi 6ontu abo KpinmuibHi
IUTaHKU TIOTEPEHBO HE HaNpyKeHi, MaKCUMallbHa
migioMHa cWida B HHX TNPH  BITPOBOMY
HaBaHTa)XCHHI OyzAe 3MeHIIeHa, TOMy MOxe OyTu
3aCTOCOBaHUl po3paxyHoK, onucanuii B (1). Kpim
Toro, OyAyTb 3MEHIIECHI HamNpyXeHHS, IO
BHHUKAIOTH ITPH paJialibHUX NEPEMIlleHHIX Bi Ail
TEeMIIEpaTypHUX KOJIHMBAHb 1 TiAPOCTATHYHOTO
THUCKY.
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For this check, the uplift forces due to the

wind load may be -calculated using the

assumption that the tank shell has a rigid cross
section (beam theory). This assumption

implies that local uplift can occur.

In cases where no local uplift can be allowed,

a more sophisticated analysis is required.

(2) Anchorage points should be spaced evenly
around the circumference of the tank, insofar
as thids possible.

(3) The design of the holding down bolts or
straps should meet the requirements of EN
1993-1-1.The minimum cross-sectional area
for the holding down bolts or straps should be
500mm2. If corrosion is anticipated, a
minimum corrosion allowance of 1mm should
be added.

(4) The anchorage should be principally
attached to the shell wall. 1t should not be
attached to thbottom plate alone.

(5) The design of the anchorage should
accommodate movements of the tank due to
thermalchanges and hydrostatic pressure and
minimise any stresses induced in the shell.

(6) The design of the shell for local anchorage

forces and bending moments resulting from

theanchorage should meet the requirements of
5.4.6 and 5.4.7 of EN 1993-4-1.

(7) No initial tension should be applied to the
holding down bolt or strap, to ensure that it
will become effective only if an uplift force
develops in the shell of the tank.

NOTE: If the holding down bolts or straps are not
pretensioned, the maximum uplift forces in them
under wind load will be reduced, so that the
calculation described in (1) will be applicable. In
addition, a reduction will occur in the stresses
induced by restraint of radial movements due to
thermal changes and hydrostatic pressure.



JIOJIATOK A
(060B’ s13KOBMIA)

HABAHTAKEHHA TA BIIVIMBU HA
PE3EPBYAPU

A.1 3arajabHi moJ0KEeHHSA

1) [Ipu po3paxyHKax HEOOXITHO BPaxoBYBaTH
HOPMAaTHBHI 3HA4YeHHS BIUIMBIB HaBelEHI B

A.2.1-A2.14.

(2) KoedimienTn HaIifHOCTI 3a HaBaHTa -
KEHHAM HeoOXiTHO TMpHUIMaTH 3riTHO 3
2.9.2.1, npaBunamu kKoMOiHAIii HABaHTAXXCHb
srigio 3 2.10, ta 3acrocoByBaTH A0 LUX
HOPMAaTHUBHUX 3HAYCHb.

A.2 HaBaHnTakKeHHs Ta BILINBH

A.2.1HaBaHTa:KeHHS Bi piiuHU

(1) Iig gac excrutyaraitii, Ik HaBaHTaKCHHS
HEOOXIJJTHO MpHUIMaTH Bary MPOIYKTY, SKUH

Oyme 30epiratucs Bigl  MaKCHMaJbHOTO
PO3paxyHKOBOTO piBHS pinuHHA 110
MiHIMaIBHOTO.

(2) ix yac BUNPOOYBaHHS, SIK HABAHTAKCHHS
HEOOXIJHO TMpHUMaTH Bary piouHA TpU
MaKCHMaJIbHOMY MIOJIOBUHHOMY i
MIHIMaJIbHOMY PIBHSIX HAJIUBY.

A.2.2BHyTpilIHi HABAHTAKeHHS BiJ THCKY

(1) Ilin w49ac ekcruryaralii BHYTPIIIHE
HAaBaHTAXEHHS BiJ] THUCKY TOBHHHO OyTH
3a/laHe, SIK HAaBaHTAXXCHHS MPU MIHIMATbHOMY
Ta MaKCUMaJbHOMY 3HAUEHHSIX BHYTPILIHHOTO
THUCKY.

(2) TIlin yac BunpoOyBaHHS BHYTPIIIHE
HAaBaHTAXEHHS Bl THCKY MOBHUHHE OYyTH
HABAHTAXXEHHAM BiJ 3aJaHOr0 MIHIMAJILHOTO
Ta MaKCHMAJIBHOTO 3HAYEHHS BHYTPILIHHOTO
THUCKY.

A.2.3TepmiuHi HABaHTaKeHHS

(1) HampyxeHHs 3a pe3yibTaTaMd OIOPY
TEMIEPaTypHOMY PO3LIMPEHHIO MOXYTh HE
BpaxoBYyBaTHCS, SKIIO YHCIO LUKIIB HE
CTBOPIOE PHU3HMKY PYWHYBaHHS Bifl YTOMH abo
BiJ] IMKJIIYHO-TIJIACTUYHOTO pyHHYBaHHS.
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ANNEX A
(normative)

ACTIONS ON TANKS

A.1 General

(1) The design should take account of the
characteristic values of the actions listed in
A.2.1to A.2.14.

(2) The partial factors on actions according to
2.9.21 and the action combination rules
according to 2.10 should be applied to these
characteristic values.

A.2 Actions

A.2.1 Liquid induced loads

(1) During operation, the load due to the
contents should be the weight of theduct

to be storedrom maximum design liquid level
to empty.

(2) During test, the load due to the contents
should be the weight of thest medium from
maximum test liquid levéd empty.

A.2.2 Internal pressure loads

(1) During operation, the internal pressure
load should be the load due to the specified
minimum and maximum values of the internal
pressure.

(2) During test, the internal pressure load
should be the load due to the specified
minimum and maximum values of the test
internal pressure.

A.2.3 Thermally induced loads

(1) Stresses resulting from restraint of thermal
expansion may be ignored if the number of
load cycles due to thermal expansion is such
that there is no risk of fatigue failure or cyclic
plastic failure.
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A.2.4Baacua Bara

(1) Bmacma Bara pesepByapa IIOBHHHA
pO3paxoByBaTUCS SK 3arajibHa Maca BCiX
CKJIAJIOBUX YaCTHMH pe3epByapa 1 HOro
€JIEMEHTIB, HEBIJ €MHUX BiJ HHOTO.

(2) YucnoBi 3Ha4YCHHS HEOOXIMHO MPHUIMATH
srigno 3 EN 1991-1-1.

A.2.5130a0iiiHi HABAHTAXKEHHSA

(1) Izo;mAmiiiHi  HABaHTaXCHHA - I
HABAHTAXXEHHS Bl Baru 130JIs1l.

(2) YucnoBi 3Ha4YCHHS HEOOXIMHO MPHUIMATH
srigao 3 EN 1991-1-1.

A.2.6 Po3nojijieHe KOPOTKO4YacHE
HABAHTAKEHHA

(1) PosnoiieHe KOPOTKOYACHE HABAHTAKEHHS
HeoOximHo mpuiiMatu 3a EN 1991-1-1 sxmo
HE BKa3aHe IHIIIE.

A.2.7 3oceperikeHe KOPOTKOYACHE
HABAHTaKeHHS

(1) 3ocepemKeHe KOPOTKOYaCHE
HaBaHTAXXEHHsI HEOOXITHO MPUUMATH 3TiIHO 3
EN 1991-1-1xmo He BKa3aHe iHIIIE.

A.2.8CHir

(1) HaBaHTakeHHs HEOOXIAHO MPHUIMATH
srigao 3 EN 1991-1-3.

A.2.9Birep

(1) HaBaHTaxkeHHs HEOOXIAHO MPHUIMATH
srigao 3 EN 1991-1-4.

(2) Kpim Toro, aisi KpYroBUX LMITIHAPHYHHUX
pe3epByapiB  MOXyTh OyTH BUKOPHCTaHI
HACTYIHI KOe(IIliEHTH TUCKY TUB. puc. A.1:

a) BHYTpIIHI THCK B pe3epByapax 0e3
CTAaLlIOHAPHOTO  TOKPHUTTA Ta  BIOKPUTUM
BEPXOM HaJ| 3aXUCHOIO CTIHKOM: ¢, = — 0,6.

D) BHyTpimHIA THCK B pe3epByapi, IO Mae
HEBEJMKI BEHTWIIALIIHI oTBOpU: ¢, = — 0,4.

C) SKIIO € 3aXMCHA CTIHKA, 30BHIIIHIA THCK Ha
000JIOHKY pe3epByapa Moxe OyTH

NPUAHATHA TaKUM, L0 JHIHHO 3MEHIIYETHCS
3a BUCOTOIO.
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A.2.4 Dead loads

(1) The dead loads on the tank should be
considered as those resulting from the weight
of all component parts of the tank and all
components permanently attached to the tank.

(2) Numerical values should be taken from EN
1991-1-1.

A.2.5 Insulation loads

(1) The insulation loads should be those
resulting from the weight of the insulation.

(2) Numerical values should be taken from EN
1991-1-1.

A.2.6 Distributed live load

(1) The distributed live load should be taken
from EN 1991-1-1 unless otherwise specified.

A.2.7 Concentrated live load

(1) The concentrated live load should be taken
from EN 1991-1-1 unless otherwise specified

A.2.8 Snow

(1) The loads should be taken from EN 1991-
1-3.

A.2.9 Wind

(1) The loads should be taken from EN 1991-
1-4.

(2) In addition, the following pressure
coefficients may be wused for circular
cylindrical tanks, see figure A.1:

a) internal pressure of open top tanks and open
top catch basire, =-0,6.

b) internal pressure of vented tanks with small
openingsc, =—0,4.

c) where there is a catch basin, the external
pressure on the tank shell may be assumed to

reduce linearly with height.



(3) Yepes kopoTKOYAacHy i, 3MEHIICHE
BITPOBE HABaHTaXXECHHS MOXKeE Oytu
BUKOPUCTaHE B Mpolieci OyAIBHUILITBA 3TIIHO 3
EN 1991-1-4.

A.2.10 IMigcoc yepe3
BEHTHJIAIIIO

HEAOCTATHIO

(1) HaBaHTa)keHHs HEOOXIAHO MPHUIMATH
srigao 3 EN 1991-1-4.

A.2.11CeiicMiuHi HABAHTAKEHHSH

(1) HaBaHTakeHHST HEOOXiTHO HpUKUMATH 3a
EN 1998-4,ne Takox BKazaHi BUMOTH IIIOJIO
PO3paxyHKy CEHCMOCTIHKOCTI.

A.2.12HaBaHTa:keHHs BijJ Bpi3iB

(1) HaBanTaxkeHHs BiJ TpyO, KJIaMaHiB 1 IHIIAX
Bpi3iB, TMpHEIHAHUX [0 pe3epByapa, 1
HABAHTAXXCHHS BiJ] OCIIaHHS OKPEMHX OTIOp
BITHOCHO OCHOBH  pe3epByapa TOBHUHHI
MIPUAMATUCS 110 yBaru. Cucrema
TpyOOIIPOBO/IIB TTOBUHHA NMPOEKTYBATUCS TaK,
mo0 Oynmu MiHIMI30BaHI HaBaHTAKEHHS Ha

pesepByap.

A.2.13 HaBaHTa:keHHs1 BiJi HepiBHOMipHOIO
ociTaHHS

(1) Ocanouni HaBaHTa)KEHHS IOBUHHI OpaTHCS
10 yBaru TaM, JI€¢ MOKE BHHUKHYTHU
HEpIBHOMIpHA OcaJika B MPOIIeci eKcIuTyaTarii
pesepByapa.

A.2.14 ABapiiiHi HaBaHTaKeHHS

(1) HaBanTaxxeHHs IOBUHHI OyTH BKa3aHi JUIs
KOHKPETHUX CHUTYallii 1 MOXYTh BKJIIOYaTH
HAaBaHTOKEHHS 32 TaKuX OOCTaBHH, SIK
30BHIIIHIA BUOYX, ynap, BOTOHb 30BHI MOPS
i3 pesepByapoM,  BHOYX,  TNPOTIKaHHS
BHYTPIIIHROTO ~ pe3epByapa, IEpeKUuIaHHs,
MIEPENOBHEHHS BHYTPIIIHBOTO pe3epByapa.

np. ICTY-H B EN 1993-4-2:28X

(3) Due to their temporary character, reduced
wind loads may be used for erection situations
according to EN 1991-1-4.

A.2.10 Suction due to inadequate venting

(1) The loads should be taken from EN 1991-
1-4.

A.2.11 Seismic loadings

(1) The loads should be taken from EN 1998-
4, which also sets out the requirements for
seismic design.

A.2.12 Loads resulting from connections

(1) Loads resulting from pipes, valves and
other items connected to the tank and loads
resulting from settlement of independent item
supports relative to the tank foundation should
be taken into account. Pipework should be
designed to minimise loadings applied to the
tank.

A.2.13 Loads resulting from uneven
settlement

(1) Settlement loads should be taken into
account where uneven settlement can be
expected during the lifetime of the tank.

A.2.14 Emergency loadings

(1) The loads should be specified for the
specific situation and can include loadings
from events such as external blast, impact,
adjacent external fire, explosion, leakage of
inner tank, roll over,
overfill of inner tank.
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a) Pe3epByap i3 3aXHMCHOIO CTIHKOIO;
a) Tank with catch basin
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b) PesepByap Oe3 3axucHOT CTIHKH;
b) Tank without catch basin

Dt = [diamerp pe3epByapa,; Dt = Diameter of tank;

Dc= Diameter of catch-basin

1) Cp = 0,43acTocoByeThes Tutbku i Bent - 1) Cp= 0,4 applies only for the vented tank;
JHOBAHOTO pe3epByapa; Tam, je iHmi uucioBi Where no numerical values are given wih
3HayeHHs He mgaHi it Cp, Bonu mnoBuHHI they have to be obtained from EN 1991-1-4.

opatucs 3 EN 1991-1-4.
KoedimienTn THCKY NpU BITPOBOMY HaBaHTA)KEHH1 Ha LMIIHIPUYHUAN

pe3epByap.
A.l: Pressure coefficients for wind loading on a circalindrical tank

Dc = JliameTp 3aXUCHOI CTiHKH;

Pucynoxk A.1-

| Figure
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