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HAIIOHAJIbHUM BCTYII

Lleit cranmapt € ToroxuuMm mepekinagom EN 1993-4-2:2007 Eurocode 3 - Design of steel
structures - Part 4-2: Tanks (€Bpoxon 3. IlpoexTyBaHHA cTaneBHX KOHCTpykuid. Yactuna 4-2.
PezepByapn).

EN 1993-4-2:2007 mniarotoineno Texuiunum komirerom CEN/TC 250, cekperapiaT sikoro
ninrpumyetbest BSI.

J10 HaIiOHAJILHOTO CTaHJIAPTY JOJIYYEHO aHITIOMOBHH TEKCT.

Ha rtepuropii VYkpaiHu sK HaliOHaNbHUH CTaHAApT Ji€ JliBa KOJOHKA TEKCTY
JICTY-H b EN 1993-4-2:2007 Eurocode 3: Design of steel structures — Part 4-2: Tanks (€Bpoxon 3.
IIpoexryBaHHs cTajeBUX KOHCTPYKUil. YacTuna 4-2. PesepByapu), BUKIIa[jeHa YKpPaiHCBKOIO MOBOIO.

Bianosiguo 1o JIBH A.1.1-1-2009 «Cucrema cranaapTu3aiii Ta HOpMYBaHHS B OyIiBHUITBI.
OCHOBHI HOJIOXCHHS» el CTaHAApT BiTHOCHThCSA OO KoMmiuiekcy B.2.6 «KoHcrpykuii OyanHKIB i
CIIOpya».

CTaHIapT MICTHTh BUMOTH, SKi BITIOBINAI0Th YUHHOMY 3aKOHOJABCTBY.

HaykoBo-TexHiYHa opraHi3amis, BiANOBiganbHa 3a el cTaHxapT, — ToBapUCTBO 3 0OMEKEHOIO
BIMOBIJANBHICTIO «YKpaTlHCHKUIT IHCTUTYT CTalneBUX KOHCTPYKii iM. B.M. IIInMaHOBCBKOTOY.

Jlo cranapTy BHECEHO TakKi peAaKIiiiHi 3MiHU:

- CIIOBA «IIei €BPONEHCHKUI CTaHAAPT» 3aMIHEHO Ha «Iieil CTaHnapT;

- CTPYKTYpHi eneMeHTu craHmapTy: «TurynsHuil apkym», «llepenmoBay, «HarioHanbHui
BCTYI» O)OPMIICHO 3TiZIHO 3 BUMOTaMH HalliOHAIBHOT CTaHqapTH3alii YKpaiHy,

- 3 «llepenmoBu mo EN 1993-4-2:2007» y ue#l «HalioHaNbHUHA BCTYI» B3STE€ TE, MLIO
6e310cepeIHBO CTOCYETHCS LIOTO CTAaHIAPTY;

Komii MC, mo HenpuifHATI K HAIiOHANBHI CTAHZAPTH, ale Ha sKIi € I[OCHIAHHA B
EN 1993-4-2:2007, moxkna otpumatu B [omoBHOMY (GoOHII HOpMaTHBHHX JOKyMeHTiB JIIT
«YxpH/IHIL».
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Beryn
ITepenmoBa cTBOpeHHS NporpaMu €Bpokoaa
Craryc ta cepa 3acTocyBaHHs €BPOKO/IIB

HarionansHi cTaHIapTy, IO BIPOBAHKYIOTH
€Bpoxoau

3B’43Ku MK €BPOKOJAMH Ta FAPMOHI30BaHUMHU
texHiuHumu ymoBamu (ENs ta ETAs) Ha
BUPOOUB

Honartkosa indopmaris momo EN 1993-4-2
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Beryn

Ieit €Bpomneiicekuii crangapt EN 1993-4-2

«EBpokon 3. IIpoexkTyBaHHA  CTaleBUX
KOHCTpyKLii» - YacTuHa 4-2: «Pe3epByapu»,
MiArOTOBICHUN TexHiyHuM Komiterom
CEN/TC 250 «byniBenbHi  €BpOKOIMY,

ceKpeTapiar sKoro miamnopsakoBanuid BSIL
CEN/TC 250 Hece BiamoBigajabHICTH 3a BCi
OyniBenbHI €BPOKOAN.

I{pomMy €BporeicbkOMY CTaHIAPTY HATAETHCS
CTaTyC HAIIOHAJIBHOTO CTAHAAPTy  Micis
onyOJIiKyBaHHS IIEHTHYHOTO TEKCTY, abo Ha
MiICTaBi MIATBEP/DKECHHS HE Ii3HIIIE CEpITHS
2007 p. Bci  cymepeuyni  HamioHanbHI
CTaHHApTH TOBUHHI OyTH CKacoBaHi 1O
6epesns 2010 p.

Leit noxymeHT po3pobnenuii Ha 3aminy ENV
1993-4-2:1999.

3rigno 3 permamentom CEN/CENELEC
BHUKOHaHHS €BpocTaHIapTy MMOBHHHI
3a0esmeuyBatd  HarionanbHi  opranm i3
CTaHAApTH3allli HACTYIHHX JiepXkaB: ABCTpi,
Benbris, Bonrapis, Kinp, Uecbka PecriyOika,
Hanist, Ecronis, ®@innsnpis, Dpanuis,
Himeuunna, [peuis, VYropmwuna, Icnanmis,
Ipnaunis, Iramnis, JlaTBis, Jlutsa,
JlroxcemOypr, Masbra, Hinepnannu,
Hopseris, Ilomsmia, Iloptyramis, Pymywhis,
CnoBauunna, CroBenis, Icmamis, IlIBerris,
lIBeiinapis ta BenukoOpuranis.

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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HALIOHAJILHUI CTAHIAPT YKPATHHA

€BPOKO/I 3. MIPOEKTYBAHHS CTAJIEBUX KOHCTPYKIIINA
YACTHUHA 4-2. PEBEPBYAPU

EBPOKO/] 3. TIPOEKTUPOBAHME CTAJIbHbIX KOHCTPYKIHMi1
YACTD 4-2. PE3EPBY APBI

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

IlepeamoBa 1151 CTBOPEHHS IPOrpPamMu
€Bpoxony

V¥ 1975 poui Kowmicis €Bponelicbkoi CriiibHOTH
NPUIHSIA pPINIEHHS MIOA0 BIPOBA[KCHHS B
o0acTi OyIiBHHUIITBA porpamu y
BignosigHocTi no crarri 95 Yromu. Meroro
HNPUHHATOI IPOrpaMu OyJI0 YCYHEHHS TeXHIYHUX
MepelIKo], Ul TOPTiBII 1  TapMOHi3aLlis
TEXHIYHUX BUMOT.

B pamkax miei mporpamm Kowmicis mnpossmia
iHIIATUBY ~ [IOJO  BCTaHOBJCHHS npu
MPOEKTYBaHHI ~ OyIiBENbHUX  KOHCTPYKLiH
CHUCTEMH TapMOHI30BAHMX TEXHIYHHX IPABUII,
SKi Ha TIEpIIOMY €Talli CKJIaNy ON albTepHATUBY
HALIOHATPHUM TpaBWIaM, & B MOAAIBIIOMY
3aMiHUIa Ou iX.

[MporsiroM ’'stHaauaTH pokiB  Kowmicis, mpu
miarpumiti Pobodoro Komitery mnpeacTaBHHKIB
JIepxKaB-4IeHIB, KepyBajga pO3pOOKOI0 IporpaMu
€BpOKO/IIB, IO MPHBENO 10 MosABH y 1980-1 poxu
nepuux €BpOKOIIB.

YV 1989 poui Kowmicis ta aepxxaBu-unenu EU Tta
EFTA Ha mijxcrasi yromdl mixx Kowmiciero ta CEN
Bupinmn  nepepati CEN  minroroeky i
myOmikanito €BpPOKOJIB 3a JOMOMOIOK cepii
MaHJATIB 3 TUM 100 Yy MOJAJBIIOMY HaJaTH iM
craryc €pomeiicekoro cranmapry (EN). Ie

YuHHAWI BiX

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 agreement' between the
Commission and CEN, to transfer the
preparation and the publication of the
Eurocodes to the CEN through a series of
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(akTHYHO yB’s3y€ €BPOKOIM 3 TOJOKCHHAMU
JupextuB Pagu i/abo Pimennsmu Kowmicii, ski

CTOCYIOTBCS €BponeiichKkux CTaHJapTiB
(mampuxnan, [upextuBa Pamu  89/106/EEC
CTOCOBHO OymiBensHux BupoOiB — (CPD),

Hupektuen Pamu 93/37/EEC, 92/50/EEC Ta
89/440/EEC mon0 cycnineHEX poOiIT Ta MOCIYT i
anayorigaux aupektuB EFTA, mera sikux cnpoba
BCTaHOBJICHHS Ta PEryIIOBaHHS BHYTPINIHBOTO

PHHKY)

[Iporpama OymiBenbHUX E€BPOKOIIB BKIOYAE
HACTYNHI CTaHAapTH, KOXHHI 3 SKUX, SK
[PaBIIIO, CKIIAJAIOTHCS 3 IEKIIBKOX YaCTHH:

EN 1990 €Bpoxom: OcHOBHI mpaBmia
HPOEKTYBAaHHS KOHCTPYKIIIH
EN 1991 €spokon 1:
KOHCTpPYKIIT

EN 1992 €poxkox 2: IIpoekTyBaHHSI OSTOHHHX
KOHCTPYKLIiH

EN 1993 €pokox 3: IIpoekTyBaHHs CTaIeBUX
KOHCTpPYKILii

HaBaHTaxxeHHs Ha

EN 1994 €Bpoxon 4: IlIpoekryBaHHS
3aJ11300€TOHHUX KOHCTPYKIIil
EN 1995 €Bpoxox 5: IIpoekTyBaHHsS

JIepeB’ THUX KOHCTPYKIIii
EN 1996 €Bpoxox 6: IIpoexTyBaHHS Kam’SHUX

KOHCTpPYKIii

EN 1997 €BpoKox 7: Teorexuiyne
MPOCKTYBaHHS

EN 1998 €Bpoxkon 8: IIpoexryBaHHS
CeHCMOCTIHKIX KOHCTPYKIIi

EN 1999 €Bpoxoxr 9: IlpoekryBaHHS
AIIOMIHIEBUX KOHCTPYKIIIH.

CranpapTtu €BpoKoniB BCTaHOBIIIOIOTh
BIiANOBINAIBHICTH IIOBHOBaYXHUX oprais

KOJKHOI 3 JIep>KaB-wWICHIB i rapaHTYIOTh iM IpaBo
BH3HAYATH KPUTEPil, II0 BIAHOCATHCS 10 MUTaHb
perynroBaHHS Oe3MeKH Ha HAI[IOHATFHOMY PiBHI,
SIKIO iX 3HAYEHHS BIJPI3HAIOTBHCS Yy Til abo B
IHILIN qeprkasi.

Mandates, in order to provide them with a
future status of European Standard (EN).
This links de facto the Eurocodes with the
provisions of all the Council’s Directives
and/or Commission’s Decisions dealing with
European standards (e.g. the Council
Directive 89/106/EEC on construction
products - CPD - and Council Directives
93/37/EEC, 92/50/EEC and 89/440/EEC on
public works and services and equivalent
EFTA Directives initiated in pursuit of
setting up the internal market).

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

EN 1990 Eurocode: 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-
bility 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.

Vroma mix Kowmiciero €Bporneiicbkoi CrinpHOTH Ta
€Bponeiicekum  Kowmiterom 3i cranmaprusanii (CEN)
CTOCOBHO  pO3poOKM €BpOKOAIB HAa MPOEKTYBAHHS
oyniseuns i ciopy (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).



CraTtyc Ta cdepa 3acTOCyBaHHSA
€Bpokoais

HepxaBu-unenn EU ta EFTA BusHaroTh
€BpOKOIM B SKOCTI JIOKYMEHTIB, Ha SIKi
[MOCHJIAIOTHCS 3 METOIO:

— MIOTBEP/DKCHHS BIAMOBITHOCTI KOHCTPYKIIH
OyniBedb 1 cHOpyd OCHOBHUM  BHMOTaM
Jupextusun Pamum  89/106/EEC  — 30kpema
BuMO3i N°1 «MexaHiyHa MILHICTh 1 CTIMKICTHY»
Ta BUMO31 N°2 «IloxkexHa Oe3reka,

— BHUKOPHCTAaHHs iX SK OCHOBH IpH YyKJIaIaHHI
KOHTPAKTiB Ha BUKOHAHHA OyJiBeNbHUX POOIT 1
HaJIaHHA BiINOBIAHUX 1H)KCHEPHUX TOCIYT;

— BHUKODHCTaHHA IX SK PaMOYHHX YMOB IIpH
po3po0Li TapMOHI30BaHUX TEXHIYHUX YMOB Ha
OyniBensHi Bupobu (ENs ta ETAs).

OCKITBEKH €BpokoaH Oe3nocepeHbOo
CTOCYIOTBCSL OYyHiBENBHUX KOHCTPYKIiH, BOHH
MAaroTh MPsSIME BiHOILICHHS J0 MOSCHIOBATBHHUX
uoxyMeHTiBZ, mo HasexeHi B crarti 12 CPD,
HE3BAXKAIOYH Ha ix BIAMIHHICTE BII
rapMOHI30BaHMX  CTAaHJAPTiB HA  BHPOOKS.
Buxogsum i3 1mporo, BiamoBigHuMm TeXHIYHHM
Kowmireram CEN i/a6o po6ounm rpymam EOTA,
IO PO3pOOJSAIOTh CTaHAAPTH Ha OyAiBeIbHI
BUpOOM, HeoOXimHo posrmsigatd  TexHivHi
acrekTd €BPOKOIIB 3 METOK  JJOCSITHEHHS
MOBHOI CYMICHOCTI TaKMX TEXHIYHHX YMOB 3
€BpOKOIAMHL.
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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-
ments? referred to in Article 12 of the CPD,
although they are of a different nature from
harmonised product standards®. Therefore,
technical aspects arising from the Eurocodes
work need to be adequately considered by
CEN Technical Committees 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.

Zriggo 3i crarreo. 3.3 CPD TIyMadHi JIOKYMEHTH
HOBHHHI KOHKpern3yBatH ocHOBHi Bumorn (ERS) mist
BCTAHOBJICHHA HEOOXiIHOro 3B’S3Ky MK OCHOBHHMH
BUMOTaMH i MaHIaTtaMu IJis TapMoHizoBaHux ENS Tta
ETAGS/ETAS.

riggo 3i crarrero. 12 CPD Tmymauni mOKyMeHTH
MPU3HAYCHI IS

a) KOHKpETH3allii OCHOBHHX BMMOT IIUISIXOM Y3TO/KEHHS
TepMiHOJIOrii i TexHiYHOI 0asm, a y pa3i HeoOXigHOCTI,
LIUTSIXOM 3a3Ha4eHHs KJIaciB ab0 PiBHIB KOXKHOI BUMOTH;
b) BCTAaHOBJICHHS METOAIB CITIBBIJHOLICHHS 3a3HAYCHUX
KJaciB abo PIBHIB 3 TEXHIYHUMHU BHMOTAMH, HAIIPHKIIA/,
IIOZ0 METOJIB PO3PaxyHKIiB, BUIPOOYBaHb Ta IPaBHI
[POEKTYBAHHSI , TOLLO;

C) MOCWIIAHHS HAa HUX TPH PO3POOJICHHI rapMOHi30BaHNX
CTaH/JAPTiB [JIs 3aTBEPKCHHS €BPOMNEHCHKUM TEXHIYHUM
KOMITETOM.

®Daktnyro €BPOKOAM BiAirparoTh moaiOHy pons B chepi
nii ronouoi Bumoru Ne 1 (ER 1) i wactuni Bumoru Ne2

(ER 2)

2According to Art. 3.3 of the CPD, the essential
requirements (ERs) shall be given concrete form in
interpretative documents for the creation of the neces-
sary links between the essential requirements and the
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 by
harmonising the terminology and the technical bases
and indicating classes or levels for each requirement
where necessary;

b) indicate methods of correlating these classes or
levels of requirement with the technical
specifications, e.g. methods of calculation and of
proof, technical rules for project design, etc.;

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

The Eurocodes, de facto, play a similar role in the
field of the ER 1 and a part of ER 2.
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€BpPOKO/IM PErIaMeHTYIOTh 3arajbHi IpaBHia
OyMiBENBbHOrO MPOSKTYBaHHSA, IO MOCTIHHO
3aCTOCOBYIOTBCS npu HPOEKTYBaHHI
KOHCTPYKIiH B IIUTOMY Ta IX OKPEMUX €JIEMEHTIB
SK  TpaAWIIAHOrO, TaKk 1 IHHOBAIHOTO
xapakrepy. Jna  HeTpaguuiiHuX  opm
KOHCTPYKLill a00 MpOeKTHHX pillleHb, SKi
OKpPEeMO HE pPO3MBIHYTi, NPOSKTYBATbHUKOM
HOBUHHO  OyTM  TIPOBEJGHO  EKCIIepTHE
OLIIHIOBAHHS.

Hamionanabni cTanzapTu, 1o
BIPOBA/KYIOTH €BpoKoIH

HamioHansHi cTaHmapTH, $Ki BIPOBAIKYIOTh
€BpOKO/M, TOBMUHHI MICTUTH TIOBHHI{ TEKCT
€spokoza (3 momarkamu), ony6iikosanuit CEN
3 MOXJIMBHM JOJQHHSM THUTYJIBHOTO JIMCTa,
HepeIMOBH Ta JI0J[aTKa 3 HOBIJIKOBHM CTaTyCOM,
MO O(QOPMIIOIOTECS  3TIMHO 3 BHMOTAMH
HauionanbHoi cranmapTu3aii.

HamjonaneHuii  JOJATOK  MOXKE  BKJIIOYATH
iHpOpMaIlif0 TITBKH BiJHOCHO THX NapaMeTpiB,
oo 3anuiieHi B €BpOKOJAX BIJKPUTHMH IS
HaIliOHAIEHOTO BUOODY, BIZOMUX AK
HamioHansHO  BHW3HA4YeHI  mapameTpH,  SKi
BUKOPUCTOBYIOTHCSI B MEBHIill JepxaBi HpH
IPOEKTyBaHHI OyAiBelb Ta IHKEHEPHUX CHOPY[
PI3HOTO NPU3HAYEHHS, & caMe:

— BENMYHMHH 1/a00 Kiacu, SKmo B E€BpoKoi
HABOJAThCA aJIbTEPHATUBHI BapiaHTH;

— BEJIMYHUHY, AKI HEOOX1JHO BUKOPUCTO - ByBaTH
SKIIO B €BPOKOJII HABEACHUH TUTBKH CHMBOIT;

— crnenu(iyHi  TEpUTOpiaJbHI  BIOMOCTI
(reorpagivuni, KIIMaTH4HI  JaHi, TOIIO),
HaIpHKIIaJ, KapTa CHIFOBOTO MOKPHBY;

— BHU3HAYEHHA KOHKPETHOI METONUKH y pasi
HaBeleHHS B  €BpPOKOAI  albTEPHATHBHHX
BapiaHTiB. HamioHanbHuil  gomaTok  Moxe
MICTUTH TaKOX:

— peKoMeHJalil MOA0 3aCTOCYBAaHHSA IOJATKiB
JIOBIZIKOBOTO CTaTYCY ;

— TMOCHJIAHHA Ha HE CyIEpeyHy [OIaTKOBY
iH(pOpMallifo, IO JONOMAarae KOpUCTyBauy HpU
3aCTOCYBaHHI €BpOKOTY.

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’s13KkH Mixk €EBpokoxaMn
Ta rapMOHI30BAHUMH TeXHIYHHUMH
ymoBamu (ENs ta ETAs) Ha Bupoon

HeoOxinHo  3a0e3lmeuuTH  y3TOKEHICTh
TapMOHI30BaHMX  TEXHIYHHX YMOB Ha
OyniBebHI BUPOOH 3 TEXHIYHUMH BUMOTAMHU
10 OyIiBeNTbHUX KOHCprKuiI?I“. Kpim 1poro,
yes  iHpopMmamig, mo cynpoBomkye CE -
MapKyBaHHs OyJIiBeNbHHX BHPOOIB, Ha fKi €
nocunaHHs B E€BpOKOJaxX, IIOBUHHA YiTKO
BKa3yBaTH sIKI HAlIOHAJbHO BU3HAYCHI
rapaMeTpu BPaxoBaHi.

4 ITus. cratTi 3.3 Ta 12 CPD, a Takox 4.2; 4.3.1;

432; 152 ID1.

JonatkoBa cnenudiuna Hpopmanis
moxo EN 1993-4-2

B EN 1993-4-2 wnaBeseHi pexoMeHparii
LIOJI0 MIPOCKTYBAaHHS PE3ePBYapiB.

B EN 1993-4-2 mHaBeneHi mpaBuia
MPOCKTYBaHHS, $Ki JONOBHIOIOTH 3araibHi
npaBuia B yactuHax EN 1993-1.

EN 1993-4-2 npu3HayeHuii 17151 3aMOBHHKIB,

MIPOCKTYBAIBHHKIB, AP AHUKIB i
BIJITIOBIIHMX OpPraHiB BJIAJI.
EN 1993-4-2 MPU3HAYCHUI I

BuKopucTanHs B noeguanHi 3 EN 1990, EN
1991-4 i immumu gactuaamu EN 1991, EN
1993-1-6, EN 1993-4-1 i iHm‘MH
yactuHamu EN 1993, 3 EN 1992 Ta inmumu
gactuHaMu EN 1994+ EN 1999, mo maiots
BIJIHOIICHHS 10 TIPOCKTYBaHHS pe3epByapiB.
IIutaHHsA, sKi B)XE€ BHCBITIEHI B IHX
JNOKyMEHTaX, y JaHoMy €Bpokonl He
MTOBTOPIOIOTHCS.

YucoBi 3Ha4eHHs KoeilieHTiB Oe3meKu Ta
IHIINX napameTpiB HaJifHOCTI
PEKOMEHIYIOTBCS Yy SIKOCTI 0a30BHX, IO
3a0e3MeuyoTh HEOOX1THHIH piBeHb
HaJidHOCTI. 3HaueHHs Li OyJiM BCTaHOBJICHI
3a YMOBH 3a0€3Ie4eHHS BiNOBITHOTO PiBHA
SIKOCTI B nporeci BHUT'OTOBJICHHS
KOHCTPYKLIH Ta BHKOHaHHA OyaiBeNIbHO-
MOHT)XHUX POOIT.

s pesepByapiB, sik BUpOOY (3aBOACHKOTO
BUPOOHHLITBA) koedinieHTH 0Oe3nexu
MOXYTb BU3HAYATUCS BIAIOBiAHUMU
opranamu. [Ipu MapkyBaHHI pe3epByapiB, 5K
BHUpoOy, KoedimienTn 3rigHo 3 2.9 MawTh
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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 4.2,4.3.1,4.3.2and 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 peKOMEeHJamiffHuX. IX Npu3HAYeHHT
MIJIKPECIUTH HEeOoOXiqHi piBHI Oe3meku st
3a0e3Me4eHH s HaJifHOCTI KOHCTPYKIIIi.

Hauionaapuuii nogatoxk 10 EN
1993-4-2

Leii craHgapT MIicTUTh BKa3iBKH, /e MOXKE
OyTH 3po0JIeHHH HAIllOHATBHUI BUOIp, TOMY
HalioHanpHUH  cTaHgapr EN  1993-4-2
MOBHHEH MaTd HarioHanbHUi [OJATOK, B

SKOMY  HABOAATBHCS  yci  HaliOHAIBHO
BM3HAYeHI  mapameTrpd, Aki  OyayTh
BUKOPHCTOBYBATUCS  TPU  TIPOCKTYBAHHS

OyaiBenb i criopys, o OyayTh OyxyBaTHCS Y
BIJITIOBIIHIH KpaiHi.

Hamionaneuuit  BubOip B EN  1993-4-2
JONYCKA€EThCS B HACTYITHUX ITyHKTaX:

~22(1)

~- 22(3)

— 2.92.1(1)P
~ 2921(2P
~ 2921(3)P
— 2922(Q)P
~ 293(2)
- 33(3)

— 414(3)
~  43.1(6)
~ 43.1(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)
~22(3)
~2.921(1)P
~2921(2)P
~29.2.1(3)P
~2922(3)P
~293(2)
~33(3)
~4.14(3)
~4.3.1(6)
~4.3.1(8)



1 3ATAJIBHI NOJIOKEHHS

1.1 Cdepa 3acTocyBanHst

(1) Yacrmma 4.2 €Bpokoga 3 BCTaHOBIIOE
OCHOBHI MPHHIMINA Ta MPaBWIa MPOCKTYBAHHSI
BEPTUKAIBHUX LTI HIPUIHEX Ha3eMHHX
CTalleBUX pe3epByapiB I 30epiraHHA PiIKux
TIPOTYKTIB 3 TAKAUMH XapaKTePHUCTHKAMH:

a) BHYTPILIHIA Ha/UTMIIIKOBHI THUCK Y pe3epByapi
- #e menmm 100 m6ap i He 6inpm 500 M6ap®;

0) po3paxyHKOBa TeMIeparypa MeTana
Kopmycy pesepByapa B aiamasoni Bix -50 °C mo
+300 °C. [ns pesepByapiB BHIOTOBJICHHX 13
HEep)KaBilovol cTalli po3paxyHKOBa TeMIlepaTypa
KopIycy Moxke OyTH B Iiama3oHi Bix — 165 °C 1o
+300 °C. Jlnst LMKJTYHO—HABaHTAKEHHUX
pe3epByapiB TeMmIepaTypa KOpIycy IOBHHHA
OyTu B miamasoHi - 7' < 150 °C;

B) MaKCUMaJllbHUI HNPOEKTHUI piBeHb
HaTIOBHECHHS pe3epByapa HE MOBUHEH
MEPEBHUIIYBATH BEPXHIO BIAMITKY IMTIHAPHIHOT
00OJIOHKH.

(2) Yactmaa 4.2 BpaxoBye BHMOTH 0[O
MII[HOCTI Ta CTIHKOCTI CTaJeBHX pe3epByapiB.
IHmi  KOHCTpyKUiHI  BHMOrM Ui BCIX
pe3epByapiB, [0  EKCIUTyaTYIOThCA  IMPH
TEMIIEpaTypi  HABKOJMIIHBOTO  CEPEIOBHIIA,
HaBomsAThest B EN 14015, a mpum HHM3BKHX
temrepatypax — B EN 14620, Bumoru mono
BUTOTOBJICHHS Ta MoHTaxxy — B EN 1090.

Bci 1w 0maTKoBI  BUMOTH  CTOCYIOTBHCS
MiZATOTOBKY OCHOBH 1 BIIAIITYBaHHS (DyH/IAMEHTY,
BUTOTOBJICHHSI, CIIOPY/DKCHHS U BUMPOOYBaHH,
eKCIUTyaTaIliifHOT HaIIHHOCTI TAKHUX EJIEMEHTIB SIK
JIIOKH, (JIaHIli, OPUCTPOT ISl MiABOLY 1 3IUBY
MPOJLYKTY.

(3) CroemianpHi BHMOTM B IPOEKTyBaHHI
CEMCMOCTIMKUX KOHCTPYKIIH, 1[0 JOMOBHIOIOTH
pumoru €Bpokona 3, BukianeHi B EN 1998-4
(€Bpoxox 8 wactuna 4  «lIpoexTyBaHHI
CeHCMOCTIHKIX KOHCTpPYKIiHi: Cuitocn,
pesepByapH Ta TpyOOIIPOBOIN»).

® Tlpu BizCYTHOCTi iHIIMX TIO3HAYEHb THCK 3aBXIH
BKa3yeThCs B MOap.

(4) IlpoexTyBaHHS  HECY4YHWX  KOHCTPYKIiiH
pe3epByapiB po3risiayto B EN 1993-1-1.

(5) TlpoexTyBaHHs aIOMIHIEBUX KOHCTPYKILiH
MOKPUTTS CTaJCBUX DPE3epBYyapiB PO3IIITHYTO 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 5 ;

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;

¢) 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.

5 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) TIpoexTyBaHHs 3a1i300€TOHHUX (PyHIAMEHTIB
I CTaleBHX pe3epByapiB posrmsiHyro B EN
1992 1 EN 1997.
(7) UwucnoBi 3Ha4eHHsS OCOONHMBUX BIUIMBIB Ha
CTaJieBi pe3epByapH, siKi HeOOXiTHO BpaxOByBaTH
Ipy TpOeKTyBaHHI, HaBegeHo B EN 1991-4
«BrmuBu Ha cwiocH 1 pesepByapm». [lomaTkoBi
YMOBH IIIOJI0 BIUIMBIB HAa pe3epByapy HaBEICHO B
nonatky A no yactunu 4.2 €Bpokona 3.
(8) Yactuna 4.2 He BKITIOYAE:

— IUTIABarOYi MOKPHUTTS 1 MOHTOHH;

— BOTHECTIHKicTh 3a0e3nedeHHs (BUKIIaJeHe B
EN 1993-1-2).
(9) Huniagpudni pesepByapu, IO PO3IIIAHYTI B
I[bOMY CTaHAApTi, MAalOTh BiCECUMETPHYHY
dopMy B IUIaHI, ane MOXYTh IiJJaBaTHCA
HECHMETPUYHOMY BIUIMBY 1 MOXYTh Maru
HECHMEeTPHUUIHY (opMy Hecydoi KOHCTPYKIII{.

1.2 HopmaruBHi nocuJaHHS

Lleit  €BpomnelchkHii  CTaHAAPT  MICTHUTH
MOJIOKEHHs  iHIMX myOnmikamiii y — Bursml
MaToBaHMX a00 HemaroBaHMX mocwiadb. Lli
HOPMAaTHBHI MOCHJIAHHS 3HAXOAATHCS Y BiIIOBIA-
HUX MICIIX TEKCTy, a MHepenik myOmikauii
HAaBOIUTHCS HiKue. JJis MAaTOBaHMX MMOCHIIaHb
MOJAJbIII TOMpPaBKU abo0 pemakiii Oyab-sIKUX
Takux IyOJiKaliili 3acTOCOBYIOTbCS /O LbOTO
€BpONEHCHKOTO CTaHAAPTY JIMIIEC 32 YMOBH, IO
BOHM BKJIIOYEHI J0 HBOTO TONPABKOI abo
penakiiero. [l HeIaTOBaHMX TMOCHJIAHbB 3aCTO-
COBYEThCS OCTAHHE BHUJAHHA IyOmikalii, Ha fKy
JTAETHCS TIOCUITAHHS.

EN 1090-2 BupoOGHHUTBO  CTaleBHX i
IMOMiHiIeBUX KOHCTpYKLiH. YacTuHa 2. TexHiuHi
BHMOTH JI0 CTAJICBHX KOHCTPYKIIiif;

EN 1990 OcHoBM NpoeKTyBaHHsI KOHCTPYKIIiif;
EN 1991 €ppokona 1: BBy Ha KOHCTPYKIIT,
Yacruna 1.1: [lutoma Bara, BiacHa Bara, KOPHCHi
HABaHTAXXEHHS B HA3eMHOMY OY/IiBHHUIITBI;
Yactmna 1.2: BmmmBa mnoxexi Ha Hecydi
KOHCTPYKILT;

Yacruna 1.3: CHIroBe HaBaHTa)KCHHS;

Yacruna 1.4: BiTpoBe HaBaHT)KCHHS;

Yactuna 4: BrimBy Ha cuiiocH i pesepByapu:

EN 1992 €Bpoxon 2: IIpoekTyBaHHS OETOHHUX
KOHCTPYKIIH;

EN 1993 €spoxon 3: IIpoekTyBaHHs CTaleBUX
KOHCTPYKIIIH:

(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 to
or revisions of any of these publications apply
to this European Standard only when
incorporated in it by amendment or revision.
For undated references the latest edition of the
publication referred to applies.

EN 1090-2 Execution of steel structures and
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: Design of steel
structures:



Yactura 1.1: 3aranpHi npaBuia i npaBmiia ULt
OyiBelb;

Yactura 1.3: XonoxHodopMoBaHi TOHKI
€JIEMEHTH 1 JINCTH;

Yacruna 1.4: Heipxkasirodi crai;

Yactna 1.6: 3aranpHi mnpaBmwia - JIONATKOBI
NpaBIJIa IIOJO MIIHOCTI Ta CTIMKOCTI JIHCTOBHX
KOHCTPYKILIii;

Yactuna 1.7: 3arampHi mpaBwia - JIOJATKOBI
TpaBuIa. Inactunyari KOHCTPYKIIii pu
HABAHTAKEHHI 11032 MEKaMH TUIOIIHMHI,

Yactuna 1.10: XapakrepucTHku wmarepiany 3a
MILHICTIO 1 YZIAPHOIO B’SI3KICTIO;

Yacruna 4.1: Cuocw;

EN 1997 €Bpokon 7: ['eoTexHiuHE MPOCSKTYBAHHS;
EN 1998 €pokon 8: IlpoextyBaHHs celcMo —
CTIHKHMX KOHCTPYKIIiif;

Yactuna 4: CunocH, pesepByapH, Tpyoompo —
BOJIM;

EN 1999 €Bpokog  9:
QIIOMIHIEBHX KOHCTPYKIIH.
Yactuna 1.5: KoHcTpykiii 000JI0HOK;

EN 10025 Bupobu  rapsuexataHi 3
KOHCTPYKIIIHHOT HEJIeroBaHol cTajli — TEeXHI4Hi
YMOBH IIOCTa4aHHS;

EN 10028 Bupobu miocki
BHKOPHCTAHHS I1iJ] THCKOM;

EN 10088 Crainp HepkaBiroua,
EN 10149 Bupo6# i3 cTaji 3 BHCOKOIO TPaHHULICIO
TEKY4OCTi IUIOCKI rapsiuekaTtaHi Juis XOJOAHOTO
(dopmyBaHHS;

Yacruna 1: 3arajgbHi yMOBH MOCTavYaHHS
YactuHa 2: YMOBHM IOCTayaHHS TEPMO3MIIl -
HEHO{ IIPOKATHO] cTai

Yactura 3: YMOBH NOCTavaHHA HOPMai30BaHOI
a00 HOpPMaJTi30BaHO1 MPOKATHOI CTalTi

EN 13084 TpyOu AMMOBI NPOMHCIIOBI OKpEeMO
cTosui

Yactura 7: TexHiYHI yMOBM Ha IIWITIHAPWYHI
CTajeBi BUPOOM Ul JUMOBHX i 06caHUX TpYO.
EN 14015 TexHiuHi yMOBH Ha HPOCKTYBaHHS i
Oy/MIBHHUIITBO HA3eMHUX BEPTHKAIbHUX, 3BAPHUX,
CTANICBHX,  LWIIHIPUYHAX  pe3epByapiB 3
IUIOCKUM JIHHINEM, Als 30epiraHHs piIuHH, SKi
MOHTYIOTbCS Ha OyAiBENIbHUX MalJaHUYUKaX B
TeMIepaTypHHX yMOBax HE HIDKYE
HAaBKOJHMIIHBOTO CEPEIOBHUIIA;

EN 14620 IlpoexTyBaHHS 1 BHPOOHHIITBO Ha
MICIIl BEPTHKAIBHUX ITIHAPUYHUX, 13 TIOCKUM
JIHMILIEM, CTaJIeBUX pe3epByapiB aisl 30epiraHHs
OXOJIOJDKEHUX 3pIDKEHHX Tra3iB 3 poOouolo
Temnepatypoto —5°C 1 —165°C;

IIpoexryBanHs

craimeBi i
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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 plated 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;

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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1ISO 1000 Cucrema oguauIp - Cl

ISO 3898 OcHOBH mnpoeKTyBaHHs OyIiBEIbHHUX
KOHCTPYKLIH. VYMOBHI TNO3HAa4YeHHS. 3arajbHi
CHMBOJIH;

ISO 8930 3aranbHi TOPUHIUNKA HATIHHOCTI

Oy IiBeTbHHX KOHCTPYKIIiH. Tepenix
€KBIBaJICHTHUX TE€PMiHIB

1.3 YmoBu 3acTOCYBAHHS

(1) [MHomatkoBo g0 3aradbHUX  BHXITHHX

nonoxeHb EN 1990, BpaxoByeThcs HacTymHe:

- BUT'OTOBJIEHHS Ta MOHTa)K [IOBMHHI BIAIIOBIAaTH
umoram EN 1090, EN 14015 i EN 14620
BiZITIOBITHO.

1.4 Biaminnicte Mik
NMpaBWJIAMH 32CTOCYBaHHS

(1) AuBwucs 1.4 8 EN 1990.

npuHOMOamMu i

1.5 Tepminu Ta BUBHAYEHHS

(1) Tepminu, sixi HaBemeHo B 1.5 EN 1990 mus
3araJIbHOr0 BUKOPHCTAHHS B CTPYKTYDi
€Bpoko/iB, Ta Bu3HaYeHHs HaBeaeHi B ISO §930,
3actocoByroThcs B Uactuam 4.2 EN 1993, skmro
He BKaszaHo inmre, aje B Yactuui 4.2 HaBeneHi
TakKi JOJATKOBI BU3HAYECHHS

1.5.1 obos10HKA.

KoHCTpyKuis, BHKOHaHa i3 BHKPHUBICHOTO
TOHKOT0 JIHCTa. J{1s pesepByapa Liel TepMiH Mae
0co0MBe 3HaYCHHS, AuB. 1.7.2.

1.5.2 BicecumeTpUYHA 000IOHKA.

Konerpykuiss ~ criHkM, — reomerpis  SIKOi
BU3HAYA€ThCs 00CpPTaHHAM MEPHAIOHAIBHOT JiHIT
HaBKOJIO IIEHTPAJIBHOT OCi.

1.5.3 kopo6.

TpuBuMipHa KOHCTPYKIis, $Ka BHMKOHAaHa 31
30IpHUX TUIOCKHMX JIUCTIB, IO CKJIAJAIOTHCS B
3akpury o0’emHy ¢opmy. Jna mineir uporo
CTaHAapTy KopoO Mae po3MipHu, siKi B LIIOMY
3iCTaBHi B YCIX HampsMKax.

1.5.4 MmepuioHaIbHMIA HATIPAM.

JloTnuHa JiHisS 10 KOPIYCy pe3epByapa B Oyab-
AKAA TOYLI BEPTHKAIBHOTO Mepepizy, MIo
MPOXOIUTh Yepe3 Bicb pe3epByapa. Bona
3MIHIOETECS B 3aJI€KHOCTI  Bif eJleMeHTa
KOHCTPYKIIi, IO PO3TIIAAAETHCS.

1.5.5 kinbueBuii HANPAM.

l'opuzoHTanbHA JMOTHYHA JIiHIS [0 KOpPIyCy
pesepByapa B Oyap-skuii  Toumi. Bowna
3MIHIOETBCS  BITHOCHO KOPIYCY pe3epByapa,
JEeXUTb Yy TOPU3OHTANBHIA  IUIOIIMHI  #
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1SO 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.

15,5 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.



30epiraeThcsl HE3aJIeKHO Bill TOTO K01 opMH
pe3epByap - HIITIHAPUIHOT YU KBaIPATHOI.

1.5.6 cepenunHa noBepxHs.

Ileit TepMiH BUKOPHCTOBYEThCS AN HO3HAUCHHS
SK BUTBHOI Bil HampyXeHHS CepeiHbOi 30HH
mepepisy min vac (opMyBaHHA OOOJOHKH
MIPOCTHM 3THHOM, TaK i CEpeAHbOI 30HH mepepizy
IUIOCKOTO JIUCTA, IO € CKIAZOBOI0 YaCTHHOIO
Kopoba.

1.5.7 inTepBaa Mizk peGpamMu ;KOPCTKOCTI.
Bigcranep MDK TMO3IOBXHIMH  OCIMH  JIBOX
CYCIIHIX TIapajieJIbHUX pedep KOPCTKOCTI.
HonatkoBo 1o Yactunu 1 EN 1993 (i Yactunu 4
EN 1991), y Yactuni 4.2 3acTOCOBYETHCS
HACTYIHA TEPMIHOJIOTisI:

1.5.8 pe3zepByap.

€MHICTh 171 30epiraHHs PiIKUX NPOAYKTiB. Y
BOMY CTaHIApTi mependavyaeTbcsi, MO BiH
NPU3MaTHYHMI 3 BepTHKAIbHOIO Bicclo (3a
BUHSTKOM HIKHBOI YacTHHH pe3epByapa Ta
YaCTHH MOKPHTTSL).

1.5.9 obos10HKA.

O0o0710HKa — Ile IIUTIHAPUYHA CTIHKA pe3epByapa
Kpyria B uiaHi. Take BH3HA4YeHHS [EI0 He
KOpPECTIOHJYEThCSl 3 BU3HaueHHsM B 1.4.1, ane
JOCUTh YacTO TaK BHKOPHCTOBYeThCs. Jlims
YHHUKHEHHS HEHOPO3yMiHb MOXIIMBE
aNbTepPHATHBHE  BH3HAYCHHS  «UWIIHAPUYHA
CTiHKa».

1.5.10 xopmyc pe3epByapa.

MeraeBi JUCTOBI €l1E€MEHTH, 3 AKUX (OPMYIOTh
BEPTUKAIbHI CTIHKHM, TOKPHUTTS 1 JHHUINA, TOOTO

KOpITyC pesepByapa. BuxiouHo 10
BEePTHKAIBHUX  CTIHOK LEH  TepMiH  He
BHKOPUCTOBYETECS.

1.5.11 mosc.

HuninapudHa cTiHKa pesepByapa (opMyeThes 3
KOPOTKHUX LMUTIHAPUIHUX CeKILii 3

BEPTUKAJIbHUMHU 3'€ THAHHSAMH MIDK OKpEMHUMH
BaJIbIIbOBaAaHUMHU JIUCTaMHU. Tlosic HC Mae
TOPU30HTAJIBHUX 3'€THaHb.

1.5.12 xommep.

30bKkHa A0 HHU3Y uYacTHHa pesepByapa. BiH
BHKOPUCTOBYEThECS JUIS HANpPABICHHS DPIIWH 10
OTBOPY ISl IXHBOTO BHJAICHHS I Ji€I0 CHIIN
TSOKIHHA. 3a3BMYail BJIAIITOBYIOTH NPU BMICTI
3aBHCIIUX TBEPAUX YACTOK.

1.5.13 3'ennanns.

Bysomn, y sikoMy 3’enHYyIOTBCS JBa abo Oimbie
eNIEMEHTIB KopIycy a00 IUIOCKHMX JIHCTiB. BiH
MOXE BKIIOUaTH ab0 He BKIIOYATH pedpo

np. ACTY-H b EN 1993-4-2:20XX

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 wvertical 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 given in 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 course. The 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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KOPCTKOCTI. Micne TpHeAHaHHS KUIBIEBOTO
pebpa >KOpPCTKOCTI JI0 Koprycy abo kopoba Moxke
po3risiaaTUcs SK 3'€JHAHHS.

1.5.14 nepexinne 3'eqHanus (YTOpHMIA CTHK).
3'eqHaHHSA BEPTHKAIBHOI CTIHKH 3 JHHUIIEM abo
xomrepoM. 3'eIHAHHSA MOKe OyTH Yy HWKHBOI
KPOMKH BEPTHKAJIbHOI CTIHKH a00 MOpYyY 13 Helo.
1.5.15 3'enHaHHs KOPIYC - IOKPUTTSL.
3'eqHAHHS KOPIYC-MIOKPHUTTS — 1€ 3’€THAHHS MIXK
BEPTHKAIBHOIO CTIHKOIO 1 IOKPUTTIM

TepMmiH, IO 1HOMI BKa3yeThCS SIK BEPXHE YTOPHE
3'eIHAHHS.

1.5.16 no310BKHE PedPO KOPCTKOCTI.
JlokanbHUI e€IEeMEHT 3MIIHEHHS KOHCTPYKIII,
pO3TAIIOBAHMIA  Y3MOBX  MEPHAIOHAIBHOTO
HampsiMy — oOosloHKH. BcTaHoBiroeTbes st
3a0e3Me4eHHs CTiliKocTi ab0 BHKOPHUCTOBYETHCS
Il Tepeqadi  Ha  KOPIOYC  JIOKAJIBHUX
HaBaHTa)XECHb, a00 IS CIPUHHATTS OCBOBHX
HaBaHT@KeHb. [l CHOPUHHATTA 3ruHy Bijg il
MONEPEYHNX HABAHTAXKCHb HE IPU3HAYAETHCS.
1.5.17 pe6po.

JlokanbHuil eneMeHT, sikui 3a0e3neuye nepepavy
HABaHTaXCHb, 10 BUKIUKAIOTH 3TMH CTIHKH a00
Tl JUCTIB, BUKOPUCTOBYETHCS JUIS PO3MOALTY Ha
KOHCTPYKLIIO IONEPEYHUX HABAHTAXKEHb, IO
BUHUKAIOTb IIiJ] BILIUBOM 3TUHY.

1.5.18 kiabueBe pedpo KOPCTKOCTI.

EnemeHT JKOpPCTKOCTi, 1IN0 HPOXOAUTH IO
nepuMeTpy ~ CTIHKM  Ha  TEBHIH  BHCOTL
Ipumyckaerses, o KOPCTKOCTI y
MepuiOHAIBHOMY HAIPSIMKY B €JIEMEHTI HE Mae.
BuxopuctoByeTtbcs  pebpo Ul IiJBHUILCHHS
CTiHKOCTI abo CHPUMHATTA  JIOKAJIBHUX
HAaBaHTA)XCHb, aleé HE € OCHOBHUM HECYYHM
€JIEMEHTOM. Y LWIIHAPUYHUX CTIHKaX BOHO Mae
(opMy KinbIid, a B MPAMOKYTHHX TaKy X GopMmy
B IUTaHi, SIK 1 KOHCTPYKILIs.

1.5.19 onopHe Kiabue.

EnemeHT, 110 NpOXOAUTh 10 NEPUMETPY HIKHBOT
KPOMKH CTiHKM B 30HI JHHUINA pe3epByapa W
TIPU3HAYAETHCS ISl 3a0€3MeUeHHsT IPOEKTHOrO
TIOJIOXKEHHS CTIHKU.

1.5.20 xinbueBa 6ajnka.

Kpyroee pebpo »xopcTkocTi, mo 3abe3medye
3TUHAJIBHY JKOPCTKICTD Ta MILHICTb
OITHAPUYHOI CTIHKH a00 BHKOPHUCTOBYETHCS B
MPSIMOKYTHOMY KOpoOi TpHM 3MiHI B IUIaHI

BIJMOBIIHOT hopmu. Kinbuesa Oanka
pO3TaIlOBYETBCS 1O HOPMalli  JI0  IUIOIIMHH
KOHCTPYKIii, i € OCHOBHHM €JEMEHTOM JUIst
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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
stiffness 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



CIPHUIHATTS  HABaHTQKCHHI Ta  PO3MOALTY
JIOKaJbHUX HAaBAaHTaXXCHb HA KOHCTPYKIII CTIHKH
abo kopoba.

1.5.21 pe3epByap Ha nocriiiHiii 0CHOBI.
PesepByap, 1m0 po3TallOBaHWN Ha MOCTiiHIN
OJJHODiJHIN OCHOBI TO BCIiii IUTONIMHI CIIMPaHHS.
He3nauHi BigXWiIeHHS Bifl OJHOPITHOCTI OCHOBU
(mampuKiaz, HEBENWKHII OTBip) HE MOBHHHI
BILUTMBATH Ha 3aCTOCYBaHHS LIbOTO BU3HAYCHHS.
1.5.22 nuckperHe 00MUpPaHHSL.

TexHiuHe pillleHHs, 3TiTHO 3 SKAM pe3epByap
00MHPAETHCS HA OOMEKEHY KUTBKICTh JIOKAIBHUX
CTOSIKIB 1 KDOHIITEHHIB.

1.5.23 yaoBaoBanbHmii pe3epByap.

30BHINIHIN pe3epByap U1 YTPUMAaHHA piAUHU,
sIKa MOYKe BHJIMBATHCH B PE3yJIBTATi HPOTIKAHHS
a0o 4epe3 aBapil0 B OCHOBHOMY pe3epByapi. Leit
THI KOHCTPYKIii 3acCTOCOBYEThCS TaM, 1€ B
OCHOBHOMY pe3epByapi yTPUMYIOTHCS TOKCHYHI
a00 HeOe3MeuHi piguHH.

1.6 CumMBoOIM, 10 BUKOPHCTAHI B YaCTHHI 4-2

€Bpoxona 3

CHMBOJIM  3aCTOCOBYIOTBCS  3TiZHO 3 ISO

3898:1987.

1.6.1 JlaTuHCHKi BeTuKi OyKBH

A — IUIOLIA MONIEPEYHOro Nepepizy;

Al, A2 — mjoma BEpXHOTO Ta HIKHBOTO
(aHIiB  IEHTPATBHOTO  KiNbLS
TIOKPHUTTS,

D — ZIiaMeTp pe3epByapa;

E — Monyinb FOHra;

H — BHCOTA YaCTHHH CTiHKH IO BEPXY
pimvHM; MakcuMajbHa TMPOCKTHA
BUCOTA HAJMBY PilUHY,

Ho — BHCOTA CTIiHKH pe3epByapa;

| — MOMEHT iHepuil MonepeyHoro
nepepisy;

K — Koe(IIlieHT, 0 BUKOPUCTOBYETHCS
MPU PO3paxyHKaX Ha CTIHKICTh;

L — BHCOTA AUISTHKU 000JIOHKH 200
BiZICTaHb MIX peOpaMH >KOPCTKOCTI;

M — 3TUHAJIBLHAA MOMEHT B KOHCTPYKTHB —
HOMY €JIEMEHTI;

N — 0ChOBAa CHJIa B KOHCTPYKTHBHOMY
€JIEMEHTI;

Nt — MiHIMaJbHE YHCIO LUKIIB HaBaHTa-

JKYBaHHS IIPU PO3PaXyHKY YTOMU;
P — BEpTUKAJIbHE  HABAHTAXCHHA Ha
KPOKBY IOKPHUTTS;
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box structure.

15.21 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 support. A 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 basin. An 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 wused 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;

| — 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;
Nt — minimum number of load cycles
relevant for fatigue;

P — vertical load on roof rafter;

13
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R — paniyc KpHUBH3HH AUISHKH CTiHKH 3
BIZIXWJICHHSIM BiJl AT HIPUYIHOCTI;

T — TEMIIEpaTypa;

w — MpPYXHHIl MOMEHT OIOpy Iepepisy;
Bara.

1.6.2 Mauri JaTHHCBHKi GyKBH

a — JIOBXHHA NPSIMOKYTHOTO OTBOPY B
000JIOHII];

b — LIMpUHA MPSIMOKYTHOTO OTBOPY B
00ONMOHNI;  IIMPUHA  JIUCTAa B
MoTepeyHOMY TIepepisi;

Cp — aepoJMHAMIYHUI KOe(illieHT;

d — naiamerp Jroka abo marpyoka;

e — BIJICTaHb BiJl 30BHINIHBOIO BOJIOKHA
0aJIKu 10 Oci Oalku;

fy — pO3paxyHKOBa TpaHHIl TEKydOCTi
craii;

fu — TpaHul MILHOCTI cTani;

h — MigiioM TOKPHTTA (BHCOTAa BEpPIIMHU
KyIoJia TIOKPUTTS HaJ| TUIOIIHUHOKO i1
MIPUETHAHHS b1 KOpIycy

pe3epByapa); BUCOTa KOXKHOTO Iosca
CTIHKHU pe3epByapa;

i — koedimienT MinHOCTI  3'€AHAHHS;
Koe(IllieHT KOHIEHTpalii Hampy -
JKEHHS; KUTBKICTh TOSICIB CTIHKH;

| — BHCOTa KOpIyca, HaJx SKAM MOXe
YTBOPUTHCS BUTHH;

m — STHHANTBHUH MOMEHT Ha OJAMHUIIO
JIOBKUHY;

n — TOJIOBHE MeMOpaHHE  3yCHILIS,;
KUIBKICTh ~ KPOKB Yy  KpyrJIomy
HOKPUTTI pe3epByapa;

p — pO3MOJiJieHe  HABaHTKEHHS (He
000B'I3KOBO MiJ MPSIMHM KYTOM [0
CTiHKH);

Dn — HOpPMambHHH THCK Ha  KOPIIyC
pesepByapa (330BHi);

r — paniyc CepeAnHHOT TIOBEPXHI

LIUITHIPUYHOT CTIHKY pe3epByapa;
— TOBILHWHA CTiHKH;

—

w — MiHIMagpHAa ~ IIUPHHA  OIOPHOTO
KUTBI,

X — paziajbHa KOOPAMHATA I HOKPUTTS
pesepByapa;

y — MiCLIeBa BEpTUKAJIbHA KOOpAWHATa IJIst

HOKPUTTS pe3epByapa; KoedirieHT
KOMIIEHCAIlli B KOHCTPYKLIl MiAcH -
JICHHS OTBODIB;
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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

Cp — coefficient for wind  pressure
loading;

d — diameter of manhole or nozzle;

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

fy — design vyield 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;

j — joint efficiency factor; stress
concentration factor; count of shell
wall courses;

| — 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;

t — 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:



— TOJIOBHA OChOBA KOOPAMHATA Y3IOBIK
BEPTHKAIBHOI ~ OCi  pe3epByapa
(o6ononka obepTaHHs).

1.6.3 I'pennki OyxkBH
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— HaXWJI NOKPUTTS;

— BIIXWICHHS JHHINA pe3epByapa Bif
BEpTHUKA; = 7/n, e h — ue
KINBKICTh KPOKB;

— Koe(illieHT HAIIMHOCTI 3a

HaBaHTKCHHSM;
— KkoedilieHT HaAIIHOCTI 3a MaTepianoM;
— MPOTHH;
— 3MiHa 3MIHHOT;
— xoeoinient [Tyaccona;
— KpYyroBa KOOpJWHATA [0 KOy CTiHKH;

— HOpMaJIbHE HAIIPYXKCHHS,
— JIOTHYHE HAIPyXKEHHS.

1.6.4 IinpsiaxoBi iHgexkcu
— 3HAa4YeHHS HANpyXeHHA abo mepemi -

IICHHS (3a pe3yIbpTaTaMu
PO3paxyHKiB);

— Ha MOJIOBHHI NPOJIBOTY; BIUIMB;

— KITBLEBHIA;

— pO3paxyHKOBE 3HAYCHHSI;

— yToMma;

— B Cepe/IMHI; CIIPSIMOBAHHUN yCEPEANHY;
PO3paxyHKOBa 3MiHHa;

— LIEHTPaJIbHE KiNbIE TIOKPHUTTS;

— HOpPMaTHBHE 3HAYCHHS,

— Cepe/iHE 3HAUCHHS;

— MiHIMaJIbHA JIONYCTUMA BEJIMUMHA;

— HOMIHAJIbHUH; i NPSIMUM KYTOM JI0
CTIHH;

— 330BHI; CIPSIMOBaHHUH Ha30BHI;

— THCK;

— pajia’gbHUil; KilbLEBHIA;

— Hecyua 3JIaTHICTb;

— Ha o1opi;

— cTiHKa 000JIOHKA;

— MepHUIiOHATBHH;
OCBHOBHIA;

— KIIbIIEBOI; HepHeHANKYISIPHHUH;
IIACTHYHA JedopMaltis;

pamiansHui;

— eTaJIOHHE 3HAYCHHS;
— BEpXHili;
— HIDKHIMN;
— KuIblIeBUH (B 000JI0HKaX 00epTaHHs).
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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;

B —inclination of tank bottom to vertical;
B = m/n, where n is the number of
rafters;

% — partial factor for actions;

ym  — partial factor for resistance;

6  — deflection;

A —change ina variable;

% — Poisson’s ratio;

6  — 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;

0 — 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)
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1.7 IlpaBuja yMOBHHUX MO3HAYEHD

1.7.1 YMoBHi mO3HaYeHHsI B 3arajibHii
cHCTeMi  KOOpPAMHAT sl  KOHCTPYKIil
OUJTIHAPUYHAX pe3epByapiB

(1) YMOBHI TMO3HAYCHHS HaBEICHI TYT I BCiel
KOHCTPYKIIT pe3epByapa 1 MiAKPECIIOTh, IO
caM  pesepByap HE €  KOHCTPYKTHBHUM
eneMeHToM. HeoOXigHO yBa)KHO KOPHCTYBaTHCh
CHCTEMOI0 KOODAMHAT, 100 He IUTyTaTH MICLEeBi
KOOPAMHATH, IO TOB'I3aHi 3 NPUMHUKAIOUUMHU 10
CTIHKM KapKacy eJeMEHTaMH, 1 HaBaHTaKCHHS,
SIKi HaBOJSATHCS B MICLEBHX KOOpIUHATAX, ayie
BU3HAYAIOTHCS B 3arajbHHX.

(2) B winoMy yMOBHI HO3Ha4YEHHS AJIs 3arajbHOT
OCBOBOI ~ CHCTEMH  KOOPIMHAT  KOHCTPYKII{
pe3epByapa - Taki IMIIHAPHUYHI KOOPIAMHATH
(muB. puc. 1.1):

Koopaunarna cucrema
Koopaunara B310Bxk 1eHTpallbHOI OCi

o0OepTaHHs 000JIOHKH z
PamianpHa KoopauHATA r
Komnosa koopaunara [

(3) VYmoBHe mo3HAYeHHSA [UISI O3UTUBHOTO
HAIpPSMKY:

HamnpsiMok Ha30BHI (BHYTpIIIHIN THCK, 3MIilLICHHS
Ha30BHI — MO3UTUBHHUIA).

Posrsraensst mo3utuBHE ( 32 BUHATKOM DIBHSHB
3rUHY, 1€ TIO3UTHBHUM € CTHCHEHHS).

(4) YMmoBHI TO3HaYEHHS Ui PO3HOMLUIEHHX
BIUIMBIB Ha MOBEPXHIO KOPITyCY pe3epByapa Taki:

Tuck  nepneHAUKYISIpHUN Kapkacy
(30BHIIIHIN THCK) — Pn
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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 z
Radial coordinate r
Circumferential coordinate 0

(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) —Pn



a)

P — Bich pe3epByapa;

M — MepuziiaH 000JIOHKH KOPITYCY;
C — THMYacOBHii LICHTP
MEpH1iOHaTBHOI KPUBU3HI

D — nokpuTTs;
S — criHKa;

B — nnue;

T — 3'eqHanHs

a) TPUBUMIpHA CXEMa i3 3arajJbHOI0 BiCECHMET -
PHUYIHOIO CUCTEMOKO KOOpAUHAT CTIHKH

a) 3D sketch with general axisymmetric shell
coordinate system
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b)

P — pole;

M — shell meridian;

C — instantaneous centre of
meridional curvature

D — roof;
S — shell;
B — bottom;

T — transition

b) koopauHaTH | HaBaHTAXKEHHS:
BEPTUKAIBHUIN pO3pi3

b) coordinates and loading: vertical section

Pucynoxk 1.1 - KoopaunaTHa cucTema s HUIIHAPHYHOTO pe3epByapa

Figure 1.1:
1.7.2 YMoBHIi mo3HAYeHHS B 3arajbHii
CHCTEeMi  KOOpAMHAT I NPSMOKYTHHX
pe3epByapi

(1) Y™MoBHI m03HAUCHHS, HaBEACHI TYT IS BCi€l
KOHCTPYKLIi pe3epByapa Ta MiIKPECIIOITh, L0
caM pe3epByap He € eIeMEHTOM OUIbII 3arajbHOT
OyniBenbHOT KoHCTpykmii. HeoOxigHo yBakHO
KOPHCTYBAaTHCh CHCTEMOIO KOOpDAMHAT, LI00 He
IUIyTaTH MICIIeBI KOOpAMHATH, TOB'I3aHI 3
MPUMHKAIOYHMHU JI0 CTIHKH KapKaca eJIeMeHTaMH,
i HaBaHTa)XEHHS, SIKIi HABOIATHCS B MICIICBUX
KOOpJMHATAX, aji¢ BU3HAYAIOTHCS B 3arajbHHX.
(2) Y uinomy, yMOBHI IO3HaYEHHSI, 1110 BUKOPHC -
TOBYIOTBCSI B 3arajlbHill CHCTEMi KOOpAWHAT UL
pe3epByapiB — Iie JeKapTOBi KOOPAUHATH X, J, Z,
Jie 3a BepTUKAIbHY BiCh NMPUHHATA BiCh Z (AUB.
puc. 1.2).

(3) VYmoBHe mO3HAYECHHS Ui TIO3UTHUBHHX
HAIpsMKIB:

HamnpsiMok Ha30BHI (BHYTpIIIHINA THCK, 3MIIICHHS

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 X, y, z, where the vertical direction
is taken as z (see figure 1.2).

(3) The convention for positive directions is:

Outward direction positive (internal pressure

17
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Ha30BHI) - TO3UTUBHUH.

PosTarHeHHs mo3uTHBHE ( 32 BUHATKOM DiBHSIHB
3rHHY, [€ TO3UTUBHUM € CTHCHCHHS).

Jotuune HanpyxeHHs: 1uB. 1.8.4

(4) VYmoBHe mO3HAYEHHS IS PO3MOALICHHX
BIUIMBIB Ha MOBEPXHIO KOpITyca pe3epByapa TaKe:

Tuck NepIEeH UKy PHUH KOpoOy
(30BHIIIHIN THCK TTIO3UTHBHMIA) p
a)

B — mepupian kopoba

B — box meridian

a) TPUBUMIpPHA CXeMa i3 3arajbHOI0 CHCTEMOIO
KOOp/IMHAT
a) 3D sketch with general coordinate system

positive, outward displacements positive)
Tensile stresses positive (except in buckling
equations 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 positive) p
b)

D — nokpurrs; W— crinka; B — nnume

D — roof; W— wall; B— bottom

b) koopnuHaTH i HaBaHTaXKEHHS:
BEPTHKAIBHUI pO3pi3
b) coordinates and loading: vertical section

Pucynox 1.2 - KoopannatHa cuctema Ui NIpIMOKYTHOTO pe3epByapa

Figure 1.2:

1.7.3 YmoBHi mo3HaueHHs A oceii
KOHCTPYKTHBHHX eJIeMeHTiB B LMJIiHAPHYHHX
i MPSIMOKYTHHUX pe3epByapax

(1) YMmoBHI no3Ha4eHHSI AT KOHCTPYKTHBHHX
€NIEeMEHTIB, MO0 TNPUMHUKAIOTH JO KOPIIYCY
pesepByapa (nuB. puc. 1.3 i 1.4) pisustecs st
MEpPUIIOHAIBHUX 1 KUTBLICBUX EIEMEHTIB.

(2) VYMOBHI  TO3HAYCHHS  JUI1  MPSIMHX

MEpHIIOHANBHUX KOHCTPYKTHBHHX €JIE€MEHTIB

(muB. puc 1.3a), MO0 NPUMHKAIOTH AO CTiHKH

pesepByapa (K 10 0OOJOHKH, TaK i 10 Kopoba)

TaKi:

— MepuioHaNbHAa KOOPAUHATA UL NPUKPIIICHb
pesepByapy, XONmnepa i MOKpPUTTS 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



— 3HaYHO CKPHBJICHA BiCh (ITapajebHO
GbnaHsiM)

— Jewmo CKpHBICHA Bich (HEpICHIUKYISIPHA

(danIsIM)

a)

a) peOpo KOPCTKOCTI 1 0Ci 3TUHY

a) stiffener and axes of bending

np. ACTY-H b EN 1993-4-2:20XX

— strong bending axis (parallel to
flanges)

— weak bending axis (perpendicular to
flanges)

b)
A .
\x‘\f
D g
S
L.
B
:&/\I//’;;_ »
vz "

D — mokpurrsi; S — crinka (o6omonka); B — naumie

D — roof; S— shell; B — bottom

b) micuesi oci B pi3HUX eneMeHTax

b) local axes in different segments

Pucynoxk 13- MicueBa cucreMa KOOpPAMHAT JUI1 MEpUAIOHAIBHHX  pebep
AKOPCTKOCTI Ha 000110HII 200 KOpoOi

Figure 1.3: Local coordinate systems for meridional stiffeners on a shell or box:

a)

a) peOpo )KOPCTKOCTI i OCl 3rUHY;

a) stiffener and axes of bending

b)
A r
2 |/
\D
S
(il
. B
6\ \/" zb— &
¥, 4

D — nmax; S — crinka(obomnonka); B — nuurie
D — roof; S— shell; B— bottom
b) micuesi oci B pi3HUX eneMeHTax

b) local axes in different segments

Pucynoxk 1.4 - Micuesa cucreMa KOOpANWHAT I KUTBIIEBHX pedep sKOPCTKOCTI:

Ha 000J10H111 2060 KOpoOi1

Figure 1.4:  Local coordinate systems for circumferential stiffeners on a shell

or box
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(3) VYMoBHI TO3Ha4YeHHS JUIA  KUIBIEBHX
KOHCTPYKTUBHUX €IIeMEHTIB (IuB. puc. 1.4a), mo
MPUMHUKAIOTH 10 KOPITYCY, HACTYIIHI:

— KUIblIEBAa KOOPAMHATHA BICh (KPHBA) 0
— pajianbHa Bich r
— BEpTHUKAJIbHA BiCh z
(4) VYMoOBHI  MO3HAYEHHS IS OPAMHX

KOHCTPYKTUBHHMX €JIEMEHTIB, 1[0 KPIIUIATBCS 110
KOpo0a 10 IepUMeTpy, HACTYIIHI:
— BICB 10 IEPUMETPY

— TOPH30HTAJIbHA BICh

— BEpTHUKAJIbHA BiCh

N < =

1.7.4 YMOBHI mNO3Ha4YeHHs 3yCHJIb JUIA
NMJTHAPHYHUX | NPAMOKYTHHX pe3epByapiB

(1) YMoOBHI mO3HauYeHHS 3 BUKOPHCTAHHIM
MiAPSIAKOBUX  IHAEKCIB, M0 BKa3ylOTh Ha
MeMOpaHHi CHJIH, HACTYITHI:

[inpsakoBuil iHOCKC BH3HAYAE HANPSAMOK, Yy
SKOMY BHHHKa€ HOpPMaJbHE  HAMpPYXKEHHS,
BHUKJIMKaHe nieto miei cwin. s MeMmOpaHHUX
nedopMariii 3cyBy i Wi KPYTUIBHUX MOMEHTIB
YMOBHI IIO3HAYEeHHS HaBe/eHi Ha puc. 1.5.
Mem6panHi 3ycmmis, qus. puc. 1.5:

Nx — MepHlioHaIbHE MeMOpaHHe 3yCHILIS;

Ng — KUIbIIeBE MEMOpaHHE 3yCUIUIS B
000JIOHII];

ny — MeMOpaHH1 3yCUIUIA 110 ePUMETPY B

[PSIMOKYTHHX KOpoDax;
Ny a00 Nyy — MeMOpaHHi 3ycwnis aedopmariin

3CyBY.

MeMmOpaHHi HanpyKEeHHS:

Omx — MepuAiOHaIbHE MEeMOpaHHE HaIpy —
JKEHHS;

Omod — KiJIbIIeBe MeMOpaHHe HaINpPYyKCHHS B
000JIOHII];

Gmy — MeMOpaHHE HaIpPYKCHHS IO MepH —
METpY NPSIMOKYTHHX KOPOOiB;

Tmxy @00 Tmxo — MeMOpaHHE HaIpyXeHHS

nedopmanii 3cyBy.

(2) YMOBHI HO3HAYEHHS MiAPSIKOBUX 1HIEKCIB,
110 BKa3yIOTh HA MOMCHTH:

[MinpsiaxoBuil iHOEKC BH3HAYAE HAMPAMOK, Y
SIKOMY BHHHMKA€ HOpMajbHE HAIPYXEHHs, IO
BUKJIMKaHE IIUM MOMEHTOM. JlJisi KpYTHJIBHUX
MOMCHTIB YMOBHI IO3HA4EHHA 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) 0
— 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:

Nx — meridional membrane  stress
resultant;

Ne — circumferential membrane stress
resultant in shells;

ny — circumferential membrane stress

resultant in rectangular boxes;

Nxy OF Ny — membrane shear stress resultant.

Membrane stresses:

Omx — meridional membrane stress;

Gmo — circumferential membrane stress
in shells;

Gmy — circumferential membrane stress

in rectangular boxes;
Tmxy OF Tmxe — 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: L{i yMOBHI mo3HaYeHHS 171 0OOJIOHOK i
JIMCTIB HE BIAMOBIOAIOTH MO3HAYECHHSM IS Oallok i
KOJIOH, III0 BUKOPHCTOBYIOThCS B yacTuHax 1.1 1 1.3
€Bpokoma 3. Buxomsum 3 1mporo ix HeoOXigHO
BHUKOPHCTOBYBATHU 3 OCOOIHUBOIO 0OEPEIKHICTIO.

3ycuuis 3TuHy, IUB. puc. 1.5:

My — MEepUAIOHAIBHUN 3rHHAJIBHUI MOMEHT
Ha OJVHUIIO IIUPUHU

me — KUIBLIEBMM 3rMHAJIBHUNA MOMEHT Ha
OJIMHHUIIIO ITMPHUHU B CTIHKAX

my — 3rMHAJbHUH MOMEHT IO NEPUMETPY B

HPSIMOKYTHHX KOpoOax
Myy a0 My — KPyTWIBHHH MOMeHT nedop —
Maii 3cyBy Ha OIMHUIIO IIVPHHA
Hanpysxenns 3runy:

Obx ~ — MCPHIIOHAIbHE 3TMHAJTbHE HAPYXKEHHS

Obop ~ — KUIBIIEBE 3TMHANBHE HANPYKCHHI B
CTiHKaxX

Oby  — 3THHAIBHE HANPYXXEHHS 0 IEPUMETPY
TIPSIMOKYTHHUX KOpPOOiB

Toxy @00 Thxy — KPYTHNIBHE HANpY>KEHHS

nedopmarii 3cyBy
Hanpyxenns BHYTpIIHIX 1
TIOBEPXOHb:
Osix, Osox — MEPUJIIOHAIbHE HAIPYKCHHS BHYT -
PiIIHBOI Ta 30BHIIIHBOI IOBEPXOHb

30BHIIIHIX

Osio, Osop  — KUIBLIEB] HAIPYKEHHS BHYTPIIIHBOT
i 30BHILIHBOT OBEPXOHBH 000JIOHOK

Osiy, Osoy — HAaNpPY)XEHHs  BHYTpIlIHBOI  Ta
30BHIIIHBOT TIOBEPXOHb o
HEepUMETPy B MPSIMOKYTHHX
Kopobax

Tsixy, Tsoxy — HAIpyxXeHHA Jedopmanii  3cyBy
BHYTPIIIHBOT i 30BHILIHBOT
MIOBEPXOHb B HPSIMOKYTHHX
Kopobax
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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:

M — meridional bending moment per
unit width

my — circumferential bending moment
per unit width in shells

my — circumferential bending stress

resultant in rectangular boxes
My OF My — twisting shear moment per unit

width

Bending stresses:

Obx — meridional bending stress

Obo — circumferential bending stress in
shells

Gby — circumferential bending stress in

rectangular boxes
Toxy OF Toxe  — twisting shear stress

Inner and outer surface stresses:

— meridional inner, outer
urface stress

Gsix, Osox

Gsio, o0 — Circumferential inner, outer surface
stress in shells

osiy, osoy — Circumferential inner, outer surface
stress in rectangular boxes

Tsixy, Tsoxy — INNer, outer surface shear stress in
rectangular boxes
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a)

n
X

a) MeMOpaHHi 3yCHIUIS

a) membrane stress resultants

Pucynok 1.5-
Figure 1.5:

1.8 Oqunuui CI

b)

Xy

m
y

m
Xy

b) srunanbHi MOMeHTH

b) bending stress resultants

3ycuius B CTiHI pe3epByapa (060I0HKH 1 KOpoGH)

Stress resultants in the tank wall (shells and boxes)

(1) P Omuanui CI moBHHHI 3aCTOCOBYBAaTHCH

srigHo 3 1SO 1000.
(2) Mdna pospaxyHKiB

yHi()iKOBaHI OAWHHUIIL:

— po3mipu

— dimensions
— IIATOMa Bara
— unit weight

— CHUJIM Ta HaBaAHTAXXCHHS
— forces and loads

pEeKOMeHI0BaHi

— MOTrOHHI 3yCUJLIA Ta HABAHTAXXKCHHS

— line forces and line loads

— THCK Ta BIUTMBH, PO3MOALICHI 10 IUIOIINHI

— pressures and area distributed actions

— IIBHICTE

— unit mass

— NPUCKOPEHHS
— acceleration

— MeMOpaHHi MMOTOHHI 3yCHILIS
— membrane stress resultants

— MOTOHHI 3yCHJUISl 3THHY
— bending stress resultants

— HaTpYKCHHA 1 MOy PYXKHOCTI
— stresses and elastic modules
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TaKi

1.8 Units

(2)P S.I. units shall be used in accordance with
I1SO 1000.

(2) For calculations, the following consistent
units are recommended:

M MM

m mm

xkH/M3 H/mm?®

kN/m® N/mm?

xkH H

kN N

kH/m H/mm

kN/m N/mm

klla MlIla

kPa MPa

Kr/m® Kr/mm®

kg/m® kg/mm?
KM/cex? M/cex?

km/s? m/s?

kH/Mm H/mMm

kN/m N/mm

kHM/M HmMm/MMm
kKNm/m Nmm/mm

klla MIla (=H/mm?)
kPa MPa (=N/mm?)



2 OCHOBU NIPOEKTYBAHHS
2.1 Bumoru

(1)P PesepByap noButHeH OyTH CIPOCKTOBAaHHI,
CIOpYLKEHH 1 oOcmyroByBaTHCs Tak, o0
BiAmoBimatu Bumoram posaity 2 EN 1990 3
HACTYIIHUMH  JIOTNIOBHEHHSMH,  HaBEIECHUMU
HIDKYE.

(2) OcobmmBa yBara NOBHHHA NPUIUIATHCS
yMOBaM TiJ 4ac OyIiBHULITBA.

2.2 Knacudikamis 3a HagilHicTIO

(1) lomo wmacubikamii 3a Haxiitnictio auB. EN
1990.

Mpumirka: HaunioHaneHui 101aTOK MOXE Ha/aBaTH
BH3HAYCHHs KJIACIB BiIIIOBIZAIBLHOCTI B 3aJIEKHOCTI
Bil MicHsl pPO3TAllyBaHHS, CIHOCOOY 3allOBHEHHS Ta
HABAaHTAXKXEHHS, TUIy KOHCTPYKLii, il po3Mmipy Ta
ocobmBoOCTell eKCILTyaTamii.

(2)P TIpu npoexryBaHHI pe3epByapiB IOBHHHI
BHUKODHCTOBYBAaTHCS pi3HI piBHI Migxogy B
3aJICKHOCTI Bi BH3HAYEHOTO KJIacy
BIINOBIJAJIBHOCTI, BKJIIOYAIOYM KOHCTPYKTHBHI
pilleHHA 1 CXWIBHICTh [JO pI3HUX BHUJIB
pyHHYBaHHS,

(3) YV miff yacTuHi BHUKOPHCTAaHO TpPHU KJIacH
BIANOBIJANLHOCTI 3 TEBHMMH BUMOIaMH JI0
00’exTy MPOEKTYBaHHS, 3a SIKUMH
BCTAHOBITIOETHCS (DAKTHYHO OJHAKOBUH MiIXid B
OLIHIII BUTPAT 1 HEOOXITHHX 3aXOMAiB IIOJO
SHIDKEHHS pU3UKY — pyWHYBaHHS pizHmX
KOHCTPYKILIH: K1acH BinmoBiganeHocTi 1, 21 3.

Ipumirka: Tadopmarist 010 KJIaciB
BiAmoBigaILHOCTI MOXe Oyt HajaHa B
HaumionansHoMy momatky. PexomeHnayerbes —Taka
Kiacudikaris.

— Kunac BinnmosinanabHocti 3: PesepByapu s
30epiraHHs piauHU ab0 CKpaluleHHX Ta3iB 3
TOKCUYHUM a6o BUOYXOHEOE3MEUHIM
MOTEHIIAIOM 1 Pe3epBYapH BEIHUKOTO PO3MIpy i3
3alMHUCTHMHU piiuHaMu abo 3a0pyIHIOIOYHMU
BOJAy Ha Micbkux Tepuropisx. Tam, ne e
HEOOXITHO JUIsl IUX KOHCTPYKIIIH MOBUHHI TAaKOXK
BpaxOBYBaTUCh aBapiiiHi HaBaHTa)KCHHS, IUB.
nonatok A.2.14.

— Kunac BigmoBimaabHocti 2: Pesepyapu
CEPEIHBOTO PO3MIPY i3 3aiMHCTHMH piIHHAMH
a00  3a0pyOHIOIOYMMH  BOAY Ha  MICBKHX
TEPHUTOPIsX.
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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, type of 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 and
procedures necessary to 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 3: Tanks 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 2: Medium size tanks
with flammable or water-polluting liquids in
urban areas.
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— Kunac siamoBinaasnocti 1: PesepByapn B
CUTBCHKOMY TOCIOJApCTBI ab0 pe3epByapH, B
SIKAX YTPUMYIOTh BOIY.

(4)P Busnauenns BimmosizHoro Kiacy Bimmosi -
JAIbHOCTI  Y3TO/UKYETBCS  MDK — IPOCKTY -
BaJbHUKOM,  3aMOBHHUKOM 1 BIANOBIIHUM
KOHTPOJTIOIOYMM OPT'aHOM.

2.3 I'pannyHi cTaHu

(1) VY wiii gacTHHI MOBMHHI NPHIMATHCH Tpa -
HWYHI cTaHy, mo Bu3HaueHi B EN 1993-1-6.

2.4 HaBaHTa)KeHHsI TA BILIUBH

(1)P Heob6xigHO [OTpUMYBATHCSI —3arajlbHHX
npaBuil, BUKIaaeHux B posaini 4 EN 1990.

(2) Ockinekn B EN 1991 naBenena HemoBHa
iHpopMallis CTOCOBHO BITPOBHX HAaBaHTaXCHb,
IO JIOTIOBHIOIOTh HABAHTa)XCHHS BUKJIMKaHi
TUCKOM pinuHy, BHYTPILTHIM THCKOM,
HABAHTAXXCHHSI BiJl TEMIIEPAaTYpHUX BIUIUBIB, BiX
KJIanaHiB, TpyO i IHIIKMX €JIEMEHTIB, 3'€HAHHX 3
pe3epByapoM, Bi HEPIBHOMIPHOTO OCiTaHHSA, i
aBapiitHi HaBAHTAKEHHS, MIPUBOAUTHCSA
CIIeIliaJIbHa JOAaTKoBa iH(OpMamis y JoxaTky A.

2.5 BaacruBocri Mmarepiany

(1) HeobxigHO IOTpHUMYBaTHUCS
BuMor, HaBezeHnx B EN 1993-1-1.

3arajJlbHuX

(2) dns pesepByapiB MOBHHHI 3aCTOCOBYBAaTHCH
Marepianu i3 cHenupiYHUMH BIACTHBOCTSIMH
3riHO 3 po3aiioM 3.

2.6 'eomeTpuuHi 1aHi

(1) CrocoBHO reoMeTpHYHHX AAHHUX MOXE OyTH
BHKOPHUCTaHA 3arajibHa iH(pOpMallis, HaBeICHa B
EN 1990.

(2) CrocoBHO KOHCTPYKIii OOOJOHOK MOXKE
BHKOPHCTOBYBAaTHCh  JIOJATKOBa  crenu(ivHa
indopmartis, sika HaBeneHa B EN 1993-1-6.

(3) ToBuMHA JUCTIB MPU PO3paxyHKax IMOBHHHA
BHM3HAuYaTHCH, 3rigHo 3 4.1.2.

2.7 MopaemoBaHHsl pe3epByapa st
BH3HAYEHHS Pe3yJIbTaTiB BILTNBIB

(1)P HeoOximHO JonxepXyBaTHCs — 3arallbHHX
npaBuJ, siki HaBeneHi B EN 1990.
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— Consequence Class 1: Agricultural tanks
or tanks containing water.

(4)P The choice of the relevant Consequence
Class shall be agreed between the designer, the
client and 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

(1)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 , loads resulting from uneven settlement
and emergency loadings set down in EN1991
is not complete special information 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

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



(2) Jns  3abesmeueHHss — eKCIUTyaTamiitHOT
HAIIHHOCTI  MpM  pO3paxyHKaX  KOKHOTO
KOHCTPYKTHBHOI'O eneMeHTa NOBUHHI

BPaxoByBaTUcCs cenu(iuHi BUMOTH 3TifHO 3 5.5,
7.519.4.

(3) Mns KOHCTPYKTHBHOTO aHaji3y BIIHOCHO
IPaHMYHOTO CTaHy 3a HECYYOH0 3AaTHICTIO
MOBUHHI 3aCTOCOBYBAaTUCS CrelU(idHi BHMOTH,

3a3HaueHi B 5.3, 7.3 1 9.3 (i OuIbln JOKIAIHO B
EN 1993-1-6).

2.8 IIpoekTyBaHHsi  3a  pe3yJbTaTaMH
BUINIPOOYBaHb
(1) HeoOxigHO AOTPUMYBATHUCh  3arallbHHUX

npasui, Buknagenux y Jomarky JI EN 1990.

2.9 TIlepeBipka TrpaHWYHHX CTaHiB 3a

pe3yJibTaTaMM BILIMBIB
2.9.1 3araabHi MoJI0OKEeHHS

(1) HeoOxigHO AOTPUMYBATHUCH
npaswun 3rigHo 3 EN 1990.

3araJJbHux

2.9.2 KoedinieHTn 111 rpaHUYHUX CTaHIB 3a
HeCY40l0 31aTHICTI0

2.9.2.1 KoediuienTn
HABAaHTAKEHHSIM pe3epByapa
(HP  Ona  mnocriiHuxX 1
PO3paxyHKOBUX cutyauin
BPaxOBYBaTHCh KOS ILi€HTH YF.

HaAiHOCTI 3a

KOPOTKOYaCHHX
MMOBUHHI

Mpumirka: Y HamioHankHOMY JIO#aTKy MOXYTh
OyTH TpeACTaBieHi 3HA4YEHHS U1 KoedilieHTiB
HaJifHOCTI 32 HaBaHTaXXeHHAM pr. Tabmui 2.1 Hagae
PEKOMECH/I0BaHI 3HAYCHHSI VIS YF.

(2)P JIna ocobmuBHX pPO3paxyHKOBHUX CHTyaliil
[PH 3MIHHUX BIUIUBAX BUKOPHUCTOBYIOTHCS TaKOX
Koe(ilieHTH Ye. Le MOXE TaKOXK
3aCTOCOBYBATUCH IMPH HABAHTAXKECHHI DiIWHOIO
YJIOBJIFOIOUUX Pe3epBYapiB.

Hpumitka: Y HauionansHOMY [ODAaTKY MOXYTh
OyTH TpeACTaBlieHI 3HA4YeHHS U1 KoedillieHTiB
HaJiHHOCTI 32 HaBaHTaXXCHHM Yr. Tabmuus 2.1 Hagae
PEKOMEH/I0BaHi 3HAYCHHSI JUTA YF.

(3)P Koedimientn a1t «THUIMOBHX pe3epByapiB»
(3aBOICHKOTO  BHUTOTOBJICHHSI) HPU3HAYAIOTHCS
OKpPEMO.

Mpumirka: YV HanioHansHOMY [O0OZAaTKY MOXYTh
OyTH TpeACTaBlieHI 3HA4YeHHS U1  KoedillieHTiB
HaJiHHOCTI 32 HaBaHTaXXCHHM Yr. Tabmuus 2.1 Hajgae
PEKOMEH10BaH1 3HAUCHHS IS YF.
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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 in 5.3, 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

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

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

(2)P For accidental design situations, the
partial factors y= for the variable actions shall
be used. This also applies to the liquid loading
of catch basins.

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

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

NOTE: The National Annex may provide values
for the partial factors yr. Table 2.1 gives the
recommended values for yr
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Tabmuusi2.1 — PexomenmoBani 3HauyeHHs Ui KOe(DIliEHTIB HaIiMHOCTI 3a HABAHTAXKEHHSIM Ha
pesepByapy Uil MOCTIMHMX 1 THMYacOBHUX PO3pPaxyHKOBHX CHUTYyaliil, a TaKoX [JIst
0COOJIMBUX PO3PaxXyHKOBHX CHTYAIliit

Table 2.1 — Recommended values for the partial factors for actions on tanks for

persistent and transient design situations and for accidental design situation

P03anyHKOBa PeKOMeHI[OBaHi 3HAYCHHA ]I .
curyauLt Tun iz Recommended values for
design situation liquid type - ™
TIPU 3MIHHUX TIPU MOCTIMHUX
BITMBaXx piJII/IHI/I BITUBax
in case of variable in case of
actions from permanent
liquids actions
eKCIUTyaTaIiiHi TOKCHYHI, BUOyXoHeOe3neuHi
HaBaHTKEHHS Bl piiuHu | a00 HEOe3MneuHi piguHI
liqguid induced loads | toxic, explosive or dangerous 1,40 1,35
during operation liquids
3aliMHCTI PiIUHA
flammable liquids 1,30 135
1HIII PIAVHA
P 1,20 135
other liquids
BUIIPOOYBaNIbHI
HaBaHTKCHHS BiJ piANHA Oyab-sIKi pinuHH
- . L. 1,00 1,35
liqguid  induced loads all liquids
during test
0CO0JIMBI BILTUBH Oynb-s1Ki piTuHU 100
accidental actions all liquids ’

2.9.2.2 Partial factors for resistances

2.9.2.2 KoedinienTn Hagiinocri

Q) Ilpu  BuU3HAYEHHI  KOHCTPYKTUBHHX
XapaKTEPUCTUK IIJISIXOM BUIPOOYBaHb, IMOBHHHI
3aCTOCOBYBATHCH BHMOTM 1 METOAHMKH, IO

nependadeni B EN 1990.

(2) Tlepesipka Ha yTOMY MOBHHHA HPOBOJHUTHCDH
BiANOBIIHO 10 po3ainy 9 EN 1993-1-6.

(3)P KoeodiuieHtn ymi i pi3HUX I'paHUYHUX
cTaHiB HaBejeHi B Tabmumi 2.2.
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(1) Where structural properties are determined
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 factors ymi shall be specified
according to Table 2.2.



Taéauns 2.2 —KoediuienTn HaxiitHOCTI
Table
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2.2 — Partial factors for resistance
Omip Buny pyiiHyBaHHS: vy BinnosigHo
Resistance to failure mode Relevanty
IPaHULL TUTACTUYHOCTI CTIHKH O00JIOHKH
31 3BapHUMH a00 OOJITOBUMH 3'€JHAHHIMU Y™Mo
welded or bolted shell wall to plastic limit
state, cross-sectional resistance
Hecyua 3JaTHICTb CTiHKU OOOJIOHKH 3a CTIHKICTIO
shell wall to stability ™ML
MIIHICTH CTIHKH 00O0JIOHKH
31 3BapHUMH 200 OOJITOBUMH 3'€JTHAHHIMU ™2
welded or bolted shell wall to rupture
MAaJIOLMKIIIYHA MILHICTh CTIHKU
000JI0HKH Y™Ma
shell wall to cyclic plasticity
Hecyua 3[IaTHICTh 3BapHUX a00 OOJTOBHX 3'€HAHD
welded or bolted connections or joints Tms
yTOMa CTiHKH 000JIOHKH
shell wall to fatigue Tme

Hpumirka: KoedimieHTn 7ymi AI1  pe3epByapiB
MOXYTb OyTH Bu3HaueHi B HamioHambHOMY HOAAaTKy.
JlonatkoBy iH(pOpMAILio Uil 3HAYeHb Yms MOXKHA
snaiiti B EN 1993-1-8. TonatkoBy iH(opmartito mist
3Ha4YeHb Yme¢ MOKHA 3Haiith B B EN 1993-1-9. Jlna
pe3epByapiB peKOMEHI0BaHi Taki IU(POBi 3HAYECHHS:

NOTE: Partial factors ymi 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 of yme , further information may be found in
EN 1993-1-9. The following numerical values are
recommended for tanks:

ymo = 1,00 v = 1,10

ym2=1,25

yma= 1,00 Yus = 1,25

vme = 1,10

2.9.3 I'panuyHi craHd 3a NPHUIATHICTIO /0
eKcIIyaTanii

(1) Sxuro BiANOBiAHI MpaBHIiIa 1010 TPAHUYHOTO
CTaHy 3a [OPUJATHICTIO O  HOPMAIBHOI
eKCIUTyaTalil MiCTSTh CIpPOINEHI MpaBWia, TO
HEMae HEOOXIITHOCTI BUKOHYBaTH JETaJbHI
pPO3paxyHKH 3 BHKOPUCTaHHSM  KOMOIHaIii
BIUIUBIB.

(2) st Beix TpaHWMYHHUX CTaHIB 32 NPUAATHOCTI
IO HOpMAaJbHOI eKCIUTyaTalil HOBHHHO OyTH
BKa3aHO BIJIMOBIIHE 3HAYCHHS YMser.

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 ymser should be specified.
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Hpumitka: Y HanionansHOMYy IO#aTKy MOe OyTH
HaJaHa iHpoOpMaLis W00 3HAYeHHS KoedilieHTa
MPUJATHOCTI 10 HOPMAJBHOI EKCIUTyaTalii Yaser .
PexomenayeTbes Ymser = 1.

2.10 Komoinanii BnjamBiB

(1) P HeoOximHo Iomep:KyBaTHCh 3aralbHHX
sumor EN 1990.

2 OpnHOYacHO BPaxXoBYyBaTH BIUIMB
eKCIUTyaTali{HUX 1 CHITOBHX HABAHTAXXCHb HEMA€E
HEOOXIIHOCTI.

(3) 3HaueHHS  KOPOTKOYACHOTO  BiTPOBOrO
HaBaHTAXCHHS B KOMOiHAIii 3 BIUIMBaAaMH HpH
TiIpOCTaTHYHOMY BHIPOOYBaHHI MoOXe OyTH
3MEHIIIEHO.

(4) Ilin wac BumpoOyBaHHA MOXHA He
BPaxOBYBaTH CEHCMIiYHI BIUTUBH.
(5) Mg wuac BuUNpoOYBaHHS MOXHA HE

BpaxoByBaTH aBapiiiHi BmumBU. KomOiHamiiiHi
MpaBuiia I OCOOJMMBHX BIUIMBIB, IO BKa3aHi B
EN 1990, mnoBuHHI 3acTOCOBYBAaTHUCS NpHU
aBapiHUX CUTYaIifiX.

2.11 JloBroBiuHicTh

(1) HeoOxinHO HOTPUMYBAaTHCh
BUMoOT, HaBeneHnX B EN 1990.

3 XAPAKTEPUCTHUKHN MATEPIAJIIB

3arajlbHuX

3.1 3araabHi MoJIOKEeHHS

(1) Bei Mapku craiti, sIKi BUKOPUCTOBYIOTBCS IS
pe3epByapiB, MOBUHHI OyTH TPUIATHUMH IS
3BapIOBaHHSA,  BPaxOBYIOUM  MOXJIUBI,  3a
HeoOXilHOCTi, HacTynHi Moaudikarii.

(2) Bcei Mapku craiti, 10 BHKOPHCTOBYIOTBCS IS
pesepByapiB  LMIIHAPHUYHOT (HOPMH, MOBHHHI
OyTH TpuAaTHI A7 XOJNOAHOTO (OpMyBaHHS
JIUCTIB 200 €JIeMEHTIB KPUBOJiHIHHOT hopMH.

(3) BnactuBOCTI 1 XapaKTepUCTUKH MaTepialis,
BKa3aHi B IIbOMY PO3/ili, IOBUHHI PO3IIIAAATUCE
SIK HOMIHaJbHI 3HA4YEHHS, ane B IPOCKTHUX
pO3paxyHKax MPUHMAIOThCS K HOPMATHBHI.

(4) Inmri xapakTepHUCTHKN MaTepianiB HaBeIeHI y
BIINOBIHNX CTaHAapTax, Mo3HaueHHX B EN
1993-1-1.

(5) Slkmo pesepByap MOXE HAIOBHIOBATHCS
NPOIAYKTaMU 3 TJBULICHOK TEMIIEPATYpPOIO,
BEJIMYUHY XaPAKTEPUCTUK MaTEPialliB ik TAKOTO
pesepByapa HOBHHHI  OyTH  3HIDKEHI 1O
MakKCUMaJIbHO JOITYCTUMHUX.
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NOTE: The National Annex may provide
information on the value for the partial factor for
serviceability yaser . Yuse- = 1 is recommended.

2.10 Combinations of actions

(1)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
rules for 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) Al 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) Tlpu migBumieHii rtemmepatypi (s
KOHCTpYyKLiiHNX cTameit 7 > 100 °C , a musa
HepkaBitounx craneid 7 > 50 °C) xapakre -
PHCTHKH MaTepiaiB MOBUHHI IPUAMATHCH 3TiIHO
3 EN 13084-7.

3.2 KoncrpykuiiiHi craji

(1) Metomu po3paxyHKiB, HaBeieHI B yacTuHi 4.2
EN 1993, w™oxyTp 3acTrocoByBaTucsi IS
KOHCTPYKLIHHMX cTayned, sk Bu3HaueHo B EN
1993-1-1, ski BignosimaroTh uyactuHam 2-6 EN
10025. Meroan MOXYTh TaKOX
BUKOPHCTOBYBATHCS Ul CTajled, BKJIIOYEHUX B
EN 1993-1-3.

(2) MexaHiuHi BJIACTUBOCTI KOHCTPYKLIHHUX
cranei Bignosiguo 10 EN 10025 a6o EN 10049
noBuHHI Oyt B34aTi i3 EN 1993-1-1 a6o EN
1993-1-3.

3.3 CraJi s cocyais i3 BHYTpillIHiM THCKOM

(1) Metoau po3paxyHKiB, HaBeIeHi B YacTHHi 4.2
EN 1993, MOXyTb BHUKOPHCTOBYIOTbCA IS
cranmeii, ski BignoBimaroTb EN 10028 i
3aCTOCOBYBATHCH VISl COCY/IIB 3 THCKOM 332 YMOBH
SIKIIO:

— TpaHUL TEKY4OCTi 3HAXOAUTHCS B Jiara3oHi,
Bu3HaueHOMy EN 1993-1-1;

— TpaHuLsd MIOHOCTI HE MEHIIE MiHIMAJILHOIO
3HayeHHs g craner srigno 3 EN 1993-1-1, axi
MArOTh CaMe TaKy » TPAHUITIO TEKyJOCTi;

— cniBBigHomenus fu/fy He menmre 1,10.

(2) MexaHiyHi BIACTHBOCTI  CTaleH, AKi
3aCTOCOBYIOTECS JUIS TOCYANH 3 THCKOM, HOBHHHI
pigmosigatu EN 10028.

(3) Tam, pne mnpu npoekTyBaHHI MHOTPIOHI
pO3paxyHKH Ha CTIHKICTB, TIOBUHHI
BHKOPUCTOBYBAaTHCS  BIAINIOBiHI  IpUBEIEHI
xapakrepuctuku, quB. EN 1993-1-6 posain 3.1.

IpnmiTka: JlonaTkoBa iHpopMmariis Moxe OyTH
HaBesieHa B HamioHaneHOMY ofaTKy

3.4 Hep:kagiroui crai

(1) MexaniuHi BIaCTUBOCTI HEpXKaBIFOUMX CTaJICH
srigzgo i3 EN 10088 moBunaHi Bignmosimatn EN
1993-1-4.

(2) Pexomenpmauii mono BHOOpPY HEp)KaBIFOUHX
CTaJlel 3 ypaxyBaHHSAM CTYIIEHIO KOpPO3iHHOTro
BIUIUBY MOXYTb OyTH OTpHUMaHi 3 BiINOBIIHUX
JDKEpeIL.
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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 be taken 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 yield
strength;

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

(2) The mechanical properties of steels for
pressure purposes should be taken according to
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, nme mnpu TpOEKTYBaHHI HEOOXimHI
PO3paxyHKH Ha CTiHKiCTh, TOBHHHI OyTH
3aCTOCOBaHI BIANOBIHI npuBeieH1
xapakrepuctuky, qus. EN 1993-1-6.

3.5 Bumoru miomo MimHocTi
3.5.1 3araabHi moJ10KeHHST

(1) Bumoru momo MIIHOCTI CTaJi MOBUHHI
BU3HAYATUCh ISl MiHIMAIBHOT PO3paxyHKOBOT
TemrepaTypu 3rigHo 3 EN 1993-1-10.

(2) MiniManbHa pO3paxyHKOBa TeMIIEpaTypa
merany (MPTM) noBuHHA BH3HAYaTHCh 3LiTHO 3
3.5.2. MPTM Mose BHKOPHCTOBYBATHCH 3aMiCTh
Ted B EN 1993-1-10.

3.5.2 MiniMajbHa po3paxyHKOBa TeMIepaTypa
MeTaly

(1) MPTM noBuHHa OyTH CaMOI0 HH3bKOIO 3
MOXIMBHX MiHIMaJIbHUX TEMIEpaTyp HPOAYKTY
a0o 3 HaBeneHMX B Tabmwmi 3.1.

(2) AAx miniManmbHa cepenHbOJ000Ba TeMmmepa -
typa nositpss (MCITII) npuiiMaeTbest HalHIWKYA
cepelHs TeMIepaTypa 3apeecTpoBaHa 3a OyIb-
AaKkuil 106oBuil mepion mpotarom 24 roxuH. 3a
BiZICYTHOCTI HocTaTHHO MoBHUX BuMipiB MCJTII
MoXke OyTH B3sTa SIK CepelHs BiJ MaKCHMAaJIbHOT
Ta MiHIMaIbHOI Temmeparyp abo eKBiBaJIeHTHE
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 of Ted. 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
intable 3.1.

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

Tabauuna3d.1l — MiximanbHa po3paxyHkoBa Temreparypa metary MPTM Ha 6a3i MCJ{TIT
Table 3.1 — Minimum design metal temperature MDMT based on LODMAT

MiHimMalibHa cepeIHbOo1000Ba
Temnepatypa nositps (MCATII)

MiniMasibHa po3paxyHKoBa Temreparypa Metany (MPTM)
Minimum design metal temperature MDMT

Lowest one day mean ambient nani 3a 10 pokis nani 3a 30 poki
temperature (LODMAT) 10 years data 30 years data
—10 °C < MCATIT MCATIT +5 °C MCATIT +10 °C
—-10°C < LODMAT LODMAT +5 °C LODMAT +10 °C
—25°C < MCJTII °C <-10°C MC/TII MCATII +5 °C
—25 °C < LODMAT °C <-10°C LODMAT LODMAT +5 °C
MCJTII <25 °C MCJTII -5 °C MCJTII
LODMAT <-25 °C LODMAT -5 °C LODMAT
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4 OCHOBHI IMTPABUJIA KOHCTPYKTHUB -
HOI'O AHAJII3Y

4.1 'pannyHi cTaHU 32 HECYYOI0 31aTHICTIO

4.1.1 OcHOBHI NMOJIOKEHHA

(1) Posmipu crameBuX KOHCTpyKLiH Ta ix
€JIEMEHTIB IOBHMHHI BIiANOBIZaTH OCHOBHUM
MPOEKTHUM BUMOT'aM, BUKJIQJICHUM B PO3IiJi 2.

4.1.2 Po3paxyHkoBe
JIHCTA

3HAYCHH TOBUIWHH

(1) Y pospaxyHkax s BH3HAYEHHS HECYd4oi
3[0aTHOCT, PO3PaxyHKOBE 3HAYCHHA TOBIIMHU
JIMCTa — II¢ HOMiHaJbHA TOBIIHMHA, 3rigHo 3 EN
10025, EN 10028, EN 10049 a6o EN 10088,
3MEHIICHa  HAa  MAaKCHMaJbHE  3HAUCHHI
MIHYCOBOTO JOIyCKy 1 3HAa4eHHA KOPO3iHHOTO
MPUIYCKY, BKa3aHe B 4.1.3.

4.1.3 BnumB xopo3ii

(1) Brumus koposii HeoOXifHO OpaTh 10 yBar.
(2) Koposzist 3amexurs BiX pigMHH, IO
30epiraerses, THILy CTali, TepMigHOT 0OpOOKH Ta

3ax0/iB, NMPUHHATUX Ul 3aXUCTy CIOPYAM BiJ
KOpO3ii.

(3) 3a HeOOXiMHOCTI TMOBHHHA BKa3yBaTHUCS
BEJUYMHA [IPHITYCKY.

4.1.4 YToma
Q)P Tpu MiIBULICHIH LUKJIIYHOCTL
HABaHTaKCHHS KOHCTPYKIIIO HeoOXinHO

NepeBipATH 32 TPAaHUYHUM CTAHOM BiJ yTOMHU.

(2) IIpoexryBanHs IpU  MAaJOLMKIOBOMY
HaBaHTaKCHHI MOXKe BUKOHYyBaTHCS 3rinHo 3 EN

1993-1-6.

(3) Sxmo 32 poO3paxyHKOBUM  CTPOKOM
eKcIuTyaTarii OyayTh 3acTOCOBYBAaTHCS 3MIHHI
BILIMBA 3 Oumbmr  HDK Nt LMKJIAaMH, TO
KOHCTPYKILIIO HEOOXiTHO MEpeBIpATH HA YTOMY
(LS4) 3rigno 3 po3ninom 9 EN 1993-1-6.

Hpumitka: YV HamioHansHOMY J0AaTKy MOXe OyTH
HaBe#eHe umeno 1MKimiB - Nf PexomennoBane
3nauendss Nf =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 resistance
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

()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 than Nt 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 number N; of cycles. The value Ny =
10000 is recommended
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4.1.5 Jlonyck 3a TeMnepaTypHUMH BIIHBAMH

(1) BB pi3HHLI TemIiepaTyp MK YacTHHAMH
KOHCTPYKILii NOBUHEH OyTH BpaxOBaHHWU IIpU
PO3paxyHKY pO3MOJUICHHS HANPY)KCHHS B
3QJIeKHOCT] Bifl IPUHHATOTO TPAaHMYHOTO CTaHy
32 HECY4OI0 3/IaTHICTIO.

4.2 Awuaji3 KiJibLeBoi 000JIOHKH KOHCTPYKILIT
pe3epByapa

4.2.1 MojaeaoBaHHsI KOHCTPYKIii 000J10HKH

(1) MongemoBaHHI  KOHCTPYKIII  00OIOHKH
noBUHHE Bignosizatu Bumoram EN 1993-1-6,
ane [i BUMOTH MOXYTh BBa)KaTHCh BUKOHAHHMH
TUTBKH 3@ YMOB, HABEICHUX HIKYE.

(2) TIpu MonemroBaHHI KOHCTPYKIIiH OOOJOHKH
HEeoOXiZIHO BpaxoByBaTu BCi pedpa KOPCTKOCTI,
OTBOPU Ta JeTali KPiIICHHS.

(3) Ilpu mpoexryBaHHi HEOOXiAHO 3a0e3NEYUTH
BIJTIOBIIHICTH 3a/IJaHUM TPAHUYHUM YMOBAM.

4.2.2 Meroau aHamuizy

4.2.2.1 3arajibHi M0JI0KeHHS

(1) Amamiz 06ONOHKH pe3epByapa IOBHHCH
MPOBOJMUTHCS BiAnoBinHO 10 Bumor EN 1993-1-6.

(2) 3aBxmu Moke OyTH 3aCTOCOBAHHMIT OLIBII
TOYHUH  METOA  aHalidy HDK TOH, 110
BCTaHOBJICHUI JUIS o0OpaHoro KJacy
Bi/ITIOBITATBHOCTI.

(3) Heszane:xxHo Big  NpUHHATOrO  Kiacy
BIJMOBINANIBHOCTI MOXe OyTH BHKOPHUCTaHO
CIPOIIECHHH PO3PaXyHOK, 110 OMKCAHHUNA B PO3ALTI
11, 3 TOTpUMaHHIM HaBEJCHHX Y HHOMY YMOB.

4.2.2.2 Knac Bignosiganbnocri 1

(1) [ns pesepByapiB Kiacy BiANoBimaJbHOCTI 1,
Moxe OyTH BUKOpPUCTaHAa MeMOpaHHA Teopis Uit
BH3HAUCHHS TOJIOBHHUX Harnpy>XeHb 3
KoedilieHTaMu i CIPOLICHHAMH 100
BpaxyBaHHS MICLUEBUX S3THHAIBHUX 3yCWIb Ta
HECHMETPUYHUX HABAHTAXKCHb

4.2.2.3 Kaac BignosinaasHocri 2

1) Jlna pesepByapiB Kiacy BiANOBiZanbHOCTI 2
IpU  BiCeCUMETPUYHOMY BIUIMBI 1 Bicecm —
METPHUYHIK OMopi MOBUHEH OyTH BHKOPUCTAHHH
OJIMH 13 IBOX aJbTEPHATUBHHUX METO/IB aHAII3Y:
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4.1.5 Allowance for temperature effects

(1) The effects of differential temperature
between parts of the structure should be
included in determining 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 these may 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) Jlus BH3HAUCHHSA TOJIOBHUX HAaIpyKeHb 3
BHUKOPUCTaHHAM TeOpil 3THHY B NPYXHiH cTafii i
omucy  BCiX  MicHeBHX — e€(eKTiB  MOXKe
BUKOPHCTOBYBATHCSI MEMOpAHHa TEOpis.

b) MoxHa BHKOpPUCTOBYBATH  BiIIIOBiAHUIT
YHCENbHUN aHaJi3 (HAaPHUKIIA/, aHali3 000JIOHKH
METO/JIOM CKiHYCHHHX CJIEMCHTIB), HaBEJICHHH B
EN 1993-1-6.

(2) 3a ymoBH He BiceCHMETPHYHHX HAaBAHTAXKEHb,
HEOOXigHO BHUKOPHUCTOBYBAaTH  BiIIOBiJHUI
YHCENbHUN  aHalli3, 3a BHHATKOM  YMOB,
BUKJIaJeHUX B (3) 1 (4).

(3) HesBaxatoun Ha (2), KOIH HaBKOJO
00O0JIOHKM HABAaHTAXXCHHS 3MIHIOETHCS ILIABHO,
BUKJIMKAIOUM JIMIIE 3arajbHUd 3ruH ( TOOTO
¢opma rapmowniiiHa 1), IS BHU3HAYCHHS
TOJIOBHHX HAaNpyXXeHb MOKe OyTH BHKOPHCTaHA
MeMOpaHHa Teopisl.

(4) Tpwu amanisi BwmBiB Bixm ail BiTpoBOro
HaBaHTAXKEHHS Ta/abo Bij OCIJJaHHS
(byHIameHty, MOXHa CKOPHCTATHCA
HaIiBMeMOpaHHOIO a00 MEMOPaHHOIO TEOPi€lo.
Hpumirka: Tadopmaniro momo MeMOpaHHOI Teopii,
muB. EN 1993-1-6. HaniBmemOpanna Teopist onucye
TOBEIIHKY Y B3a€MOJIi 3 KiJIbIIEBOO KOPCTKICTIO IIPH
3rHHI.

(5) Sxmo, npH aHai31 000JI0HKH
BHKOPHCTOBYEThCS MEMOpaHHa TEOPist, TO OKpeMi
KUTBIIA, IO  MPUETHAHI O  i30TPOIHOI
OWIHAPUYHOI  OOOJIOHKH  pe3epByapa,  fKa
nepe0yBa€e i BHYTPINIHIM THCKOM, MOXYTh
Matd e(eKTUBHY IUIONYy, 3 BKJIHOYCHHAM
YAaCTUHH TOBXKUHHU CTIHKH BHUIIE Ta HIKYE KUTBLIT
0,78\/rt, y pasi, K0 KiTblle HE 3HAXOIUTHCS Ha
CTHKY.

(6) Sxmo o06oJOHKA OKpeMO  MifCHIICHA
BEPTUKAIIbBHUMHU pebpamu HKOPCTKOCTI,
HaTpyXeHHs B peOpax i 000JI0HII MOXYTh OyTH
BHM3HAUEHI 3 ypaxyBaHHSM pPO3MNOAUICHHS pebep
JKOPCTKOCTI TIO CTiHIN, 32 YMOBH, LIO BIiJICTaHb
Mi peGpaMu KOPCTKOCTI He 6ibi Hixk 5V It.

(7) Sxmo BeprukambHi pebpa  KOPCTKOCTI
pO3MoJiIeHHI MO CTiHIL{, HamnpyXeHHs B peOpi
KOPCTKOCTI MOBUHHO BU3HAYATHCS 3
ypaxyBaHHAM BIOIOBITHOTO JOMYCKY INOIO
CYMICHOCTI MK peOpOM JKOPCTKOCTI Ta CTIHKOIO,
a HAIPYKCHHA CTIHKM B OPTOrOHAIBHOMY
HaIpsIMKY 3rigHo 3 4.4.

np. ACTY-H b EN 1993-4-2:20XX

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 0,78 Vrt, 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 than5 v 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 BCTAHOBIEHHI KiNbLEBOI OAIKH BHIIE
OKpEMHX  OHOp, HEOOXiTHO  BpaxoOBYBaTH
B3a€EMO3B’SI30K  OChOBOI JedopMmariii KuUTbIs 1
TIPHIIETITUX JUITHOK 000JIOHKH. SIkmo
BUKODUCTOBYETbCA ~ Taka  KilbplleBa  Oalka,
HEOOXITHO  BPAaxOBYBaTH  EKCLECHTPHUYHICTH
pO3TaIlyBaHHs LEHTPA Bark 1 IEHTPa JXOPCTKOCT1
OajJKu  BIJHOCHO  CTIHKM  OOOJIOHKM  Ta
LEeHTPAJIBHOI JIiHii oTop.

(9) Sxmo kimpmeBa Oangka pPO3MIANAETBCA K
mpu3MaTU4Ha cekuis (BiibHa Bin aedopmy -
BaHHS), IUITHKA IPUMUKAHHA 0 CTiHKY IIOBUHHA
MaTH THYYKICTb JTucTa He Gimsmt b/t = 20.

(10) Tam, ne kinbreBa Oaka BUKOPUCTOBYETHCS
JUISL TIEPEepO3MOALTY 3yCHIb Ha OKpeMi OmopH i
oot ab0 OKpemi 3’€AHYBaNbHI JETaii, IO
BUKOPUCTaHI s 3'€JHAHHS KOHCTPYKTHBHHX
€JICMEHTIB, NOBUHHI OyTH BU3HAUCHI NOKA3HUKU
OZ0 TepeAadi 3yCHib 3CYBY MK YacTHHAMU
KUTBIL BHACHINOK 3THHY CTiHKH Ta KiTbLEBOT
Oanku.

4.2.2.4 Knac BignoBigaabHocri 3

(1) Jlna pesepByapiB KiIacy BiINOBiZaJbHOCTI 3
BHYTpIIHI CHJIM Ta MOMEHTH IIOBHHHI
BU3HAYATHUCh 1 MiOTBEPIKYBAaTHCh BIAMOBITHHM
aHaii3oM  (HampuKiIax,  aHali3s  OOOJOHKH
METOIOM CKIHYCHHHUX €JIEMEHTIB) SIK HABEACHO B
EN 1993-1-6. I'pann4Huii cTaH 3a IWIACTHYHICTIO
(LS1) moxe OyTH BU3HAYEHUH 3 BUKOPHCTAHHIM
IVIACTUYHOTO  OHOpPY  pyHHYBaHHIO  HpH
TOJIOBHOMY HAaIpy)KeHHI, K Bu3HaueHo B EN

1993-1-6.
4.2.3 T eoMmeTpuy4Hi BiTXuaeHHsI

(1) TeomerpmuHi BigXWieHHS B O00OJIOHII
HOBHUHHI BIAIIOBizaTH 0OMEKEHHIM, 1o
Bu3HaueHi B EN 1993-1-6.

(2) Anst pe3epByapiB Kiiacy BiamoBiganbHOCTI 2 i
3 B mpoueci OymiBHUITBA T'€OMETPUYHI
BIIXWJICHHS BHUMIPIOBATHCh Ul 3a0€3MeUCHHS
BCTAaHOBJICHUX OOME)KCHB 3a JIOMyCKaMHU.

(3) Teomerpuuni BimxwieHHS B OOOJIOHIN HE
MOBHMHHI Ge3M0CepeIHbO BPAaXOBYBATHCH HPH
BM3HAUEHHI BHYTPIIIHIX CHJI 1 MOMEHTIB, 3a
BHHATKOM, KONH 3acTOCOBYeThcs aHanizs GNIA
a6o0 GMNIA, srigno 3 EN 1993-1-6.
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(8) If a ring girder is used above discrete
supports,  compatibility 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 than b/t = 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 1993-1-6.



4.3 Anani3 koHcTpykuii kopoda
NPsIMOKYTHOTO pe3epByapa

4.3.1 MoaenoBaHHsI KOHCTPYKIIil Kopoda

(1) MopnenmoBaHHs KOHCTPYKIIii KOpOOa MOBHHHE
BHKOHYBaTHCsl 3 ypaxyBaHHsAM Bumor EN 1993-
1-7, a TakoX BIANOBIOATH  HACTYNHHUM
TIOJIOXKCHHSM.

(2) MonentoBanHsl KOopoOa MOBUHHE BKJIIOYATH
BCi peOpa )KOPCTKOCTI, OTBOPH 1 3’ € JHAHHS.

(3) B mpoekri moBHHHO OyTH TapaHTOBAHO
JOTPUMAHHS NMPHHHATHX TPAHAYHNX YMOB.

(4) 3'enqnanHs MK cerMeHTaMH KopoGa MOBHHHI
3aJI0BOJIBHATH BUXITHUM TIOJIOXKEHHSAM
MOJICITIOBAHHSI 11010 MIITHOCTI Ta )KOPCTKOCT!I.

(5) Koxxna manens kopo®a Moxke po3riIsaaTucs
SK 1HAWUBIAYaTbHUI JTUCTOBUI €JIEMEHT 32 TaKUX
YMOB:

a) SIKILO BiJl CYCiAHIX MaHeneil BpaxoBaHi CIIH i
MOMEHTH, IO JiFOTh Ha KOKHY MaHEb,

D) skmo mpu 3ruHI BpaxoBaHa JKOPCTKICTH
MPUJICTIINX MTaHeIeH.

(6) V pasi, skmo criHOBa NaHeNlb IPAMO
nizicuiieHa pedpaMu >KOPCTKOCTI, HAalpy>XEeHHS B
pebpax KOPCTKOCTI i y CTIHII MOXYTh OyTH
BH3HAYCHHI 3 ypaxyBaHHAM TOro, mo pebpa
JKOPCTKOCTI PO3MOAUIEHHI MO CTiHLI KopoOa i
BIAICTaHb MIK peOpaMu XKOPCTKOCTI He OLIBII Ns
t.

Npumirka: 3navenns Ns Moxke Oytu obpame y
HamnionamsHoMy nonatky. PexomeHnoBaHe 3HaueHHS
ns = 40.

(7) SIxmo peGpa KOPCTKOCTI PO3MOALICHHI IO
CTiHIi, HAaOpy)XeHHI B HUX IOBHHHO OyTH
BU3HAUYCHO 3  ypPaxyBaHHAM  BiINOBIXHHUX
JOIYCKIB MO0 eKCIEHTPHCHTETY MiX pebpomM
JKOPCTKOCTI 1 JINCTOM CTiHKH, a JJIsl HAIPY>KeHHS
B CTIHI[ - y HampsSMKy HEPICHIUKYIIPHOMY IO
oci pedpa )KOpPCTKOCTI.

(8) HiiicHa mupuHA NIUCTa 3 KOXKHOI CTOPOHHU Bif
pedpa KOPCTKOCTI TNOBHHHA NpPUAMATHCS  HE
Oulblie, HDK New t, ge t - JIOKaJbHA TOBIIHHA
JIUCTA.

Mpumirka: 3HaueHHS New MOXKE OYTH HABENEHO Yy

HaHiOHaJ'II;HOMy JA0JATKYy. PeKOMeH[IOBaHe 3HAYCHHSA
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 than nst.

NOTE: The National Annex may choose the value
of ns . The value ns = 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
new t, where t - is the local plate thickness.

NOTE: The National Annex may choose the value
of New. The value ney = 15 is recommended.
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4.3.2 I'eomerpuuHi fedexTn

(1) T'eomerpuuni nedexTn B KOpoOi MOBHHHI
3a[I0BOJIBHATH OOMEXCHHs, Bu3Ha4deHi B EN
1993-1-7.

(2) T'eomerpuuHi aedekTH B KOpoOi HE MOBHHHI
BPAXOBYBATUCS IPU BU3HAUEHH] BHYTPIIIHIX CUI
i MOMCHTIB

4.3.3 Meroau po3paxyHkiB

(1) BHyTpiumHi cHiM B JHCTaX CTiHKH Kopoba
MOXYTb OYTH BH3HA4€Hi 3 BAKOPUCTAHHIM:

a) CTATUYHOI PIBHOBAarW misi MeMOpaHHUX CHI i
Teopii 3ruHy Ui 6alok;

b) pospaxyHky, 3acHOBaHOTO Ha JTiHIHHOMY 3rHHi
aucTa i Teopii po3rary;

C) pO3paxyHKy, 3aCHOBAHOIO Ha HENiHIHOMY
3IHHI JHCTA 1 Teopii po3TATY.

(2) Hdnst pe3epByapiB Kiacy BiAmoBimagbHOCTI 1
Moke OyTH BUKOpUcTaHuii meTo (a) B (1).

(3) dns pesepByapiB Kiaacy BiAMOBiTaabHOCTI 2,
32  YMOBH CHUMETPHYHOTO  PO3PaXyHKOBOTO
HABAaHTAXKCHHS IS KOXKHOTO CErMCHTa JIHCTA,
Moxke OyTH BUKOpHcTaHuii meto (a) B (1).

(4) st pesepByapiB Kiacy BianoBimambHOCTI 2,
32 YMOBH AaCHMETPUYHOTO PO3PaXyHKOBOTO
HAaBaHTaXCHHA, HEOOXIHO BUKOPHUCTOBYBATH
a6o metox (b), ado (¢) B (1).

(5) Jna pesepByapiB Kiacy BiANOBiZaIbHOCTI 3
BHYTPIlIHI CHJIM Ta MOMEHTH IOBHHHI OyTH
BU3HAYEHI 3 BUKOpHUCTaHHAM abo meroxy (b), abo
(©) B (D).

4.4 ExBiBajJleHTHi OpPTOTPONHi BJIACTHUBOCTI
ro¢poBaHUX JHUCTIB

(1) SIxuio rodpoBaHi JHCTH BHKOPUCTOBYIOTHCS
K YacTHHA KOHCTPYKIT pesepByapa,
PpO3paxyHOK MOxke OyTH 3po0JIeHHH TP PO3TIIsii
OOIIMBKY 5K €KBIBaJICHTHOI OPTOTPOIIHOT CTiHKH.

(2) OproTpornHi BIACTHBOCTI, IO OTPUMYIOTHCS
IpU PO3TAlllyBaHHI HABAHTA)XXEHHSI TO(PPOBAHOI
CeKIii B OPTOrOHAJIBHMX HANPSIMKAX, MOXYTh
OyTH BUKOPHCTaHI JJIsl pO3paxyHKIB HAIPYKCHHS
i criiikocti koHeTpykwii. Lli XapakTepHCTHKH
MOXYTh OyTH oTpuMaHi Ak omucaHo 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 MPOEKTYBAHHSA HAJITHAPUYHUX
CTIHOK

5.1 OcHoBHi npaBu1JIa
5.1.1 3araabHi moJI0OKeHHSI

(1) Po3mipn UMWITHAPHIHKUX OOOIOHOK-CTIHOK
KOpIyCYy  TOBHMHHI  BIANOBIZaTH  OCHOBHHMM
MPOEKTHAM BUMOTAM I10JI0 TPAHUYHHX CTaHIB 3a
HECYUOIO0 3[aTHICTIO, 3TiHO 3 PO3/iIOM 2.

(2) Ouwinka Oe3neku IMITIHAPUYHOT OOOIOHKH
MOBHHHA OYyTH TPOBECHA 3 JOTPUMAHHSIM YMOB
EN 1993-1-6.

5.1.2 KoHcTpyKkTUBHE
000JI0HKH
(1) LuninapuuHa 000JIOHKA-CTIHKA pe3epByapa
NMOBHHHA OYTH TIepeBipeHa 3a HACTYIHHMHU
rpaHUYHUMHM CTaHaMH, o Bu3HaueHi B EN 1993-
1-6:

- 3arayipHa CTIHKICTB 1 CTaTHYHA PIBHOBAra;

- LS1: rpaHuIs muacTUYHOCTI;

- LS2: manonukiioBa MilHiCTh;

- LS3: Brpara criiikocri;

- LS4: yroma

pilieHHst  cTiHKH-

(2) UwringpuyHa o00O0JOHKA-CTIHKA IOBHHHA
pigmoBizatu ymoBaM EN 1993-1-6, 3a BUHATKOM,
KOJIM IIei CTaHmapT mependadac ajbTepHATHUBH,
110 BiZIHOCSATRCS JIO IIbOTO CTAHIAPTY

(3) Jna pesepByapiB Kiacy BiANOBifalbHOCTI 1
rpaHUYHI CTAHU 332 MAJIOUMKIOBOIO MIIHICTIO i
YTOMOIO MOXYTh HE PO3IJISAATHCS.

5.2 Kuaacudikauis mwriHapuuaux ¢opm
000JI0HOK

(1) Hunianpuuna 0007I0HKA-CTIHKA, BUKOHAHA 13
IUIOCKOTO ~ HPOKaTHOTO  CTaJeBOrO  JIUCTA,
MO3HAYAETHCS TEPMIHOM «i30TpornHay (auB. 5.3.2
EN 1993-4-1).

(2) Luningpuuna 000JIOHKA-CTIHKA, BUKOHAHA 13
roppoBaHUX CTaleBUX JIUCTIB, B AKil roppu
MPOXOIATH  B3AOBXK  CTIHKH  pe3epByapa,
MO3HAYAIOTHECSI TEPMIHOM «3 TOPH30HTATBHHM
rodpysanusm» (aus. 5.3.4 EN 1993-4-1).

3) wrinapuaHa 000JI0HKa-CTiHKa 3
30BHIIIHIME peOpaMu KOPCTKOCTI, HE3aJIeKHO
BiJl BiICTaHI MK HUMH, TIO3HAYAETHCSA TEPMIHOM
«i3 30BHIIIHIMH €JIEMEHTaMH JKOPCTKOCTI» (IHB.
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 pass
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 termed «externally
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) Hecy4a 3maTHicTh HMIIHAPUYHOI OOOJOHKH
NOBUHHA OyTH OOuuCIeHa BiANOBITHO OO YMOB
EN 1993-1-6, 3a BHHATKOM BHIIQIKy, KOJH
BUKOHYIOTBCS YMOBH TYHKTY 5.4  1BOTO
CTaHIApTY.

(2) 3a ymoBu Bukonanus sumor EN 14015 a6o
EN 14620 crtukoBe 3'eTHAHHS CYHUIBHUM
3BapHUM LIBOM 3 TIOBHHM MPOBapoM 3abe3neuye
PIBHOILIIHHICTH OCHOBHOMY METAIy.

(3) Ans iHMUX TUMIB 3'€THAHHSA KOHCTPYKTUBHI
pimeHHs By3iiB noBuHHI Bignosinatu EN 1993-
1-8.

5.4 MipkyBaHHs 11010 onop i oTBoOpiB

5.4.1 O6ogoHka, sKa
MOPOKHUCT Ul HUJIIHAP

CIIMPAETBCH Ha

(1) V pasi ciupanHst [tiHAPUYHOT 0G0JOHKH HA
TIOPOKHUCTHN LATHIP, HEOOXigHO
notpumyBartucs Bumor EN 1993-4-1.

5.4.2 nninapuyna 00010HKA 3 MUIACTPAMH

(1) Sxumo tMITHAPWYHA CTIHKA IITPHUMYETHCS

BiZIOKPEMIICHUMH miJsicTpaMy, HEOoOXigHO
JotpumyBarucs Bumor EN 1993-4-1.
5.4.3 Huainagpuyna 000/10HKa 3

BiTOKpeMJIEHUMH OTIOpaMu

(1) Sxmo wTHAPUYHA CTiHKA MiATPHMYETHCS
BIJJOKpEMJICHHMH Onopamu abo B iHIIWI crocio,
HeoOxiaHo morpumyBatucs Bumor EN 1993-4-1.

5.4.4 BinoxpemieHe cnMpaHHsA pe3epByapa Ha
KOJIOHH MiJ X0Nnepom

(1) PesepByapu 3 BilOKpEMIICHUM CIIUPAHHAM Ha
KOJIOHH TiJ XOMIEpoM TIOBHHHI BiANOBiIaTH
pumoram EN 1993-4-1.

5.4.5 JlokanbHi onopHi eeMenTH i pedpa s
nepegavyi HaBaHTAKeHHsI Ha NWJIiHAPHYHI
CTiHKHN

5.4.5.1 JlokajabHi onopu mix UWJIIHAPUYIHOIO
CTiHKOI

(1) JloxanpHi omopy i UHTIHAPUIHOIO CTIHKOO
MOBHUHHI Bignosigatyu Bumoram EN 1993-4-1.

5452 JlokanbHi pedpa aaa nepepaui
HABAHTA’KCHHS HA WWJIIHAPUYHI CTIHKH

(1) JloxanbHi pebpa 115 Hepenadi HaBaHTAKSHHS
Ha IIWIHAPUYHI CTIHKM TOBHHHI BiANOBimaTu

pumoram 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 supports and
openings

5.4.1 Shell supported by a skirt

(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 engaged
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

(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 tank with
columns beneath the hopper

(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.



5.4.6 OTBopH B cTiHLi pe3epByapa

5.4.6.1 3arajibHi M0JI03KEHHS

(1) Axmo oTBip y UMIIHAPUYHOMY KOPITyCi

3MEHIIYE HECydy 3IaTHiCTh abo  3HIDKYe
CTiIliKicTh  OOOJIOHKH, BiH TOBHHEH OyTH
HIICWICHUMN.

(2) Take migcHIEHHS MOKHA BUKOHATH LIISIXOM:

- 301LIBIIEHHS TOBI{UHU JIMCTIB 000JIOHKH,
- TOoJIaBaHHs MiCHIFOI0YOr0 JINCTA,
- 3a paXyHOK natpyoka.

IMpumitka: Po3paXxyHOK TIpPaHHYHOrO CTaHy 3a
wiacruudicTio (LS1) mnorpibeH B 30HI BHCOKOIO
THCKY ( BiJ piIMHU ¥ HaJUIMIIKOBOTO THCKY), y TOH
yac sK po3paxyHOK Ha criiikicte (LS3) HeoOXimHuit
TaM, J€ TOBIIMHA JICTIB BEPXHIX IOACIB HE €
JOCTaTHBOIO.

5.4.6.2 TIlarpyOKH HeBeJMKOro jaiamMerpa B
00010HIII

(1) IlatpyOku i3 30BHIIIHIM IiaMETPOM MEHIIIE
HiK 80 MM KimacuikylOThCS SK HEBEIHKI 3a
po3mipom.

(2) TlincunenHss MoXHa He HependadaTH, SKIIO
TOBIIMHA CTIHKM Oinsg mnatpyOka He MeHIe
3a3Ha4eHol B Tabmmi 5.1

np. ACTY-H b EN 1993-4-2:20XX

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 control
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.

Taéanusi 5.1 —MinimManbHa TOBIIMHA CTIHKY NATpyOKa

Table5.1 — Minimum nozzle body thickness

3oBHiHii giametp dn
nroKa abo marpyoxa (Mm)

MiniMasibHa HOMiHaJIbHA TOBIIMHA tref, n (MM)

Minimum nominal thickness tref,n (mm)

Outside diameter dn of
manhole or nozzle (mm)

Byrnenesa crans

Carbon steel

AyCTeHiTHa CTajlb 1 ayCTEHITHO-
(epuTHa HepKaBilOUa CTANb

Austenitic and austenitic-ferritic
stainless steel

dn <50 5,0 3,5
50<dn <75 55 5,0
75<dn<80 7,5 6,0

5.4.6.3 Koucrpykuiss JokiB i mnarpyokis
BeJIMKOro Aiamerpa B odoJioHIi 1is1 LS1

(1) JIroxu i1 matpyOKku B 0OONOHII 13 30BHIIIHIM
nmiameTpoM Oinmbire HbK 80MM KiIacH]iKyrOThCS
SIK BEJIMKI 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) PospaxyHOok MoOXe OyTH BHKOHAHHH 3a
METOJIOM 3aMiHH IUIOLIi 3riHO 3 nmyHKTamu (3) i
(4) abo anpTEpHATUBHUM  METOAOM, IO
onucanui y myHkrax (5) i (6).

(3) MigcunenHs obnacTi MONEPEYHOTO IEpepi3y
DA moBunHO OyTH TepeabdaueHe Yy BEpTHKAIbHIM
IUIOIIMHI, BiJHOCHO IIGHTpa OTBOpY, WIO
BHM3HAYAETHCS 32 (OPMYJIOIO:

D4 = 0,75 d tref

ae
d — nmiamerp oTBOpPY B 00OJIOHII];

tref — TOBIIMHA 00OJIOHKH O€3 OTBOpY, siKa
HeoOXifHa npu po3paxyHKy it LS1.

(4) Ilincunmenns miomi DA wmoxe Oyru
3a0e3nedyeHo 3a OOHMM abo B Oynmb-sKii
KOMOiHamii 32 TphoMa HACTYIHUMH METOAAMHU:

a) besnocepennbo marpyOkom abo jroxom. Sk
MiICWICHHS MOXXE  PO3MIAATHCh  YacTHHA
narpyOKa, IO JISKHTh B MEXaX TOBIIMHH JINCTa
CTIHKM 1 Ha BiJICTaHi He OLIbLIE YOTUPUKPATHOT
TOBLIMHHU JIMCTA BiJi TOBEPXHI CTiHKH, SIKIIO
TUIBKM TOBINWHA NaTpyOKa HE 3MEHIIYEThCS B
Mexax 1€l BiICcTaHi.

b) HomaBamHsMm y criHKy BCTaBKH 3 OLIBII
TOBCTOrO JHCTa ab0 MiICHIIOIYOro JHCTa 3
Mexero migcmienns 1,5d <dn<2d, me dn —1e
epexTuBHHI  miamerp — mincwieHHs.  Ilpu
JIOTPUMaHHI MiHIMAJIBHUX BHUMOT ittt
MiZICWIICHHS MOXX€ BUKOPHUCTOBYBAaTHCS 1 He
KpyTJia IUTUTa.

C) BukopucraHsM I8 OOONOHKH  GimbIx
TOBCTHX JIMCTIB HDK HOTPIOHO Mt CTiHKU Oe3
OTBOpY Ipu po3paxyHky s LS1. Mexi
MiZICWICHHS TaKi Xk, 5K B (0).

(5) Sk ampTepHaTHBA METOIY 3aMiHM IUIOLIi, 11O
3a3HaueHo B (3) 1 (4), migcuieHHS MOXe OyTH
JOCSTHYTO 3a paxyHOK BKIIOUEHHs KopIyca
narpyOka, 110 BHCTyNae 3 JBOX OOKIiB JiMCTa
oOononky, ane e Mexm Hix 1,17 \/r t. . Lei

METOJ MOXE€ BUKOPHUCTOBYBATHCS, SIKIIO KOPITYC
narpyOka Oinbie Hix Ha 100 MM BifaneHuit Bix
JIICTa OKpalKU.
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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 area DA
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;
trer — Is the thickness required by the design
for LS1 for the shell plate without
opening
(4) The reinforcing area DA 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 1,5d < dn < 2d,
where dj, 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.Jr,t,,; . This method should not be used

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



(6) ToBmmHa Kopmyca maTpyOKiB ITOBHHHA
obuparucs TaKoIo, o6 KoeirieHT
KOHIICHTPALlli HANpYXCHHS | HE NEPeBHILYBaB
2,0. KoedimieHT KOHUEHTpawii HANPYKCHHS |
MPUAMAETHCS 3a  MamoHkoM 5.1 3
BUKOPUCTaHHAM  KoediumieHTa  3amiHH Y.
KoeoimieHT 3aMiHM Yy NOBMHEH BH3HAuYaTHCh 3a
(hopmyioro:

y=1.56t“\F+[t”];
t\r, (2r,

ae
t — ToBIMHA THCTa 0OONOHKY;
th — TOBIIMHA KOpITyca naTpyOKa;
'm — cepeUHHUM pajiyc narpyoOka;

e — 30BHIIIHIH pajiyc nmaTpyoka;
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(6) The thickness of the nozzle body should be
chosen such that the stress concentration
factor j does not exceed 2,0. The stress
concentration factor j should be obtained from
figure 5.1 using the replacement factor y. The
replacement factor y should be evaluated from:

(5.2)
where:
t — isthe shell plate thickness;
tn — 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 — BHYTpiHi# paaiyc matpyOxa ri — is the inside radius of the nozzle.
25 N ST T~ I \
\\ ™ \\\\\ —""“--I 7”“/”1
¥ . ~l 6=
20 ~ ~ —]
N ~ 1.2\.________. —
~ —
\ T M~ l,l T [
s B
] 1.5 ~ —
~ B
L0 —
T4
10 —
05
-0 01 02 03 04 05 06 07 08 09 1

y

] — KoediuienT KoHueHTpauii HanpysKeHHs;

y — Koediuienr 3aminn

Pucynox 5.1 - Koedimient
BHUITyCKHUM MaTPyOKOM
Figure 5.1:
5.4.6.4 BniuB oTBOpiB Ha BTpaTy criiikocri

o6osonku miasa LS3

(1) BruivB OTBOPIB Ha CTIHKICTh OOOJOHKH MOXKE
HE BpaxOBYBATHCS 32 YMOBH, SKIIO OTBOPU
PO3MIpOM # MEHIIE HDX #max = 0,6, mpu mpomy
7 BU3HAYAETHCS SIK:

KOHILIEHTpaIil

j — Stress concentration factor;
y — Replacement factor
M ICHIIEHH]

HanpyXeHHs  Ipu

Stress concentration factor for barrel-type nozzle reinforcements

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 size # is smaller than
nmax = 0,6, and 7 is given by:

(5.3)
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e
I — pazgiyc HMIIHAPUYHOT 000JIOHKH OuiIst
0TBOPY;
t — TOBIIMHA HE MiJKPIIUICHOT
000JIOHKH O1JIs1 OTBODY;
o — paziyc oTBOpY.

CTIHKH -

(2) Slxmo oTBip MPAMOKYTHMIA, eKBiBaneHTHHIt
paziyc oTBOpy MoOe OyTH BU3HAUCHHUH SK:

ro= a+b |
0=
4
ae
a — JIOBKHMHA TOPH30HTAIBHOI CTOPOHH

OTBODY;
b — Bucora otBOpY.

(3) Tam, me paxmiyc OTBOpY Fo MeEHIIE OJIHI€T
TPETHHU pajiyca IIIHAPUYHOT OOOJIOHKU I,
HEMae HEOOXIMHOCTI BPAaxOBYBATH 3MEHILICHHSI
PO3paxyHKOBOTO OHOpY BTpaTu CTIHKOCTI 3a
HasBHOCTI OTBOPY, NPH YMOBH, IO IUIOMA
TIOTIEPEYHOTO IIepepisy OTBOPY MEHIIEe HDK
IUIOIIA TOIIEPEYHOro Hepepizy miacuiaeHH AA.
[Mincunenns Moxe Oyrm 3abe3rnedeHe 3rifHO 3
5.4.6.3 (4) abo mUIAXOM BCTAHOBJIEHHA pedep
JKOPCTKOCTI B MEPUIIOHATILHOMY HATPSIMKY.

(4) SIxkmo pebpa KOPCTKOCTI B MEPUIIOHATEHOMY
HaIpsIMKY BHKOPHCTOBYIOTBCS JUISl ITiICHIICHHS
OTBOPY, IUIOIIA MOTEPEYHOr0 Iepepizy KOKHOro
pedpa >xopcTKoCTi MOoBMHHA OyTH 3MEHIIEHA Ha
KIHIAX Bitit:e 3an00iraHHs KOHLICHTpALii
HalpY)KeHHA y  JHCTaX  OOONOHKH,  Je
3aKpIITIOI0TECA pedpa XKOPCTKOCTI.

5.4.7 AnkepHe KpinleHHs1 pe3epByapa

(1) Sk mpaBuo, aHKepHE KpIIUICEHHS MOBHHHE
MPHETHYBATHCS [0 LULTIHAPUYIHOI OOOJOHKH, a
HE TUIBKH JI0 OIIOPHOT ILUTHTH.

(2) Ipu mpoextyBaHHI HEOOXiJHO BPaxOBYBaTH
TepeMileHHs pe3epByapa npu 3MiHI
TeMmriepaTypu abo TiIpOCTaTHYHOTO TUCKY IS
MiHIMi3aLil HaNpyXeHb, 1110 BUHUKAIOTh B CTiHLI
i/l TUMU BIUTUBAMH.

(3) SIkmo pesepByap Mae SKOPCTKI aHKepHi
KpilUleHH ¥ cOopuilMae  TOPH3OHTAIBHI
HABAaHT@XCHHAM (HANpHUKIan, BiTEp, YyXapH)
aHKEpHI 3ycWUIA HEOOXITHO BH3HAYAaTH 3TiTHO 3
TEOPi€I0 0OOIOHOK.

Mpumirka: HeoOXxinHo 3a3HA4UTH, IO LI 3YCHIUIL
JIOKaJIbHO MOXYTb OyTM Ha0arato BHMII HDK Ti, SIKi
BU3HAYAIOTECS 3TiHO OanodHoi Teopii. JMB. MyHKT
(3) y migpoznaini 5.4.7 B 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 opening r0 is less
than one third of the radius r of 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 area AA4. 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) PospaxyHOK IHIIHIPUYHOI OOOJIOHKH 3
yYpaxyBaHHAM JIOKaJbHUX CHJI 1 3rHHAJIBHUX
MOMEHTIB BiJ aHKepiB MNOBUHEH BiANOBimaTH
ymoBaMm 5.4.5.

5.5 I'panuyni cTaHM 3a NOPUIATHICTIO [0
HOPMAJIbHOI eKCILTyaT anrii

5.5.1 OcHoBHi npaBuIa

(1) I'pannuHi cTaHM 3a NPHUIATHICTIO JO
HOPMAaJBHOT eKCIUTyaTamii sl LTIHAPUYIHUX
JIMCTOBUX 00OJOHOK MOBUHHI IPUUMATHCS SIK:

- pgedopmanii Ta TPOrMHM, IO HETaTHBHO

BIUIMBAIOTh Ha  ©(EKTHBHE  BUKOPHCTAHHSI
KOHCTpPYKIIi;

- nedopmanii, nporuHu abo BiOpawmii, 110
MOXYTh BHKJIMKATH YIIKODKEHHS HE

KOHCTPYKIIHHNX €IEMEHTIB.

(2) [ng  BiAOOBIZHOCTI  3a3HAYEHMM  BHILE
KpuTepiaMm, nedopmanii, mporuHu I BiOpamii
TIOBMHHI OyTH OOMEXCHUMHU.

(3) CroeuianpHi TrpaHUYHI OOMEXEHHA ILOAO
MOXJIMBOTO BUKOPHUCTAHHS pe3epByapiB MOBUHHI
OyTH y3ro/DKeHi MDK  MpPOEKTYBaJIbHHKOM,
3aMOBHUKOM 1 BIANOBITHAM KOHTPOJIOKYHM
OpraHoM, BPaxoBYIOUH hits) yBaru
XapaKTEePUCTUKH PiANHY, o Oyae 30epiraTucs.

6 KOHCTPYKIISA KOHIYHUX XOIIIIEPIB

(1) KoHcTpykiis KOHIYHHMX XONIEpiB MOBHHHA
Bignosinaru Bumoram EN 1993-4-1.

7 KOHCTPYKUIA KPYI'JIUX IIOKPUTTIB

7.1 OcHoBHi npaBuJa
7.1.1 3arajJbHi M0JI0KEHHS

(1) TloxpurTs craneBHX pe3epByapiB MOBUHHI
MaTd Taki IapaMeTpH, sKi 3abes3nedyBaau Ou
OCHOBHI ~ KOHCTPYKTMBHI ~ BHMOTHM  IIOJO
TPaHUYHOTO CTaHy 3a HECy4Ol0 3JaTHICTIO,
3a3Ha4eHi y po3aini 2.

(2) OrminroBanas  Oe3nexn  chepuyroi  ado
KOHIYHOT OOOJOHKM MOBHHHO MPOBOJUTHCS
srigno 3 EN 1993-1-6.

(3) OuinroBaHHs O€3MEKH HECY4Y0i KOHCTPYKIIiT
KPYrJoro IOKPUTTS TOBHHHO  IIPOBOJMTHCS
srimso 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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7.1.2 KoHCTpyKIisi HOKPUTTS

(1) IToxpuTTS HOBHHHE MEPEBIPATHCS Ha:

— BTpaTy CTIHKOCTI;

— MIIHICTB CTUKIB (3'€qHAHB);

— ormip pyWHYBaHHIO BiJl BHYTPIIIHBOTO THCKY.

(2) JlucroBa oOmIMBKA MOBHHHI 3aJOBOJBHSITH
BHUMOTH EN 1993-1-6, 32 BHHATKOM
nepenbadeHoro B 7.3+7.5 albTepHATHBHOTO
MiAXOY.

7.2 Knacudikanis KOHCTPYKTHBHHX (opm
MOKPHTTS

(1) Ioxpurrs Moxke Matu chepUdHy, KOHIUHY,
Topo-chepuuHy abo TOpo-koHiuHY Qopmu. 3a
HasBHOCTI BHCOKOTO BHYTPIITHEOTO
HAJUIMIIKOBOTO THCKY [OBHHHA OOMpaTHcH,
MEPEBAKHO, TOPO-ChepuyHa abo TOPO-KOHIYHA
¢hopma.

(2) KonctpyxtuBHi (OpMH NOKPUTTS, 3TiIHO 3
(1), MOXyTh OyTH 3 HECy4HM KapkacoMm abo 6e3
HBOTO.

(3) Hecyunii kapkac HOKPUTTS 3TiTHO 3 (2) MOXKe
CIIUpaTycs Ha CTOSKH.

(4) Hecyunii xapkac HOKPUTTS MOXE PO3TAIO -
BYBaTHCA HIDKYE 200 BUIIE JIUCTIB MOKPUTTS.

(5) JIucroBa 0OIIMBKA TOKPHUTTSI MOXKeE:

a) MATPUMYBATHCS KOHCTPYKIIEIO TIOKPHUTTS 0e3
3'€ JHAHHS;

b) kpinuTrch 10 KOHCTPYKILT HOKPUTTSL.

(6) SIkmro moTpiOHI MOKPUTTS 3 TMOCTAOICHUMHE
3'€JHAHHAMH, HEOOXiJJHO BUKOPHCTOBYBATH THII
(a).

(7) Sxkmo kapkac, MmO MATPUMYE MOKPHUTTS,
PO3TAIIOBYETHCS HAa30BHI, HEOoOXigHO
BukopucroBysaty tui (b).

7.3 Hecyua 31aTHIiCTh KPYIJINX HOKPHTTIB

(1) JlucroBa OOWIMBKA MOKPHUTTS IOBHHHA
3amoBoibHATH Bumorm EN 1993-1-6, sxmo
crieliajgbHi BAMOTH HE perjiiaMeHToBaHi B 7.4.

(2) KoHcTpykiis, MmO MiATPUMYE MOKPHTT,
MOBHHHA 3a10BoabHATH BuMoru EN 1993-1-1.

(3) Topo-chepuuni Ta TOPO-KOHIYHI TOKPHTTS
TIOBUHHI HPOEKTYBaTHCh TaK, mobu

YHEMOJKIIMBUTH 3THH BiJl BHYTPIIHBOTO THCKY B
30Hi MEPETHHY rpaHell 000JIOHKH.
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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 MipkyBaHHA 1m0/10 iHAUBiAya1bHUX (opM
KOHCTPYKUIi

7.4.1 Be3onopHi KOHCTPYKLI MOKPHTTS

(1) Be3soropHi MOKPUTTS. HEOOXIAHO 3BapPIOBATH Y
CTHK 200 BHAITYCK JIBOMA IIBAMH.

(2) TIpu 3BaproBaHHI MOKPHUTTSI BHANYCK [BOMa
mBaMH B pO3paxyHKax HeOoOXimZHO Opatu 10
yBark 3MEHIIEHHS ONOpYy BTpaTi CTIMKOCTI i
TpaHUNi TEKy4OCTi dYepe3 II03aLECHTPOBICTh
CTHKY.

7.4.2 KouiyHi Ta KynmoiabHi NOKPUTTH 3
ONMOPHUMH eJIeMEeHTaMH

7.4.2.1 KoncTpyKiisi 001INBKH

(1) JucroBa oOmMBKA MOKPUTTS MOXe OyTH
po3paxoBaHa 3 BHKOPHUCTAHHSIM TEOpil BETHKHX
nedopmariii.

(2) SAxmo moTpibHI MOKPHUTTS 3 MOCTAOICHUME
3'€[HAaHHAMM, JIMCTH TIOKPUTTS He TOBHHHI
MPUKPIIUTIOBATHCS 10 BHYTPIMIHBOI  OIOPHOI
KOHCTPYKIIii IOKPUTTS.

7.4.2.2 TIpoeKTyBaHHS OTIOPHOI KOHCTPYKIIii

(1) OmnopHOi KOHCTPYKLIsL MOKPHUTTS MOBHHHA
3a10BOJIBHATH BuMorn EN 1993-1-1.

(2) SIkmio OOLIMBKA TMOKPHTTS MPUKPIILTFOETHCS
IO OMOPHOI KOHCTPYKIii, e(eKTHBHA IIUpPHHA
TaKol OOIIMBKU MOXe OyTH NpUIHATA SIK YaCTHHA
Hecyuoi KoHCTpykuii. Ll edexruBHa mmpuHa
MoOke OyTH mpuiiHsTa piBHOW 16 t, sikiio Oinbina
BEJIMYMHA HE MIATBEP/UKEHA PO3PAXyHKOM.

(3) [ng TOKpUTTIB, SAKI  MiATPUMYIOThCS
KOJIOHaMH, HEOOXIJHO CIIeIiallbHO PO3IITHYTH
MOJKJIMBICTB OCiTaHHS (DYHIAMEHTIB.

7.4.3 3'enHaHHsi NOKPUTTH 3i CTiHKOIO
(BepxHiii yropHuii By30.1)

(1) 3'ennaHHs TOKPHUTTS 3i CTIHKOIO (BEpXHiit
YTOpPHUH CTHK) NOBUHHE OyTH 3alpOEKTOBAHE
Tak, o0 BUTPUMYBATH 3arajbHE BEpTHKaJIbHE
HaBaHTa)KCHHS BiJ MOKPHUTTS (Bara KOHCTPYKIT,
CHII,  KOPOTKOYAaCHE  HABaHTaXEHHS  Ta
BHYTpILIHIH Bix’ €eMHHUI THCK).

(2) 3'ennaHHs TOKPUTTS 31 CTIHKOK IOBHHHE
3agoBoibHATH BuMorn EN 1993-1-6. Ilpu
BHKOHaHHI BuUMor 3rigHo 3 11.1 (1) moxe Oyru
3aCTOCOBAHMI CIIPOLIEHHH METOI PO3paxyHKiB,
HaBeneHuii 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) HAnst KOHCTPYKIIii MOKPUTTS 3 MOCIA0ICHUME
3'eIHAHHAMM IUIOIIA KoMIpecii 4 TOBUHHA
3aJI0BOJIbHSITH YMOBY:

A< w

ne
W — 3aranpHa Bara OOOJIOHKM | HECy4nx
KOHCTPYKIIH TOKPHUTTA (ajge He JIHCTIB
OOIIKMBKH);
0. — KYT MDK MOKPHUTTSAM i TOPU30HTAIBHOIO
IUTONMHOI0 B MiCIi 3'€JHAHHS TOKPUTTS
3 HATHIPUYHOIO CTIHKOIO.

7.5 I'panuyHi craHd 3a NpHUIATHICTIO 10
HOPMAJIbHOI eKCILTyaT anii

(1) T'panmuni craHM 3a NPUAATHICTIO [0

HOPMAaJBHOI  eKCIUTyaramii il TOKPUTTS

pe3epByapiB MOBHHHI PO3MIISAATHCH SK:

— npedopmariii Ta NPOTHHH, IO HETaTUBHO
BIUIMBAIOTh HAa €(EKTHBHE BHKOPUCTAHHS

KOHCTPYKIIi;
— nedopmarii, mporuHd abo BiOpamii, IO
MOXYTh BHKIIUKATH YIIKODKEHHS

JIPYTOPSITHUX €JIEMEHTIB.

(2) [MHOns BigmoBimHOCTI  3a3HAYEHWM  BHIIE
KkputepiaMm, nedopmanii, mporuHu I Bibpamii
MIOBUHHI OyTH OOMEXCHUMU.

(3) CrnemianbHi TpaHHYHI OOMEKCHHS ILNOJO
MOJKJIMBOI'O BUKOPUCTAHHS pe3epByapiB MOBUHHI
OyTH TOTO/KEHI MDK  IPOCKTYBAIBHHUKOM,
3aMOBHHKOM 1 BIATOBIJHUM KOHTPOJIIOIOYHM
OpraHoM, MPUIMA0YH 10 YBard XapaKTePUCTHKU
pinuny, ska Oyae 30epiratucs.

8 IPOEKTYBAHHSI NEPEXITHUX
3'€JHAHb JTHUINA 3 OBOJIOHKOIO I
OIIOPHUMMU KIVIBHEBUMH BAJIKAMHM

(1) KoncTpykuis mepeximiHuX 3'€HAHb KPOMKH
CTIHKA 3 JHHIIEM 1 ONOPHHUMH KUIBICBUMHU
0ajKaMH IIOBMHHA BifmoBimath BuMoram EN
1993-4-1.
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(3) For frangible roof design the compression
area A 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 the
bottom edge and supporting ring girders should
satisfy the requirements of EN 1993-4-1.



9 IPOEKTYBAHHSI NPSIMOKYTHHUX
PE3EPBYAPIB I3 IIJIOCKUMH
CTIHKAMHU

9.1 OcHoBHi mpaBUJIa

(1)  TlpsmoxkyTHH#I  pe3epByap  IOBHHEH
pospaxoByBaTucs a0o0 SK MiICHICHUI KOpooO,
SIKUA B OCHOBHOMY, NpAaIfO€ Ha 3ruH, abo sK
TOHKa MeMOpaHa, B SKIH TCIS 3HAYHHX
nebopManiii  Moke  BHHUKAaTH — MeMOpaHHe
HaMpy>KCHHS.

(2) SIxuro xkopoG po3paxoBYETHCS HA IO 3THHY,
MpU HOro eKcIuTyarallii By3J0Bi KOHCTPYKTHBHI
3’€HAHHS MOBHMHHI 3a0e3ledyBaTH MPUHHATY
OpH  PO3paxyHKy  HAIpyXEHOro  CTaHy
HE3MIiHHICTh KOHCTPYKIIiI.

9.2 BinMiHHOCTi KOHCTPYKTHBHHX (opM
9.2.1 Pe3epByapu 0e3 nmigcuiieHHs

(1) KoHCTpyKIifo i3 IUIOCKUX CTaJIeBUX JIUCTIB
0e3 pebep KOPCTKOCTI HEOOX1THO PO3TIIAIATH SIK
«KopoO 0e3 MiACHICHHS.

(2) Koncrpykuito, MmiacuneHy TUIBKH Y3HO0BXK
CTHKIB MK JIUCTAMH, 11O HE PO3TAILIOBYIOThCS B
OIHIN IUTOLIMHI, TaKOX HEOOXITHO pPO3rIsiiaTH
K «Opo0 0e3 MiICUICHHS.

9.2.2 Pe3epByapu i3 miicuJICHHSIMH

(1) Konctpykuito i3 IIIOCKHX JHCTIB, 3
NPUKPIIUIEHUMH B IUIONIMHI JIMcTa pedpaMu
JKOPCTKOCTi, HEOOXiIHO pO3IJISIaTH 5K «KOpoO
i3 migcuneHHsaM». Pebpa >KOpPCTKOCTI MOXYTh
PO3TAIIOBYBATUCA IO IMEPUMETPY BEPTHUKAIBHO
200 OPTOrOHAIBHO.

9.2.3 Pe3epByapu 3i CTSKKaAMHU

(1) PesepByapm 3i CTSDKKAMH MOXYTh OyTH
KBaJPaTHIMH 200 IPSIMOKYTHUMH.

9.3 Hecyua 31aTHiCTh BEPTHKAJIbHUX CTIHOK

9.3.1 IlpoexTyBaHHSI OKpeMHX JIMCTiB 0e3
niacuJIeHHs

(1) Jlmetm  Oe3  WiOCWICHHSA  IOBHHHI
pO3paxoByBaTHCS Ha 3THH SIK ABOBUMIPHI JIUCTH,
Ha Ji0 piauHM, MO 30epiraeTbCs, TUCKY Hal
pimuHOIO, MeMOpaHHI Ta MICIeBi 3THHAbHI
BIUTMBH BiJ TPYO 1 IHIIKX 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 areca 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.
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9.3.2 IlpoexkTyBaHHsI OKpeMHX JMHCTiB i3
miACJIeHHAM

(1) Todposana abo TpamenieBunHA MaHEIb, IO
PO3TAIIOBYETHCSI ~ TOPH30OHTANBHO,  MOBHHHA
PO3paxoBYBaTHCS Ha 3araJbHU 3TFHH Bim il
pinuHY, Mo 36epiraeTbes, TUCKY Haa PIANHOI,
MeMOpaHHUX Ta MICHEBHX 3THMHAJIbHUX BIUIUBIB
BiZl TpyO i IHIIUX BPI3iB.

(2) EdexruBHi 3ruHambHi XapakTepHUCTHKH, a
TAaKOX OMip 3TUHY JHCTIB 3 MiJACHICHHAM
noBuHHI Bignosigatu EN 1993-1-3.

(3) YKopcTkicTh JUCTIB TP 3CYBi B IUIOIIMHI Ta
omip 3CyBy MOXYTb OYyTH BH3HAaYeHi 3a
aHAJIOTi€f0 POOOTHM IUIOCKMX JIUCTIiB, SIKIIO
MaHeNlb IOCTIZOBHO Y3IOBX YyCiX KPOMOK
MPUKPIIUICHA 10 TPHUICTIINX eJIEMCHTIB.

IMpumirka: SIKmo 3'€AHAHHS BHKOHAHE YacTKOBO
TUTBKH 10 BEPTHKAIBHUX KPOMKax (TLIbKH dYepe3
roppoBany  abo  TpameuieBHAHY  OOIIMBKY),
HANPYXKEHHS MOXE CyTTeBO 30LIplMTHCA, a
KOPCTKICTh MOXKe CYTTEBO 3MEHIIMTHCS.
IlepenOauaeTbes, IO Taki KOHCTPYKLIi, depe3
MOXJIMBY  HEWIUIBHICTH  3'€qHaHb, He OyayTh
BHKOPHCTOBYBATHCS.

9.3.3 3aranbHuii 3rMH Bil NPsAMOro BILUIMBY
pinuHu, o 30epiraerbes Ta HAJIMIIKOBOIO
THCKY

(1) HeoGxigHo BpaxoByBaTH TOPHU3OHTAJBHHUI
3rHH SIK PE3yJbTaT HOPMAIBHOTO THCKY Ha
cTiHKy. HaBaHTa)KeHHS MOBHHHI CHpPUAMATHCS
0J1HO—, 200 TBOOIYHUM OIIOPOM 3THHY.

9.3.4 MemOpanHe HanpyxeHHst Bix aii
aiagparm

(1) IIpu po3paxyHKy HEOOXigHO OpaTh 1O yBaru
MeMOpaHHi HAIpyKECHHS pO3TATY, SIKI
BUHHKAIOTb Yy Ppe3ylbTaTi TiIpoCTaTHYHOTO
TUCKY Ha MPOTHIIEXKHI CTIHKH,
HNEePICHANKYISIPHO PO3TALIOBAaHI O CTIiHKH, IO
PO3IIISIAEThCS.

(2) IIpu po3paxyHKy TaKoX HEOOXimHO OpaTH 10
yBaru MeMOpaHHI HANpy»XCHHs CTUCHEHHS, sKi
MOXKYTh BUHHMKATHU TIPH Aii BITPY Ha IHIII CTiHKH,
OPTOrOHAIBHI IO BiJHOLICHHIO N0 CTiHKH, IIO
PO3TIBSIIAETHCS.

9.3.5 MicueBwuii 3ruH Bix Tpyo i iHnmmx Bpi3iB

(1) Tlo ™MoOXmMBOCTI, HEOOXIMHO YHHKATH
MICIIEBOTO 3rHHY Bif TpyO 1 iHIIMX Bpi3iB. Aue,
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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
inaccordance 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.

9.35 Local bending action from
attachments or piping

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



SKIO 116 HEMOXKIIMBO, HEOOXITHO B 30HI Bpi3iB
nepeBipsATH MiCLIeBi HANPYKEeHHS i edopmartii.

9.4 I'panuyni cranu 3a NpHIATHICTIO 10
HOPMAaJIbHOI eKCIIyaT anii

(1) T'panuuni craHu 3a TPHUIATHICTIO 10
HOPMaJIbHOL eKCIUTyaTamii Uit CTiHOK
NPSIMOKYTHHX CTaJleBUX pe3epByapiB INOBHHHI
npuiMaTHCs SK:

— nedopmanii ¥ NPOruHYU, IO HEraTHUBHO
BIUIMBAIOTE Ha  €(EeKTHBHE  BHKOPUCTaHHI
KOHCTPYKIIi;

— nedopmanii, nporuHu abo BiOpamii, MmO
MOXYTh BHKJIMKaTH YIIKODKEHHS APYTOPSIHUX
CJICMEHTIB.

(2) Hnn BignoBimHOCTI 3a3HAa4YCHMM  BHILE
KpuTepisM, aedopmanii, mporuHH # BiOpamii
MOBHHHI OyTH OOMEKeHI.

(3) Crneuudivyni 4yuciaoBi OOMEKEHHS, IIOJO
MOKJTHBOTO BUKOPHUCTAHHS pesepByapis,
IMOBUHHI oytu THOrOKEH1 MIDXK
MPOEKTYBaIBHUKOM, 3aMOBHHKOM 1 BiANIOBITHUM
KOHTPOJTIOIOYHM OPraHOM, MPUIMAIOYH JI0 yBard
XapaKTEPUCTHKHU PifMH, SKi OyayTh 30epiraTucs.

10 BUMOT'H O BHUI'OTOBJIEHHS 1
MOHTAXKY Y BLIIIOBIIJHOCTI 3
IMPOEKTOM

(1) PesepByap IOBMHEH BMIOTOBJATHCS Ta
crnopymxyBatucs BigmosigHo no EN 14015 a6o
EN 14620 i Bignmosizatu Bumoram EN 1090.

11 CIPOLIEHU PO3PAXYHOK
11.1 3arajabHi moJ0KeHHT

(1) CopomeHuii po3paxyHOK 3TiTHO 3 IIHM
pO3IIIOM MOXE 3aCTOCOBYBaTHCS Yy pasi
JOTPUMAHHSA YMOB, BUKJIA[JCHHUX HIDKYE:

— KOHCTpPYKIIS pe3epByapa Takoi ¢popMmH, K Ha
pucynky 11.1

— €IUHUM BHYTPIIHIM BIUIUBOM — € THCK
PIIVHY Ta HAaUIMIIKOBHI THCK HaJ IOBEPXHBOIO
pinuHy;

— MaKCUMaJIbHHI PO3paxyHKOBUI piBEHb PiTMHU
HE BHUILE BEpXY IIITIHAPUIHOT 0OOJOHKHY;

— KOJIM MOKHA HE BPaxOBYBAaTH HaBaHTaXXCHH,
1[0 BUKJIMKAHI TEMIIEpaTypHUMH 1 CEHCMIYHIUMHU
BILUIUBAMH, HEepiBHOMIpHUM OCiIaHHAM
(hyHIaMeHTy, a TaKOXX aBapiifHi HABaHTAKCHHS,;
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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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— JKOJICH TI0SIC, LIO PO3TALIOBYETHCS HIDKYE, 32
TOBIIMHOIO HE MEHII HDK I0SC HaJ HUM, 3a
BUHATKOM IPUJIETJIOrO JI0 BEPXHBOTO KUTBILEBOTO
YTOPHOTO KUTBIIA;

—  pO3paxyHKOBE  3HAYEHHS  KiJBLEBOTO
Hampy>KeHHs B OOOJIOHIII pe3epByapa MEHIIe
HiXk 435 H/MMm?;

— paziyc KpUBHU3HH I CHEPHIHOTO HOKPUTTS B
Mmexax Bix 0,8 no 1, 5 miamerpa pesepByapa;

— UL KOHIYHOTO IOKPHUTTS, SKIIO BOHO
MIATPUMYETHCS TIIBKH CTIHKOIO (0€3 BHYTPILIHIX
OIIOp) HAaxXWJI MOKPUTTS Mae OyTH B Mexax Bil
1:5 no 1:3;

— pO3paxyHKOBHH TpaJi€HT HaxWiy IHHIIA
pe3epByapa He Ginbiie Hix 1:100;

— JHULIE JIOKUTh HAa CYUUIBHIA TMOBepXHi abo
HiITPUMYEThCS OMM3BKO  PO3TAIIOBAHUMHU
HapajiesIbHAMH OTIOPHUMH €IEMEHTaMH;

— HOPMAaTHMBHHUIl BHYTDIIIHIi THCK HE HWKYE —
8,5 mbap i ve Buie 60 mOap;

— KIUIBKICTh IHKIIIB HABaHTaXCHHS BHKJIOYAE
PH3HUK pYiHYBaHHS Bil yTOMH.

(2) PospaxyHkoBa TpaHHISI TEKY4OoCTi B Iiiif
IJIaBi TIOBUHHA PO3PaXxOBYBATHCS SK:

fy,d = fy /}’MO;

ne
fy — HOpMaTHBHa rpaHHISL TEKy4OCTi CTali;

yMo — 3rijHO 3 2.9.2.2.

— no course is constructed with a thickness
less than 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/mm?;

— 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

T
|
|
|
|
|
i
|
|
|

/

Pucynox 11.1 -

\

KoncTpykuisi pesepByapa i3 3aXHCHOK CTIHKOIO, SIK NPUKIAA JUIs

3aCTOCYBaHHS CIIPOILIECHOTO PO3PaxyHKY pe3epByapa

Figure 11.1:
applicable
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Tank structure with catch basin, where simplified tank design is



11.2 Po3paxyHOK CTalliOHAPHOTO MOKPHUTTH

11.2.1 Hecyya  KOHCTpPYKUisi oe3
MiACHJIeHHs 3’€IHAHA 3BapHUM IIBOM Y
CTHK 200 BHANYCK /IBOMA IIBAMHU

(1) Sxmo mpu pO3MOALTI HABaHTaXKCHHA Ha
MOKPUTTS. BUKOPHCTOBYETHCS MaKCHMalbHE
MiclieBe 3HaYeHHS PIBHOMIPHO-PO3IOAIIIEHOTO
PO3pPaxyHKOBOI'O HABaHTAXEHHs 3rifHo 13 (3) 1
(5), MOXKIIBY HEOTHOPIIHICTE PO3HNOALICHOTO
HaBaHTa)KEHHS MO>KHA HE BPaXOBYBATH.

(2) Tpu nii 30cepemKeHOro HaBaHTAKECHHS,
BiZINOBITHA OLIIHKA MOBWHHA OyTH 3p0o0JicHa B
OKpEMOMY pO3Iii.

(3) MinHicTh NOKPHUTTS IPU PO3PAXYHKOBOMY
BHYTPIIIHBOMY THCKY poEd HOBHHHA OyTH
HepeBipeHa 3a BUpa3aMu:

- s chepHIHOro MOKPUTTS

- for spherical roofs

- JIIA KOHIYHOTO TOKPUTTSA

- for conical roofs

B SIKUX RC =1/ sin o I KOHIYHOT'O TIOKPUTTS

ne:

j — Koe(illieHT MIITHOCTI 3'€JHAHHS;

PoEd — 30BHIIIHA pamialbHO CIIPSMOBaHa
CKJIaZioBa PIBHOMIPHO PO3MOALIEHOTO
PO3paxyHKOBOTO HABAaHTAXXCHHSI Ha

MIOKPUTTS (TobTO HOpMAaTHBHE
3HAYCHHS, TIOMHO>KEHE Ha
KoediuieHT 3riguo 3 2.9.2.1);

r — pamlyc OWIHAPUYHOI  OOOJIOHKH
pesepByapa;

Re — paziyc KpUBOi KOHIYHOTO MOKPHTTS;

Rs — paniyc KpuBOi c(hepHIHOTO TOKPUTTS,

t — TOBIIMHA JINCTIB MOKPUTTS;

a — KyT Haxwly KOHIYHOTO IOKPUTTS N0

TOPHU30HTAJT.

(4) KoedimieHT MIIHOCTI 3'€THAHHS MOBUHEH
PO3TIBIIATHCS SIK:

j=1,00 st CTHKOBHX 3BapeHHUX IIBIB;

j = 0,50 i 3'enHaHb BHAMYCK 3 KYTOBUMH
3BapHUMH IIBaMH 3 000X OOKIB.

Pord R

Po.EdR:
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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  poea should be verified
using:

IA

5 i fya (11.2)

IA

: Jjfya (11.3)

in which: Rc = r/ sin o for a conical roof

where:

j — is the joint efficiency factor;

Poed — Iis 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  —isthe radius of the tank cylindrical shell
wall;

Rc —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;
o —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;

j = 0,50 for lapped joints with fillet welds on
both sides.
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(5) Criiikicts chepuuHOro MOKPHUTTS MpPHU
PO3paxyHKOBOMY 30BHIIIIHBOMY THCKY PiEd
MOBHHHA TIEPEBIPATHUCS 32 BUPA30OM:

Pira < 0,05 I,QIE(

B SIKOMY:

RO: Rs

ne:

Pied — BHYTpIIIHA pagiabHO CIIPSIMOBaHA
CKJIaZioBa PIBHOMIPHO PO3MOILICHOTO
PO3paxyHKOBOTO  HAaBaHTaXXCHHA Ha
HOKPUTTS (TobTO HOPMAaTHUBHE
3HAYECHHA IOMHOXKEHE Ha KOoeQilieHT
3rigiHo 3 migposaiiom 2.9.2.1);

(6) Crifikictb KOHIYHOrO IOKPHTTS TPH
PO3paxyHKOBOMY 30BHILIHBOMY THCKY PiEd
MOBHHHA TIEPEBIPATUCS 3rifHO 3 yMOBaMH
posainy 7.3 EN 1993-4-1 (cunocn).

11.2.2 CamMoHecy4a KOHCTPYKIisi HOKPHTTS

(1) Sx mpaBwio, TOBIIMHA BCiX JIHCTIB
MOKPHTTS 13 HEP)KaBito4oi CTaji MOBUHHA OyTH
HE MEHIIE HDK 3MM, a JJId IHIIUX CTajed He
MEHIIE HDK SMM.

(2) KoHcTpykiis HOKPUTTS MHOBHHHA OyTH
o0’enmnana abo B's3amu (muB. 11.2.4), a6o

KOHCTPYKTHUBHO  3'efHaHa 3  OOLIMBKOIO
HOKPHTTSL.
(3) Jlmctm  mOKpUTTS ~ MOXYTb  OyTH
po3paxoBaHi  3rimHO  Teopii  3HAYHHX
nedopmariii.
(4) PospaxyHOK HeCydyMX  KOHCTPYKLIH

TIOKPpUTTS IMOBUHEH 3a10BOJIBHATH BUMOI'M EN

1993-1-1.

(5) 3a ymoBH, mo AiaMeTp pe3epByapa MEHIIE
60 M 1 po3mojieHe HaBaHTaXXEGHHA HE IyXke
BIIXWISETBCA Big CUMETpil BITHOCHO oci
pe3epByapa, po3paxyHoKk B (6)+(10) moxe
3aCTOCOBYBATUCSA 1 11 cHEPUIHHUX MOKPUTTIB.
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(5) The stability of a spherical roof under the
design external pressure pieds should be
verified using:

2

LJ (11.4)

0

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 pressure pies  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 and not 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 structure
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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|
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A
a
I
\ 1
I
x=6r i
- [
r 1
N
N
1
D — npodins noxpurrs; A — Bich pe3epByapa
D — roof profile A — tank axis
Pucynoxk 11.2 - KoopaunaTtu cepuaHOro NOKpUTTS pe3epByapa

Figure 11.2:

(6) ITig BrIMBOM PO3MOALICHNX HABAHTAKEHb,
HI0 BHHUKAIOTH  BiI  EKCIUTyaTalliifHOTO,
CHIrOBOTO, BITPOBOTO i mocrTiifHOro
HAaBaHT@KEHHS Ta BiJ TUCKY, MaKCHMallbHa
BepTHKAIbHA CKIagoBa it ChHEpUIHHX
TOKPHTTIB TPHUAMAETBCA SIK  PO3PAaXyHKOBE
3HAYCHHA Py Ed, IO Ai€ a00 3BepXy 10 HU3Y, YU
HABIAKM, 0OpU Jii 3HH3Y 10 BEpXY
npuiiMaeTbcsl 3i 3HAKOM MiHyCy. 3araibHa
PO3paxyHKOBa BEPTUKAIbHA CHIIA HA KPOKBSHY
OasKy HOBUHHA OYTH NIPUIHATA 32 BUPA3OM:

Peq =712 pued

B SIKOMY

B=m/n

ae

N — YHCIIO KPOKBSHUX 6aJOK;

r  — paxiyc pe3epByapa;

PvEd — MaKCHMalbHa BepTUKAIbHA CKJIaJI0Ba
PO3MOAIIEHOr0 PO3PAXyHKOBOTO
HABAHTAXEHHS (IUB. T0JATOK A),
BKJIIOYAIOUH BIIACHY Bary HeCydoi
KOHCTPYKLIT (HAIPsIMOK 10 HU3Y —
MO3UTHUBHUA);

Peq — 3araimbHa po3paxyHKOBA BEpPTHKAIbHA
CHIa Ha KPOKBSIHY OalIKy.

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 value pvgd,
acting either upwards or downwards, with
pved, taken as negative if it acts upwards. The
total design vertical force per rafter should be
taken as:

(11.5)
inwhich:
B=m/n
where:
n — is the number of rafters;
r — is the radius of the tank;
pved — is the maximum vertical component

of the design distributed load (see
annex A) including the dead weight

of the supporting  structure
(downward positive);
Peq¢  — s the total design vertical force per

rafter.
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(7) Oms pospaxyuky srigao 3 EN 1993-1-1
HOopMasibHa cuila Ned 1 3THHANBHHIA MOMEHT
MEd y XOXKHIM KpOKBSHIH Oaiii MOXYTb OyTH
OTpHMaHi i3 BUpas3iB:

Neg = 0,375 ]1 Py
1

o RDREC S

HpI/I BHUKOHAHHI TaKUX YMOB!:

(7) The normal force Neq and bending moment
MEeq in each rafter for design according to EN
1993-1-1 may be obtained from:

(11.6)

(11.7)

provided that the following conditions are
met:

Pea = 1,2 KN/’ (11.8)
N 2
I, > =2 (11.9)
T FE
by = 2 hg (11.10)
A 2 A (11.11)
AA I,
i 12| > L (11.12)
A+ A, 28
ae: in which:
2
0,6
£ = Ny | : r) (11.13)
El
ae where:
h — Bucora mOKpUTTS pe3epByapa, IUB. h — is the rise of the tank roof, see figure
puc. 11.2; 11.2;
X — pamianpHa BIiICTaHb BiJI HECHTPATBHOL X is the radial distance from the
oci pesepByapa, 1uB. puc. 11.2; centreline of the tank, see figure 11.2;
Y — BepTUKAIbHA BUCOTA [OKPHUTTS 3aJIEIKHO y — is the vertical height of the roof at
Bil KOOpAWHATH X, IUB. puc. 11.2; coordinate x, see figure 11.2;
bx — mmpuHa UEHTpaTBHOTO KINBIS, IHB. bx — is the flange width of the centre
puc. 11.3; ring, see figure 11.3;
hk — BeprukanpHa BigcTanb Mix (IaHISIMA he — is the vertical distance between the
LEHTPaIBbHOTO KilbLy, auB. puc. 11.3; flanges of the centre ring, see figure
11.3;
A1 — moma mepepily BepxXHbOro (hraHIL A is the area of the top flange of the

LEHTPAJIbHOTO Kinblis, puc. 11.3; centre ring, see figure 11.3;
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A — moma mepepidy HWKHBOTO — (uIaHIs
LEHTPAIBHOTO KU, 1B, puc. 11.3;

ly — MOMEHT iHepHii mepepisy Oanku
BIZIHOCHO TOPH30HTANBHOI OCI.

(8) SAxiro MoMeHT iHepiii epepi3y KpOKBsSHOT
Oanxu ly 3MIHIOETBCS TIO TOBXKHHI (HAIIPHKIIAT,
yepe3 3MIHM [iHCHOI INMPUHH  JIMCTIB
MOKPUTTS. TIPH iXHBOMY TPHKPIIUICHHI 10
KpokBsiHMX Oanok), B (7) wMoxe Oyru
BUKOpHCTaHe 3HaueHHA ly Ha BincTani 0,51 Bix
oci pesepByapa.

(9) Sxmo ymoBu, mo BuknageHi B (7)
BUKOHYIOTBCS, TO PO3PAaXYHOK LEHTPAIBLHOTO
KUTBIT MOXKHA BHKOHATH, HEPEBIPKOIO TUIBKH
HIDKHBOTO Tosica KiblieBoi 6anku 3riguo (10).

(10) 3a ymoBu, mo icHye npuHaiimui 10
PIBHOMIPHO PO3TAlIOBAaHUX KPOKBSIHUX OaJlOK,
pO3paxyHKOBE 3HAYCHHS 3yCHJUIS B CIIEMEHTI
Nred 1 3ruHanpHME MOMeHT Mred IS
HEHTPAIPHOTO  KUIBIA ~ MOXYTh  OyTH
00YHCIIeHI 3 BUKOPUCTAHHSIM BHPA3iB:

np. ACTY-H b EN 1993-4-2:20XX

A2 — is the 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 of |y at a distance 0,5r from 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 force Nres and bending moment
Mres for the central ring may be calculated
using:

Nns o
Nypa = —2£2 (11.14)
BN ka
Mipg = —+ 11.15
2(3+ ﬁz) (11.15)
y AKAX: in which:
N e M
Nopy = —E4 - (11.16)
hk hg
e where:

N2,ed — poO3paxyHKOBa BENMYMHA CHIH Y
HIKHBOMY TOSICI KUTBIICBOT OaJTKH;

Ned — po3paxyHKOBa BeIHYHHA CHIH B
KPOKBsIHIH Oai;
Med — po3paxyHKOBE 3HAUCHHS 3rMHAJILHOTO

MOMEHTY Ha BHYTpPILIHBOMY KiHIII
KPOKBSIHOT OaJIK;

€ — BEpPTHUKAIBHE BiIXMIIEHHS Bifg
CIIBBICHOCTI HeHTpanbHOI OCi Oanku
BiZl BEpXHBOTO (pJIaHII [IEHTPAIBHOTO
KUTbIIA, 1uB. puc. 11.3;

'k — paziyc HelTpaJbHOI OCi IEHTPAIBHOTO
KinbLs, 1uB. puc. 11.3.

N2,es — 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;
Meds — is the design value of the bending

moment in the rafter at its inner end;

e — Iisthe 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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P
N by /N
’\ /AL / F
NI =
\ 3 —
l\ 5 BAJ Iy
H
f [ S — 5
—" \f’-z
NA Iy

P — mpodinb Mix GraHIsMY;

BA — Bich Oankwu;

A — Bich pe3epByapa;

NA — HeiiTpanbsHa Bich nepudepiinnx
eneMenTiB Kinbls (41 i A2) npn
BUTMHI B IUIONIMHI ()JIaHIIB

Pucynox 11.3-

Figure 11.3: Roof centre ring
11.2.3 MokpuTTS, IO CHUPAETbCS Ha

KOJIOHH

(1) ToBuuHa AUCTOBOT OOIIMBKU MOKPUTTS 3
HEpXKaBiloyoi CTayi NMOBHHHA OYTH HE MEHIIE
HDK 3MM, a JUId IHIIUX CTalled HEe MEHIIE HiX
5MMm.

(2) Jlmectm  mokpuTTI  MOXYTH  OyTH
po3paxoBaHi 3a TEOPI€I0 3HAYHUX
nedopmarriii.

(3) PospaxyHOK HeCyumX KOHCTPYKIii

HOKPUTTS [OBUHEH
EN 1993-1-1.

11.2.4 B's3i

(1) fxmo nucTH MOKPUTTSA He 3'eAHaH] 13
KPOKBSIHUMHU Oankamu, TO HEeOoOXigHO
nepedavaTH B'si3i.

3a10BOJIBHATH BUMOI'H

(2) 1ng mOKpUTTIB, 10 MEPEeBUILYIOTh 15M Y
nmiameTpi, HeoOXigHO mependauyMTH  B’A3i
NPUHAWMHI, Y IBOX MPOJILOTaX (TOOTO CycimHi
0aiku y ABOX MicIAX 00'eTHaHI PO3KOCAMU).
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P — profile section separating flanges;
BA — beam axis;
A —tank axis;

NA — neutral axis of Al and A2 for

bending in the plane of the plates

LleHTpanbHe Kiblie MOKPUTTS

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's3i moBuHHI OyTH PIBHOMIPHO PO3TAIIOBaHI
0 OKPYXKHOCTi pe3epByapa.

(3) Jna moxpurriB giameTpoM Bix 15M 1o
25M, B SIKUX € B’S131 HEOOXIJHO TepeadauyuTu
JOZIaTKOBE Kinblie. J{JI MOKPHUTTIB AiaMeTpoM
Oinbiie 25M nmoBUHHO OyTH mependaueHo aBa
IONATKOBUX KINbIIA.

(4) B's3i moBuHHI OyTH pO3paxoBaHi Ha
YMOBHY cuily, sika JIopiBHIOe 1% Bing cymu
HOPMAJIBHUX CHJ y €JeMEeHTax 1o 00’€IHaHi
B SI35IMHU.

11.2.5 KinbueBe 3’e¢qHaHHA  KPOMKH
000JIOHKH 3 NOKPUTTSIM (yTOpHe KijabLie)

(1) Bycuiunst B ep)eKTHBHOMY YTOPHOMY Kb
JKOPCTKOCTI (MicIe, e MOKPUTTS 3'€JHYETHCS
i3 CTIHKOI0) MOBHHHO OYTH IIepeBipeHO 3a
BHPA30M:

np. ACTY-H b EN 1993-4-2:20XX

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 be verified using:

N gq
=5 =% (11.17)
Aty
B SIKOMY: in which:
2
PyvEd”
Npg = 2B (11.18)
2 tan &
ae where:
Aeft — (paKTHYHA IUTOMIA YTOPHOTO KLTBIIS Aeit — isthe effective area of the edge ring
YKOPCTKOCTI, 3a3Ha4yeHa Ha puc. 11.4; indicated in figure 11.4;
a — HAXWI MOKPHUTTS [0 FOPH30HTANI B a — isthe slope of the roof to the horizontal

MicCIi 3’€IHaHHS

PvEd — MaKCHMalbHa BEPTHKAJIbHA CKJIQZOBA
PO3paxyHKOBOTO PO3IOiIEHOTO
HABaHTA)KCHHS, BKIIOYAIOYH BIIACHY
Bary Hecy4oi KOHCTPYKIIi (HampsaMoK
BHH3 — IO3UTHBHUIA).

(2) kw0 Bimcrab MK CyMDKHUMH
KPOKBSIHUMH OajikaMH B Micli iX NpueIHaHHS
JI0 YTOPHOTO KiNbL HE TepeBHInye 3,25 M
CTIMKICTb KUIBLST MOXKHA HE NEPEBIPATH.

(3) Skmo  po3paxyHKOBE  PO3IOIiICHE
HABAHTAXEHHS [yvEd JI€ YBEepX, 3THHAIbHI
MOMEHTM B YTOPHOMY KUIBIII MOXXHa He
BPaxOBYBaTH.

(4) Sxkmo Bimcrame = MDK  CYMDKHAMH
KPOKBSIHUMH OajikaMH B Micui iX NpueIHaHHS
JI0 YyTOPHOTO KiNblld He mepeBumrye 3,25 M 1
pO3paxyHKOBE pO3NOJAUICHE HAaBaHTaKCHHS
Pved i€ BHM3, 3TUHAJIbHI MOMEHTH B
YTOPHOMY KUIBI[I MOYKHA HE BPaXOBYBATH.

at the junction;

pv.ed — 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 pv,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 load pv,Ed acts downwards, the
bending moments in the edge ring may be
ignored.
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(5) Sxkmo BimctaHe MDK  CYMDKHAMH
KPOKBSHUMH ~ OankamMM B Micmax  IX
NPUETHAHHS 0 YTOPHOTO KilbIl MEPEBHIILY€E
3,25 M, 3rUHATBHI MOMEHTH Y KiJTbIII BIZIHOCHO
HOT0 BepTUKAIBHOI OCi TpeOa pO3risiIaTH K
JOJATOK 10 HOpMasbHOT CUIM Ngs B KUTBII.
3ruHaibHi MOMEHTH B KUTbII (NO3UTHBHI
3HAYCHHS, BKJTIOYAIOYH HaTpPYKEeHHS
PO3TSATHEHHS y CEepeAMHI KUIbII) IOBHMHHI
OyTH 0OUHCIIEH] 32 TAKMMH BHPa3aMH.

IIpu npuennanHi 6anku:

3

M. _ Pv Ed"
sEd = —| = ——
2tan

Ha mooBuHI BigcTaHi MK OaaKaMu:
Mg = —[

IpnmiTka — SIKIIO Pyed i€ B HANPAMKY yBEpX,
BOHO O€peThCsl K HEraTUBHE 3 HACTYITHOIO 3MiHOI0

3HaKa Uil BCIX HOPMAaJbHUX CHJI i 3TMHAIBHUX

MOMEHTIB.

A
B

We
w, < 16t, 1

we=0,6\[R1,
we=0,6 \/r—t 1

 —>| | ———

NN

3
Pyv.EdT
2tana

[

(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 ring Neq. 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:

B
s ﬁ) (11.19)

At half span between the rafters:
(11.20)

NOTE: Where pv,Ed acts in the upward direction,
it is taken as negative, causing a change of sign in
all the normal forces and bending moments.

R,

{ —>| | ————— r

Pucynox 11.4— VYTOpHE KilblEe Ha CTHKY CTiHKH i TOKPUTTS

Figure 11.4:
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Edge ring at the shell to roof junction



11.3 Po3paxyHok 060JI0HKH
11.3.1 JIuctH 060710HKH

(1) KinbueBe HOpMaiabHE HANpPYXSHHS Big
THCKY PIIMHH Ta BHYTDIIIHBOTO THCKY
MOBUHHO OYTH NeEpeBipeHE B KOXXKHOMY IOACI
000JIOHKH 3 BUKOPUCTaHHSIM HEpiBHOCTI:

r .
[prgH red +pEu'][?} < fy.d

ne BemmduHa Hred U1 j-e0 mosica, mo3HaveHa
K Hred j, BHU3HAauaeTbCs 3 ypaxyBaHHIM
BIUIMBY I05ICA, IO PO3TAIIOBYETHCS HIDKYE, i
SKui € osicom (j-1):

H redj = Hj— AH SIKIIIO
if
H redj = Hij SKIIO
if
B SIKOMY:

AH = 0,30 meTpa

ae:

p — TYCTHHA PiiNHH, IO YTPUMYETECS;

J — OPHUCKOPEHHS BLIBHOTO HaJiHHSA;

H; — BepTukambpHa BiACTaHb Bix HH3Y j-TOrO

Tosica 10 piBHA PiAUHY;

PEd — PO3PAaXyHKOBE 3HAYCHHS HAIJIMILIKO -
BOro  THCKY (TOOTO  HOpMaTHUBHE
3HAUYCHHS, NOMHOXXEHE Ha KOe(illieHT
3riHO 3 10JaTKOM A).

11.3.2 Iincuiao0di Kiabus

(1) CramionapHi HOKPHTTSL  pe3epByapiB
MOBUHHI OYTH JOCTaTHBOIO JKOPCTKO 3'€JTHaHI
3 BepxoM 000I0HKH. B Takomy pasi Hemae
HEOOXiMHOCTI ~ BHKOPHUCTOBYBaTH  OCHOBHE
KUIBILE.

(2) PesepByapu 3 BIZKPUTHM BepxoM (3
IJIaBAalOYNM  MOKPUTTSAM) MOBHHHI  OyTH
OCHAIIEH] OCHOBHUM KUIBIEM, SIKe
pO3TaIoBY€eThCsl Hall a00 MOPyY i3 BEPXHBOIO
KPOMKOIO BEpXHBOT'O I105ICA.

(3) Slxwo ais onopy BEpPTHKAIBHHM IMepeMi -
IIEHHSIM HIDKHA KPOMKa CTIHKH 3aKpilieHa
aHKepaMH, OCHOBHE KIUIblle MOXxe OyTu
3aIPOEKTOBAHE TAK, 100 3a0BOJIBHATH

np. ICTY-H b EN 1993-4-2:20XX
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 of Hyeq for the jth course,
denoted by Hred j, is determined according to
its relationship with the value for the course
below it, which is the (j-1) th course:

Hn'u’.jfl 2 Hrrd.j (1122)
f\‘d.j*] -f)d.j
H...
red, j—1 red, j
—_ —-— (11.23)
f_ vd, j-1 f yd.j
in which:
AH = 0,30 metres
where:
p — isthe density of the contained liquid;
g — isthe acceleration due to gravity;
Hj; — is the vertical distance from the bottom
of the j th course to the liquid level;
ped — is he ensign value of the pressure
above the liquid level (i.e. the

characteristic value multiplied 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 SK MIOJ0 MIIHOCTI, TaKk 1 IIOHO
JKOpCTKOCTI, HaBemeHi B myHkrax (12)-(14)
po3ainy 5.3.2.5 EN 1993-4-1.

(4) SIxmo HWKHA KPOMKA CTIHKH HEIOCTATHBO
3aKpimieHa aHKepaMH JUTSL onopy
BEPTUKAJIBHUM MEPEMIlIeHHAM, HEoOXiIHO
BHUKOHATH TIepeBipKy criiikocti 3rimHo 3 EN
1993-1-6.

(5) SIkuro MACWIIOKOYI KNI PO3TAlIOBaH{

Oitpln HDK Ha 600 MM HIDKYE Bepxy

000JOHKH,  pe3epByap  IOBUHEH  OyTu

OCHAILICHUI  BEPXHIM  OOJSIMOBYBaJbHHM

KYTHKOM 3 TAKHMH PO3Mipamu:

— 60x60x5 mpH TOBHIMHI BEPXHBOTO MOSCY
CTIHKH HE MEHIIIE HIXK 6 MM;

— 80%80x6 mpu TOBLIMHI BEPXHBOIO HOSCY
CTiHKH 6MM a0o Oinble.

Jlns Oyab-1koi MUISIHKM YTOPHOTO KYTHKa,

TOpU30HTaJbHA  IOJNHIS  I[IOBHHHA  OyTH

poO3TaloBaHa HE HIDKYE HDK Ha 25 MM BiX

BEPXHBOT KPOMKH CTiHKH.

(6) IlpomixHui kinbusg (o 3anodiralTh
MicIeBiii BTparti cTiifikocTi 000IOHKH) TIOBUHHI
OyTH po3paxoBaHI 3 ypaxXyBaHHSIM TaKHX
BuMmor. Bucora Bixg Bepxy cTiHku abo Bix
BEPXHBOI'O BITPOBOTO KUIBLS XKOPCTKOCTI JIO
HU3Y, TPH MEPEBHUILCHH] K0T MOXKE BIIOYTHCS
BTpaTa CTifiKOCTi OOOJIOHKH, MOBHHHa OYTH
BU3HAYCHA 32 (POPMYJIOIO:

HE = Z}l(
ae
h — BHcOTa KOKHOTO MOsICA HWXKYE KUTBI
JKOPCTKOCTI MO BEpXHid  KpoMii
000J10HKM 200 BEPXHBOIO BITPOBOTO
KUTBIISL )KOPCTKOCTI pe3epByapa;
t — TOBmIMHA KOXXHOTO HACTYITHOTO Tosca

MOCJTiIOBHO;
tmin — TOBIIIMHA HAWTOHIIIOTO TOSICA.

(7) Bwucora, y Mexax sKOI MOXHa He
BCTAHOBJIIOBATH NMPOMDKHE KUJIbIIE, BU3HAYA -
€TBCS 32 (HOPMYJIIOIO:

Hp = 0,46 (
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2,5
min } rK
PEd

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:;

— 80x80%6 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 shell can occur (measured from the
top of the shell or the primary wind girder
downwards) should be taken from:

’ 2,5
—] (11.24)
where:

h  —is the height of each course in turn
below the edge ring or the primary
wind girder;

t  — is the 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



ne K =1 — ipu 0COBOMY HAIPyXEHHI Gy Ed

inwhich: K =1 — if the axial stress o.eq is tensile

2]

PEd — MakCUMaJIbHE PO3PAXYHKOBE 3HAUCHHS
BHYTpIIIHBOT CKIAIOBOI THCKY Ha CTiHKY
(THCK 3 30BHINIHBOI CTOPOHM, HETaTHBHHMIT
THCK 3 BHYTpImHBOI cTtopoHn) i (r/t) yssare B
TOMY K MICIIi, IO Ta PO3PAXyHKOBE 3HAYCHHA
OxEd OCHOBOIO MEMOPAaHHOIO HAIpPYyXEHHS
NpY CTUCHEHHI.

1
14—
54

O yEd

K= 1- 2,67(

Ipumirka: Haseneni Bume (opMymd MOXYTb
iHoxi MaTu OibIMIf 3amac (0COOMHBO y pa3i dyxke
By3bKkHX mosiciB). YMoBu EN 1993-1-6 moxyTh
JIaT! OiITbIIT €EKOHOMIYHI pillIeHHS.

(8) Ipu pospaxyrkax aedopmalii pesepByapa
HEepIBHOMIpHE PO3MOIIICHHS TUCKY (wgEd BiX
T 30BHINIHBOTO BITPOBOTO HABAHTA)KCHHS Ha
LWIHIpUYHI 000510HKH (uB. puc. 11.5) Moxe
OyTHu 3aMiHEHEe Ha eKBIBAJICHTHUI PIBHOMIPHO
PO3MOIiICHNH 30BHIMIHIH THCK:

np. AICTY-H b EN 1993-4-2:20XX

TP PO3TATHEHHI

(11.26)
08| mpu OCbOBOMY HAaIpPYKEHHI
MPY 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 (r/t) is taken at the
same location as the design value oxeq 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
Qw,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:

Qeq.Ed = Kw Cw,max,Ed (11.28)
ne where
Qw,maxEd — MaKCHMAIBHHH THCK BIiTpY, a Kw Qw,max,ed — IS the maximum wind pressure,
BU3HAYa€Thcsl OYTH BH3HAUYEHO B  TaKHid and kw should be found as follows:
croci6:

kw = 1/Cy (11.29)

e with
Cw — 3rigHo 3 nyakToM (8) posmity 5.3.2.5 Cw — according to clause (8) of section

EN 1993-4-1.

5.3.2.5 of EN 1993-4-1.
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(9) Tuck ped y popmymi 11.25, Bu3HauaeTbest
32 BUPa3oM:

PEd = Qeg,Ed + s,Ed

ae
OsEd — BHYTpIUIHE MiJACMOKTYBaHHS, LIO
BUKIIMKA€ThCA  BEHTWIALIEI0, BHYTPIIIHIM

YaCTKOBHMM BaKyyMOM a00 iHIIUMU SBUIAMH.

a)

GEd,ma —t

a) pO3MO/LT TUCKY BITPY IO KOy 000JIOHKH

a) wind pressure distribution around shell
circumference

Gra(6)

(9) The pressure peqd to be introduced into
11.25 follows from:

(11.30)

where

Osea — Is the internal suction caused by
venting, internal partial vacuum or other
phenomena.

b) npuBemenuit po3momin BiceCHMETPHYHOTO
THCKY

b)  equivalent
distribution

axisymmetric ~ pressure

Pucynoxk 115- TumoBuil nepepo3NOAiN HABAHTKEHHS Bl 30BHINIHBOTO

THCKY BITpY:

Figure 11.5:
distribution:

(10) Meron, Buxnazeruii B (7), He TOBHHEH
BUKOPHCTOBYBATHC, SIKIIO OCBOBHM
HaIpY>XKEHHSAM € CTHCHEHHS 1 SIKIIO TUTBKH HE
BUKOHYIOTBCS TaKi [IBl YMOBH:

5= 1,155[

ae

{ — Bucota nporuny. [ns He BincTaHp Mix
CYCIOHIMH KiIBLIEBUMH pPeOpaMHU >KOPCTKOCTI
HnpuiiMaeThCs HaliMeHIa.
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2)”

Transformation of typical wind external pressure load

(10) The procedure set out in (7) should not be
used where the axial stress is compressive
unless both of the following conditions are
met:

(11.31)

(11.32)

where:

¢ — is the height of the buckle. This is given
by He or the distance between the adjacent
ring stiffeners whichever is less.



(11) sxmo Hr < Hp Hemae HeOOXiTHOCTI
BHKOPHCTOBYBATH MPOMDKHE KIJIBIIE.

(12) Sxmo Hg > Hp, nns 3ano0iraHas BTpaTH
CTIHKOCTI 00O0JIOHKM, BHcOTa Hp TOBHHHA
OyTH  ToOXAUICHA  KUIBLEBUMH  peOpamu
JKOPCTKOCTI, sIKi PO3TAIIOBYIOThCS HA PIBHUX
BiACTAaHAX, y Mexax Bucotn Hp. Skmo
HEOoOXiMHO OUTBII HDK OFHE KUIbLIEBe pedpo
JKOpcTKocTi, 3HayeHHs K  wmoxe Oyru
BU3HAYCHO OKPEMO JUIS KOXKHOTO IPOJIBOTY
MDK ~ KUIBIEBUMH ~ peOpamMy, 3  METOI0
BCTAHOBJICHHS Pi3HUX 3Ha4YeHb Hp MiK
KUIBLIEBUMHU pedpamMu xKOPCTKOCTI 3rinHo (7).

(13) SIxmio TOBHIMHA JIKCTIB MOSCY, O SKOTO
MPUKPITUTIOETHCS PO3TANIOBAHE HIKYE KIIbIIE,
Oliple MIHIMAJILHOI TOBIIMHU JIUCTIB  tmin,
HEeoOXiZHO 3poOuTH YyTOuHeHHA. Bincrans
Hiower adj, BiI BEpXHBOTO YTOPHOrO abo Bix
OCHOBHOI'O Kb bi(o) KiIBLI, 1o
pO3TAIIOBYETHCS  HIKYE, MOBHHHA OyTH
obuuncinena 3a GopmyInor:

np. ACTY-H b EN 1993-4-2:20XX

(11) If He < Hp, a secondary ring need not be
used.

(12) If He > Hp, the height He should be
subdivided by stiffening rings equally spaced
at separations Hp or less to prevent buckling of
the shell wall. If more than one stiffening ring
is necessary, the value of K may be calculated
separately for each bay between stiffening
rings, to give different distances Hp 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 thickness tmin, an adjustment
should be made as follows. The distance
Hioweragy at which a lower ring should be
placed below the edge ring or primary ring
should be evaluated instead as using:

2,5
H]nwcr.adj = Hiin + (Hlo\\'cr_Hlmin) {L] (11'33)
min

ae where:

Hiower — BifICTaHb Bijil BEPXHBOIO YTOPHOTO Hiower — is the distance from the edge ring or
KUIBIL  JKOPCTKOCTI  abo  Bix the primary ring to the secondary
OCHOBHOTO KIiJIBIISI YOPCTKOCTI JI0 ring position to be adjusted,;
PO3paxyHKOBOTO MPOMDKHOTO
KUIBLIA,

Himin — BimcTamp Bim yTOPHOro KinmbIs Himin — is the distance from the edge ring or

JKOPCTKOCTI ab0 Bil OCHOBHOTO
KUTBLIL JKOPCTKOCTI /10 HHXKHBOT
KPOMKH  mosica  OOOJIOHKH 3
TOBIIUHOIO Tmin.

(14) IMpomixHi KiNBIS MOBUHHI
PO3TaIlIOBYBATHCSl HA BIJICTaHI HE MEHILE HDK
150 MM BiJ KiIBIEBUX IIBIB CTIHKH.

(15) SIkmo TiTBKH HE BHUKOHYIOTHCS OLIBII
JeTanbHImi po3paxyHku 3rigHo 3 EN 1993-1-

the primary ring to the lower
boundary of the shell courses with
thickness tmin.

(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

6, TPOMDKHI KINBISA IOAO YKOPCTKOCTI should satisfy the following stiffness
IMOBMHHI BilIOBiAaTH Takiil BUMO3i: requirement
2
N p: pat
Lyzd ZRiEAT (11.34)

2
Empg
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3 wich
PjEarajyta;)
NR.j.F,d = (11.39)
2
1/2
my = 1,79 — (11.36)
2 .
- r-min(a ;t ;)
maX({R‘j)

ms — HACTYIIHE LJIe YHUCIIO MEHIIIe Mp *; ms — next smaller integer to mg *;

Ir, — MOMEHT  iHepIii nepepisy Irj —second moment of area of
HPOMDKHOTO KiIBLIA |; secondary ring j;

max lrj — MaxkcuMaibHE 3HaueHHS |rj Uit max Irj — maximum value f Ir; for all
BCIX IMPOMDKHHUX Killellb; secondary rings;

H — BHCOTA BiJl OCHOBHOT'O KillbLs 00 H — height of the primary ring or roof
B/l YTOPHOT'O CTHKY TIOKPUTTSI 10 to shell junction above the
3'€HAHHS  HIDKHBOI  KPOMKH bottom edge;

CTIHKH 13 JTHHUIIEM;
aj — BIJCTaHb BiJ] POMDKHOTO KilbIA aj — distance from secondary ring j to

j 10 HACTYIIHOTO PO3TAIIOBAHOTO
HIDKYE KUTbIT ab0 [0 HIDKHBOI
KPOMKH,;

aj+1 — BI/ICTaHb BiJl IPOMDKHOTO KUIBIIA
j 10 HACTYIHOTO PO3TAIIOBAHOTO
BUIIE KUIBLL a00 10 OCHOBHOI'O
Kinplsg, abo 10  BEpXHBOTO
YTOPHOTO By3J1a IOKPUTTS;

tj — CepelHE  3HAYEHHS  TOBIIUHH
000JIOHKH B MEXaX BiICTaHi aj;

min (aj tj) — miHiManbHe 3HaYeHHT &t B
MeXax BUCOTH H,

r — paziyc 000JOHKH pe3epByapa;

Pj.Ed — BiJ €MHHI PO3PaxXyHKOBHH THCK
Ha IPOMDKHOMY Kb j.

11.3.3 OrBOpH

(1) OtBopu i apMaTypa IOBHHHI IIPOEKTyBa -
THCA 3TiaHO 3 5.4.6.

11.4 Po3paxyHok qHMIIIA pe3epByapa

(1) IIpu po3paxyHKy IUIUTH AHUINA HEOOXiTHO
BPaxOBYBaTH KOPO3iHHUI BILTHB.

(2) Jluctm npHuma noBuHHI OyTH 3BapeHi
BHamyck a0o y cruk. BxkasiBkm mono
3BaptoBanHs JuB. EN 14015 a6o EN 14620,
3aJIEXKHO Bij 0OCTAaBUH.
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the next secondary ring below or
to the bottom edge if there is no
secondary ring below;

aj+1 — distance from secondary ring j to
the next secondary ring above or
to the primary ring or roof to
shell junction if there is no
secondary ring above;

tj — mean value of the shell thickness
along the distance a;;

min (aj tj) — minimum value of a; t; along the

height H;
r — radius of the tank shell
P — negative design pressure at the

secondary ring j.

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.

\:O-rd)opMaTuposaHo: nHTepsan nocne: 0 nT




(3) HowminanbHa TOBIIMHA JIUCTIB THHINA
NMOBHHHA OyTH HE MEHII HDK 3a3HaucHa B
tabiauui  11.1, BUKIIOYAIOYM MPUIYCK Ha
KOpO3it0. Binblili 3Ha4eHHsS TOBLIMHM MOBHHHI
3aCTOCOBYBATHCS npu HeoOXiTHOCTI
3a0e3neyeH s ONOpY BIiJAPHBY BiJ OIMOPHOTO
KUIbLSL CTIHKM BHACHIZIOK BHYTPIIIHBOTO
HETaTUBHOTO THUCKY, SIKIIIO TLUTBKH
MIiHIMQJIBHHIA  TapaHTOBAaHWH  3AJUIIKOBHI
piBeHb pITMHM HE BHKOPHUCTOBYETHCS JUIS
OIIOpY BifpHUBY.
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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.

Taomuus 11.1 — MiniManpHa HOMiHAJIbHA TOBIIMHA IUIMTH JHUILA

Table 11.1 — Minimum nominal bottom plate thickness

Marepiain

. MM
Material

JlHumie, npy 3BapIoBaHHI BHAITYCK,

Lap welded bottoms, mm

Jlauie, npu 3BaproBaHHi Y CTHK,
MM
Butt welded bottoms, mm

Byrneuesi craini 6

Carbon steels

Hepaxagiroui crami 5

Stainless steels

(4) Jwcrm pHWma, mWo OOMHPAIOTHCS Ha
napainenbHi Oanky (MiAHATE JHMILE) MOXYTh
OyTH 3aIpOEKTOBaHI SK HEPO3pi3HI Oanku
3rigHO Teopil Mamux pgedopmamii. Skmo
nedopmMariiro ornepevHoro nepepizy ornopHux
Oanok Bin nii momepeyHoi CUIM MOXHA He
BpaxoByBaTu (OCTOHHI Oanky, MHOPOXKHI
JKOPCTKI CeKLil, OalKH 3 TOBCTUMH MOJIKAMH)
TPOJIT HEPO3pi3HOi OankW, sika MPEeACTaBISE
JTHHIIE, MOXE MPUAMATHCS K BiCTaHb MDK
TPWIETIIMME KPOMKaMHU OTIOPHHUX €JIEMEHTIB, a
He K BIJICTaHI MK LIEHTPAJIbHUMU OCSIMU LTUX
€JIEMEHTIB.

(5) duuma pesepByapiB giamerpom 12,5 M i
Oulpllc TOBHHHI MaTH ONOPHE  KiJblie
(okpaliky), sike BIJNOBiTa€ BHMOTaMm IOJO
MIIIHOCTI Ta JKOPCTKOCTI TOSICY CTIiHKH, [0
SAKOr0 BOHO mpuMuKae. Okpaiika MOBHHHA
MaTd MiHiMalnbpHy O€3 NPUIYyCK Ha KOpPO3ito
HOMIHAJIbHY TOBIIUHY ta , IO BU3HAYAETHCS
K.

ajie He MeHIe 6 MM
but not less than 6 mm

ta = ts/3 +3 MM (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 between adjacent edges of these
supporting members, instead of the distance
between the centre-lines of the supporting
members.

(5) Bottoms for tanks greater than 12,5m
diameter should have a base ring (in the form
of an annular plate) that satisfies the strength
and toughness requirements on the shell
course to which they are attached. This base
ring should have a minimum nominal
thickness ta excluding corrosion allowance
obtained from:

(11.37)
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Jie ts — TOBILIMHA HIKHBOTO MOSICY 000JIOHKH,
110 MPUKPIILUTIOETHCS

Hpumitka 1: Ils1 MiHiManbHa TOBIMHA JHMINA
MOXKE TIPUBECTH JIO YTBOPEHHS IUIACTHIHOTO
mIapHipa B OKpaiilli, BHKIIOYAIOYH BUHHUKHEHHSI
BifNOBiqHOI ITacTH4HOI JedopMmamii B HIDKHIN
KpPOMIIi 3BapHOrO 3'€[HAHHS CTIHKM 13 JHHUILEM.
AJsle HEOOXiHO BIAMITHTH, MO IS MiHIMaJbHA
TOBIIMHA JIUCTIB THUIIA TAKOX MOXKE IPHBECTH JI0
MiIHATTS  30BHINIHBOI YACTHHH  OKpaiiku 3
HACTYITHOIO MOXIIMBICTIO KOPO3ii.

Hpumirka 2! Okpailka TOBHHHa  OyTH
3aIPOEKTOBAHA Ul MEPEPO3HOJILY OCbOBUX CHII,
o JIfOTh TI0 TIEPUMETPY KOpITyca pesepByapa i
nepenarTh iX Ha QyHAaMeHT.

(6) BHyTpiIiHs yacTHHA OKpalKH HE NMOBHHHA
MaTd IOUPUHY W MEHIIy, HDK TpaHH4He
3HAYCHHS Wa , BU3HAUCHE 32 (hOPMYIIOIO:

f r2 1/2
w,=15 pull i %
pPgH

ae

H — wMakcuMallbHa pO3paxyHKOBa BHCOTA
pinuHu.

Wa — MiHIMaJbHa TiJJaHa BIUIMBY LIMPHHA
(BimcraHp Big BHYTPIIIHBOTO Kparo
OKpalku 10 BHYTPIIIHBOI KPOMKH
JIUCTIB OOOJIOHKH).

ta — TOBmMHAa OKpallKM 3 YypaxyBaHHAM
TIPHITYCKY Ha KOPO3ilo.

p — rycTHHa piguHH, IO 30epiraeTscs.
J — NPHUCKOPEHHS BUILHOTO MaJliHHS.

(7) Papianshi cexii okpaifok, MOBUHHI OyTH
3BapeHi  CYUUIBHMM  IIBOM Y  CTHK.
Pexomennanii mono 3BaproBaHHi mauB. EN
14015 a6o EN 14620, 3a HaIEXKHICTIO.

(8) Bincranb BiI 30BHIIIHBOI CTIHKH [0
30BHILITHBOTO KPao OKPaiKku IIOBUHHA OYTH HE
Meniie 50 M.

(9) IlpuennanHs caMOro HWKHBOIO I0scCa
CTIHKM JI0 OKpaiOK HEOOXiTHO BHKOHYBaTU
Oe3repepBHUM KYTOBUM 3BapHHM IIBOM 3
000X OOKIB 0OOJIOHKH.
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where ts — 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 in the
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 outer
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 width w less
than the limiting value wa, obtained from:

aje He MeHmie 500 MM

(11.38)

but not less than 500mm

where:

H — is the maximum design liquid height.

Wa — is 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 — isthe 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 base ring 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
sketch plates should be continuous fillet welds
on both sides of the shell plate.



(10) ToBmmua KareTiB IIBIB I KOXKHOTO
KYTOBOTO 3BAapHOTO 3'€[HAHHS TOBHHHA OyTH
Ounbiie abo AOPIBHIOBATH TOBILIMHI OKPaMKH,
ane He nepeBuityBati 10 Mm. Skio ToBmnHA
O0OJIOHKM MEHINE, HDK TOBIIMHA OKPAlKH,
KaTeTH IIBiB He MOBHHHI II€pEBUIIYBaTH
BIZNOBIHI BEJIMYMHM, BKa3aHi B Ta0mmmi 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 shell plate thickness is less than the
sketch plate or annular plate thickness, they
should not exceed the appropriate value given
intable 11.2.

Ta6auus 11.2 — Karer 3BapHOro 1iBa Mpu TOBLIMHI JIMCTa 0GOJIOHKHM TOHIIO 3 JIMCTA OKPaKK

Table 11.2 — Fillet weld throat thickness if shell plate is thinner than sketch plate or annular

plate

ToBIMHA JUCTIB CTIHKH, t, MM

Shell plate thickness, t, mm

Karer 3BapHOIo mBa, MM

Fillet weld throat thickness, mm

t<5b 2,0
t=5 4,5
t>5 6,0
11.5 Po3paxyHKH aHKEPHOT0 KpiljieHHst 11.5 Anchorage design

(1) MHdns pesepByapiB i3 crauioHapHUM
HOKPHTTSM aHKEPHE KPIiIUICHHs NOBUHHE OyTH
nepenbadeHe, KO OyIb-ika 3 HABEACHUX
HIDKYE YMOB MOXKE BHUKIWKAaTH BiIpUB
HWTIHIPUYHOT 000JIOHKH 1 OKpAHKH JTHHUINA BiJT
(dhyHnameHTy:

a) Ilpu BHYTpIIHBOMY PO3PAaXyHKOBOMY
THCKY MIiIHOM IIOPOKHBEOTO pe3epByapa He
BPIBHOBaXY€EThCS (DAKTHIHOIO 3 ypaxyBaHHAM
KOpO3ii, Barow MOKPUTTS, OOOJIOHKH W
MOCTIHHUX MPHUETHAHUX SIICMEHTIB;

b) TIlpu BHyTpIlIHEOMY pPO3PaXyHKOBOMY
TUCKY y KoMmOiHamii 3 BITPOBUM
HABAaHTAXCHHAM MIJHOM He BPIBHOBAXYEThCS
(akTHYHOIO 3 ypaxyBaHHAM KOpo3ii Baroro
HOKPHTTS, CTIHKM Ta MOCTIHHUX INpPHETHAHUX
€JIEMEHTIB 1 IUIIOC Bara pillMHU, SIKa 3aBXKIU
NPUCYTHSA Yy pe3epByapi, IIO Y3TOIKYEThCS
HPOEKTYBAILHUKOM, 3aMOBHHKOM i
BiINOBITHUM PEryIIOBaJIbHUM OPraHOM;

c) IlimiiloM TOPOXHBOTO pe3epByapa dUepes
BITPOBE HABAaHTAKCHHS HE BPIBHOBAXYETHCS
(aKTHYHOI0 3 ypaxyBaHHAM KOpO3il Baroro
TIOKPHUTTS, 000JIOHKH 51 MOCTIHHUX
MPUETHAHNUX EJICMEHTIB;

d) BigpuB mMOpOXKHBEOrO pe3epByapa NpU
MATOIUIEHH] Il Yac IOBeHi. Y Takux
BHUIIaJKax HEOOXiIHO BpaxOBYBAaTH BIUIUB Ha
JTHULIE, 000JIOHKY pe3epByapa, TOLIO, a TAKOK
Ha PO3paxyHOK aHKEPHOTO KPITUICHHS.

(1) Tank anchorage should be provided for
fixed roof tanks, if any of the following
conditions can cause 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.

¢) Uplift of an empty tank due to wind loading
counteracted by the effective corroded

weight of roof, shell and permanent
attachments;

d) Uplift 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 the anchorage
design.
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s Takoi mepeBipKH MiAHOMHI CHIM Bim aii
BITPOBOIO  HABAaHTAXEHHA MOXYTb OyTH
00YHCIIeH] 3 MPUITYIICHHSM, L0 LWJIIHAPUIHA
CTiHKa pe3epByapa Mae€ >KOPCTKHIl momepey -
HUH mepepis  (GamouHa Teopis). Take
OPUIYIICHHST HE BUKIOYAE  MOXKIHUBOCTI
MICIIEBOTO BipuBY. Y BHIAJAKaX, KOJIU
MICICBUIl BiIpHB JONMYCTUTH HE MOXHA,
NOTpiOHE TPOBEAEHHA OUIBII  CKJIQJHOTO
aHAII3y.

(2) Micust aHKepHUX KpilJIeHb, HACKUIBKH 1€
MOXJIMBO, HEOOXIZHO pO3TalIOBYBaTH MO
OKPYKHOCTi pe3epByapa Ha piBHI{ BifcTaHi.

(3) PospaxyHok aHkepHHX OontiB  abo
KpIMWIBHUX IUIAHOK TIOBUHEH BIAINOBIJATH
pumoram EN 1993-1-1. MiniMasipHa 1uIomia
MOTIEPEYHOr0 Tepepizy ISl aHKepHHX OOJITIB
abo KPIMWIBHUX TUIAaHOK MOBUHHA
nopiBatoBat 500 mm“. Jlng  3axucry Bin
KOpPO3il I0a€ThCA MIHIMAJIBHUNM TIPUIYCK Ha
KOpO3it0 piBHHH 1 MM.

2

(4) AmKepHe KpilUIEHHH, SK IIPaBHIIO,
HEOOXiTHO KpinmuTH 10 000JOHKH. BoHo He
MOBHHHO KPIlTUTHCS TLTBKH J0 OKPANKH.

(5) PospaxyHOK  aHKEpHOro  KpiIUICHHS
MOBUHEH BPaxoBYBaTH nepeMileHHs
pe3epByapa BiJ TeMIIEpaTYpHHUX KOJHUBaHb i
TiIpOCTaTUMYHOIO TUCKY, Ta MIiHIMi3yBaTH
Oymp-sIKC HANPYXKCHHS, 1[0 BHHHUKAE B
000JIOHIII.

(6) PospaxyHok oO0ONOHKM Ha Iii CcWI i
3TUHAJIBHUX MOMEHTIB B MICHSX aHKEPHHUX
KpIIUICHb TOBWUHEH 3/IMCHIOBATUCH 3TiHO 3
Bumoramu 5.4.615.4.7 EN 1993-4-1.

(7) lonepenHne HaTATHEHHS aHKEPHOro OojTa
a0  KpimWiIbHOI IUIAHKK HE  IOBHHHO
3aCTOCOBYBATHUCS UL BKIIOYCHHS 1X B pOOOTY
TUIBKM Y BHNAAKy BUHUKHEHHS MiAHOMHOL
CHJIM B 00OJIOHII pe3epByapa.

Hpumirka: Skmio ankepHi 6onti abo KpimuiIbHI
IUIAaHKHU TIONEPeHbO HE HANpPYXEHi, MaKCHMaJlbHa
migiioMHa CcHila B HHX IOPH  BITPOBOMY
HaBaHTaXEHHI Oyae 3MEeHIIeHa, TOMy MOXe OyTu
3aCTOCOBaHHH po3paxyHOK, onucaHui B (1). Kpim
TOro, OyayThb 3MEHIIEHI HANpyXeHHs, 10
BUHHUKAIOTH NP pajialbHUX IepeMilleHHsIX B mii
TEMIIEpaTypHHX KOJHBAaHb 1 TiAPOCTATHIHOTO
THCKY.
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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 this is 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. It should not be
attached to the bottom plate alone.

(5) The design of the anchorage should
accommodate movements of the tank due to
thermal changes 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
the anchorage 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.



JIOIATOK A
(060B’s13K0BHIT)

HABAHTAKEHHS TA BIVIMBU HA
PE3EPBYAPU

A.1  3arajbHi M0JI0KeHHS

1) Ipu po3paxyHkax HEOOXiIHO BpaxoByBaTH
HOpPMaTHBHI 3HAY€HHs BIUIMBIB HaBe/leHI B
A.2.1-A.2.14.

(2) Koeoiuientn HamiifHOCTi 3a  HaBaHTa -
JKSHHSIM ~ HEOOXiZHO mpuiiMaTH 3rifgHO 3
2.9.2.1, npaBunamMu KoMOiHalii HaBaHTAXKEHb
srigno 3 2.10, Ta 3acTocoByBaTHM 10 IIHX
HOPMATHBHHUX 3HAYCHb.

A.2 HaBaHTa’KeHHsI Ta BILTHBH

A.2.1 HaBaHTakeHHS Bil pitmHu

(1) Ilig yac ekcmayararii, SK HaBaHTaKCHHS
HEeoOXiZHO THpHiiMaTH Bary IpPOAYKTY, SKHH

Oyne  30epiraTucsi Bi ~ MaKCHUMaJbHOTO
PO3paxyHKOBOI'O piBHA pinuHu 110
MIHIMaJIBHOTO.

(2) ix yac BunpoOyBaHHs, SIK HABAHTAXKCHHS
HEeoOXiZHO mpuiiMaTé Bary piAMHM IIpU
MAaKCHMaJIbHOMY MIOJIOBUHHOMY i
MiHIMATBHOMY PiBHSX HAJIUBY.

A.2.2 BHYTpilIHi HABAHTAaKeHHS BiJl THCKY

(1) TIlix w4yac ekcrutyaramii BHYTpillIHE
HABAaHTAXEHHA Bl THCKY IIOBUHHO OYyTH
3ajaHe, SIK HABAaHTAXXCHHA IPH MiHIMaIbHOMY
Ta MaKCHMaJIbHOMY 3HAYEHHSX BHYTPIIIHBOTO
THCKY.

(2) iz wac BumpoOyBaHHS BHYTpIIIHE
HaBaHT@XEHHS B THCKy IIOBUHHE OyTH
HaBaHTaXXEHHSIM BiJ 3a7aHOr0 MiHIMaJIBLHOIO
Ta MaKCHMAaJbHOTO 3HAYCHHA BHYTPIIIHBOTO
THCKY.

A.2.3 Tepmiuni HaBaHTa)KeHHA

(1) HanmpyxeHHs 3a pe3yJlbTaTaMH OIOPY
TEMIIEPaTYPHOMY PO3LIMPEHHIO MOXYTh HE
BpaxOBYBaTUCA, SKIIO YHCIO IUKIB HE
CTBOPIOE PH3HMKY PyHHYBaHHS Bin yromu abo
BiJI IMKJIIYHO-IUIACTHYHOTO PYIHYBaHHS.

np. ACTY-H b EN 1993-4-2:20XX

ANNEX A
(normative)

ACTIONS ON TANKS

Al General

(1) The design should take account of the
characteristic values of the actions listed in
A21to A2.14.

(2) The partial factors on actions according to
29.21 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 the product
to be stored from maximum design liquid level
to empty.

(2) During test, the load due to the contents
should be the weight of the test medium from
maximum test liquid level to 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.2.4 BaacHa Bara

(1) Bnacma Bara pesepByapa IOBHHHA
pO3paxoByBaTHCS SK 3araibHa Maca BCiX
CKIIOBMX YacTHH pe3epByapa 1 #oro
€JIEMEHTIB, HEBiJ’€MHHUX Bi HBOTO.

(2) YncrnoBi 3HaueHHS HEOOXiTHO HpHHAMATH

srigao 3 EN 1991-1-1.

A.2.5 I3oasiniiiHi HAaBaHTa’KeHHS

(1) IBomaAwiiiHi  HABaHTAXEHHS -  II€
HABaHTAXXECHHS BiJ Baru i30JALii.

(2) YncrnoBi 3HaueHHS HEOOXiTHO NpHAMATH

srigro 3 EN 1991-1-1.

A.2.6 Po3nojiiiene KopoTko4acHe
HABAHTAKEHHSI

(1) Po3noninene kKOpoTkoyacHe HaBaHTAKEHHS
HeoOximHo mpuiimary 3a EN 1991-1-1, sxmio
HE BKa3aHe IHIIE.

A.2.7 3ocepeniene KOpPOTKOYacHe
HABAHTA’KeHHSI

€8 3ocepemkeHe KOpOTKOYacHe
HABAHTAXXCHHS HEOOXIHO MpUIMaTH 3riIHO 3
EN 1991-1-1, sxmio He BKa3aHe iHIIE.

A.2.8 CHir

(1) HaBaHTaxkeHHA HEOOXiTHO NpHAMATH
3rigso 3 EN 1991-1-3.

A.2.9 Birep

(1) HaBaHTaxeHHS HEOOXimHO HpHAMAaTH
srigHo 3 EN 1991-1-4.

(2) Kpim Toro, i KpyroBHX LITIHIPHIHHX
pe3epByapiB  MOXyTb OyTH  BHUKOPHCTaHi
HACTYIHI Koe(ilieHTH THCKY IUB. puc. A.1:

a) BHYTpimHINI THCK B pe3epByapax 0e3
CTaI[lOHAPHOTO TOKPUTTA Ta  BIIKPUTHM
BEPXOM HaJl 3aXHUCHOIO CTIHKOIO: ¢, = — 0,6.

b) BHyTpimHili THCK B pe3epByapi, 10 Mae
HEBEJNKI BeHTWIALIHHI oTBOpH: ¢, = — 0,4.

C) SIKIIO € 3aX¥MCHA CTiHKA, 30BHIIIHINA THCK Ha
000JIOHKY pe3epByapa Moxe OyTH

OPUHHATHH TaKUM, IO JiHIMHO 3MEHIIYyeThCS
3a BHCOTOIO.
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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 basin: ¢, =-0,6.

b) internal pressure of vented tanks with small
openings: ¢, =—0,4.

¢) where there is a catch basin, the external
pressure on the tank shell may be assumed to
reduce linearly with height.



(3) Yepe3 KOpPOTKOYACHY if0, 3MEHIICHE
BITpPOBE HAaBaHTAXXCHHS MOXe  OytH
BUKOpHCTaHe B Ipoleci OyJiBHULTBA 3TiTHO 3
EN 1991-1-4.

A.2.10 Mincoc yepe3
BEHTHJISALIO

HEI0CTATHIO

(1) HaBaHraxkeHHs HEOOXiTHO HpHUHMaTH
3rigHo 3 EN 1991-1-4.

A.2.11 CeiicMiuHi HABaHTAKEeHHS

(1) HaBanraxkeHHs HeoOXinHO mHpuiiMaTtu 3a
EN 1998-4, ne Taxo BKa3aHi BUMOTH IIOI0
PO3paxyHKY CEeHCMOCTIHKOCTI.

A.2.12 HaBaHTa:KeHHsI BiJ Bpi3iB

(1) HaBanraxxeHHs Bix TpyO, KJIamaHiB 1 iHITHAX
Bpi3iB, MpHEIHAHMX JO pe3epByapa, |
HABAHTAXXCHHS BiJ OCIJaHHSI OKPEMHX OIIOp
BIIHOCHO  OCHOBH  pe3epByapa  IIOBHHHI
NpUAMATHCS hi () yBaru. Cucrema
TpyOOIIPOBOAIB MOBUHHA MPOEKTYBATUCS TaK,
mo0 Oyiau MiHIMI30BaHI HaBaHTKCHHS Ha

pesepByap.

A.2.13 HaBaHTa:keHHsI Bil HepiBHOMipHOIro
ocitaHHs

(1) OcanouHi HaBaHTa)XEHHS IOBUHHI OpaTucs
OO yBarM TaM, J¢ MOXE BHHHKHYTH
HepiBHOMIpHA OcaJika B MpPOLECi eKCILTyaTaii
pesepByapa.

A.2.14 ABapiiiHi HaBaHTa)KeHHHA

(1) HaBanTaxxeHHS NOBHHHI OyTH BKa3aHi JUIL
KOHKPETHHX CHTyallilf 1 MOXYTh BKIIOYaTH
HaBaHT@KEHHS 3a TAaKMX OOCTaBHH, SK
30BHILIHIA BHOYX, ylIap, BOrOHb 30BHI MOPSI
i3 pesepByapoM,  BHOYX,  HpOTIKaHHA
BHYTpIIIHBOTO ~ pe3epByapa, HepeKHIaHH,
HEPEeNOBHEHHsT BHYTPILIHBOIO pe3epByapa.

np. ACTY-H b EN 1993-4-2:20XX

(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.

71



np. ACTY-H b EN 1993-4-2:20XX

o cPﬁ
/.
o
/
.’___/_ I 71 S H
i . o / s AW
I I 5 f d
\l—pﬁl\\—ngs (M IR
I T - - : i i A e
{ = \‘. B cpfo,at’\\*\‘_\_‘TE |:§
= e :3 1]
o i PR B |
sl - |+ b ]
t«:—s! \—a - |e—$’
7 0.0m Eﬁsl@/ SRR | E
TR %& TR

\
|

!

]

)
-—
[
o
o
o
J«—h

C

a) PesepByap 13 3aXHCHOIO CTiHKOIO;
a) Tank with catch basin
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b) PesepByap 6e3 3axucHoi CTiHKHY;
b) Tank without catch basin

Dr = Tiamerp pe3epByapa; D+ = Diameter of tank;

Dc = JliaMeTp 3aXHCHOI CTIHKY; Dc= Diameter of catch-basin;
1) Cp = 0,4 3acrocoByerbest Tiibku uist Bent - 1) Cp= 0,4 applies only for the vented tank;
JIBOBAHOTO pe3epByapa; Tam, jge immi uucioBi Where no numerical values are given with Cp
3HaueHHs He naHi mis Cp, Bonm mnoBuHHI they have to be obtained from EN 1991-1-4.
oparucs 3 EN 1991-1-4,

Pucynoxk A.1- Koeodinientn THCKY NpH BITpOBOMY HABAaHTaKCHHI Ha IWIIHIPUYHAN
pesepByap:

Figure A.1:  Pressure coefficients for wind loading on a circular cylindrical tank, - { ordhopmaTuposaro: Mo nesomy kpaio

a [ OTdopMaTUpOBaHO: aHrnickuit (CLLIA)

[OTdaopmaTuposaHo: aHrnmiickuin (CLLUA)
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YKH/J 91.080.10

KiwouoBi ciioBa: pesepByapd BepTHKaIbHI, IMTIHAPHYHI: KiacH(ikamis, TpaHUYHI CTaHH,
Marepiaiu, MillHICTb, HaAi{HICTb, CTIKICTh, HECYYa 3JaTHICTh, Oe3MeKa, JOBrOBIYHICTh, CTalb,
CTaJIeB1 KOHCTPYKIIil; pO3paxyHOK; IPOCKTyBaHH:, 3BapIOBAHHA; OCHOBH; 3aXHCT Bil KOPO3ii.

I'enepansHMIA AUPEKTOP
TOB «YkpincranbkoH iM. B.M.IIIluMaHOBCEKOTOY,

I.T.H., Ipod. O.B. IllumanoBChKHI

3aCTyIHUK TeHEPATbHOTO JUPEKTOPA,

I.T.H., IpOQ. B.M. I'opznees

3aCTyIHHUK reHEepaIbHOTO
IUPEKTOpa 3 HAYKOBO-TEXHIYHOI MOJIITHKY ,

KEpIBHHUK PO3POOKH B.I1. Anpianos

HavaneHuk Bifminy mineH3iiiHO-103BUIBHOT pOOOTH
KOMIUIEKCY HAYKOBO-TEXHIYHOI MOJIITHKH,

MPOBIIHUI BUKOHABEIb L.I. Bonkos

[IpoBinHuii iHmKeHEp BiAALTY JTIEH31HHO-103BUTBHOT

poboTu A.O. Cobxko

73

\: OtcdopmaTpoBaHo: aHrmiickuit (CLLA)




