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HAIIIOHAJBHUM BCTYII

Lleii crannapt € Toroxxuuid nepexnan EN 1998-4:2006 Eurocode 8 - Design of structures
for earthquake resistance - Part 4: Silos, tanks and pipelines (€Bpokox 8. IlpoekryBaHHS
ceilicMOCTIHKNX KOHCTpYKIid. Yactuna 4. CuitocHi 6amTH, pe3epByapu Ta TpyOOIIPOBOIN).

EN 1998-4:2006 Eurocode 8 - «Design of structures for earthquake resistance - Part 4:
Silos, tanks and pipelinesy minrorosieno Texuiunumm komiretom CEN/TC 250 «Structural
Eurocodes» (€Bpoxou KOHCTPYKILiif), cekperapiaTom sikoro kepye BSI (bpuraHchkuii iHCTHTYT
CTaHJApTIB).

J1o HaIiOHATBFHOTO CTAHIAPTY MOJIY4EHO aHTJIOMOBHHI TEKCT.

Ha Teputopii Vkpainm sk HalllOHadBHMNA CTaHAAPT Jl€ JIiBAa KOJOHKAa TEKCTY
JCTVY-H b EN 1998-4:201X «EBpokox 8. [IpoekTyBaHHS ceiiCMOCTIHKIX KOHCTpYKIiii. YacTrHa 4.
CunocHi Gamrth, pesepByapu ta TpyoornpoBoau (EN 1998-4:2006, IDT)», BuknaneHa yKkpaiHChKOIO
MOBOIO.

Biamosinao mo JIBH A.1.1-1-2009 «OcHOBHI TIOJIOKEHHS» 1€ CTaHAAPT BITHOCUTHCS J10
KOMIIJIEKCY HOPMATHBHUX JIOKYMEHTIB y Trany3i OyaiBHunTtBa B.2.6 - «KoHcTpykuii OyIHUHKIB 1
CHOPYI».

CrangapT MICTUTh BUMOTH, 5Kl BIIMOBIAIOTh YUHHOMY 3aKOHOJABCTBY YKpaiHHU.

TexHluHMI KOMITET, BimmoBimanpbHui 3a meu cranmapT - TK 304 «3axuct OymiBens i
CHOPYI».

Jlo cTanmapTy BHECEHO TaKi peJaKIliitHi 3MI1HH:

- CJIOBA «IIeH €BPOTEUCHKUI CTaHIAPT» 3aMIHCHO Ha «IIeW CTaHaapT;

- CTPYKTYpHi eneMeHTH craHmapty: «OOxmagumnka», «llepenmoBay», «HamionansHuii
BCTYI» Ta «3MIiCT» - 0(hOpPMIICHO 3TiHO 3 BUMOTaMH HaIllOHAIBHOI CTaHAapTHU3aIlii YKpainu;

- KpanKy 3aMIHEHO Ha KOMY SIK BKa31BHUK JIECATKOBUX 3HAKIB.

[Tepenik namionanpHux ctanaaptiB Ykpainu (ACTY), inentnunux MC, mocuinaHHs Ha
ski € B EN 1998-4:2006, naBeaeno B Jlogarky HA.

Komii MC, mo HenpuiHATI SK HaI[lOHAIbHI CTaHIApPTH, ajleé Ha SKi € TMOCHJIAaHHS B
EN 1998-4:2006, moxHa oTpumatd B [omoBHOMY (oOHAI HOPMATUBHUX JOKYMEHTIB
HIT «YkpHIHL».
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Beryn

Leit Esponeiicbkuit Cranmapr EN 1998-4,
€Bpokoa 8. IIpoekTyBaHHS CEHCMOCTIHKHX
koHCTpykiid. Yactuna 4: CwocHi OamTw,

pe3epByapu Ta TpyOOnpoBOaH, OyB
MiATOTOBJICHUI TexHiuHUM Komirerom
CEN/TC 250 "€Bpokogum B  ramysi
OyniBHHUITBA", ceKkperapiaT SIKOTO

npoBoauthest BSI. CEN/TC 250 BigmoBinae 3a
BC1 €BPOKOAN KOHCTPYKIIIH.

et €pponeiicbkuit  CTaHmapT MOBUHEH
OTpPUMATH CTAaTyC HAaIllIOHAJIBHOIO CTaHAAPTY,
ab0 [UIIXOM OMYyOJIIKYBaHHS 1I€HTUYHOIO
TEKCTy, a00 CXBaJeHHs, HE IMi3HIIIEe TpPaBHA
2005 poxy, 1 HaIiOHaJIbHI CTaHIAPTH, IO
cyrepedaTh JaHOMY, TOBHHHI OyTH BiIKIIMKaH1
He mizHime 6epe3ns 2010 poky.

Heit JOKYMEHT 3aMIHIOE co0o1o
ENV 1998-4:1997.
3rimHo BryTpimnix Pernamenris

CEN-CENELEC, Opranizamii Hamionansanx
CTaHJApPTIB HACTYMHUX KpaiH 3000B'sa3aHi
3acTOCOBYBatu Iiei €Bponeiicbkkuii CTaHnmapr:
Asctpisa, benbris, Kinp, Yecbka PecnyOmika,
Hanis, Ecrtonis, @ianaanis, Dpaniis,
Himeuuwna, ['pemis, VYropmuna, Icmanmis,
Ipnannis, Itanis, Jlareis, Jluta, JlrokcemOypr,
Manwta, Hinepnanmu, Hopseris, Ilonsmia,
[Mopryramis, CnoBauunna, CioBeHis, Icranis,
[Berris, [IBeitapis Ta Cnonyuene
KopouicTBo.

OcHoBu nporpamu €Bpokoay

B 1975 pomi, kowmiciero €BponelHchKOro
CniBroBapucTBa Oyj0 MPUUHSITO PIlICHHS MPO
mporpaMmy aiii B oOjacti OyniBHHMIITBa, Ha
migctaBi crarri 95  JloroBopy. Mertoro
mporpaMu  Oyllo  YCYHEHHS  TEXHIYHUX
NEepelIKoJl JUIsl TOPriBjii Ta rapMoHi3amii
TEXHIYHUX CrienuQiKailii.

YV pamkax 1iei nporpamu qiid, Kowmicis
yXBaJlIa IHIIIaTUBY II0JI0 CTBOPEHHS Habopy
rapMOHI30BAaHMX TEXHIYHUX MpaBWI UL
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Foreword

This European Standard EN 1998-4, Eurocode
8: Design of structures for earthquake
resistance: Silos, tanks and pipelines, has been
prepared by Technical Committee CEN/TC
250 “Structural Eurocodes”, the Secretariat of
which is held by BSI. CEN/TC 250 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 May 2005, and
conflicting national standards shall be
withdrawn at the latest by March 2010.

This document supersedes ENV 1998-4:1997.

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

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

IX
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MPOEKTYBaHHS OyAiBeNbHUX pOOIT, fKi, Ha
nepuioMy erami OyJayTh CIYXHTH B SKOCTI
QIbTEPHATHBH  JJIsl  HALIOHAJBHUX  HOPM,
YMHHUX B JepkaBax - UneHax i, B KiHIEBOMY
paxyHKY, 3aMIHUTH iX.

[IpoTsirom m'SITHAOUATH POKIB, KOMICis, 3a
JIOIIOMOI'OO KepisHoro KOMITETY 3
[IpencraBHukamu nepxaB - UneHiB, mposerna
po3poOKy mporpamu €BpOKOIIB , SKa MpUBETA
710 TIEPIIOTO IMOKOJIIHHS €BPOIEHCHKUX KOJIIB Y
1980 pori.

B 1989 pou, koMmicis 1 nepxxasu - wienn €C 1
€Bpomneiicbka acowiaris BUIbHOT TOPTIBII
(EABT) Bupimmnu, Ha TigcTasi sroau’ ik
koMmiciero 1 CEN, mepegatu miarotroBky 1
nyomikaniro €spokoniB g0 CEN uyepe3 psg
MangaTtiB, 3 THM o0 3a0e3medyuTd IM
(€Bpokosiam) MalOyTHII CTaTyc
E€sporneticekoro Cranmapty (EN). Lle 3B'sizye
Gpaxmuuno E€BPOKOAN 3 TIOJOXKEHHSIMHU BCIX
mupektuB  Pamm  1/abo  pimieHb  Komicii,
MOB'A3aHUX 3 €BPONEHCHBKUMM CTaHAAPTAMH
(ranpuxnao, mapextusa Pagu 89/106/EEC mpo
OyniBenbHy npoxaykiito - CPD - 1 gupekTuBu
Pamu 93/37/EEC, 92/50/EEC 1 89/440/EEC
PO TPOMAACHKiI pOOOTH, MMOCTYTH 1 EKBIBAJICHT
€ABT nupexktuBW iHIIIHOBaHO 3  IULIIO
CTBOPEHHS BHYTPIIITHHOTO PUHKY).

CtpykTypHO nporpama byniBenpHUX
€BpOKOJIIB BKJIIOYAE B cebe Taki CTaHAApTH,
SKi, SK TPaBUJIO, CKJIAJAIOTHCS 3 JACKUIHBKOX
YacTun:

EN 1990
KOHCTPYKI[if

€BpoKko. [IpoekTyBaHHs

EN 1991 €poxon 1. Jlii Ha KOHCTPYKITii

EN 1992 €Bpokon 2.
3a1i300€TOHHUX KOHCTPYKITilt

[IpoekryBanHs

EN 1993 €poxon 3. IIpoekTyBaHHS CTaNeBUX
KOHCTPYKIIIH

! Vropa mix xomiciero €sponeiicbkux CriBTOBapucTB i
€pporeiicekoro komitery 3 Crammaptmsanii (CEN)
BimHOCHO poboTt 3 EBPOKOJJAMU nnst mpoeKTyBaHHS
OyniBens Ta OyniBensHUX podiT (BC/CEN/03/89).

X

of construction works which, in a first stage,
would serve as an alternative to the national
rules in force in the Member States and,
ultimately, would replace them.

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

In 1989, the Commission and the Member
States of the EU and European Free Trade
Association (EFTA) decided, on the basis of an
agreement! between the Commission and
CEN, to transfer the preparation and the
publication of the Eurocodes to CEN through a
series of Mandates, in order to provide them
with a future status of European Standard
(EN). This links de facto the Eurocodes with
the provisions of all the Council’s Directives
and/or Commission’s Decisions dealing with
European standards (e.g. the Council Directive
89/106/EEC on construction products - CPD -
and Council Directives 93/37/EEC, 92/50/EEC
and 89/440/EEC on public works and services
and equivalent EFTA Directives initiated in
pursuit of setting up the internal market).

The Structural Eurocode programme comprises

the following standards generally consisting of
a number of Parts:

EN 1990 Eurocode : 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

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



EN 1994 €poxox 4. IlpoekryBaHHs
CTase3aJ1i300eTOHHUX KOHCTPYKIIN

EN 1995 €spokon 5.
JIEPEB'SHUX KOHCTPYKIIIH

[IpoexryBanHs

EN 1996 €Bpokog 6. [IpoexTyBaHHs KaM'SHUX
KOHCTPYKIIift

EN 1997 €mpokon 7. TeorexHiuHe
MIPOEKTYBaHHS

EN 1998 €ppoxox 8. IlpoekryBaHHsS
CEHCMOCTINKUX KOHCTPYKI1i

EN 1999 €ppoxon 9: IlpoekryBaHHS
QIIOMIHIEBUX KOHCTPYKI[1H

€Bpokoau BHU3HAIOTh BIAMOBINAILHICTE

pErylIoluuX OpraHiB y KoxHi Jlepxkasi-
UneHi, 1 € rapaHTiIMH iX NpaBa BU3HAYaTH
3HAUEHHS, 10 CTOCYIOTbCS pEryiIrOBaHHS
NuTaHb O€3MeKH Ha HalllOHAJIbHOMY pIBHI, 1€
BOHM  TIPOJOBXKYIOTh  BapilOBaTUCS  BiX
HepxaBu a0 [epxasu.

Crartyc i cdepa 3acrocyBannss €BpoxkoaiB

Hepxapu-Unenn €C 1 €ABT Buznamm, mio
€BpOKOIM CIIy)KaTh B SKOCTI JOBIIIKOBOTO
Marepiany Juisi TAKUX IIUTCH:

- sIK cnoci® Jgoka3y BiIMOBIIHOCTI OyiBenb 1
OyniBebHUX pOOIT OCHOBHUM  BHMOTaM
mupektuBn  Pagu  89/106/EEC, oco6mmBo
BaxsmBa Bumora N° 1 - MexaHiunuii omip Ta
CTIMKICTB - 1 BaxkauBa Bumora N° 2 - Be3neka
y pa3i moXKexi;

- SIK OCHOBA JUI BU3HAYCHHS KOHTPAKTIB Ha
OyxiBenbHI poOOTH 1 CYMDKHI IH)XKEHEpHI
MOCITYTH;

- SIK OCHOBa JJsI PO3pPOOKH TapMOHI30BaHUX
TEXHIYHUX  XapaKTepUCTUK  OyIiBelbHOT
npoaykitii (EN i ETA).

np ACTY-H b EN 1998-4:201X

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

EN 1995 Eurocode 5: Design of timber
structures

EN 1996 Eurocode 6: Design of masonry
structures

EN 1997 Eurocode 7: Geotechnical design

EN 1998 Eurocode 8: Design of structures for
earthquake resistance

EN 1999 Eurocode 9: Design of aluminium
structures

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

Status and field of application of Eurocodes

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

— as a means to prove compliance of building
and civil engineering works with the essential
requirements of Council Directive
89/106/EEC, particularly Essential
Requirement 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).

Xl
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€BpoKoH, B Til Mipi, B AIKili BOHH CTOCYIOTHCS
came OyaiBeTbHHX pOOIT, MAaTUMYTh MPSIMHMA
3B'130k 3 [loscHioBanbHMMH JOKyMeHTaMu?,
nependauenumu B Crarti 12 CPD, xoua BoHUM
MalOTh IHIIY HOPUPOAY BiJ TapMOHI30BaHHUX
NPOAYKTiB cTaHmapTmsamii. TakuMm dYHHOM,
TEXHIYH1 aCTIeKTH, 10 BUILTUBAIOTH ITPH POOOTI
3 €BpoKoAaMH, TOBHHHI OYyTH HAJICKHHUM
gyruHOM po3risiHyTi TexHiunumu Kowmireramu
CEN 1i/a6o Po6ounmmu I'pymamu EFTA, mo
MPaLIOIOTh 3 CTaHJApTAaMH Ha TPOAYKINIO 3
METOI0 JIOCATHEHHSI TOBHOI CYMICHOCTI IHMX
TEeXHIUHUX crenu@ikaiiii 3 €EBpokogamu.

€BpOKO/M HAJAIOTh 3arajbHl CTPYKTYpHI
MpaBWJIa TPOEKTYBAHHS JJSI IOBCAKIEHHOTO
BUKOPHUCTAHHS MpPHU MpPOEKTyBaHHI OyIiBENb 1
OKpPEeMHX KOHCTPYKIIH SIK TpaAUIIHOIO TakK 1
1HHOBaII{HOTO Xapakrepy. Hezpuuaiini popmu
KOHCTYKIII a00 MpOEKTyBaHHS yMOB, SIKI HE
MIANagalnTh 10 JOJATKOBOTO EKCIEePTHOTO
pOo3rIsiAy, MOTPEOYIOTh 0COOIMBOTO MIIXOTY B
TaKMX BUIAJKaX.

2 3rigno cr. 3.3 CPD, ochHoBHuM Bumoram (ER-am),
MOBUHHA OYyTH JlaHa KOHKpeTHa (opMa B TIyMadyeHHI
JOKYMEHTIB JUIS CTBOPEHHS HEOOXiTHHUX 3B'S3KIB MIik
OCHOBHHMM BHMMOTaM i MaHIaTaMH sl TapMOHiI30BaHHX
EN-u i ETAG-w/ETA-n.

3

3riggo cr. 12 CPD mnoscHroBaiabHI

IIOBHHHI:

JOKYMEHTH

a) JaTd KOHKpeTHY (OopMy HEOOXIJHUM BHMOraMm IO
rapMOHi3amii TEepMIiHONOTII 1 TEXHIYHHAM OCHOBaM i
3a3HaYEHHSAM KIIACIB 1 PIBHIB IO KOXHIM BHMO3i B pa3i
moTpeowu;

b) BKazaTH crtocoOu 3B's3Ky IIUX KJIACiB i piBHIB BUMOT 3
TEeXHIYHUMHU XapaKTEPUCTUKAMH, HANPUKIA0, METOIH
0o0YMCIIeHHS 1 AOKA3W, TEXHIUHI MpaBmia I PO3pOOKH
MPOEKTY TOLIO;

c) CITY’)KUTH KEepiBHUIITBOM UL PO3POOKH

TaApPMOHI30BAaHUX CTAHAAPTIB i KEPIBHUX MPHHITUIIIB YIS
€BPOICHCHKUX TEXHIYHUX CXBaJICHb.

€Bpokonu, @akmuyHo, TPAIOTh AHAIOTIYHY pOIb Yy
ER 1, ta, vactkoBo, y ER 2.

Xl

The Eurocodes, as far as they concern the
construction works themselves, have a direct
relationship with the Interpretative Documents?
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 EFTA Working Groups
working on product standards with a view to
achieving full compatibility of these technical
specifications with the Eurocodes.

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

2 According to Art. 3.3 of the CPD, the essential
requirements (ERs) shall be given concrete form in
interpretative documents for the creation of the
necessary links between the essential requirements and
the mandates for harmonised ENs and ETAGS/ETAS.

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

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

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

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

The Eurocodes, de facto, play a similar role in the field
of the ER 1 and a part of ER 2.



Hanionaabni Cranpapru,
BIIPOBAKYIOTH €EBpokoan

o

HamionanbHi craHmapTé, MO BIPOBAHKYIOTH
€BpOKO/IM, MICTATH TOBHHHA TEKCT €BPOKOTY
(BKJIFOUHO 3 yciMa J0jJaTKamu), 10 BHJIAHUN
CEN, SIKHAH MOKE JIOTIOBHIOBATH
HamionanbHuit ~ THTYJABHMI ~ apKymr — Ta
HamionanpHuii BCTynm Ha TOYaTKy, a TaKOX
HamioHansHuM 104ATOK B KIHIT.

HarionansHuii JOJaTOK MOKE MICTUTH TUILKH
iHpopMalito ©po  TI  MapaMeTpH,  SKi
3aJIMIIAIOTECS BIAKPUTUMH B €BpOKOAAX IS
HAI[IOHAILHOTO BUKOPUCTAHHS, BIIOMHIA 5K
HAIl[IOHATbHO BCTAHOBJICHI MapaMeTpH, SKi
OyIyTh BHKOPHUCTOBYBATHUCS ISl TIPOEKTYBAHHS
Ta OyJIBHUITBA y KOHKPETHII KpaiHi, a came:

- 3HayeHHs Ta/abo0 Kiacw,
HaBeJIeH1 B €BpOKOIi,

Je BapilaHTH

- 3HAYEHHS, K1 MOYKHAa BUKOPUCTOBYBATH TaM,
JIe CUMBOJI IaHO TUTBKH B €BPOKO/I,

- KOHKpeTHI JaHi KpaiHu (reorpadiuni,
KJIIMAaTUYHI ~ TOIIO),  Hanpukiad,  KapTy
CHITOBOT'O TIOKPOBY,

- nporenypa, sKa MTOBUHHA
BUKOPUCTOBYBATHUCS SIK IbTEpPHATHBA

nporeaypi, HaBeAeHo1 B €BPOKOIi.
Bin Takox MOKe MICTUTH

- pilICHHS IO 10
1H(pOpMAaIIITHUX T0JaTKIB,

3daCTOCYBAHH:

- MOCHWJIAHHS Ha HECYNEPEWIUBY JIOJAaTKOBY
iHpopMarlito, o0 AOMOMOITH KOPUCTYBayeBi
3aCTOCOBYBaTH €BPOKO/I.

3B'A3KN MIK €Bpoxonamu i
rAapMOHI30BAHMMM TeXHIYHMMHM YMOBAMH
(EN-u i ETA-u) n1s BupoGiB

Icnye  HEoOXigHICTH V3TOJUKEHHS  MDK
rapMOHI30BaHUMH TEXHIYHUMH yMOBaMHM Ha
OyniBenabHI BUPOOH 1 TEXHIUHUMH IpaBUIAMH
nns works®. Kpim Toro, Bes iHpopmaris, sxa
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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.

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

X1
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cynpoBoxye CE-mMapkupoBKy Ha OyIiBenbHY
MPOJIYKIIO, SIKa BITHOCUTHCS 110 €BPOKOIB,
MOBMHHA YITKO BKAa3yBaTH, SKi IapameTpH,
BH3HAYCHI HAa HAIIOHATBHOMY piBHI, OyJ0
IIPUHHATO 10 YBaru.

JonaTkoBa indopmanis CTOCOBHO
EN 1998-4
Chepa  €Bpoxogy 8  Bu3HAUCHA B

EN 1998-1:2004 p., 111 i cdepa miei
Yactuaun €Bpokony 8 BusHaueHa B 1.1
JloaTkoBi Yactunu €Bpoxony 8
nepepaxoBani B EN 1998 - 1:2004 p., 1.1.3.

EN 1998-4:2004

BHUKOPUCTAHHA:

MIPU3HAYEHUN JUIs

- KJIi€HTaMu (HampukiIafd, JUist GopMyITIOBaHHS
ix cmenudiyHUX BUMOT Ha PIBHI1 HAIIHHOCTI 1
JIOBTOBIYHOCTI);

- MPOEKTYBaJIbHUKAMU 1 KOHCTPYKTOPaMU;

- BIATIOBIAHUMH OpraHaMU BIIaJIH.

Hns MPOEKTYBaHHS KOHCTPYKITIH B
CEHCMIYHUX palioHaX TIOJOXKEHHS  IbOTO
€BponenchKOro CTaHJIApPTy MMOBHHHI

3aCTOCOBYBAaTHUCA B JIOAATOK JIO TIOJIOKEHB
IHIIMX BIIMOBITHUX YacTUH €Bpokoay 8 Ta
IHIMUX BIAMOBIAHMX €BpPOKOAIB. 30Kpema,
MOJIOKEHHS 1IbOoro €Bponelcbkoro CtanmapTty
€ noroBHeHHsIM 10 EN 1991-4, EN 1992-3, EN
1993-4-1, EN 1993-4-2 1 EN 1993-4-3, sxi He
OXOILJIEH] creniaIbHUMU BHUMOTraMU
CEMCMOCTIHKOTO MPOEKTYBAHHS.

4 nuB. po3n.3.3 i posa. 12 3 CPD, a takox 4.2, 4.3.1,
4321521D1.

X1V

accompanying the CE Marking of the
construction products which refer to Eurocodes
shall clearly mention which Nationally
Determined Parameters have been taken into
account.

Additional
EN 1998-4

information  specific  to

The scope of Eurocode 8 is defined in EN
1998-1:2004, 1.1.1 and the scope of this Part of
Eurocode 8 is defined in 1.1. Additional Parts
of Eurocode 8 are listed in EN 1998- 1:2004,
1.1.3.

EN 1998-4:2004 is intended for use by:

- clients (e.g. for the formulation of their
specific requirements on reliability levels and
durability) ;

- designers and constructors ;
- relevant authorities.

For the design of structures in seismic regions
the provisions of this European Standard are to
be applied in addition to the provisions of the
other relevant parts of Eurocode 8 and the
other relevant Eurocodes. In particular, the
provisions of this European Standard
complement those of EN 1991-4, EN 1992-3,
EN 1993-4-1, EN 1993-4-2 and EN 1993-4-3,
which do not cover the special requirements
for seismic design.

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



Hanionansuuii nogarox 1o EN 1998-4

Leit cranmapt gae anbTepHATUBHI MPOIETYPH,
BUMOTH Ta PEKOMEHJalii 3 MpPUMITKaMH, IO
BKa3yIOTh, JI¢ HAllIOHAJIbHI YTOYHEHHS TTOBUHHI
Oyrm  3poOmeni.  Tomy  HamionameHuit
Cranpgapr, peanidyrounii EN 1998-4, nmoBunen
MmaTu HamioHansHy mporpamy, 1o MiCTUTh BCi
BCTaHOBJICHI  JIEP)KABOIO  IMapaMeTpu,  AKi
OyayTh BUKOPHCTOBYBATHCS TUIS
MPOEKTYBaHHs OyaiBenb i OyIiBEIbHUX POOIT,
SIKI TIOBUHHI OyTM BHUKOHAaHI y BIAMOBIIHIN
KpaiHi.

HamionaneHuii ~ BuOlp  1ONyCKaeThCs B
EN 1998-4:2004 B HacTymmHUX pO3/iIax:

np ICTY-H B EN 1998-4:201X
National annex for EN 1998-4

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 1998-4 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 1998-4:2004
through clauses:

Po3ain

Reference

IIynkTH

ltem

1.1(4)

JlomatkoBi BUMOTH Jyisi OO'€KTIB, TMOB'SI3aHMX 3 BEIUKUMH PHU3UKAMH IS
HaceJeHHs a00 HABKOJIMIITHBOTO CEPEIOBUIIIA.

Additional requirements for facilities associated with large risks to the
population or the environment.

2.1.2(4)P

bazoBuii mepios akTUBHOCTI TNCR CEHCMIYHUX JIH SISl KIHIIEBOTO TPAHUYHOTO
crany (abo, ekBiBaJIeHTHO, 0a30Ba WMOBIPHOCTH IepeBUIeHHS 3a 50 pOKIB,
PNCR).

Reference return period Tncr of seismic action for the ultimate limit state (or,
equivalently, reference probability of exceedance in 50 years, PncRr).

2.1.3(5)P

ba3oBuii mepiog akTUBHOCTI TpLr CeWCMIYHOI nii I CTaHy OOMEXKEHUX
30uTKIB (200, €KBIBAJICHTHO, Oa30Ba MMOBIPHOCTH MepeBUIICHHS 3a 10 pokiB,

PoLR).

Reference return period ToLr of seismic action for the damage limitation state
(or, equivalently, reference probability of exceedance in 10 years, PoLRr).

2.1.4(8)

BaxxnuBi gakTopu Ui CUIOCHUX OallT, pe3epByapiB Ta TpyOOIPOBOIiB
Importance factors for silos, tanks and pipelines

2.2(3)

3HIKYIOUNN KOedIIieHT v IJs BIUIMBIB CEMCMIYHUX Jii, BIIMOBIAHO 10 CTaHy
oOMerKeHHs 30UTKIB

Reduction factor v for the effects of the seismic action relevant to the damage
limitation state

XV
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2.3.33(2)P

MakcuManbHe 3HaYeHHS palialliifHOTo 3aTyXaHHS JJIs PO3paxyHKIB B3aeMOil
I'PYHTOBOI CTPYKTYPH, Cmax
Maximum value of radiation damping for soil structure interaction analysis,

Emax

2.5.2(3)P

3Ha4YeHHA ¢ U CUIIOCHUX OaIlT, pe3epByapiB Ta TPyOOTIPOBOIIB
Values of ¢ for silos, tanks and pipelines

3.1(2)P

Bara ojuHMII TBepaMX dYacTUIb B CWIOCHHX OamTax, ), y HpPOEKTHIH
CeHCMIUHIN cuTyarrii
Unit weight of the particulate solid in silos, y, in the seismic design situation

4.5.1.3(3)

KoeodimienT miacuieHHs 00 CUiM, IO NEpeNaeTbcs TPyOONpPOBOJOM B 30HI
MIpUETHAHHS JI0 CTIHU pe3epByapy Ul MPOEKTYBAaHHS 30HH, IO 3aJIMIIAETHCA
MPYXXHOIO Y CTaH1 00OMEKEeHUX 30UTKIB

Amplification factor on forces transmitted by the piping to region of attachment
on the tank wall, for the design of the region to remain elastic in the damage
limitation state

4.5.2.3(2)P

KoedimienT 3amacy MIHOCTI A MPOEKTHOIO OMNOpY TpyOoImpoBoja Mpu
MepeBipIli, M0 3’ €HAHHS TPYOOIIPOBOIY 3 PE3EPBYapOM HE JIOCATHE TEKYJOCTI
paHiiie TpyoOonpoBoOly y KIHIIEBOMY I'PaHUYHOMY CTaH1

Overstrength factor on design resistance of piping in the verification that the
connection of the piping to the tank will not yield prior to the piping in the
ultimate limit state

XVI
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HAIUIOHAJBHUM CTAHJIAPT YKPAITHHU

€BPOKOJ 8. _
HNPOEKTYBAHHA CEUCMOCTIMKUX KOHCTPYKIIN
Yacruna 4. CuiiocHi 6amTu, pesepByapu Ta Tpy0OOnpoBoau

EBPOKO/ 8. )
[MPOEKTUPOBAHUE CEMCMOCTOMKNX KOHCTPYKIIN

Yacts 4. byHkepsl, pe3epByapbl U TPyOOIIPOBOIbI

EUROCODE 8
DESIGN OF STRUCTURES FOR EARTHQUAKE RESISTANCE
Part 4. Silos, tanks and pipelines

1 3AT'AJIBHI ITIOJIO’KEHHSA
1.1 T'any3b BUKOPHCTAHHSA

(1) Tamy3s BukopucTanHs €Bpokoay 8
Bu3HaueHa B craHmapti EN 1998-1:2004,
111, a ramy3p BHKOPUCTaHHS IIHOTO
CTaHIApTy BH3HAUYeHa B [bOMY NyHKTI.

JlomatkoBi yactTiHu €BpOoKoay 8 3a3HAYCHI B
EN 1998-1:2004, 1.1.3.

(2) Le#t cranmapT BCTAHOBIIOE TMPUHIMIN 1
NpaBWjIa 3aCTOCYBaHHS YISl CEHCMOCTIMKOTO
MPOCKTYBAHHS ~ KOHCTPYKTUBHHUX  ACIICKTiB
CIIOPYI, IO CKJIAIAFOTHCS 3 CUCTEM Ha[3EMHHX
1 TIBEMHUX TPYOONpPOBOMIB 1 pe3epByapiB
30epiraHHs  pI3HUX  TUMIB 1  PI3HOTO
NpU3HAYCHHS, a TaKOXK JUIl CaMOCTIHHUX
00'€KTIB, TaKuX, SIK, HAIPUKIAJ, BiJOKPEMIICH]
BOJZIOHAMIpHI  OamTH, Marw4yuX KOHKPETHE
NpU3HAYCHHsI, a00 TPYIU CWIIOCHHUX OallT, 10
MICTSITh TPaHyJIbOBaH1 MaTepiaiu i T. JI.

(3) Leit cranmapt BKiIrOYae B cebe JTOJATKOBI
Kputepii 1  mpaBwia,  HEOOXimHI Ui
CEHCMOCTIMHKOTO TMPOEKTYBaHHS —3a3HAYEHHX
copyn ©0e3 oOMexeHHS IX  pO3MipiB,
KOHCTPYKTHBHUX THITIB Ta HITIHIX
(YHKIIOHAIBHUX XapaKTepUCTHK. [ aeskux
THUITIB pe3epByapiB 1 CWJIOCHMX OallT, BiH
nependavae TakoXK JeTalbHI METOJIU OIHKH 1
MpaBHJIa EPEBIPKU.

Yuuuauii Big 201X - XX - XX

1 GENERAL
1.1 Scope

(1) The scope of Eurocode 8 is defined in
EN 1998-1: 2004, 1.1.1 and the scope of this
Standard is defined in this clause. Additional
parts of Eurocode 8 are indicated in
EN 1998-1: 2004, 1.1.3.

(2) This standard specifies principles and
application rules for the seismic design of the
structural aspects of facilities composed of
above-ground and buried pipeline systems
and of storage tanks of different types and
uses, as well as for independent items, such
as for example single water towers serving a
specific purpose or groups of silos enclosing
granular materials, etc.

(3) This standard includes the additional
criteria and rules required for the seismic
design of these structures without restrictions
on their size, structural types and other
functional characteristics. For some types of
tanks and silos, it also provides detailed
methods of assessment and verification rules.
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(4) Ueit cranmapt He MOXe OyTH MOBHUM IS
TUX CIOpPYH, SIKi TOB’S3aHI 3 BEIHKUMH
pHU3UKaMU ISl HaCeNIeHHsI a00 HaBKOJIUIITHEOTO
CepellOBHIIA, JIOJATKOBI BHUMOTH [0 SIKMX
BXOISITh y MEXI1 BIJIIOBIIAIBHOCTI
KOMIIETCHTHHUX opraHiB. Llel cranmapT Takox
HE € TOBHUM JUIsl THX OyHiBEIFHHUX POOIT, sIKi
BKJIIOYAlOTh B ceOe HEe3BHYAlHI eIeMEHTH
KOHCTPYKIII, 1 sIKi TOTPeOYIOTh OCOOIMBUX
3aX0/1iB 1 TpOBENCHHS  CIEIiabHUX
JOCITI/DKEHD JUIsl 3a0€3MEeYCHHsI 3aXHUCTy BiJ
3eMJIeTpyCiB. Y TIMX JIBOX BHITQAKaxX IIed
CTaH/IapT BCTAHOBIIIOE 3arajIbHi MPUHIIAIIH, aJie
HE BCTAHOBITIOE JeTATEHIX TIPaBUIT
3aCTOCYBaHHSI.

[MPUMITKA HarionanbHe 3aCTOCYBaHHS — MOXE
BCTAHOBJIIOBATH JIOJAATKOBI BHMOTH JJIsl  CHOPY/,
TIOB'SI3aHUX 3 BEJIMKUMH PU3UKAMU IS HaceJIeHHs abo
HaBKOJIMIITHHOT'O CEPEIOBUIIA.

(5) HesBaxarounm Ha Te, IO TPYOOTPOBOIN
BEJIMKOTO JiaMeTpa BXOJATh B 00JacTh
3aCTOCYBaHHS IIHOTO CTaHAAPTY, BiAMOBIAHI
KpUTEpii MPOEKTYBaHHS HE 3aCTOCOBYIOTHCS
JI0 SIBHO CXOXKHUX CHOPYHA, TaKUX, SIK TYHEN 1
BEJIMKI M13€MH1 TOPOKHUHH.

(6) Xapakrep cucTeM KOMYHIKAIIIH, SIKHA 9acTO
XapaKTepU3ye CIOPYAH, Ha SIKi MOIIUPIOETHCS
Jisl 1bOTO CTaHAApTy, BHUMara€ KOHIICIIIIH,
Mojened 1 METOJIB, SKi MOXYTh ICTOTHO
BIPI3HATHUCS BiJl THX, SIKi BAKOPUCTOBYIOTHCS B
JaHUW  4ac Ui OUIbII  TOIIMPEHHMX
CTPYKTYpPHUX THIIIB. Biumbmn Toro, peaxitis i
CTIHKICTH OYHKEPIB 1 pe3epByapiB, Ha K1 JIFOTh
CWJIbHI ~ CEHCMIYHI  KOJMBAaHHS,  MOXYTh
BKJIIOYATH B ceOe SIBUINA JIOCUTh CKJIaJHUX
B3aEMOJIA MDK CTPYKTYpOIO IPYHTY 1
Marepianom, 1o 30epiraereCs (TEKy4ynuM abo
IPaHyIbOBaHMM), JIETKO HE  MiJIJal0ThCs
CIIPOIICHUM  TPOIEypaM  TPOSKTYBAaHHSI.
HacTinbku >k CKIQJHUM MOKE BHUSBHTHCS 1
MPOCKTYBAHHS CHUCTEMH TpPYOOIPOBOJIB, IO

MPOXOJATh  Yepe3 IUIAHKK  chnabkux 1,
MOJJIUBO, HECTIMKMX IPYHTIB. 3 TpHUYHMH,
3a3HAUEHMX  BHWINE, OpraHi3aimis  IbOTO

CTaHJApTy JIELIO BIAPI3HAETHCS BiJ] OpraHi3anii
iHIMX uactuH cra”gapry EN 1998. lleit
CTaHJapT, B LIIOMY, OOMEXY€EThCS OCHOBHUMHU
TIPUHITAIIAMH 1 METOAOJIOTTYHUMH T1IX0AaMHU.

(4) This standard may not be complete for
those facilities associated with large risks to
the population or the environment, for which
additional requirements are the responsibility
of the competent authorities. This standard is
also not complete for those construction
works which have uncommon structural
elements and which require special measures
to be taken and special studies to be
performed to ensure earthquake protection. In
those two cases the present standard gives
general principles but not detailed application
rules.

NOTE The National Annex may specify additional
requirements for facilities associated with large risks to
the population or the environment.

(5) Although large diameter pipelines are
within the scope of this standard, the
corresponding design criteria do not apply for
apparently similar facilities, like tunnels and
large underground cavities.

(6) The nature of lifeline systems which often
characterizes the facilities covered by this
standard requires concepts, models and
methods that may differ substantially from
those in current use for more common
structural types. Furthermore, the response
and the stability of silos and tanks subjected
to strong seismic actions may involve rather
complex interaction phenomena between soil-
structure and stored material (either fluid or
granular), not easily amenable to simplified
design procedures. Equally challenging may
prove to be the design of a pipeline system
through areas with poor and possibly unstable
soils. For the reasons given above, the
organization of this standard is to some extent
different from that of other Parts of EN 1998.
This standard is, in general, restricted to basic
principles and methodological approaches.



[MPUMITKA [IIpouexypu AeTaqbHOTO aHami3y, IO
BUXOAATH 3a paMKd 0a30BUX MPHUHIUIIB i
METOOJNIOTIYHIX MiAXOMIiB, TpeacTaBieHi B JJomaTkax
A 1 B U151 HU3KM THUTIOBUX CHTYaIIil.

(7) YV dopmymroBanHi 1 pearizarii 3araJbHUX
OpUHOUIIB Oyja MpOBEICHAa PI3HUIS MK
HE3ICKHUMHU KOHCTPYKIISIMH Ta
pe3epBOBAaHUMH CHCTEMaMHU uepe3 BUOIp
MOKAa3HUKIB ~ 3HAYyHmOCTI Ta/abo  dYepes
BU3HAYCHHS KOHKPETHUX KpHUTEPiiB
BepuQIKarii.

(8) SMxmo cedcMIYHME 3aXUCT MII3EMHHUX
TpyOOTIpOBOIIB 3a0e3euyeThCs 3a
JIOTIOMOTOI0 TIPUCTPOIB CEUCMIUHOI 130JIA1Ii1
MDK TpyOONpoBOJOM 1 #OTO oOmopamu
(0co6muBO Ha Majsix), y IKOCTI BiANOBITHOTO
cTanmapry 3acrocoByerbcss EN 1998-2:2005.
Jlis mpoekTyBaHHsS pe3epByapiB, OyHKepiB
ab0 OKpeMHuX CIOpYyAd UM KOMIIOHEHTIB
CHUCTEM TpPYOONpPOBOJIB 3  CEUCMIUYHOIO
130JISIIIIEI0  3aCTOCOBYIOTHCS  BIAMOBIIHI
nostoxkeHHst ctanaapty EN 1998-1:2004.

1.2 HopmaTuBHi OCHJIaHHA

()P lleit €Bpomeiicbkuii CTaHAAPT MICTUTH
MOJIOKEHHS 3 IHINUX MyOJiKaiid, Ha sKi
pOOJIATHCS TOCWJIAHHS 13 3a3HA4YeHHSAM abo
0e3 3a3HadyeHHs gatu. Lli  HOpMaTHBHI
MOCWJIAHHSA  IUTYIOTBCA Y  BIANOBIIHHUX
MICIISIX TEeKCTy, 1 TmyOuikamii 3a3HadeHi
Hwkue. [ mocuiaadnb 3 BKa3iBKOIO JaTH
MOJANIbINI 3MIHM OyAb-SKMX 3 3TaJlaHuX
nyoJikarii abo meperisaan Oyap KX 3 HUX
3aCTOCOBYIOTBCS JIO I[LOTO E€BPOINEHCHKOTO
CTaHIApTy, TUIbKM KOJIM BOHU BKIIOYEHI O
HBOTO 3 TMOCWJIAHHSIM Ha iX 3MiHy a0o
neperysia. s nocunaHHp 0e3 BKa3iBKU JaTH
3aCTOCOBYETHCS OCTaHHS penaKiis
nyOmikanii (BKIIOYar04un 3MiHH).

1.2.1 3araabHi cTaHaapTH, Ha HAKi €
NMOCHJIaHHSA

EN 1990:2002 €8poxoo0. OcHnosu
NPOEeKmy68aHHs Hecyuux
KOHCMPYKYIU
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NOTE Detailed analysis procedures going beyond
basic principles and methodological approaches are
given in Annexes A and B for a number of typical
situations.

(7) In the formulation and implementation of
the general requirements, a distinction has
been made between independent structures
and redundant systems, via the choice of
importance factors and/or through the
definition of specific verification criteria.

(8) If seismic protection of above-ground
pipelines is provided through seismic
isolation devices between the pipeline and its
supports (notably on piles), EN 1998-2:2005
applies, as relevant. For the design of tanks,
silos, or individual facilities or components of
pipeline systems with seismic isolation, the
relevant provisions of EN 1998-1:2004 apply.

1.2 Normative references

(1)P 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
(including amendments).

1.2.1 General reference standards

EN 1990:2002 Eurocode - Basis of structural
design
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EN 1991-4:2006 €spoxoo 1. [dii na
KOHCMPYKYIL. Yacmuna 4.
bynkepu i pezepsyapu.

EN 1992-1-1:2004 €spoxoo 2. [Ipoexmysanms
3a1300emMOHHUX KOHCMPYKYIU.
Yacmuna 1-1. 3acanvui npasuna i
npasuna oisi cnop)yo.

EN 1992-3:2006 €8poroo 2. IIpoexmysanmsi
3a1i300eMOoHHUX KOHCMPYKYIU.
Yacmuna 3. Koucmpykyii ons

30eieanmsl ma  YmpumaHHs
piounu.

EN 1993-1-1:2004 €8pokoo 3.
IIpoexmyeanus cmanesux
Koncmpykyiu.  Yacmuna  1-1.
3acanvhi npasuna i npasuna ons
cnopyo.

EN 1993-1-5:2006 €8poko0 3.
IIpoexmyeanns cmanesux
koncmpykyiu.  Yacmunma  1-5.
Ilnacmunuacmi  KoOHCMpPYKMUGHI
enemenmu.

EN 1993-1-6:2006 €8poko0 3.
IIpoexmyeanHsi cmanesux
koncmpykyiu.  Yacmuna  1-6.
Miynicmo ma cmituKicmo
000JIOHOK.

EN 1993-1-7:2006 €8poko0 3.
IIpoexmyeanmsi cmanesux
koncmpyxyiu.  Yacmuna  1-7.
Iinacmuuni  kKoucmpykyii  npu
HABAHMADICEHHI N03a  Medcamu
NIOWUHU.

EN 1993-4-1:2006 €8poKko0 3.
Ilpoexmysanns cmanesux
KoHcmpykyiu.  Yacmuna  4-1.
Cunocu.

EN 1993-4-2:2006 €8poKko0 3.
Ilpoexmysanns cmanesux
KoHcmpykyiu.  Yacmuna  4-2.

Pesepsyapu.

EN

EN

EN

EN

EN

EN

EN

EN

EN

1991-4:2006 Eurocode 1 - Actions on
structures - Part 4: Silos and
tanks.

1992-1-1:2004 Eurocode 2 - Design of
concrete structures - Part 1-1:
General rules and rules for
buildings.

1992-3:2006 Eurocode 2 - Design of
concrete structures - Part 3:
Liquid retaining and containing
structures.

1993-1-1:2004 Eurocode 3 - Design of
steel structures - Part 1-1:
General rules and rules for
buildings.

1993-1-5:2006 Eurocode 3 - Design of
steel structures - Part 1-5:
Plated structural elements.

1993-1-6:2006 Eurocode 3 - Desigft of
steel structures - Part 1-6:
Strength and stability of shell
structures.

1993-1-7:2006 Eurocode 3 - Design of
steel structures - Part 1-7:
Strength and stability of planar
plated structures transversely
loaded.

1993-4-1:2006 Eurocode 3 - Desigft of
steel structures - Part 4-1:
Silos.

1993-4-2:2006 Eurocode 3 - Desigft of
steel structures - Part 4-2:
Tanks.



EN 1993-4-3:2006 €8poKko0 3.
lIpoexmyeanus cmarnesux
KoHcmpykyiu. Yacmuna 4-3.
Tpybonposoou.

EN 1997-1:2004 €epoxoo 7. I'eomexniune
npoekmysanusa. Yacmuna 1.
3aeanvHi npasuna.

EN 1998-1:2004 €spoxoo 8. [lpoexmyesarns
CEeUCMOCMIUKUX —~ KOHCMPYKYIU.
Yacmuna 1. 3aecanvui npasuna,
ceticmiuni Oii i npasuna wooo
cnopyo.

EN 1998-2:2005 €sporoo 8. [lpoexmysarns
CeUCMOCMIUKUX ~ KOHCMPYKYIU.
Yacmuna 2. Mocmu.

EN 1998-5:2004 €sporoo 8. [lpoexmysatrins

CeUCMOCMIUKUX —~ KOHCMPYKYIU.
Yacmuna 5. Dynoamenmu,
niopipui KOHCMPYKYIl ma

2eOMEXHIYHI acnexkmu.

EN 1998-6:2005 €spoxoo 8. IIpoexmysanms
CeUCMOCMIUKUX — KOHCMPYKYIU.
Yacmuna 6. bawmu, eeorci i
oumosi mpyou.

1.3 lpunyueHHst

(1)P 3aranpHi mpUOyIIEHHS MOBUHHI OyTH Y

BIJIMOBITHOCTI 31 CTaHIapTOM
EN 1990:2002, 1.3.

1.4 BiamindocTi Mi)k mnpuHOMIaMM i
NpaBUJIAMU 3aCTOCYBAHHS

(1)P Pi3HuIg MK TPUHIAIIAMH 1 TIPaBUIAMA
3aCTOCYBaHHS MOBHHHA OYTH y BiIMOBITHOCTI
31 crangaprom EN 1990:2002, 1.4.
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EN 1993-4-3:2006 Eurocode 3 - Design of
steel structures - Part 4-3:
Pipelines.

EN 1997-1:2004 Eurocode 7 - Geotechnical
design - Part 1: General rules.

EN 1998-1:2004 Eurocode 8 - Design of
structures  for  earthquake
resistance - Part 1: General
rules, seismic actions and rules
for buildings.

EN 1998-2:2005 Eurocode 8 - Design of
structures  for  earthquake
resistance - Part 2: Bridges.

EN 1998-5:2004 Eurocode 8 - Design of

structures  for  earthquake
resistance - Part 5:
Foundations, retaining
structures and geotechnical

aspects.

EN 1998-6:2005 Eurocode 8 - Design of
structures  for  earthquake
resistance - Part 6: Towers,
masts and chimneys

1.3 Assumptions

(1)P The general assumptions shall be in
accordance with EN 1990:2002, 1.3.

1.4 Distinction between principles and
applications rules

(1)P The distinction between principles and
applications rules shall be in accordance with
EN 1990:2002, 1.4.
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1.5 Tepminu Ta BUBHAYEHHS
1.5.1 3araabHi moJ10:KeHHSA

(1) Hns  wmimeli  1poro  CTaHAApTy
3aCTOCOBYIOTHCSI HACTYITHI BU3HAUYCHHSI.

1.5.2 Tepminu, 3araabHi A8  Bcix
€BpokoaiB

(HP 3aCcTOCOBYIOThCS TEPMiHU Ta
BHU3HAYCHHS, HaBeJeHI B CTaHJapTi

EN 1990:2002, 1.5.

(2P 151 crammapry EN 1998-1:2004
3aCTOCOBYETHCS O TEPMIHIB, 3arajJbHUX AJIs
BCiX €BpPOKOIIB.

1.5.3 Momanb i TepPMiHH, 11(1}
BUKOPHUCTOBYIOTHCA B cTanaapti EN 1998

(1) Hns uime#t 1mporo  E€BpONEHCHKOTO
CTaHJIAPTY 3aCTOCOBYIOTHCS TEePMIiHH,
HaBegieH1 B ctagaapti EN 1998-1:2004, 1.5.1
11.5.2.

1.54 Homanb i TepPMiHH, 111(1]
BHKOPHCTOBYIOThCSI B CTaHAAPTI
EN 1998-4

He3zanexHa KOHCTPYKISI - KOHCTPYKIIis, Ha
CTPYKTYpHY Ta (YHKIIOHAJIbHY IOBEIIHKY
K01 I yac 1 mmiciasd cedicMiyHOi monaii He
BIUIMBAE€ CTPYKTypHAa Ta (YHKIIOHAIbHA
MOBEJIIHKA I1HIIMX KOHCTPYKIIIH, 1 HACIIJIKH
pYWHYBaHHS SIKO1 BIJHOCSTBCSA TUIBKH 10
(yHKII1, BUKOHAHHS SIKMX TOTPEOYEThCS Bif
JaHO1 KOHCTPYKIIii.

1.6 Ilo3HaueHnHd

(1) Hma uine#t 1mporo E€BpomnerHchKOro
CTaHIIAPTy 3aCTOCOBYIOTHCSA HACTYIIHI
MO3HAYCHHS:

Agd TpOEKTHA BEIWYMHA CEUCMIYHOT Aii
(= nAex)

Aek XapakTepHCTHUYHA BETUYMHA CEHCMIYHOT
i1 3a 6a30BUil epio] MTOBTOPEHHS

1.5 Terms and Definitions
1.5.1 General

(1) For the purposes of this standard the
following definitions apply.

1.5.2 Terms common to all Eurocodes

(1)P The terms and definitions given in
EN 1990:2002, 1.5 apply.

(2)P EN 1998-1:2004, 1.5.1 applies for terms
common to all Eurocodes.

1.5.3 Further terms used in EN 1998

(1) For the purposes of this European
Standard the terms given in
EN 1998-1: 2004, 1.5.1 and 1.5.2 apply.

1.5.4 Further terms used in EN 1998-4

Independent structure - a structure whose
structural and functional behaviour during
and after a seismic event are not influenced
by that of other structures, and whose
consequences of failure relate only to the
functions demanded from it.

1.6 Symbols
(1) For the purposes of this European
Standard the following symbols apply:

Aeq design value of seismic action (= #Aex)

Aek characteristic value of the seismic action
for the reference return period



b ropusoHTanBHMI po3mip OyHKepa,
napajebHA TOPU30HTANBHIA CKIaI0BIN
ceiicMivHOT il

dc BHYTpILIHIH JiaMeTp Kpyriioro OyHKepa

dg MpOeKTHHH 3CYB IPYHTY, HABEJCHUH B
EN 1998-1:2004, 3.2.2.4(1),
BUKOpHCTaHui y Bupa3si (4.1)

g rpaBitainiiiHe MPUCKOPEHHS

hp 3aranpHa BHCOTa OyHKepa, BiI IJIOCKOTO
nHa ab0 3aBaHTaXyBaJIbHOI BOPOHKH 0
€KBIBaJICHTHOI MOBEPXHI MaTepiaiy, sKUil
30epiraeTbCst

( MOKa3HUK IMOBEIIHKH
I pagiyc  kpyrioro  OyHKepa,  BiACIKY
OyHKepa, pezepByapa abo Tpyou

rs* recoMeTpruiHa BCJIMYHMHA, BU3HAYCHA B
OyHKepax 3a JIOTIOMOTO0 BHpa3zy (3.5) sk
rs* = min (H, Brs/2)

t ToBHIMHA

X BEpTUKaJbHA BIICTaHb TOYKH Ha CTIHIII
OyHKepa Bij MIOCKOro AHa OyHKepa abo
BEpIIMHUA KOHIYHOI a0o0 mipaMizaabHOi
3aBaHTa)XyBaJIbHOI BOPOHKH

X BIACTaHb  MDK  TOYKaMH  KPITUICHHS
TPyOONpPOBOJY 1 TOYKOK 3'€HAHHA 3
pe3epByapom

Z BepTUKaJIbHA HWKHSA KOOpAMHATA B
OyHKepi, BHUMIpSHAa Bil €KBIBaJIEHTHOI
MOBEPXHI MaTepiany, sKuil 30epiraeTbcs

a(2) peaxiiisi IPUCKOPEHHs OyHKepa Ha PiBHI,
0  MPEACTaBJIsAE€  IHTEpec, Z, JO
IpaBITAI[IHHOTO MPUCKOPEHHS

f KyT Haxwily CTIHKM 3aBaHTaXKyBaJbHOL
BOPOHKM B OyHKepi, BHUMIPSHHHA Bif
BEPTUKAJI, a00 caMHil KpyTHIl KYyT HAXUITY
CTIHKM MipaMiIajbHOI 3aBaHTaXyBaJIbHOT
BOPOHIII IO BiZIHOIIEHHIO /10 BEpTHKAaJ1

np ACTY-H b EN 1998-4:201X

b horizontal dimension of silos parallel to the
horizontal component of the seismic action

dc inside diameter of a circular silos

dg design ground displacement, as given in
EN 1998-1:2004, 3.2.2.4(1), used in
expression (4.1)

g acceleration of gravity

ho overal height of the silos, from a flat
bottom or the hopper outlet to the
equivalent surface of the stored contents

g behaviour factor

r radius of circular silos, silos compartment,
tank or pipe

rs* geometric quantity defined in silos
through expression (3.5) as
rs* = min (H, Bry/2);

thickness

~—~+

X vertical distance of a point on a silos wall
from a flat silos bottom or the apex of a
conical or pyramidal hopper

x distance between the anchoring point of
piping and the point of connection with
the tank

N

vertical downward co-ordinate in a silos,
measured from the equivalent surface of
the stored contents

a(z) the response acceleration of a silos at the
level of interest, z, to the acceleration of
gravity

£ angle of inclination of the hopper wall in a
silos, measured from the vertical, or the
steepest angle of inclination to the vertical
of the wall in a pyramidal hopper
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¥ HACHITHA MIUTOMA Bara CHUITy4oTo MaTepiary
B OyHKepi, HpuUiHATa pPIBHOIO BEpPXHIH
XapaKTePUCTUYHIN BEIMYMHI, HABEJCHIN B

EN 1991-4:2006, Ta6muus E1
A TIOKa3HUK BAKJIMBOCTI

J KoeQimieHT 30UIbIIEHHS 3YyCWJb, IO
MePealoThCs  TPYyOOTPOBOJIOM  JUISHIII
3aKpilUIeHHS] Ha CTIHII pe3epByapy, M
IIPOCKTYBaHHSA JUTSIHKH, AKa 0
3anuiiaiacs npyxHoro, aus. 4.5.1.3(3)

A MiHIMaJIbHE 3HAYEHHS JIOIAHOTO
BITHOCHOTO 3CYBY MDK HEpLIOI TOUYKOIO
KpIIJIEHHsI TpyOOIIPOBOIY 1 pe3epByapoM,
1o Oepetbes 3 Bupasy (4.1)

Aphs JTOJNATKOBHM HOPMaJIbHUM THCK Ha
CTIHKY OyHKepa BHACIIJIOK peakiii
TBEPJIUX CHUIYYUX JO TOPU3OHTATHHOL
CKJ1aJI0BO1 cecMIUHOT il

Aph,so  PEKOMEHJOBAHUW THCK Ha CTIHKU
OyHKepa, 3a3Hauenuii B 3.3(8), Bupas (3.5)

0 xyr (0°<6<360°) M™MbK pamiaTbHOIO
JIHIEI0 0 TOYKH, SKa TPEACTABISIE
1HTEpeC, Ha CTIHI Kpyrjoro OyHKepa i
HANpPsSIMKOM TOPHU30HTAIBHOT CKJIaJ0BOT
ceficMIYHOT il

A TIONpaBOYHHMMA KOEQIIIEHT OO0 3CYBY
OCHOBM 3 METOJy pO3paxyHKy OiuHOT
cum, B crapgapti EN  1998-1:2004,
4.3.3.2.2(1)

V Koe(dillieHT 3HMKEHHS JUIS Jii CEHCMIYHOTO
BILTUBY, BIAMOBIIHO 0 CTaHY OOMEXXEHHS
30UTKY

& BIOHOIIEHHS BS3KICTHOTO JeMI(yBaHHS
(y BigcoTkax)

W2i KOMOIHAI[is Koe(iIieHTIB TS
KBa3UIIOCTIMHOTO 3HAYEHHS 3MIHHOT 11l

WE,i KOMOiHaIis KOeDillieHTiB Ui 3MIHHOT i1
I, sKi OyIyTh BHKOPHUCTOBYBATHCS MPHU
BHU3HAYEHHI Jii MPOEKTHOTo CeHCMIYHOIro
BIUIMBY

y bulk unit weight of particulate material in
silos, taken equal to the upper characteristic
value given in EN 1991-4:2006, Table E1

» importance factor

1 amplification factor on forces transmitted
by the piping to region of attachment on
tank wall, for the region to be designed to
remain elastic, see 4.5.1.3(3)

A minimum value of imposed relative
displacement between the first anchoring
point of piping and the tank to be taken
from given by expression (4.1)

Aph,s additional normal pressure on the silos
wall due to the response of the particulate
solid to the horizontal component of the
seismic action

Apn,so reference pressure on silos walls given
in 3.3(8), expression (3.5)

6 angle (0°< #<360°) between the radial
line to the point of interest on the wall of
a circular silos and the direction of the
horizontal component of the seismic
action.

A the correction factor on base shear from
the lateral force method of analysis, in
EN 1998-1:2004, 4.3.3.2.2(1)

v reduction factor for the effects of the
seismic action relevant to the damage
limitation state

& viscous damping ratio (in percent)

w2, combination coefficient for the quasi-
permanent value of a variable action

wei combination coefficient for a variable
action i, to be used when determining the
effects of the design seismic action



1.7 Oqunanni CI

(1P OuHuI CI IIOBUHHI
BUKOPUCTOBYBATUCS 3TIIHO 3 CTaHAAPTOM

ISO 1000.

(2) KpiMm TOro BHKOPHUCTOBYIOTBHCS OJIMHHUIIL,
pexomenoBani y EN 1998-1:2004, 1.7.

np ACTY-H b EN 1998-4:201X

1.7 S.1. Units

(1)P S.I. Units shall be used in accordance
with 1SO 1000.

(2) In addition, the units recommended in EN
1998-1:2004, 1.7 apply.



np ACTY-H b EN 1998-4:201X

2 3AT'AJIBHI INPUHIUIIN TA
INPABUJIA 3BACTOCYBAHHA

2.1 Bumoru 0e3nexku
2.1.1 3arajJbHi moJI0KeHHA

()P Y upoMy craHAapTi PO3TIISIAIOTHCS
KOHCTPYKIII, K1 MOKYTh CUJIBHO
BIIPI3HATUCS 32  CBOIMH  OCHOBHUMH
XapaKTePUCTUKAMHU, TAKUMH, SIK:

- XapakrTep 1 KUIbKICTh BMICTY 1 MOB'A3aHa 3
HUM NOTEHLIITHA HeOe3neka

- (yHKIIOHAJIBHI BUMOTHM i Yac 1 Hicid
ceficMIYHOT momii

- YMOBH HaBKOJIMIIHBOT'O CEPEIOBUIIIA.

(2) B 3anexHOCTI Bl KOHKPETHOTO TO€THAHHS
UX XapaKTepUCTUK, 3aCTOCOBYIOThCSA PIi3HI
(bOpMYITFOBaHHS 3arajlbHUX TPHHIMIB. J{s
3a0e3MeueHHsl  CYMICHOCTI 3 3arajibHOIO
CTPYKTYypO10 €BpOKOIIB 30epiractbcsi hopMar
3 IBOMA TPAaHUYHUMHU CTaHAMM, 3 BIIMIOBIIHUM
YMHOM CKOPUTOBaHMMH BU3HAUCHHSMU.

2.1.2 KinneBuii rpaHUYHUIA CTaH

(1)P KiHreBuii rpaHUYHHMI CTaH, VIS SIKOTO
CHCTeMa IMOBMHHA TEPEBIPATHCS, BU3HAYCHUIH
SK TaKWid, 10 BUIMOBIIAE pPYHHYBaHHIO
KOHCTPYKIIil. 3a JeAKuX OOCTaBUH YacTKOBE
BITHOBJICHHS ~€KCIUTyaTallliHOT TPUAATHOCTI
CHCTEMH, BTPAuCHOI BHACITIJIOK MEPEBUILICHHS
KIHIICBOI'O TPAHUYHOTO CTaHy, € MOXKJIUBHM
MICJAS  TPOBEJACHHS NPUHHATHOIO  00CSATY
PEMOHTHHX POOIT.

IIPUMITKA 1 Ilumm oOcraBUHaMM € Ti, SKi
BHU3HAYCHI BiIIOBIJAJEHIM OPTaHOM a00 KITIEHTOM.

(2)P Jlnst okpeMux eIeMEHTIB MEPEXKi, a TAKOK
IS~ HE3AISKHHX  KOHCTPYKLIH, IOBHE
pYiHYBaHHSl SKUX CHPHYMHWIO O 3a 0000
TSDKKI HACTIKK, KIHIEBUM TpaHUYHUNA CTaH
BU3HAYAETBCSI  SIK  CTaH, IO  Hepeaye
pyliHyBaHHIO, SKMH, Xo4a 1 Moxe OyTu
TSDKKUM, BHUKJIIOYaB OM KpHUXKe pyHHYBaHHS 1
JI03BOJIMB OM KOHTPOJIFOBATH BUKH/] BMICTY.
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2 GENERAL PRINCIPLES AND

APPLICATION RULES
2.1 Safety requirements
2.1.1 General

(1)P This standard deals with structures
which may differ widely in such basic
features as:

- the nature and amount of the contents and
associated potential danger

- the functional requirements during and after
the seismic event

- the environmental conditions.

(2) Depending on the specific combination of
the indicated features, different formulations
of the general requirements are appropriate.
For the sake of consistency with the general
framework of the Eurocodes, the two-limit-
states format is retained, with a suitably
adjusted definition

2.1.2 Ultimate limit state

(1)P The ultimate limit state for which a
system shall be checked is defined as that
corresponding to structural failure. In some
circumstances, partial recovery of the
operational capacity of the system lost by
exceedance of the ultimate limit state may be
possible, after an acceptable amount of
repairs.

NOTE 1 The circumstances are those defined by the
responsible authority or the client.

(2)P For particular elements of the network,
as well as for independent structures whose
complete collapse would entail severe
consequences, the ultimate limit state is
defined as that of a state prior to structural
collapse that, although possibly severe, would
exclude brittle failures and would allow for a
controlled release of the contents.



Komn pyVHYBaHHS BUILIE3a3HAYEHNUX
CJICMEHTIB HE TATHE 3a CO00I0 TSKKHX
HACJIIKIB, KIHIICBUH TPAaHUYHHIA CTaH MOXKeE
BU3HAYATUCS K BIANOBIMHUNA TTOBHOMY
pYHHYBaHHIO KOHCTPYKIIii.

(3)P IIpoekTHUi CEMCMIYHUI BIUTHUB, IS SIKOTO
KIHIICBUM TPAHWYHUI CTaH HE MOXe OyTh
TIEPEBUIIICHUI, TTOBUHEH BCTAHOBJIIOBATHCS Ha
MJICTaBl MPSIMAX 1 HENPSIMUX —HACTIAKIB

pYyIHYBaHHSI KOHCTPYKIIIi.

(4)P TIpoekTHwmii ceficmiunmii BIIUB, Agd, Ma€e
BHUpaXkaTHcs B TEpMiHaX: d) pEeKOMEHI0BaHUI
cecMiuHMi BIUIMB, Agk, IIOB'I3aHHI 3
PEKOMEHI0BAHOIO HMOBIPHICTIO
NepeBUILEHH, Pncr, poTsirom 50 pokiB abo
PEKOMEHJIOBaHUM  TI€PIOZIOM  MOBTOPEHHS,
Tner, (muB. y EN 1998-1:2004, 2.1(1)P i
3.2.1(3) i b) noka3Huk BaxJIUBOCTI N (IHB.
EN 1990:2002 i EN 1998-1:2004, 2.1(2)P,
2.1(3)P i (4)) 3 ypaxyBaHHsM midepeHrtiarii
HaJIIHHOCTI:

np ACTY-H b EN 1998-4:201X

When the failure of the aforementioned
elements does not entail severe consequences,
the ultimate limit state may be defined as
corresponding to total structural collapse.

(3)P The design seismic action for which the
ultimate limit state may not be exceeded shall
be established based on the direct and indirect
consequences of structural failure.

(4)P The design seismic action, Aeq, shall be
expressed in terms of: a) the reference
seismic action, Agk, associated with a
reference probability of exceedance, Pncr, in
50 years or a reference return period, Tncr,
(see EN 1998-1:2004, 2.1(1)P and 3.2.1(3))
and b) the importance factor n (see
EN 1990:2002 and EN 1998-1:2004, 2.1(2)P,
2.1(3)P and (4)) to take into account
reliability differentiation:

Aed = 1AEek (2.1)

I[MPUMITKA 3HauenHs, sike Ma€ OyTH MPHUITUCAHE 10
PEKOMEHIIOBAHOTO  NEpioAy  IOBTOPEHHSA, [ NCR,
MOB'SI3aHE 3 PEKOMEHIOBAaHUM CEHCMIYHHM BILIMBOM
JUIsl BUKODHMCTaHHS B KpaiHi, MOXXHa 3HaWTH B il
HanionansHomy Jlomatky. PexoMeHmoBaHe 3HaueHHS
JOopiBHIOE: Tncr = 475 POKIB.

(5) 3parHiCTP KOHCTPYKTHBHHX CHCTEM
BUTPUMYBATH CEMCMIYHI BIUIMBU B KIHIICBOMY
IPAaHUYHOMY CTaH1 B HEJIIHIHHOMY Jliara3oHi,
B [IUIOMY, JI03BOJISIE iX MPOEKTYBATH MEHIIMM
JUIs  OMOpY CEHCMIYHUM CHJIaM, HDK Yy
BUIIAJIKY JIIHIHHO MPYXKHOT peakIii.

(6) Illo6 yHUKHYTH B TPOEKTI SBHOTO

HETIPY)KHOTO PO3paxyHKYy, 3/IaTHICTh
KOHCTPYKTHBHUX CHCTEM po3citoBaTu
€Hepriro  3a  JOMOMOTO  3/e0UTBIIOro

IUTACTUYHOI ITOBEIIHKH iX €JIEMEHTIB Ta/abo
IHIIMX MEXaHi3MiB, MOke Opatucs A0 yBaru
[UISXOM  BUKOHAHHS  JIHIHHO-TIPY’KHOTO
pO3paxyHKy Ha OCHOBI CHEKTPY peaxilii,
3MEHILIEHOTO O BIAHOIIEHHIO 0 MPY>KHOTO
CHEKTPY, HA3BAHOTO «IIPOEKTHUM CHEKTPOM.

NOTE The value to be ascribed to the reference return
period. Tncr, associated with the reference seismic
action for use in a countiy. may be found in its
National Annex. The recommended value is:
Tncr = 475 years.

(5) The capacity of structural systems to
resist seismic actions at the ultimate limit
state in the non-linear range generally permits
their design for resistance to seismic forces
smaller than those corresponding to a linear
elastic response.

(6) To avoid explicit inelastic analysis in
design, the capacity of the structural systems
to dissipate energy, through mainly ductile
behaviour of its elements and/or other
mechanisms, may be taken into account by
performing a linear-elastic analysis based on
a response spectrum reduced with respect to
the elastic one, called "design spectrum”.

11
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Ile 3MeHIICHHS BHUKOHYETHCS  MUISIXOM
BBEJICHHSI TMOKa3HMKA TMOBEIIHKU (, SKUU €
HaOJMIKEHHSIM BITHOIIEHHS CEHCMIYHUX CHJI,
sKi Oyzie 3a3HaBaTH CHOPY/a, SIKIIO ii peaxiis
OyJla TOBHICTIO TPYXHOIO 3 5% BS3KHM
neMrnyBaHHIM, J0 CEUCMIYHMX CHJI, SKI
MOXXYTh BHKOPHUCTOBYBATHICSI B TIPOEKTI 3
TPAJAULIAHOI0 MOJIEIUTIO JHIHHO-TIPY>KHOTO
pPO3paxyHKy, KOJM KOHCTPYKTHBHA CHCTEMA,
aK 1 panime, 3abe3medye  3aJ0BUIbHI
MMOKa3HUKH B KIHIIEBOMY T'PaHMYHOMY CTaHI.

(7) 3HaueHHs TOKa3HHWKA MOBENIHKH (|, KU
TaKOX BPaxoBY€ BILJIVIB B“SI3KOTO
nemngyBaHHS, K1 BIIPI3HAIOTHCS Bix 5%,
HaBEJCH1 Uil PI3HUX THUIIB KOHCTPYKIIH,
oxomwrenux EN 1998-4 y BignmoBimHUX
pO3IUIaxX 1bOT0 €BPOKOY.

2.1.3 CraH oOMeKeHHs 30UTKY

(1)P 3BamexxHo Bim  XapaKTEPHCTHK i
MPHU3HAYCHHS PO3TJISIaEMHUX KOHCTPYKIIIH,
MOX€ BHUHUKHYTH CTaH OOMEXEHHS 30UTKY,
SIKUW BIATMOBIAAE OJHOMY a0o 000OM 3 JBOX
HaCTYITHUX pIBHIB eKCIUTyaTaI[iiHIX
XapaKTePUCTHUK:

- UUTICHICTBY;
- «MIHIMQJIbHHH pOOOYNI PIBEHBY.

(2)P Jlnst BUKOHAHHS BHMOTH «I[LUTICHOCTD»
po3riigaEMa CHCTeMa, sKa BKJIIOYae B cebe
3a/laHuii  Halip JIONIOMDKHUX €JIEMEHTIB,
00'€MHaHUX 3 HEI, ITOBHMHHA 3aJUIIATHCS
MOBHICTIO IPAIIE3aTHOI 1 TePMETHYHOIO
[IPH BiIMOBIAHOMY CEHCMIYHOMY BIUIHBI.

(3)P s BUKOHAHHS BUMOTH «MIiHIMAJIBLHOTO
pobodoro piBHA», CTYMHiHb 1 PO3Mip 30UTKY,
PO3IISIIAEMOT CUCTEMH, BKIIFOUAIOYH JICSKI 3
il KOMIOHEHTIB, MOBHUHHI OyTH OOMEXeHI,
TaKUM YUHOM, 100 Ticlid BUKOHAHHS
omepauii 3 TEpeBIpKH Ta  KOHTPOJIO
YIIKO/DKEHb 3/IaTHICTh CHCTEMHU MOTJIa OyTH
BITHOBJIEHA JI0 TIOTMEPEAHHO BHU3HAYEHOTO
po0OYOro piBHS.
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This  reduction is accomplished by
introducing the behaviour factor g, which is
an approximation of the ratio of the seismic
forces that the structure would experience if
its response was completely elastic with 5%
viscous damping, to the seismic forces that
may be wused in the design, with a
conventional linear-elastic analysis model,
still ensuring a satisfactory performance of
the structural system at the ultimate limit
state.

(7) The values of the behaviour factor q,
which also account for the influence of the
viscous damping being different from 5%, are
given for the various types of constructions
covered by EN 1998-4 in the relevant
Sections of this Eurocode.

2.1.3 Damage limitation state

(1)P Depending on the characteristics and the
purposes of the structure considered, a
damage limitation state that meets one or
both of the two following performance levels
may need to be satisfied:

- «integrity»;
- «minimum operating level».

(2)P In order to satisfy the «integrity»
requirement, the considered system, including
a specified set of accessory elements
integrated with it, shall remain fully
serviceable and leak proof under the relevant
seismic action.

(3)P To satisfy the «minimum operating
level» requirement, the extent and amount of
damage of the considered system, including
some of its components, shall be limited, so
that, after the operations for damage checking
and control are carried out, the capacity of the
system can be restored up to a predefined
level of operation.



(4)P CeticmiuHuii BIUIMB, OIS SIKOTO IICH
TpaHUYHUN  cTaH  HE  MOXe  Oyru
NEPEeBUIICHUH, Ma€ piYHy HMOBIpHICTH
NEPEBUIICHHS, 3HAYEHHS SKOTO IOBUHHO
OyTH BCTAaHOBJICHO Ha Mi/ICTaBi HACTYITHOTO:

- HachinkiB BTpatd (yHKHid 1/abo0 BUTOKY
BMICTY, 1

- BTpaT, L0 BIGHOCATHCS JO 3HWKEHHS
3IATHOCTI CHCTEMH 1 HEOOXITHUX PEMOHTHHUX
poOiT.

(5)P Ceiicmiunui BIUIMB, JUIsl SIKOTO CTaH
«0OMeXeHOro 30MTKYy» He MoXe Oyru
MEPEBUILEHNUN, TOBUHEH MAaTH HMOBIPHICTh
nepeBuileHHs, PprLr, nporsarom 10 pokiB 1
mepioJy  MOBTOpPIOBaHOCTI,  Iptr. llpm
BIJICYTHOCTI OUTbII TOYHOI 1H(OpMallii, MOXKe
BHUKOPHUCTOBYBATUCA KOE(IIIEHT 3MEHIIEHHS,
3aCTOCOBAHMM JI0 MPOEKTHOTO CEUCMIYHOMY
BIUIMBY BiMTOBIAHO A0 2.2(3) ISt OTpUMaHHS
CEMCMIYHOTO BIUIMBY ISl TIEPEBIPKU CTaHy
0oOMeXeHHsI 30UTKY.

[MPUMITKA 3HaueHHs, sKi CIHiJl TPUIKCYBATH
BenuuuHaM Ppir a0o Tplr A1 BUKOpUCTaHHS Yy
Kpaini, MoxxHa 3HaiiTH B 11 HauionanpHomy Jlomatky
JI0 I[BOro JOKyMEHTa. PexoMeHIOBaHI 3Ha4eHHS
CKJIaJal0Th PDLR =10% i TDLR =95 pOKiB.

2.1.4 Po3me:xyBaHHS HaAIiHOCTI

()P Mepexi TpyOOIpOBOMIB 1 HE3aIEKHI
CIOPY/IH, TaKi, K pe3epByapu abo OyHKEpH,
MOBUHHI OyTH 3a0e3redeHi piBHEM 3aXHUCTY,
MPOMOPIIHHUM ~ KUIBKOCTI  JIFOACH,  sKi
MIIAI0TECA PU3HKY, 1 €KOHOMIYHUX BTpAT,
MOB'SI3aHUX 3 HENOCSITHEHHSIM 1X piBHSA
MPOTYKTUBHOCTI.

(2P PosmexxyBaHHS ~ HAIIHHOCTI  Mae
JOCATaTUCS ~ HAJICKHUM  KOPUTYBaHHSIM
3HAYCHHS PIYHOI WMOBIPHOCTI IEPEBHILCHHS
MIPOEKTHOTO CEHCMIYHOTO BILIUBY.

(3) Jane xopuryBaHHS CHif 3A1HCHIOBATH
NUIAXOM  KJIacudikamii  KOHCTPYKUIH Y
BIJIMOBIAHOCTI 3 pI3HUMH KJIacaMH#
BaKJIMBOCTI 1 3aCTOCYBaHHS bi (o)
PEKOMEHJIOBAHOTO  CEHCMIYHOTO  BIUIMBY
MOKa3HWKAa Ba)JIUBOCTI Y|, BU3HAYEHOTO Y
nyukti 2.1.2(4)P i B EN 1998-1:2004,
2.1(3)P, 3HauCHHS SIKOTO 3QJICXKHUTH BiJl KJIacy
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(4)P The seismic action for which this limit
state may not be exceeded shall have an
annual probability of exceedance whose
value is to be established based on the
following

- the consequences of loss of function and/or
of leakage of the content, and

- the losses related to the reduced capacity of
the system and to the necessary repairs.

(5)P The seismic action for which the
«damage limitation» state may not be
exceeded shall have a probability of
exceedance, Pprr, In 10 years and a return
period, Tocr. In the absence of more precise
information, the reduction factor applied on
the design seismic action in accordance with
2.2(3) may be used to obtain the seismic
action for the verification of the damage
limitation state.

NOTE The values to be ascribed to Ppr or to Tpir for
use in a country may be found in its National Annex of
this document. The recommended values are Ppir
=10% and TpLr = 95 years.

2.1.4 Reliability differentiation

(1)P Pipeline networks and independent
structures, either tanks or silos, shall be
provided with a level of protection
proportioned to the number of people at risk
and to the economic losses associated with
their performance level being not achieved.

(2)P Reliability differentiation shall be
achieved by appropriately adjusting the value
of the annual probability of exceedance of the
design seismic action.

(3) This adjustment should be implemented
by classifying structures into different
importance classes and applying to the
reference seismic action an importance factor
y  defined in 212(4)P and in
EN 1998-1: 2004, 2.1(3)P, the value of which
depends on the importance class. Specific
values of the factor 1 necessary to modify the

13
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BaJIMBOCTI. KOHKpETHI 3HaUCHHS TOKa3HUKA
Y, HEOOXimHI ans 3MIHM BIUIMBY TaKUM
YUHOM, 100 BIH BIANOBIZAB CEHCMIYHIN
noJii BUOpaHOTO Mepioy MOBTOPIOBAHOCTI,
3aJexaTh  Bil  CEHCMIYHOCTI  KOXKHOTO
periony. 3HaYeHHS ITOKAa3HWKA BaXKIMBOCTI
7 = 1,0 moB‘si3aHO 3 CEWCMIYHUM BIUIHBOM 3
PEKOMEHI0BaHUM nepioIoM
MOBTOPIOBAHOCTI, 3a3Ha4eHuM y 2.1.2(4)P.

[MPUMITKA [Iyst 3aJIe)KHOCTI 110 3HAYCHHIO )| TUBUCH
npuMiTKy B cranmapti EN1998-1:2004, 2.1(4).

(4) 1ns KOHCTPYKIIiM, Ha SIKI MOLIUPIOETHCS
Jisl 1IbOTO CTaHAAPTY, JOPEYHO PO3TISTHYTH
TPH PI3HUX KJIACH BaXJIMBOCTI, B 3aJIEXKHOCTI
B1Jl MOTEHIIIHOT 3arpo3u 3aru0esni BHACIIJ0K
pyHHYBaHHS OKpeMoOi CHOpyaud Ta BiJ
€KOHOMIYHHUX 1 COIIadbHUX  HACIIAKIB
pyiinyBanHs. [loganpma knacudikaiis Moxe
OyTu 3[ilicHEeHa B MeXaX KOXHOTO Kiacy
BKJIMBOCTI, B 3aJIC)KHOCTI BiJ] BUKOPHUCTAHHS
1 BMICTY 00’€KTYy 1 BT HaCHIAKIB s
CYCITUTBHOT O€3MeKH .

[IPUMITKA Kmnacu Baxmusoctri |, Il 1 HI/IV
npubIM3HO BimoBijaoTh kiacam Haciuigkie CCl,
CC2 i CC3 BiamnoBinmHO, BU3HAYEHUM Y CTaHAAPTI
EN 1990:2002, Honmatok B.

(5) Knac I BigHOCHTBCS 10 CHUTYaIlil, B SIKHX
PU3HMK JUISI SKUTTS € MaJluM, 1 COIaJIbHO-
€KOHOMIYH1 HACIIIIKK PYHHYBaHHS € MaJIUMH
a00 HE3HAYHUMU.

(6) Curyarii, mo TPeACTaBISAIOTh CEPEIHIN
PHU3HK JUISI )KUTTS 1 MICIIEBUX €KOHOMIYHHX Ta
COITIAJIBHUX HaCJIIKIB pyiHYBaHHS,
BigHOCsTHCS 110 Kiacy 11.

(7) Knac Il BimHOCHTBCS MO CHUTYaIii, sKi
XapaKTePU3YEThCS BHCOKAM PU3UKOM  JUIS
KHUTTA 1 BEITUKUMH coLaJIbHO -
C€KOHOMIYHUMH HACIIIJKaMH pPyHHYBaHHSI.

(8) Kmac IV BimHOCHUTBCS JO CHTYaIliid
OCOONIMBOTO  pUBHMKY AN JKUTTA 1
HaA3BUYAMHUMH  COLIAJIbHO-€KOHOMIYHUMU
HACNIIKaMU pPyHHYBaHHS.

[MPUMITKA 3HadeHHs, SKi TOBHHHI TPHUITACYBATHCS
BEJIMYMHI  JUIS BUKOPUCTaHHS B KpaiHi, MOXXHA 3HAWTH
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action so as to correspond to a seismic event
of selected return period, depend on the
seismicity of each region. The value of the
importance factor » = 1,0 is associated to the
seismic action with the reference return
period indicated in 2.1.2(4)P.

NOTE For the dependence of the value of j see Note
to EN 1998-1:2004, 2.1(4)

(4) For the structures within the scope of this
standard it is appropriate to consider three
different importance classes, depending on
the potential loss of life due to the failure of
the particular structure and on the economic
and social consequences of failure. Further
classification may be made within each
Importance Class, depending on the use and
contents of the facility and the implications
for public safety.

NOTE Importance classes I, Il and I11/1V correspond
roughly to consequences classes CC1, CC2 and CC3,
respectively, defined in EN 1990:2002, Annex B.

(5) Class I refers to situations where the risk
to life is low and the economic and social
consequences of failure are small or
negligible.

(6) Situations with medium risk to life and
local economic or social consequences of
failure belong to Class II.

(7) Class IlI refers to situations with a high
risk to life and large economic and social
consequences of failure.

(8) Class IV refers to situations with
exceptional risk to life and extreme economic
and social consequences of failure.

NOTE The values to be ascribed to » for use in a
country may be found in its National Annex. The



B 1 HamionansHomy [lomatky. 3HaueHHS Y| MOXYTh
OyTH PI3HHUMH JUISl Pi3HHX CEWCMIYHMX 30H KpaiHH, B
3aIEKHOCTI Bil yMOB ceiicMiuHOI HeOe3rekn (JuB.
[pumitky mo cranmapry EN 1998-1:2004, 2.1(4)) i Bin
MipKyBaHb TPOMaJICBKOI Oe3MeKH, BUKIIaJCHUX JOKIAIHO
B 2.1.4. 3HauenHs » mia wiacy BaxmBocTi I, 3a
BU3HAaYeHHAM, JopiBHtoe 1,0. [l pemrmm  kiaciB
PEKOMEHIOBAaHUMH 3HaUEHHAMU ¥ € = 0,8 mis kacey
BaxximBocTi |, #= 1,2 nns knacy Baxmsocri 1 4= 1,6
JUTs Kiacy BaxxmBocTi 1V.

(9P  Cucrema  TpyOOmpoBOAIB, IO
NPOXOANTh Yepe3 BEIUKUN TeorpadiyHuii
perioH, 3a3BHUail 3yCTPIYAEThCSA 3 MIMPOKUM
mlama3soHOM — cedicMiyHOi  HeOesmexku 1
IpyHTOBUX YMOB. KpiM TOTrO, Yy310BXK
CUCTEMH IPOXODKEHHS TPYyOOTIPOBOIY MOXKE
pO3TalIOBYBATUCS  PsiI  MIJICHUCTEM,  fKI
MOXYTb MPEICTABIATH CO00I0 ab0 CyNmyTHI
00’exTH (pe3epByapH, BOJOCXOBHINA 1 T. I.),
abo o00’ext TpyOOmpoBOAIB  (KIamaHH,
HAcoOCH 1 T. 11.). 3a TaKuxX O0OCTaBUH KPUTHUYHI
TUISTHKA TpyOonpoBoay (Hanmpukam,
JaCTHHH CUCTEMH 3 MEHIITHM
pe3epBYBaHHAIM) 1 KPUTHYHI  EJIEMEHTH
(nacocw, KOMIIPECOPH, KOHTPOJIbHA
amapatrypa 1 T. J.) TIOBHUHHI NPOEKTYBaTHUCS
TaKUM YHWHOM, 00 3a0e3meunTH OUTBIITY
HaIIHHICTH 110 BIJMHOMIEHHIO O CEUCMIYHUX
momii. IHmm eaeMeHTH, SAKIi €  MEHII
ICTOTHUMM, 1 V1A IKUX ACAKI MOIIKOIKEHHS €
NPUHHATHUMH, HE TIOTPIOHO TMPOEKTYBATH 3
HACTUIBKH )KOPCTKUMH KPUTEPIIMH.

2.1.5 HaniiiHicTL cHCTEMH 110 BiTHOIIEHHIO
10 eJIEeMEeHTiB

(1)P Bumoru 10 HamiifHOCTi, BCTaHOBJIEHI B
2.1.4, moBWHHI 3aCTOCOBYBAaTHICS 1O BCi€l
CHUCTEMH, IO PO3IIISIIAETHCS, HE3aJICHKHO Bijl
TOro, YW CKJIAJa€ThLCI BOHA 3  OJHOI
KOMIIOHEHTH a00 3 Habopy KOMIIOHEHTIB,
CHONy4YEeHUX  PI3HUM CIIoco6om IS
BUKOHAHHS (YHKI[IH, SIKi BUMararoThCs Bif
HeEl.

np ACTY-H b EN 1998-4:201X

values of » may be different for the various seismic
zones of the country, depending on the seismic hazard
conditions (see Note to EN 1998-1:2004, 2.1(4)) and
on the public safety considerations detailed in 2.1.4.
The value of y for importance class 1l is, by definition,
equal to 1,0. For the other classes the recommended
values of y are = 0.8 for Importance Class I, 5= 12
for importance class Il and » = 1,6 for importance
class 1V.

(9P A pipeline system traversing a large
geographical region normally encounters a
wide variety of seismic hazards and soil
conditions. In addition, a number of
subsystems may be located along a pipeline
transmission system, which may be either
associated facilities (tanks, storage reservoirs
etc.), or pipeline facilities (valves, pumps,
etc.) Under such circumstances, critical
stretches of the pipeline (for instance, less
redundant parts of the system) and critical
components (pumps, compressors, control
equipment, etc.) shall be designed to provide
larger reliability with regard to seismic
events. Other components, that are less
essential and for which some damage is
acceptable, need not be designed to such
stringent criteria.

2.1.5 System versus element reliability

(1)P The reliability requirements specified in
2.1.4, shall apply to the whole system under
consideration, be it constituted by a single
component or by a set of components
variously connected to perform the functions
required from it.
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(2) HesBaxarounm Ha Te, O (HOpPMaTLHUMA
OIXIT 10 aHami3y HaAIfHOCTI CUCTEMH
BUXOJUTh 34 paMKH LBOTO CTaHIAPTY,
MPOCKTYBAJIBHUKY CIII MPHUIUTUTH HAJICKHY
yBary podi, sSIKy BiIirparoOTh pi3Hi €IEMEHTH B
3a0e3nevyeHH1 0e3mepepBHOTO
(GYHKIIOHYBaHHS CHUCTEMH, OCOOJMBO, KOJIU
L1 CHCTEMA HE Ma€ pe3epByBaHHSA. Y BUIIAJIKY
Iy)X€ CKJIaJHUX CHCTEM TIPOEKT IOBHHEH
I'PYHTYBATHCS Ha aHaJIi31 YyTJIUBOCTI.

(3P Enementn Mepexi, abo cropyau
Mepeki, fKI BH3HAUYEH1 SK KPUTHYHI IIO
BIJJHOIIICHHIO 10 BiAMOBU CHCTEMH, ITOBUHHI
Oyt 3a0e3medeHi JIOJAaTKOBUM  3amacoM
3aXHCTY, MOPIBHSHO 3 HaCTIKaMu
pyIHYBaHHS. [Ipu BIJICYTHOCTI
MONEPEeTHBOI0  JOCBiAY, Il  KPUTHUYHI
€JIEMEHTU TOBHHHI OYTH €KCIIEpUMEHTAIBHO
JOCTIIKEH1 JUTSt MIATBEPKEHHS
MPUIHATHOCTI MPOEKTHUX MPUITYILEHb.

(4) Sxmo OUThII TOYHI PO3paxyHKU He OyiH
BHUKOHAHI, JIOJIATKOBHIM 3alac 3axucCTy JUIs
KPUTHYHHX €JIEMEHTIB MOKe OyTH JOCATHEHUI
[UIIXOM BITHECEHHS WX EJIEMEHTIB JI0 KJacy
HamiiHOCTI  (Bupaxenmid  uepe3  Kitac
BaxmmBocTi), Ha OaWH pIBEHHb BHIIE, HDK
3aCTOCOBAHMM JI0 CHCTEMH B IUTOMY. B sikocTi
aNTbTEPHATHBU YISl TIPOSKTYBAHHS KPUTHYHUX
€IIEMEHTIB  CIIOPYA B  MEPEeXi MOXYTh
BUKOPHCTOBYBAaTHCS  TpaBwia  [IpoekTHOI
[MotyxHocTi 3 ypaxyBaHHSM (hakTHIHOTO
ONOPY EJIEMEHTIB, M0 HE BBAXKAKOTHCS
KPUTHYHUMH.

2.1.6 KonuenrtyajbHe NPOEKTYBAHHS

()P Hasire xomu 3aragbHa celicMiyHA
peakilis BKazaHa SIK MPY)KHA, KOHCTPYKTUBHI
CIIEMEHTH  TOBHMHHI  TNPOEKTyBaTucs 1
BUTOTOBJISITUCS 3 MICIIEBOIO IUIACTHYHICTIO 1
OyayBaTucs 3 MIACTHYHUX MaTepiaiiB.

(2)P Tlpm mnpoekrTyBaHHi Mepexi abo
HE3aJIeKHOI cnopyau OepyTh [0 yBaru
HACTYIHI 3arajbHi aCMEeKTH IOM'SKIICHHS

HACTIIKIB €PEeKTIB BiJ 3eMIETPYCY:

- (pyHKIIIOHAIBHE pe3epBYBAaHHS CUCTEM;
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(2) Although a formal approach to system
reliability analysis is outside the scope of this
standard, the designer should give explicit
consideration to the role played by the
various elements in ensuring the continued
operation of the system, especially when it is
not redundant. In the case of very complex
systems the design should be based on
sensitivity analyses.

(3)P Elements of the network, or of a
structure in the network, which are shown to
be critical, with respect to the failure of the
system, shall be provided with an additional
margin of protection, commensurate with the
consequences of the failure. When there is no
previous experience, those critical elements
shall be experimentally investigated to verify
the acceptability of the design assumptions.

(4) If more rigorous analyses are not
undertaken, the additional margin of
protection for critical elements may be
achieved by assigning these elements to a
class of reliability (expressed in terms of
Importance Class) one level higher than that
appropriate to the system as a whole.
Alternatively the Capacity Design rules may
be used for the design of critical elements of
a structure in the network, taking into account
the actual resistance of elements not
considered as critical.

2.1.6 Conceptual design

(1)P Even when the overall seismic response
is specified to be elastic, structural elements
shall be designed and detailed for local
ductility and constructed from ductile
materials.

(2)P The design of a network or of an
independent  structure shall take into
consideration the following general aspects
for mitigation of earthquake effects:

- functional redundancy of the systems;



- BIICYTHICTh ~ B3a€MOJIl MEXaHIYHUX 1
SIIEKTPUIHHIX KOMITOHEHTIB 3
KOHCTPYKTUBHUMH €JIEMCHTAMU;

- JIETKUi JOCTYII Ui orJsnay,
00CITyroByBaHHS Ta yCYHEHHS TTOIIKO/KEHb;

- KOHTPOJIb IKOCT1 KOMITOHCHTIB.

(3) Jma 3amoOiraHHS — PO3MOBCIOKCHHS
TIOIIKO/DKEHHS B CUCTEMaXx 3 (DyHKITIOHATTEHIM
pe3epBYBaHHSIM BHACIIIOK KOHCTPYKTHBHOTO
B3a€MO3B'SI3KY ~ KOMIIOHEHTIB, BIJIIOBIIHI
YAaCTUHU CI1J PYHKIIOHATIBHO 130JTI0BATH.

(4) YV pa3i BIANOBIAAIBHUX OO €KTIB,
ypa3IuBUX [0 3€MJETPYCIB, BIAHOBIIEHHS
SKUX TICJIS MOIIKO/DKEHHSI O0yno O BaXKUM
abo 3aiimasio © Oaratro uyacy, ciaia
3a0€e3MeYnTH 3amacHl YaCTUHU a0 BY3JIH.

2.2 CelicMiuHMii BILINB

()P  Ceiicmiunuii  BIMB, sKHA  Oyje
BUKOPUCTOBYBATUCS  JUII  TPOCKTYBaHHS
OyHKepiB, pe3epByapiB 1 TPyOONpPOBOJIB, Mae
OyTtu TakuMm, sik Bu3HaueHo B EN 1998-1:2004,
3.2 y DpBHEX eKBiBaJeHTHUX (opmax
MPY)KHOTO CHEKTPY PEaKIlii, 3aJeXHO Bif
Maimanunka (EN 1998-1:2004, 3.2.2), Ta
MIPEICTaBIICHHS 3MIH B yaci
(EN  1998-1:2004, 3.2.3.1). JonaTtkosi
MOJIOKEHHST JUII TPOCTOPOBOT 3MIiHH PYXY
TPYHTY I TA3eMHUX  TpyOOIpOBOJIB
HaBejieH1 y Po3mini 6.

(2)P Ceiicmiunmii BIUTUB, IS SKOTO MTOBHHEH
OyTH MIATBEP/UKEHUN KIHIEBUH TpaHUIHHI
craH, BKaszaHud B myHkTi 2.1.2(4)P. Skio
BU3HAYCHHS  JIii  CEHCMIYHOTO  BIUTUBY
IPYHTY€EThCS Ha JTHIHHO-TIPYKHOMY
pPO3paxyHKy 3 IIOKa3HUKOM TOBEIIHKH (,
AKuil mepeBumrye 1, y BIOZHOBIAHOCTI 3
EN 1998-1:2004, 3.2.2.5(2), mnpoexTHUM
CHEKTp AJS MPYKHOTO PO3PaxyHKY MOBHUHEH

BUKOPUCTOBYBATUCSA Yy  BIJNOBIAHOCTI 3
EN 1998-1:2004, 3.2.2.5 (muB. TaKox
2.1.2(6)P).

np ACTY-H b EN 1998-4:201X

- absence of interaction of the mechanical and
electrical components with the structural
elements;

- easy access for inspection, maintenance and
repair of damages;

- quality control of the components.

(3) In order to avoid spreading of damage in
functionally redundant systems due to
structural interconnection of components, the
appropriate parts should be functionally
isolated.

(4) In case of important facilities vulnerable
to earthquakes, of which damage recovery is
difficult or time consuming, replacement
parts or subassemblies should be provided.

2.2 Seismic action

(1)P The seismic action to be used for the
design of silos, tanks and pipelines shall be
that defined in EN 1998-1:2004, 3.2 in the
various equivalent forms of site-dependent
elastic response spectra (EN 1998-1:2004,
3.2.2), and time-history representation
(EN  1998-1:2004, 3.2.3.1). Additional
provisions for the spatial variation of ground
motion for buried pipelines are given in
Section 6.

(2)P The seismic action for which the
ultimate limit state shall be verified is
specified in 2.1.2(4)P. If the determination of
the seismic action effects is based on linear-
elastic analysis with a behaviour factor q
larger than 1 according to EN 1998-1:2004,
3.2.2.5(2), the design spectrum for elastic
analysis shall be used in accordance with
EN 1998-1:2004, 3.2.2.5 (see also 2.1.2(6)P).

17
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(3) KoedimieHT 3HIKEHHS VvV MOXeE
3aCTOCOBYBATHUCS 1o MIPOEKTHOTO
CEHCMIYHOMY BIUTUBY, BIIMOBITHOTO JIO

KIHIIEBOTO IPaHUYHOTO CTaHy Ui TOTO, 1100
BpaxyBaTH MEHIIWI Nepio]] NOBTOPIOBAHOCTI
CEMCMIYHOTO BIUIMBY, MOB'SI3aHOTO 13 CTAHOM
oOMexxeHHS 30MTKy, SIK 3a3HaueHO B
EN  1998-1:2004, 2.1(1)P. 3naueHHs
Koe(illieHTa 3HUKEHHS V MOXKE TaKOXK
3aJIeKaTH BiJ KJIacy BaXKJIMBOCTI criopynu. B
HOro BHWKOPHCTaHHI MOJISATAE€ MPUITYIICHHS
npo Te, IO TPYKHUN CHEKTp peakiii
CEMCMIYHOTO BIUIMBY, TPH SKOMY CTaH
oOMexeHHsI ~ 30UTKYy  IOBHMHEH Oyt
MIATBEPIKEHHH, Ma€ Ty X caMmy Gopmy, 110 1
NPYKHUH  CHEKTp  peakmii MpPOeKTHOTO
CEHCMIYHOTO  BIUIMBY, IWIO  BIANOBiAA€E
KIHIIEBOMY T'pPaHUYHOMY CTaHy BIJIOBIIHO
EN 1998-1:2004, 2.1(1)P i 3.2.1(3). ([dus.
EN 1998-1:2004, 3.2.2.1(2) 1 4.4.3.2(2).

[TPUMITKA 3HnaueHHs, AKi NOBUHHI NPUNUCYBATH V
JUIsl BUKOPDHMCTaHHS B KpaiHi, MOXXHa 3HaWTH B il
HamionaneHomy [onatky. Pi3Hi 3Ha4eHHsS v MOXYTh
OyTu BU3HAUEHI JUIsl PI3HUX CEMCMIYHHUX 30H KpaiHH, B
3aJISKHOCTI BiJI yMOB CECMIYHOI HEOE3IEKH 1 3aXUCTY
MaliHa 00'ekra. PeKOMEHNOBaHMMM 3HAYEHHSAMH V €
0,5 ms xnacis Baxomsocti 11 111 v = 0,4 mis xiacis
BakauBocti Il 1 IV. Pi3Hi 3HaueHHs MOXyTh OyTH
PE3yNbTaTOM CIIELiaIbHOTO JOCHIPKEHHS 30HyBaHHS.

2.3 Po3paxyHok
2.3.1 MeToau po3paxyHKy

(1) Hdnst KOHCTPYKITii, HA SKi MOIIHPIOETHCS
JisT  1OTO0 CTaHAApPTYy, HII0 CEHCMIYHUX
BIUIMBIB CJIiJI BU3HAYATH HA ITiACTaB1 JIIHIAHOT
MOBEAIHKH CHOPYIl 1 TPYHTY B Oe3mocepeaHiii
OJIN3BKOCTI BiJ HUX.

(2) HeniniitHi MeTOOM PO3pPaxyHKY MOXKYTb
BUKOPUCTOBYBATUCS JUISS OTPUMAaHHS il
CEHMCMIYHUX BIUIMBIB UII THUX OCOOJIMBUX
BUIIAIKIB, KOJM  PO3TIs[ — HEeNiHIHHOT
MOBEAIHKH CHOpPYIu a00 HABKOJIUIIHBOTO
IPYHTY BU3HAUAETHCS XapaKTepoM IpoOiieMH,
a00 KoM TpyxHe pimeHHs Oymo 6
€KOHOMIYHO HE3IIHCHEHHUM.
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(3) A reduction factor v may be applied to the
design seismic action corresponding to the
ultimate limit state, to take into account the
lower return period of the seismic action
associated with the damage limitation state,
as mentioned in EN 1998-1:2004, 2.1(1)P.
The value of the reduction factor v may also
depend on the Importance Class of the
structure. Implicit in its use is the assumption
that the elastic response spectrum of the
seismic action under which the damage
limitation state should be verified has the
same shape as the elastic response spectrum
of the design seismic action corresponding to
the ultimate limit state according to
EN 1998-1:2004, 2.1(1)P and 3.2.1(3). (See
EN 1998-1:2004, 3.2.2.1(2) and 4.4.3.2(2).

NOTE The values to be ascribed to v for use in a
countiy may be found in its National Annex. Different
values of v may be defined for the various seismic
zones of a country, depending on the seismic hazard
conditions and on the protection of property objective.
The recommended values of v are 0,5 for importance
classes | and Il and v = 0,4 for importance classes IlI
and 1V. Different values may result from special
zoning studies.

2.3 Analysis

2.3.1 Methods of analysis

(1) For the structures within the scope of this
standard the seismic actions effects should be
determined on the basis of linear behaviour of
the structures and of the soil in their vicinity.

(2) Nonlinear methods of analysis may be
used to obtain the seismic action effects for
those special cases where consideration of
nonlinear behaviour of the structure or of the
surrounding soil is dictated by the nature of
the problem, or where the elastic solution
would be economically unfeasible.



(3)P Po3paxyHKk# ajs1 OI[IHKH il CEHCMIYHUX
BIUIMBIB CTOCOBHO CTaHy OOMEXEHHs 30HTKY
NOBHHHI ~ OyTH  JHIHHO-TIDY)KHUM, 3
BUKOPUCTAHHAM IPY>KHUX CIIEKTIB,
Bu3HayeHux y crangapti EN 1998-1:2004,
3.2.2.2 1 3.2.2.3, TOMHOXEHHUX Ha KOSQIIiEHT
3HW)KEHHS V, 3rajanuii B nyHKTi 2.2(3).
[IpyxHi  chmeKkTpu  clig  BBOAUTH 13
CepeIHbO3BAKCHUM 3HAUYCHHSM B S3KICTHOTO
neMripyBaHHs, SIKE BPaxXOBYE pi3HI 3HAYCHHS
neMmryBaHHS PI3HHX MaTepialliB/eJIeMCHTIB
pigmosigo mo 2.3.5 1 EN 1998-1:2004,
3.2.2.2(3).

(4) Po3paxyHku Aisl OLIHKM Jii CEHCMIYHUX
BIUIMBIB CTOCOBHO KIHIIEBOTO TPaHUYHOTO
CTaHa, MOXYTb OYyTH JIHIHHO-NPYKHUMU
BimnoBigHo 1o 2.1.2(6) i EN 1998-1:2004,
3.2.25, 3 BHUKOPUCTaHHSIM  TPOEKTHUX
cnekTpiB, ski Bkazani B EN 1998-1:2004,
3.2.2.5 mns xkoedinienta pemmndysanus S5 %.
B  HHUX  BHUKOPHCTOBYETHCS  TOKa3HHK
MOBEAIHKM ( i BpaxyBaHHS 30aTHOCTI
CIIOPYAM  PO3CIIOBATH  €HEPTil0  IMIIIXOM
MEePEBAXHO  IJIACTUYHOI  TMOBEMIHKH 11
eJIEMEHTIB 1/a00 IHIIMX MEXaHI3MIB, a TaKOXK
BILIMB BsI3KICTHOTO nemndyBaHHs,
BiMiHHOTO Bin 5 % (muB. Takox 2.1.2(6)P).

(5)P SIkmo He BKa3aHO IHIIE I OKPEMHX
THITIB CTIOPY/ Y BIAMOBITHUX YaCTHHAX IIHOTO
CTaHJIAPTy, THUIH PO3PaXyHKY, SIKI MOXYTh
3aCTOCOBYBATHUCH, € Ti, sIK1 BKa3aHi B

EN 1998-1:2004, 4.3.3, a came:

a) PO3paxyHOK «METOJIOM TOPH30HTAILHOTO
3CYBHOTO HaBaHTKCHHSI» (miH1HO-
npyxuwuii) (aus. EN 1998-1:2004, 4.3.3.2);

b) po3paxyHOK «CIEKTpalbHUM METOJIOM 3
BUKODUCTAaHHSIM  MOJAJIbHOTO  aHAII3y»
(nminiHO-IpYyX)HUH) (muB. EN 1998-1:2004,
4.3.3.3);

C) HeNIHIWHUN CTATUYHHN PO3paxyHOK (mpu
Iii cnaOKux 3emiieTpyciB) (AUB.
EN 1998-1:2004, 4.3.3.4.2);

d) HenmiHIHHUN TUHAMIYHUN PO3PAXyHOK IMPU
il akceneporpam (IuHaMIuHUN) (IUB.
EN 1998-1:2004 4.3.3.4.3).

np ACTY-H b EN 1998-4:201X

(3)P Analysis for the evaluation of the effects
of the seismic action relevant to the damage
limitation state shall be linear-elastic, using
the elastic spectra defined in
EN 1998-1:2004, 3.2.2.2 and 3.2.2.3,
multiplied by the reduction factor v referred
to in 2.2(3). The elastic spectra should be
entered with a weighted average value of the
viscous damping that takes into account the
different damping values of the different
materials/elements according to 2.3.5 and to
EN 1998-1: 2004, 3.2.2.2(3).

(4) Analysis for the evaluation of the effects
of the seismic action relevant to the ultimate
limit state may be linear-elastic in accordance
with 2.1.2(6) and EN 1998-1:2004, 3.2.2.5,
using the design spectra which are specified
in EN 1998-1:2004, 3.2.2.5 for a damping
ratio of 5 %. They make use of the behaviour
factor g to account for the capacity of the
structure to dissipate energy, through mainly
ductile behaviour of its elements and/or other
mechanisms, as well as the influence of
viscous damping different from 5 % (see also
2.1.2(6)P).

(5)P Unless otherwise specified for particular
types of structures in the relevant parts of this
standard, the types of analysis that may be
applied are those indicated in
EN 1998-1: 2004, 4.3.3, namely:

a) the «lateral force method» of (linear-elastic)
analysis (see EN 1998-1:2004, 4.3.3.2);

b) the «modal response spectrum» (linear-
elastic) analysis (see EN 1998-1:2004,
4.3.3.3);

c) the non-linear static (pushover) analysis
(see EN 1998-1:2004, 4.3.3.4.2);

d) the non-linear time history (dynamic)
analysis (see EN 1998-1:2004 4.3.3.4.3).
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(6)P Tyuxtu 4.3.1(1)P, 4.3.1(2), 4.3.1(6),
4.3.1(7), 4.3.1(9)P, 4.33.1(5) i 4.3.3.1(6)

cragmapry EN  1998-1:2004  moBuHHI
3aCTOCOBYBAaTUCS ISl MOJCIIOBAHHS — Ta
pO3paxyHKy  THIIIB  CIIOpYyd, Ha  sKi

MIOIIUPIOETHCS Jisl IIOTO CTAaHAAPTY.

(7) Jlinilino-py>KHUH PO3PAXyHOK «METOJOM
TOPU30HTAIIEHOTO 3CYBHOTO HABAHTAKEHHS
Clli BUKOPHCTOBYBAaTH Yy BiINOBITHOCTI 3
nyakramu  4.3.3.2.1(1)P, 4.3.3.2.2(1) (upm
1=1,0), 4.3.3.2.2(2) 14.3.3.2.3(2)P

EN 1998-1:2004. Bin 3acTocoByeThCS ISt
CTIOpYJ, SKi pearyroTh Ha KOXKHY CKIIQJIOBY
CEMCMIYHOTO BIUIMBY NPUOJIM3HO K CHCTEMA
3 OJIHUM CTYIEHEM CBOOOIM: KOPCTKI (TOOTO
O0eTOHH1) Ha3eMHI1 pe3epByapu abo OyHKepH
Ha BIJHOCHO THYYKHX 1 Mail’)keé HEBaroMHx
ornopax.

(8) JliHiiiHO-TIpYKHUI PO3paxyHOK
«CTIEKTPATbHUM METOJIOM 3 BHUKOPHUCTaHHSIM
MOJAJTLHOTO aHAJI3y» CIIiJ] BAKOPUCTOBYBATH
y BimnosigHocti 3 myHktamu 4.3.3.3.1(2)P,
4.3.3.3.1(3), 4.3.3.3.1(4)14.3.3.3.2

EN 1998-1:2004. Bin 3acTOoCOBYEThCS st
CIIOPY/A, peakilis SKUX B 3HAYHIA Mipi
nepedyBae miJg  BINIMBOM  BKJIAAy  Bif
pEXKUMIB, IHIIUX, HDK PEKHUM CHCTEMHU 3
OJIHUM CTYIEHEM CBOOOIM B KOXHOMY 3
TOJIOBHUX HAIPSIMKIB.

(9) HeniniiiHuii cTaTHYHUE po3paxyHOK (mpu
nii cilabkux 3emuieTpyciB) abo AMHAMIYHUI
(mpu oii  akcemeporpam), HIOBUHEH
3agoBoabHATH EN 1998-1:2004, 4.3.3.4.1.

(10) HeninifiHuii CcTATUYHUN PO3PAXYHOK
(mpu mii cmabkux — 3eMJeTpPyCiB) MOBHHEH
OyTM BHUKOHAHMH 3TiAHO 3  IYHKTaMH
4.3.3.4.2.2(1), 4.3.3.4.2.3, 4.3.3.4.2.6
EN 1998-1:2004.

(11) HeniniliHu#i OUHAMIYHUNA PO3pPaXyHOK
(mpu ait akKceneporpam) NIOBUHEH
Biamosigaty EN 1998-1:2004, 4.3.3.4.3.

(12) BiamoBigHI TOJNOXKEHHS CTaHIAPTY
EN  1998-1:2004 3acTocoByHOTbCS — AMs
pO3paxyHKy  pe3epByapiB, OyHKepiB 1
OKpEeMHUX CIOpyA ab0 KOMIIOHEHTIB CHCTEM
TpyOOTIPOBO/IIB, 3 130IbOBAHOIO OCHOBOIO.
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(6)P Clauses 4.3.1(1)P, 4.3.1(2), 4.3.1(6),
4.3.1(7), 4.3.1(9)P, 4.3.3.1(5) and 4.3.3.1(6)
of EN 1998-1:2004 shall apply for the
modelling and analysis of the types of
structures covered by the present standard.

(7) The «lateral force method» of linear-

elastic analysis should be performed
according to  clauses  4.3.3.2.1(1)P,
4.3.3.2.2(1) (with A=1,0), 4.3.3.2.2(2) i

4.3.3.23(2)P of EN 1998-1:2004. It is
appropriate for structures that respond to each
component of the seismic  action
approximately as a Single-Degree-of-
Freedom system: rigid (i.e. concrete) elevated
tanks or silos on relatively flexible and
almost massless supports.

(8) The «modal response spectrumy linear-
elastic analysis should be performed
according to  Clauses  4.3.3.3.1(2)P,
4.3.3.3.1(3), 4.3.3.3.1(4) and 4.3.3.3.2 of
EN 1998-1:2004. It is appropriate for
structures whose response is significantly
affected by contributions from modes other
than that of a Single-Degree-of-Freedom
system in each principal direction.

(9) Non-linear analysis, static (pushover) or
dynamic (time history), should satisfy
EN 1998-1:2004, 4.3.3.4.1.

(10) Non-linear static (pushover) analysis
should be performed according to
4334.22(1), 433423, 433426 of
EN 1998-1:2004.

(11) Non-linear dynamic (time history)
analysis should satisfy EN 1998-1:2004,
4.3.3.4.3.

(12) The  relevant  provisions  of
EN 1998-1:2004 apply to the analysis of
tanks, silos and individual facilities or
components of pipeline systems that are base
isolated.



(13) Binmosinni nonoxxenns EN 1998-2:2005
3aCTOCOBYIOTBCS ISl PO3PAXYHKY HAJI3EMHHX
TpyOompoBOaiB, B fAKHX mepeadaveHa
ceiicMiYHa 130JAIsT MDK TPyOONpPOBOAOM 1
HOro OrnopamH.

2.3.2 B3aemofisi 3 rpyHTOM

(1)P BmumBu B3aemomii MDK TIPYHTOM i
CIOPYIOI0  TOBHHHI  PO3TJSiIATHCA Y
Bigmosiguocti 1o EN 1998-5:2004, Po3nin 6.

I[MPUMITKA JlonarkoBa indopmalisi Ipo Ipouenypu
3 BpaxyBaHHs B3a€MOjii MK IPyHTOM 1 CIIOPY/OO
npeactaBieHa B iHpopmatuBHoMy [lomatky A,
a Takok B EN 1998-6:2005, indopmaTHBHUIA
Homarok C.

2.3.3 lemndyBanHus

2.3.3.1 lemnyBaHHs cCIOPYA
(1) Sxmo 3HayeHHs neMndyBaHHS He
OTpUMaHe 3  KOHKpETHOi  iHpopmariii,
HACTyMHI 3HAa4YeHH KoedirieHTa

nemiyBaHHsS ClIii BUKOPHUCTOBYBATH TIPH
JHIHHOMY PO3pPaxyHKY:

a) cTaH OOMEKCHHS 30MTKY: 3HAYECHHsI, BKa3aHi
y EN 1998-2:2005, 4.1.3(1);

b) kinueBuii rpanuunuii ctan: £=5 %
2.3.3.2 lemnyBaHHA BMiCTYy

(1) 3nauenns &£=05% wmoxe OyrH
npuiiHaTre s KoedimieHta aemmndyBaHHS
BOJM Ta IHIMUX PiIUH, SKIIO HE BHU3HAYCHO
1HaKIIe.

[MPUMITKA IlocunaHHS Ha AOAATKOBY iH(pOPMAIIO
JUIs. BU3HAUYCHHS KOe(IIieHTIB JeMn(yBaHHS PiIuH
HaBeJieHa B iHpopMaTuBHOMY Jlomatky B.

(2) Hdna  cumydnx — MmatepiagiB  cain
BUKOPHUCTOBYBATH BiNOBIHE 3HAYECHHS IS
koediuienTa aemndysanHs. [Ipu BincyTHOCTI
OuIbIl  KOHKpeTHOi  iHpopmamii  Moxe
BUKOPUCTOBYBaTHCh 3HaueHHs &= 10 %.

np ACTY-H b EN 1998-4:201X

(13) The relevant  provisions  of
EN 1998-2:2005 apply to the analysis of
above-ground  pipelines  provided with
seismic isolation devices between the
pipeline and its supports.

2.3.2 Interaction with the soil

(1)P Soil-structure interaction effects shall be
addressed in accordance with
EN 1998-5:2004, Section 6.

NOTE Additional information on procedures for
accounting for soil-structure interaction is presented in
Informative Annex A, as well as in EN 1998-6:2005,
Informative Annex C.

2.3.3 Damping
2.3.3.1 Structural damping

(1) If the damping values are not obtained
from specific information, the following
values of the damping ratio should be used in
linear analysis:

a) damage limitation state: the values
specified in EN 1998-2:2005, 4.1.3(1);

b) ultimate limit state: £=5 %
2.3.3.2 Contents damping

(1) The value &= 0,5% may be adopted for
the damping ratio of water and other liquids,
unless otherwise determined.

NOTE: Reference to additional infonnation for the
determination of damping ratios of liquids is given in
Informative Annex B.

(2) For granular materials an appropriate
value for the damping ratio should be used.
In the absence of more specific information a
value of £=10 % may be used.
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2.3.3.3 lemn¢yBanus ¢pyHaiamMmeHTiB

(1) HemmnpyBanHs matepianly 3MIHIOETHCS B
3aJIOKHOCTI  Bil  Xapakrepy IpyHTY Ta
iHTeHCUBHOCTI cTpyciB. Komm Oimbin TOUHI
BU3HAYECHHS HEIOCTYIIHI, [Sshi
BUKODHUCTOBYBAaTH 3HAYCHHS, HaBEACHI Yy
Tabmumi 4.1 EN 1998-5:2004.

(2)P Paniauiitne nemrdyBaHHs 3aJISKUTh Bil
HaIpsIMKy pyxy (ropu3oHTaILHUM
MTOCTYNAJIbHAN pyX, BEPTUKAIBHUI
MOCTYHNAJIbHUN pyX, KOJMBAHHS TOWIO), BiA
reoMerpii (QyHIamMeHTy, BiJl HallapyBaHHS
rpyHTy 1 Mopdosorii TpyHTy. 3HAYCHHS,
NPUMHATI B PO3paxyHKy, IOBUHHI OyTH
CyMicHI 3 (paKTHUHUMH MICIIEBUMI YMOBaMH 1
MOBUHHI OyTH OOIPYHTOBaHI 3 MOCHUJIAHHSIM
Ha BHU3HaHI TEOPETUYHI1 Ta/abo
eKCIIEPUMEHTaJIbHI pe3yNbTaTu. 3HAuYeHHs
paaianiiHoro aemmndyBaHHs, BUKOPUCTaHI B
pO3paxyHKy, HE TMOBHHHI IE€pEBUIIYBATU
MaKCHUMaJIbHE 3HAYEHHS &max.

[MPUMITKA 3HnauenHnsi, ske Mae OyTH NpPUIHCAHO
BENIMYUHI &max JUISI BUKOPUCTAHHS B KpaiHi, MOXHA
3Haiitn B 11 HauionaneHomy Jlomatky. BkasiBku 1o
BUOOpPY 1 BUKOPHUCTaHHIO 3HA4YeHb JAeMI]yBaHHS,
NOB'SI3aHMX 3  pI3HUMU  pyxamMu  (DyHJaMEHTIB,
nependaueni B EN 1998-6:2005. PekomeHmoBaHe
3HAYEHHs JAOPIBHIOE &max = 25%.

2.3.3.4 3BaxeHe neMngyBaHHsA

(1) TI'moGambHe ycepemHeHe aeMmyBaHHS
BCi€1 CUCTEMH MMOBUHHE BPaXOBYBATH BKJIAIU
PI3HHUX MarepiaiaiB/eJIeMeHTIB B
nemidyBaHHS.

[MPUMITKA TIlpouexypu 1o BpaxyBaHHIO BHECKIB
PI3HUX MaTepiaiiB/eIeMeHTIB B rI00aJbHE yCcepeIHEHe
neMripyBaHHA CHCTEMH IIPEACTaBlieHI B CTaHOAPTI
EN 1998-2:2005, 4.1.3(1), Ilpumitka i B craHmapTi
EN 1998-6:2005, IndopmartuBamii logatok B.

2.4 Tloxa3HUKHU MOBEIIHKH

(1)P Ins crany oOMexeHHs 30MTKY, TTOKa3HUK
MOBE/IIHKY (] TOBUHEH NpuiiMatucs piBHEM 1,0.

[MPUMITKA Jlnst KOHCTPYKIIiH, Ha SIKi HOMIHAPIOETHCS

ISt IIHOTO CTAHIAPTY, ICTOTHE PO3CIFOBAHHS €HEprii He
OUIKYETHCS IS CTAaHY OOMEXEHHS 30UTKY.
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2.3.3.3 Foundation damping

(1) Material damping varies with the nature
of the soil and the intensity of shaking. When
more accurate determinations are not
available, the values given in Table 4.1 of
EN 1998-5:2004 should be used.

(2)P Radiation damping depends on the
direction of motion (horizontal translation,
vertical translation, rocking, etc.), on the
geometry of the foundation, on soil layering
and soil morphology. The values adopted in
the analysis shall be compatible with actual
site conditions and shall be justified with
reference to acknowledged theoretical and/or
experimental results. The values of the
radiation damping used in the analysis shall
not exceed a maximum value &nax.

NOTE: The value to be ascribed to &nax for use in a
country may be found in its National Annex. Guidance
for the selection and use of damping values associated
with different foundation motions is provided in
EN 1998-6:2005. The recommended value is

Enax = 25%.

2.3.3.4 Weighted damping

(1) The global average damping of the whole
system should account for the contributions
of the different materials/elements to
damping.

NOTE Procedures for accounting for die contributions
of the different materials/elements to the global
average damping of the system are presented in
EN 1998-2:2005, 4.1.3(2), Note and in
EN 1998-6:2005, Informative Annex B.

2.4 Behaviour factors

()P For the damage limitation state, the
behaviour factor q shall be taken as equal to 1,0.

NOTE For structures covered by this standard
significant energy dissipation is not expected for the
damage limitation state.



(2) BuxopucraHHs TOKa3HMKAa (], IO
nepeBuinye 1,5, B MiATBEpPUKEHHS KIiHIIEBOTO
TPAaHUYHOTO CTaHy JOMYCKA€TbCS TUIBKUA 32
YMOBH, IO JDKEpeNna pO3CitoBaHHS EHeprii
9iTKO iMeHTU(IKOBaHI W OIlIHEHI KUIBKICHO, 1

MPOJIEMOHCTPOBAaHA  3/IaTHICTh cropyzau
BUKOPUCTOBYBAaTH iX d4epe3  BIAMOBITHY
JIETAI3aLio.

(3)P ko cecMIYHUMI 3aXHUCT
3a0e3MeuyeThest 3a JIOITIOMOT00
cercMOoI130JIA11T, 3HAYEHHS MOKa3HUKa

MOBEAIHKM B KIHIIEBOMY TI'DaHUYHOMY CTaHI
MOBUHEH NIpuiiMatucs He Bume (= 1,5, 3a
BHHSTKOM BHITAJIKIB, TiepenoaueHnx y (4)P.

(4P Sxkmo CeHCMIYHMI
3a0e31euy€eThCs 3a JI0ITIOMOT 00
ceiicMoi30MAIli, TMOKa3HUK (¢  TOBUHEH
MpuAMaTucs piBHUM | U1 HACTYITHOTO:

3aXUCT

a) [TpoexTyBaHHs MiJICTaBU (TobTO
€JIEMEHTIB, pO3TAIllOBaHUX HIXKYE IUIAHY
130J1511117).

b) Yactuau peakiii HaxOya0BH pe3epByapiB,
y 3B’SI3KY 3 PEaKIi€l0 KOHBEKTHBHOT YaCTHHH
pinuHU (PO3TUIECKYBaHHS).

c) IIpoekTyBaHHs i309TOPIB.

2.5 Bepudikauii 0e3nmexn
2.5.1 3arajanHi HoJI0KeHHA

()P  Bepudikamii  Oe3neku  MOBHHHI
BUKOHYBaTHCS JUIsI TPAaHWYHUX 3HAYCHb,
BU3HaueHWx y 2.1, BiANmOBigHO 70
crHeliaJibHUX IoJIoXeHb 3.5, 4.5, 5.616.5.

(2) Sxmo ToBUIMHA TUTMTU 30UTBITYETHCS IS
BpaxyBaHHSl MMOJANBIINX e(EeKTIB KOpo3ii,
Bepudikamii ¢l MNpPOBOJUTH  SAK  JUISA
HOPMAaJbHOI, TaK 1 /Ui 301UIbIIEHOT TOBIIMHH.
AmHaini3z Moe IpyHTYBAaTUCSA Ha OJUHUYHOMY
3HAaY€HH1 TOBIIHHH IJINTH.

np ACTY-H b EN 1998-4:201X

(2) Use of q factors greater than 1,5 in
ultimate limit state verifications is only
allowed, provided that the sources of energy
dissipation are explicitly identified and
quantified and the capability of the structure
to exploit them through appropriate detailing
is demonstrated.

(3)P If seismic protection is provided through
seismic isolation, the value of the behaviour
factor at the ultimate limit state shall be taken
as not greater than q=1,5 except as
provided in (4)P.

(4)P If seismic protection is provided through
seismic isolation, q shall be taken as equal to
1 for the following:

a) For the design of the substructure (i.e. of
the elements below the plane of isolation).

b) For the part of the superstructure response
of tanks which is due to the convective part
of the liquid response (sloshing).

c) For the design of the isolators.

2.5 Safety verifications
2.5.1 General

(1)P Safety verifications shall be carried out
for the limit states defined in 2.1, following
the specific provisions in 3.5, 4.5, 5.6 and
6.5.

(2) If plate thickness is increased to account
for future corrosion effects, the verifications
should be made for both the non-increased
and the increased thickness. Analysis may be
based on a single value of the plate thickness.
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2.5.2 O0'eqnanng ceiicMivyHol il 3 iHIIUMHU
BILINBAMHU

(1)P IIpoektHe 3HayenHs Eq nii BIiuBIB B
MPOEKTHIH CeWCMIuHIA cuTyalii MOBUHHE
BHU3HAYATHUCS Y BIAMOBIIHOCTI 31 CTaHAapTOM
EN 1990:2002, 6.4.3.4, 1 iHepIiliHI BIUIUBH
MPOEKTHOI  celcMiuHOi  1ii  TOBWHHI
OILIIHIOBATHCS Y BIAMOBIAHOCTI 31 CTaHAaPTOM
EN 1998-1:2004, 3.2.4(2).

(2) Y yactkoBo 3acumanux abo 3ariayOacHHUX
pe3epByapax MOCTIIHI HABaHTAKEHHS
BKJTIOYAIOTHCS HAa JIOJIATOK 10 Baru CHOPY/H,
Baru IPyHTOBOi TOBHII 1 OyIb-SKOTO
MOCTIHHOTO 30BHIIIHBOTO THCKY,
00yMOBJIEHOTO ITPYHTOBUMH BOJAMHU.

(3)P  Koedimientnn xomOiHAIl Yo (s
KBa3UIOCTIMHOTO 3HAYEHHs 3MIHHOI [ii 1)
MOBHHH1 OYTH TaKMMH, K1 HaBEJIEH1 B

EN 1991-4. KoedimieHTrn KOMOiHamii Y,
Beeneni B EN 1998-1:2004 3.2.4(2)P s
PO3paxyHKy Jiii CeMCMIYHUX BIUIMBIB, TIOBHHHI
NpuiiMaTUCST ~ PIBHUMU  BEJIMYHHI Wi
MTOMHOEHIN Ha KOSPIIIIEHT ¢

[MPUMITKA 3HadeHHs, siKi MOBUHHI NPUIHCYBATUCS
BEJIMYMHI ( Ul BAKOPUCTAHHS B KpaiHi, MOXHA 3HAITH
B 1 Hamionansnomy Jlomatky. PexomenmoBaHi
3HAYEHHS BEIMYMHU @ € @ = 1 JUId MOBHOrO OYHKepa,
pe3epByapa abo TpybonpoBoaa i ¢ = 0 s MOPOKHBOTO
OyHKepa, pe3epByapa abo TpyOOIpoBo/a.

(4)P [ist BmicTy, IMOBHHHA PO3IIIAAATHCS B
3MIHHUX HABaHTAKCHHSX JUIs JBOX pIBHIB
3allOBHEHHS: IMOPOKHBOTO ab0 TOBHOTrO. Y
JapyHKax Oarapeit OyHKepiB abo
pe3epByapiB, pi3HI KWMOBIPHOCTI PO3MOALTY
MOBHUX 1 TMOPOXKHIX YapyHOK IOBUHHI
po3risimaThcs  3TiAHO 3 [PaBHJIAMH
excrutyataiii cnopyau. [IpuHaiimi, moBUHHI
pO3risgaThCs MPOEKTHI CHUTYyallii, KOJIU BCi
yapyHKH a0o TmopoxHi, abo moBHI. B
NPOEKTHIH cefcMiyHii cuTyanii HOBHHHI
po3rnsgaTHcs TUIBKM HaBaHTaKEHHS  BiI
CUMETPUYHOIO 3allOBHEHHsI OyHKepiB abo ix

YapyHOK.
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2.5.2 Combinations of seismic action with
other actions

(1)P The design value Eq of the effects of
actions in the seismic design situation shall
be determined according to EN 1990:2002,
6.4.3.4, and the inertial effects of the design
seismic action shall be evaluated according to
EN 1998-1:2004, 3.2.4(2).

(2) In partially backfilled or buried tanks,
permanent loads include, in addition to the
weight of the structure, the weight of earth
cover and any permanent external pressures
due to groundwater.

(3)P The combination coefficients y»; (for
the quasi-permanent value of variable action
i) shall be those given in EN 1991-4. The
combination coefficients g, introduced in
EN 1998-1: 2004 3.2.4(2)P for the calculation
of the effects of the seismic actions, shall be
taken as being equal to w2 multiplied by a
factor ¢

NOTE The values to be ascribed to ¢ for use in a
countiy may be found in its National Annex. The
recommended values of pare ¢ = 1 for full silos, tank
or pipeline and ¢ = 0 for empty silos, tank or pipeline.

(4)P The effects of the contents shall be
considered in the variable loads for two levels
of filling: empty or full. In batteries of silos
or tank cells, different likely distributions of
full and empty cells shall be considered
according to the operation rules of the
facility. At least, the design situations where
all cells are either empty or full shall be
considered. Only the symmetrical filling
loads of silos or silos cells shall be considered
in the seismic design situation.



3 KOHKPETHI INPUHIUIIN |
INPABUJIA 3ACTOCYBAHHA JJIA
BYHKEPIB

3.1 Beryn
(1) Po3pi3HSIFOTS:

- OyHKepu, 10 O€3MOCepeHbO CHHPAIOTHCS
Ha IpyHT a0 Ha yHIAMEHT, i

- MiaBHILEHI OyHKepH, 110 CIUPAIOThCS Ha
MITHDKOKS, 1[0 BXOJUTH B TPYHT, a00 Ha psiiu
KOJIOH, SIKI MalOTh B'131 )KOPCTKOCTI a00 Hi.

l'onoBHOIO Ji€f0 CEHCMIYHOIO BIUIMBY Ha
OyHKepH, pO3TalllOBaHl HA IPYHTI, € HAIIPYT'H,
BUKJIMKAHI B CTIHI[I OOOJIOHKH 3aBIIKHU
peakii BmicTy Oynkepa (auB. (3) i 3 3.3(5)
1o (12) ans qoIaTKOBUX HOPMAJIBHUX THCKIB
Ha CTIHKH 000JIOHKH). OcHOBHOIO
po0IeMor0 npu MIPOEKTYBaHHI1
CEMCMOCTIMKOTO MiABUIIEHOTO OYyHKEepy €
OTMOpHA KOHCTPYKIISI Ta 1 THYYKICTH 1
3MaTHICTH po3scitoBatu eHepriio (muB. 3.4(4)

Ta (5)).

(2)P BusHayeHHS BIIACTHBOCTCH TBEPIMX
yacTWH, 1m0 30epiraloTbcsi B  OyHKeEpi,
BKIIOYAIOUM 1X TMUTOMY Bary, J Mae
MPOBOJIUTUCH Y BIIMOBITHOCTI 31 CTAHIAPTOM
EN 1991-4:2006, Po3min 4.

[MPUMITKA 3HauenHsl, siki HOBUHHI TIPUITUCYBATUCS
JUISl BAKOPUCTAHHS B KpaiHi ISl MPOEKTHOI CeCMIUHOT
cutyanii MoxkHa 3HaiiTu B 1i HauionaneHomy Jlonatky.
Jiist 30epiraeMux MaTepiaiiB, IepepaxoBaHUuX B

EN 1991-4:2006, Tabmuus El, pexoMeHIOoBaHHM
3HAUCHHSM BEIUYMHU ¥ € BEPXHS XapaKTepPUCTHYHA
BEJIMYMHA ITUTOMOI Bard ), 3a3HadeHa B Til TaOIHIIi.

(3) Ilpu ceiicMiyHMX yMOBaX, THUCK, SIKHi
YUHUTHCSA 3€PHUCTHM MaTepiaioM Ha CTIHKH,
3aBaHTAXXyBaJIbHY BOPOHKY 1 JHO, MOXe
30UTBIIYBATHCS o BIIHOILIIEHHIO bi o)
3HAUeHHS, fKE€ BIAHOCUTHCA IO YMOB
BIJICYTHOCTI ceiicMiuHOTO BIUMBY. Jliist mineit
MPOEKTYBaHHS 1€l  MiABUINEHUNH  THUCK
BBaXKa€ThCS 3HAUAEHUM TUIBKHU BIJ
IHepUIHHUX CcuJl, AiF0YMX Ha 30epiraeMuii
Matepiaj, 3aBISKH CEHCMIYHOMY BIUIUBY
(muB. 3.3(5)).

np ACTY-H b EN 1998-4:201X

3 SPECIFIC  PRINCIPLES
APPLICATION RULES FOR SILOS

AND

3.1 Introduction
(1) A distinction is made between:

- silos directly supported on the ground or on
the foundation, and

- elevated silos, supported on a skirt
extending to the ground, or on a series of
columns, braced or not.

The main effect of the seismic action on
ground silos are the stresses induced in the
shell wall due to the response of the contents
of the silos (see (3) and 3.3(5) to (12) for the
additional normal pressures on the shell
walls). The main concern in the seismic
design of elevated silos is the supporting
structure and its ductility and energy
dissipation capacity (see 3.4(4) and (5)).

(2)P The determination of the properties of
the particulate solid stored in the silos,
including its unit weight, » shall be in
accordance with EN 1991-4:2006, Section 4.

NOTE The values to be ascribed to y for use in a
countiy in the seismic design situation may be found in
its National Annex. For the stored materials listed in
EN 1991-4:2006, Table E1, the recommended value of
y is the upper characteristic value of unit weight
specified in that table.

(3) Under seismic conditions, the pressure
exerted by the particulate material on the
walls, the hopper and the bottom, may
increase over the value relative to the
condition when there is no seismic action. For
design purposes this increased pressure is
deemed to be found only from the inertia
forces acting on the stored material due to the
seismic action (see 3.3(5)).
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(4)P ExsiBasieHTHa TOBEpXHsS BMICTy (SIK
Bm3Haueno B EN 1991-4:2006, 1.5) B
MPOEKTHIM CeHCMIuHIi cuTyaliii MOBHHHA
oyt Y3rOJKEHOIO 31 3HAYCHHIMU
KoeiIieHTiB KOMOiHaITii VE, 110
BUKOPHCTOBYIOTBCSL  JUISL  PO3PaxyHKY il
CEeHCMIYHMX BIUIMBIB 3rigHo 3 2.5.2(3)P.

3.2 Kombinauisi ckJIai0BUX PyXy IPYHTY

(1)P B BicecumerpuuHux OyHKepax abo ix
YacTUHAX MOXe OyTH MpHUiHATa TUIBKU OJIHA
TOPU30HTAJIbHA  CKJIaJoBa  CEHCMIYHOTO
BIUIUBY, JIil0Ya pa3oM 3 BEPTUKAIbHOIO
CKJIaJ0BOIO. VY BCIX IHIIMX BHIAJKaX,
OyHKEpHM  TIOBHUHHI  TNpPOEKTyBaTUCi B
pO3paxyHKy TIpM OJIHOYACHIM il  JABOX
TOPU30HTAIBHUX CKJIAJOBUX 1 BEPTHUKAIBHOT
CKJIaJI0BO1 CECMIYHOTO BIUIHBY.

(2) Komm peakiiss crnopyad Ha KOXHY
CKJIa/IOBY CEWCMIYHOI BIUIMBY OIIIHIOETHCS
okpemo, EN 1998-1:2004, 4.3.3.5.2(4) moxe
3aCTOCOBYBATHUCS JJIs BUSHAYCHHS HaWOLIBII
HECHPUITAUBOTO  edeKkTy  OJHOYACHOTO
3aCTOCYBaHHS JIIOYMX CKJIaJ0BUX.

(3)P sxmo Bupasu (4.20), (4.21), (4.22) B
EN 1998-1:2004, 4.3.3.5.2(4)
3aCTOCOBYIOTHCS JJISl PO3PAXyHKY BIUIMBY Ail
OJIHOYACHUX CKJIQJIOBUX, 3HAK pE3y/IbTaTiB
i, 3YMOBJIEHOI ~ KOKHOKO OKPEMOIO
CKJIaJIOBOIO, TOBHHEH OYTH NPUUHATHN SK
CaMU{ HECHPUATIMBUNA JUIsI KOHKPETHOTO
pe3ynbTaTy po3rIsIYBaHOI dii.

(4P  Skmo  po3paxyHOK  BHUKOHYETHCS
0JIHOYACHO JUIst TPhOX CKJIaJIOBUX
CCMCMIYHOTO BIUIMBY 3 BUKOPUCTAHHSIM
MPOCTOPOBOI ~ MOJENl  CHOPYAH,  IIKOBI

3HAYCHHS 3arajlbHOi peakiii miJ CIUIbHOI
JIE0  TOPU30HTAJIBHOI 1  BEPTHKAIBHOI
CKJIaJIOBO1, OTPHUMaHI 3 pO3paxyHKy, TOBUHHI
BUKOPHUCTOBYBATHCS B BepUPUKAITUIX
KOHCTPYKIIIi.
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(4)P The equivalent surface of the stored
contents (as defined in EN 1991-4:2006, 1.5),
in the seismic design situation shall be
consistent with the value of the combination
coefficients e, used for the the calculation of
the effects of the seismic actions in
accordance with 2.5.2(3)P.

3.2 Combination
components

of ground motion

(1)P In axisymmetric silos or parts thereof,
only one horizontal component of the seismic
action may be taken to act together with the
vertical component. In all other cases, silos
shall be designed for simultaneous action of
the two horizontal components and of the
vertical component of the seismic action.

(2) When the structural response to each
component of the seismic action is evaluated
separately, EN 1998-1:2004, 4.3.3.5.2(4) may
be applied for the determination of the most
unfavourable effect of the application of the
simultaneous components.

(3)P If expressions (4.20), (4.21), (4.22) in
EN 1998-1:2004, 4.3.3.5.2(4) are applied for
the calculation of the action effects of the
simultaneous components, the sign of the
action effect due to each individual
component shall be taken as the most
unfavourable for the particular action effect
under consideration.

(4P If the analysis is performed
simultaneously for the three components of
the seismic action using a spatial model of the
structure, the peak values of the total
response under the combined action of the
horizontal and vertical components obtained
from the analysis shall be used in the
structural verifications.



3.3 Po3paxyHok OyHKepiB

(1) Po3paxyHok OyHKepiB CIlifi TPOBOJUTH Y
BiamosigHocTi 3 2.313.3.

(2)P Mopensb, sika Oyae BHKOPHCTOBYBATHCSI
JUIS BH3HAYEHHS il CEHCMIYHMX BIUIMBIB,
MOBHHHA TOYHO BiTBOPIOBATH >KOPCTKICTB,
Macy 1 F€OMETPUYHI BJIACTUBOCTI 3aXHCHOT
00OJIOHKH, TIOBUHHA BPaxOBYBaTH PEAKIIIIO
YKIJIaJICHOTO BCEpeNHI 3€pPHHUCTOTO
Marepiany 1 edextu Oynb-sKoi B3aemomii 3
MIJICTIIAI0YAM TPYHTOM. MoJenroBaHHs Ta
pPO3paxyHOK CTalleBUX OYHKEpIiB TOBUHHO
3/1IHCHIOBATHCH Y BIIMOBIHOCTI 3

EN 1993-4-1:2006, Po3min 4.

(3)P  PospaxyHok  OyHKepiB  TOBHHEH
3MIACHIOBATUCS IIISXOM PO3TJISAY MPYKHOT
MOBEMIIHKK O00OJIOHKH OyHKepa 1 #oro
OTIOPHOI KOHCTPYKIIIl, MpH ii HasABHOCTI, 3a
BIICYTHOCTI  TIACTaB  JUIA  TPOBEICHHS
HEJIHIHHOTO aHaJI3y.

(4) Ilpu BigCYTHOCTI OUTBIII TOYHUX OIIHOK,
rmobanbHa  CEMCMIYHA  peakimist 1 1A
CEHCMIYHOTO BIUIMBY B OTIOPHIA KOHCTPYKITii
MOXYTh pO3paxoOBYBAaTHUCA, BHUXOIAYH 3
NPUMYIIEHHA, 110  3€PHUCTHH  BMICT
MepPEMINIyeTbcsi  pa3oM 3 OOOJIOHKOO
OyHKepa, 1 HUIIXOM MOJEIIOBaHHA iX 3 iX
e(eKTHBHOI Macol B IEHTPl iX TKKOCTI 1
1HepIIiEr0 00epTaHHS BMICTY IO BiJIHOIICHHIO
no Oynkepa. [Ipu BigcyTHOCTI OUTBII TOYHOT
OIlIHKH, BMICT OyHKEpa MOK€ MpPUUMATHCS 3
edexkTuBHOIO Macolo, piBHOO 80 % Big ioro
3araJibHO1 MacH.

(5) Skmo MexaHiyHi  BIIACTHBOCTI i
JUHAMIYHA peakilisi TBEPAUMX YaCTHUH HE
BpaxoBaHI B PO3paxyHKy TOYHO 1 PETENbHO
(Hanmpukam, HIIISIXOM BUKOPUCTaHHS
CKIHYEHHX €JIEMEHTIB IS MOJIEIIOBaHHS
MEXaHIYHUX BJIACTUBOCTEH 1 JMHAMIYHOIL
peakuii TBepAMX YACTHH), BIUIUB Ha
000JIOHKY peakIlii TBEepAUX YAaCTHUH Ha
TOPU30OHTANIBHY CKIIQJIOBY ceilicMiyHOl Al
MOXeE OyTH MIpeICTaBICHHMA yepes
JOJTATKOBUN HOpPMANbHHM THCK Ha CTIHKY,
Aph,s (MO3UTUBHUM AJIST CTUCHEHHS), 3a/1aHUN

np ACTY-H b EN 1998-4:201X

3.3 Analysis of silos

(1) Analysis of silos should be accordance
with 2.3 and 3.3.

(2P The model to be wused for the
determination of the seismic action effects
shall reproduce accurately the stiffness, the
mass and the geometrical properties of the
containment structure, shall account for the
response of the contained particulate material
and for the effects of any interaction with the
foundation soil. The modelling and analysis
of steel silos shall be in accordance with
EN 1993-4-1:2006, Section 4.

(3)P Silos shall be analysed by considering
elastic behaviour of the silos shell and of its
supporting structure, if any, unless proper
justification is given for performing a
nonlinear analysis.

(4) Unless more accurate evaluations are
undertaken, the global seismic response and
the seismic action effects in the supporting
structure may be calculated assuming that the
particulate contents move together with the
silos shell and modelling them with their
effective mass at their centre of gravity and
its rotational inertia with respect to it. Unless
a more accurate evaluation is made, the
contents of the silos may be taken to have an
effective mass equal to 80 % of their total
mass.

(5) Unless the mechanical properties and the
dynamic response of the particulate solid are
explicitly and accurately accounted for in the
analysis (e.g. by using finite elements to
model the mechanical properties and the
dynamic response of the particulate solid),
the effect on the shell of the response of the
particulate solid to the horizontal component
of the seismic action may be represented
through an additional normal pressure on the
wall, A4p,s (positive for compression)
specified in (6) to (10), under the conditions
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y nynkrax 3 (6) mo (10) npu ymoBax myHKTIB
(11) 1 (12). Ile monaTkoBHUii THCK B MIPOCKTHIM
CeicMIYHI cuTyalii CIiJg 3acTOCOBYBAaTH
TUILKK Ha TIH YacTMHI CTIHHM, SKa
3HAXOINUTHCI B KOHTAKTI 3 BMICTOM, TOOTO IO
eKBIBAJIGHTHOI  TOBEpPXHI BMICTy  (IuB.

3.1(4)P).

(6) YV kpyrmux OyHkepax (abo BiAcikax
OyHKepiB) JTOAATKOBUN HOPMAJIBHUN THCK Ha
CTIHKY MOXe OyTH MpUIHSATA PIBHUM:

of (11) and (12). This additional pressure
should be applied only over the part of the
wall that is in contact with the stored
contents, i.e. up to the equivalent surface of
the stored contents, in the seismic design
situation (see 3.1(4)P).

(6) In circular silos (or silos compartments)
the additional normal pressure on the wall
may be taken as equal to:

Aph,s = Aph,socose (31)

1€ Aphso - PEKOMEHIOBaHU# TUCK, auB. (8);

f-xyr (0°<0<360°) MDK paaiaJIbHOIO
JIHIEIO 10 IHTEPECYIYOT TOUKH Ha CTIHII
1 HaNpsIMKOM TOPHU30HTAJIBHOI CKJIaJI0BOT
CEMCMIUHOTO BIUIMBY.

(7) Y npssmokyTHUX OyHKepax (abo Bijcikax
OyHKepiB) TOJATKOBUI HOPMaJbHUN THUCK Ha
CTIHKY 3aBJIIKM TOPU30OHTAJIBHIN CKJIAJOBIH
CEHCMIYHOTO  BIUIMBY  MapajeipbHO  abo
MEPIEHUKYIISIPHO J0 CTIHOK OyHKEpy, MOXe
MPUAMATHCS PIBHUM:

Ha CITABITPSIHIN CTIHI, sIKa
MEPICHINKYIIIpHA TOPU30HTATBHIN
CKJIQZIOBIN CEHCMIYHOTO BILIWBY:

where Apnso - IS the reference pressure, see (8);

@ - is the angle (0° < 0 < 360°) between the

radial line to the point of interest on the
wall and the direction of the horizontal
component of the seismic action.

(7) In rectangular silos (or silos
compartments) the additional normal pressure
on the wall due to a horizontal component of
the seismic action parallel or normal to the
silos walls may be taken as equal to:

On the «leeward» wall which is normal to the
horizontal component of the seismic action:

Aph,s = Aph,so (3.2)
Ha KHABITPAHIN CTIHII, SIKa On the «windwardy» wall which is normal to
HEePIEHANKYIIApHA TOPU30HTAJIBHIN the horizontal component of the seismic

CKJIQJIOB1i CEMICMIUHOTO BIUIMBY:

action:

Aphs = —Aphso (3.3)

Ha crinkax, siki mapajieiabHi TOPU30HTATbHIN
CKJIQJIOB1i CEMICMIUHOTO BIUIHBY:

Aph,s =0
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On the walls which are parallel to the
horizontal component of the seismic action:

(3.4)



(8 VYV Toukax Ha cTiHHI OyHKepa,
pO3TAIIOBaHUX HA BEPTHKAIBHINA BilcTaHi X
BiJI TUTOCKOTO JHA a00 BEPIIMHU KOHIYHOT a00
nipaMifaabHOi 3aBaHTAXKYBAJIbHOI BOPOHKH,
PEKOMEHI0BAaHUN THUCK Aphso MOXe OyTu
MPUMHATHNA PIBHUM:

np ACTY-H b EN 1998-4:201X

(8) At points on the silos wall at a vertical
distance x from a flat bottom or the apex of a
conical or pyramidal hopper, the reference
pressure Apnso may be taken as:

Aphyso = a(Z) ymin(rs*; 3x) (3.5)

ac:

o(z) BIHOIICHHS BIIMOBIIHOTO MPUCKOPEHHS
OyHKepa Ha BEPTUKAIbHINA BIJCTaHI Z
BiJl €KBI1BaJIEHTHOT MOBEPXHI
30epiraemoro BMICTY 110
IpaBiTallifHOTO MPUCKOPEHHS;

y HacuIHa MUTOMA Bara CUIIKOTO MaTepiairy
B MPOEKTHIN CeHCMIUHIN cuTyarii (IuB.

3.1(1)P) Ta;

Is* BU3HAYAETHCA SIK:

where:

ofz) s the ratio of the response acceleration
of the silos at a vertical distance z from
the equivalent surface of the stored
contents, to the acceleration of gravity;

y is the bulk unit weight of the particulate
material in the seismic design situation
(see 3.I()P) and

rs* is defined as:

re* = min(ho, de/2) (3.6)

Ie:

hy 3arajgpHa BHCOTa OyHKEpPY, BiI IJIOCKOTO
nHa  a0o0 BHXOAY 3aBaHTaXYBAJIbHOT
BOPOHKH JI0 CKBIBQJICHTHOI IOBEPXHI
30epiraeMoro BMIicCTy, 1

de BHYTPIIIHIN po3Mmip OyHKeDY,
napajelbHUi TOPU30HTAIBHIN CKIIaM0BIN
CEHCMIYHOTO BIUIUBY  (BHYTPIIIHIN
miamerp, Odc y kpyrmux OyHkepax abo
BiJICIKax OyHKepiB, BHYTpIIIHIH
TOPU30OHTAIBHUI po3Mmip b mapanenbHuit
TOPU3OHTAJIBHIA CKJIQJ0BIH CEHCMIYHOTO
BILTUBY B MPSMOKYTHUX OyHKEpaXx).

(9) Bwupaz (3.6) 3acrocoByeThCS OIS
BEpTUKAIBHUX CTIHOK OyHkepa. B Mexax
BHUCOTH 3aBaHTAXYBAJIbHO1 BOPOHKH
PEKOMEH/IOBaHUH TUCK Aphso, MOXKE OyTH
MIPUIHAT SIK:

where:

hy is the overall height of the silos, from a
flat bottom or the hopper outlet to the
equivalent surface of the stored contents,
and

de is the inside dimension of the silos
parallel to the horizontal component of
the seismic action (inside diameter, dc in
circular silos or silos compartments,
inside horizontal dimension b parallel to
the horizontal component of the seismic
action in rectangular ones).

(9) Expression (3.6) applies for vertical silos
walls. Within the height of a hopper the
reference pressure Apnso, may be taken as:

Aphso = a(z) ymin(rs*; 3x)/cosf (3.7)
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ne

f KyT Haxwiy CTIHKM 3aBaHTaXKyBaJbHOI
BOPOHKH, BHUMIPSHUN TI0 BIIHOIICHHIO
70 BEpTUKaJi, ad0 camMHii KpyTUH KyT
HaXUIy nipaMigansHOT
3aBaHTaXyBaJIbHOI BOPOHKH o
BITHOIIICHHIO JI0 BEPTHKAII CTIHKH.

(10) Skmo gOCTYmHO TUIBKM —3HAYCHHS
peakiii TPUCKOpEHHS B LEHTPI TSHKIHHA
CHIIKOTO Martepiany (auB., Hanmpukian, (4) i
2.3.1(7)), BimmoBimHEe BIAHOIICHHS pEaKIIl
IIPUCKOPEHHS JI0 rpaBiTaliiHOTO
NPUCKOPEHHSI MOXE BHKOPUCTOBYBATHUCS Y
Bupasi (3.7) misa o(z).

(11)P B Oymp-kiii Toull Ha CTIHII OyHKepa
CyMa CTaTUYHOTO THUCKY CHIIKOTO Marepiay Ha
CTIHKY 1 Jii ceMCMIYHOro BIUIMBY Aphs HE
MIPUHMAETHCS MEHIIIE HYJIS.

(12) Sxmo B Oyab-iKOMYy MICIi Ha CTIHII
OyHKepa cyma BEITUYUH

- Aphs, HaBegeHa y myHkTax 3 (6) mo (10) Ta
Bupazamu 3 (3.1) mo (3.3) 1

- CTaTUYHUH THCK CHITKOTO MaTepiaiy Ha CTIHKY
€ HeratTuBHMUM (MalO4d Ha yBa3l 4YHUCTE
BCMOKTYBaHHs Ha crini), T0 (6) abo (7) He
MOXYTh PO3IJIIAATHCS SK 3aCTOCOBHI. B 1mpomy
BHIIAJIKY JI0JIATKOBI HOPMaJIbHI TUCKH Ha CTIHKY
Aphs TIOTPIOHO TIEPEPO3MOAUTMTH TAKUM YHHOM,
mo6 iX cyma 3i CTaTHYHUM THCKOM CHIIKOTO
MaTtepialy Ha CTIHKY BCIOJM HE MaJa
HEraTUBHUHM 3HAK, TpU 30epeKEeHHI TIET X
pe3yNbTyOu0i  CHJIM B MOPIBHSHHI 3
AQHAJIOTIYHOIO TOPH30HTAILHOO IUIOIIUHOKO, SIK 1
3Ha4YEHHsT Aphs MpejACTaBicHi myHKTax (6) abo

(7).

3.4 IToka3zHUKM NOBEAIHKHA

(1)P DByHkepu 3 HEI30JbOBAHOK OCHOBOIO
MMOBUHHI TPOEKTYBATHUCS BIAMNOBIAHO 10 OJHIET
3 HACTYITHUX KOHIIeTLii (nuB.

EN 1998-1:2004, 5.2.1, 6.1.2, 7.1.2):

a) HU3BKOAUCHUIIATUBHA HOBGI[iHKa criopyau,
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where

£ is the angle of inclination of the hopper
wall, measured from the vertical, or the
steepest angle of inclination to the vertical
of the wall in a pyramidal hopper.

(10) If only the value of the response
acceleration at the centre of gravity of the
particulate material is available (see, e.g., (4)
and 2.3.1(7)) the corresponding ratio of
response acceleration to the acceleration of
gravity may be used in expression (3.7) for

o(2).

(11)P At any point on the silos wall the sum
of the static pressure of the particulate
material on the wall and of the seismic action
effect, Apns , shall not be taken less than zero.

(12) If it any location on the silos wall the
sum of

- Apns given by (6) to (10) and expressions
(3.1) to (3.3) and

- the static pressure of the particulate material
on the wall is negative (implying net suction
on the wall), then (6) or (7) may not be
considered to apply. In that case, the
additional normal pressures on the wall, Apns
should be redistributed to ensure that their
sum with the static pressure of the particulate
material on the wall is everywhere non-
negative, while maintaining the same force
resultant over the same horizontal plane as
the values of Apns given in (6) or (7).

3.4 Behaviour factors

(1)P  Non-base-isolated silos shall be
designed according to one of the following
concepts (see EN 1998-1:2004, 5.2.1, 6.1.2,
7.1.2):

a) low-dissipative structural behaviour,



b) nucunatuBHA MOBEIHKA CIIOPY/IH.

(2) B koHuemnii @) ais CEWCMIYHOTO BIUIHBY
MOXXE€  pO3paxoByBaTHUCS  Ha  IMIJCTaBi
MPYXKHOTO TIOOATBHOTO  PO3paxyHKYy 0Oe3
ypaxyBaHHS ICTOTHOT HEJNIHIHHOI IMMOBEIIHKH
Mmatepiany. [lpu BHKOpHCTaHHI TPOEKTHOTO
cnektpy, BuszHaueHoro B EN 1998-1:2004,
3.2.2.5, 3HAYCHHS TMOKa3HWKA TOBEIIHKH (|
Moke Oyru mnpuiiHATe piBEHEM g0 1,5.
[IpoexTyBaHHS 3rifHO 3 KOHIICMIIEIO a)
HA3WBAETHCSA TMPOEKTYBAaHHIM Uit Hu3bKOTO
KJ1acy IJIaCTUYHOCTI (DCL). Bubip
MarepiaiiB, OI[IHKa OINOpy 1 JeTani3aiis
€JIEMEHTIB 1 3'€/lHaHb MOBUHHI OYyTH TaKUMH,
sk 3a3Haueno B EN 1998-1:2004, Po3aimm 3 5
nmo /7, mns Husbkoro kjacy IUIaCTUYHOCTI
(DCL).

(3) Bynkepwu, 6e3mocepeIHbO CIIUPAYUECS HA
IPpyHT a00 Ha (YHAAMEHT, CIIiJ MPOEKTyBaTH
3riHO 3 KOHIIEMIIi€r a) 1 (2).

(4) Konmenirist b) MoXxe 3aCTOCOBYBaTHCS [0
MIBUIIEHUX OyHKEpiB. 3rigHO 3  IIEIO
KOHIICTIIIIEI0, BPAXOBYEThCS 3/IaTHICTh YAaCTHH
OTIOPHOT KOHCTPYKIIIi BUTPUMYBATH BIUTMBH
3eMJIETPYCY 3a MeXaMu o0JacTi MPYKHHX
nedopmartii  (ix 30HM gucunaiii). OmopHi
KOHCTPYKIlii, 3ampoOeKTOBaHI BIAMOBITHO 3
II€I0 KOHLEMIIEI0, MOBUHHI HAJIEXaTH OO
Cepeanporo (DCM) a6o Bucokoro (DCH)
KJIaCy IJIACTHYHOCTI, BUBHAYCHUX 1 ONMHUCAHUX
B EN 1998-1:2004, Po3ainu 3 5 mo 7, 3a1eXHO
Bl KOHCTPYKLIMHOTO Marepialy OIMOPHOL
KOHCTPYKIii. Y 1bOMYy BIJIHONIEHHI BOHH
IIOBUHHI BIAIIOBimaTH BHMOT'aM I10
IUTACTUYHOCTI  BITHOCHO ~ KOHCTPYKTHBHOTO
THUITY, MaTepiajiB Ta BUOOPY PO3MIpIB, a TAKOXK
0 meraimzauii exeMeHTiB a00 3'eqHans. Koim
BUKOPUCTOBYETHCS TPOCKTHHHA CIEKTP VIS
THIHHO-TIPY)KHOTO PO3PaxyHKy, BU3HAYEHOTO

B EN 1998-1:2004, 3.2.2.5, mnoka3Huk
MOBEAIHKK (¢ Moxe Oyru [OpUHHATHIA
oimpmiel,5. 3HaueHHS ( 3aJCKHUTH  Bif

obpanoro kmacy miactuyHocti (DCM abo
DCH).

(5) V 3B’sa3Ky 3 0OMEKEHUM pe3epBYBaHHSM,
BEIUKI OCHhOBI CHIIM, OOYMOBIIEHI Baroo
BMICTY OyHKepy 1 BIJICYTHICTIO

np JICTY-H b EN 1998-4:201X
b) dissipative structural behaviour.

(2) In concept a) the seismic action effects
may be calculated on the basis of an elastic
global analysis without taking into account
significant non-linear material behaviour.
When using the design spectrum defined in
EN 1998-1:2004, 3.2.2.5, the value of the
behaviour factor q may be taken up to 1,5.
Design according to concept a) is termed
design for ductility class Low (DCL).
Selection of materials, evaluation of
resistance and detailing of members and
connections should be as specified in
EN 1998-1:2004, Section 5 to 7, for ductility
class Low (DCL).

(3) Silos directly supported on the ground or
on the foundation should be designed
according to concept a) and (2).

(4) Concept b) may be applied to elevated
silos, According to this concept, the
capability of parts of the supporting structure
to resist earthquake actions beyond their
elastic range (its dissipative zones), is taken
into account. Supporting structures designed
according to this concept should belong to
ductility class Medium (DCM) or High
(DCH) defined and described in

EN 1998-1: 2004, Section 5 to 7, depending
on the structural material of the supporting
structure. They should meet the requirements
specified therein regarding structural type,
materials and dimensioning and detailing of
members or connections for ductility. When
using the design spectrum for linear-elastic
analysis defined in EN 1998-1:2004, 3.2.2.5,
the behaviour factor g may be taken as being
greater than 1,5. The value of q depends on
the selected ductility class (DCM or DCH).

(5) Due to the limited redundancy, the high
axial forces due to the weight of the silos
contents and the absence of non-structural
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HEKOHCTPYKTHBHHX  €JIE€MEHTIB, CHpPHUSIOTH
CTIMKOCTI /10 3eMJIETPYCIB 1 AMcUManii eneprii,
3/IATHICTh 110 JMCUTIAITT eHeprii
KOHCTPYKTUBHUX THIIIB OIOp, SIKi 3a3BUYal
BUKOPUCTOBYIOTHCS TUIst HiABUIIEHUX
OyHKepiB, B MUIOMY, MECHIIE BiAOBIIHOT
31aTHOCTI  QHAJIOTIYHUX  KOHCTPYKTHBHMX
TUIMIB PU BUKOPUCTAHHI iX B OyaiBisax. O1xe,
y KoHIenmii D) 3HaYeHHS BeEpXHBOI MeEXi
MOKAa3HWKIB ( Ui IIJIBUIICHUX OyHKepiB
BU3HAYAETHCS y BHpa3i MOKa3HUKIB (,
3a3HaueHux B EN 1998-1:2004, Po3ainu 3 5 no
7, mis obpanoro kiacy miactuaaocTi (DCM
a6o DCH), mHacTymHUM YuHOM:

- Jns OyHKkepiB, IO CHOUPAIOTbCA Ha
MTHDKKS, SIKE 3apOEKTOBAHO 1
JIETaJa130BaHo TSt 3a0e3rneueHHs

JTUCUTIATUBHOI TIOBEIIHKH, MOXE OyTH
BUKOPHCTaHA BEpXHS MeXa 3HAYCHHS
MOKa3HUKa g, BU3HAYEHA B
EN 1998-1:2004, po3ximu 3 5 mo 7 mus
Copyal y BUINISAAI  TEPEBEPHYTOTO
MasITHUKA. SIxmo HITHDKOKS HE
JeTATI30BaHO IS JIHACHITATUBHOT
TOBEIIHKH, HOTO CITii MPOEKTYBATH 3T1THO
3 KOHIIeMIIi€ro a) i (2)

- Jlns OyHKepiB, CIUPAIOIINXCS HA PaMH, 1110
CIPHUIIMAlOTh 3rUHAIBHI MOMEHTH, a00 Ha
pamax 3 B’S3iMH, 1 M1 MOHOJITHHX
OCTOHHMX OYHKEpiB, CIHUPAIOIIUXCS Ha
OCTOHHI CTiHH, IK1 CKJIaAaIOTh OJHE IiJI€ 3
¢dbyH1aMeHTOM, BEPXHBOIO MEXEI0
MOKa3HUKA ( € TOH, SKU BU3HAYCHUM IS
BIJINOBIIHOI KOHCTPYKTUBHOI CHUCTEMHU B
EN 1998-1:2004, Po3gimm 3 5 mo 7,
TTOMHOKEHU I Ha KoedimieHT
HEperyasipHOCTI MO  BHCOTI,  SKHA
nopisaroe 0,7.
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elements  contributing to  earthquake
resistance and energy dissipation, the energy
dissipation capacity of the structural types
commonly used to support elevated silos is,
in general, less than that of a similar
structural type when used in buildings.
Therefore, in concept b) the upper limit value
of the q factors for elevated silos are defined
in terms of the g factors specified in
EN 1998-1:2004, Sections 5 to 7, for the
selected ductility class (DCM or DCH), as
follows :

- For skirt-supported silos, with the skirt
designed and detailed to ensure dissipative
behaviour; the upper limit values of the q
factor defined in EN 1998-1:2004, Sections
5to 7 for inverted pendulum structures may
be used. If the skirt is not detailed for
dissipative behaviour, it should be designed
according to concept a) and (2)

- For silos supported on moment resisting
frames or on frames with bracings, and for
cast-in-place concrete silos supported on
concrete walls which are continuous to the
foundation, the upper limit of the g factors
are those defined for the corresponding
structural system in EN 1998-1:2004,
Sections 5 to 7, times a factor equal to 0,7
for irregularity in elevation.



3.5 Bepudikamii
3.5.1 Ctan oOMexkeHHs 30MTKY
(1)P B ceiicmivHiii TPOEKTHIN CHUTYyaIlii, 110

BINIOBIIa€  CTaHy OOMEXEHHS  30WTKY,
criopyna OyHKepy IMOBHHHA TEPEBIPITUCS IS

3aJJOBOJICHHSI  Bepidikamii I craHy
eKCIUTyaTaI[lfHOT HAIIfHOCTI HEOXiMHUX Ha
mizcraei  EN  1992-1-1, EN 1992-3 i
EN 1993-4-1.

[MPUMITKA [lns craneBux OyHKEpiB, BHCOKUM
CTyIEHEM HaJiHHOCTI 10 BHUHUKHEHHS SIBHII TPYXHOI
abo HempyXHOi BTpPAaTH CTIHKOCTI BBAaXA€EThCS, IO
nependayeHo y ceHCMiYHOi TPOEKTHOI cHTyarii,
MOB’s3aHOI 31 CTaHOM OOMEKEHHsS 30UTKY, SIKIIO
Bepu(ikailii, 0 CTOCYIOThCS IMX SBUII, BUKOHYIOTHCS
NpU CeHCMiYHIA MPOEKTHIM cUTyalii IUis KiHIEBOTO
IPaHUYHOrO CTaHy.

3.5.2 KinueBuii rpaHu4HMii cTaH
3.5.2.1 I'nobanbHa cTiliKicTh

()P TIlepexumanus abo BTpata Hecydoi
3aTHOCTI IPYHTY HE TOBWHHI BUSBJISITUCS B
CEeHUCMIYHIN TpOeKTHINH cutyarii. Onip cui
3CyBa Ha MEXI1 pO3JIUTy OCHOBH CIIOPYIH Ta
dbyHIaMEHTY TIOBHHHA  OIIIHIOBaTHUCS 3
ypaxyBaHHSM Jii BEPTUKAJIBHOI CKJIAI0BOI
ceiicMivHOTO BIUTMBY. OOMEXKECHE KOB3aHHS
MOXe OyTM TpPHAHATHUM, SKIIO Oyzae
MPOJEMOHCTPOBAHO, 110 HACIIIKA KOB3aHHS
s 3'€lHaHb MDK PI3HUMH  YacTHHAMU
CIOpYAX 1 MDK CHOPYAOK 1 Oyab-sSKHM
TPYOOTIPOBOJIOM BPaXOBYETHCS B PO3PAXYHKY
Ta Bepudikaiii (1uB. Takoxx EN 1998-5:2004,
5.4.1.1(7)).

(2)P Tlpu mimHsTTI Ha3eMHHUX OYHKEpIB, sKE
BBKAETHCS NPUAHSATHUM, Oyb-sIKU
TpyOomnpoBin 1 (QyHAAMEHT MOBUHHI OYTH
BpaxoBaHI B PO3PAaxXyHKy 1 MOJANbIIii
Bepudikailii cropyau (Hampukiaa, B OLIHIN
3arajabHOi CTIAKOCTI).
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3.5 Verifications
3.5.1 Damage limitation state

(1)P In the seismic design situation relevant
to the damage limitation state the silos
structure shall be checked to satisfy the
relevant serviceability limit state verifications
required by EN 1992-1-1, EN 1992-3 and
EN 1993-4-1.

NOTE For steel silos, adequate reliability with respect
to the occurrence of elastic or inelastic buckling
phenomena is considered to be provided in the seismic
design situation relevant to the damage limitation state,
if the verifications regarding these phenomena are
satisfied under the seismic design situation for the
ultimate limit state.

3.5.2 Ultimate limit state
3.5.2.1 Global stability

(1)P Overturning or bearing capacity failure
of the soil shall not occur in the seismic
design situation. The resisting shear force at
the interface of the base of the structure and
the foundation, shall be evaluated taking into
account the effects of the vertical component
of the seismic action. Limited sliding may be
acceptable, if it is demonstrated that the
implications of sliding for the connections
between the various parts of the structure and
between the structure and any piping are
taken into account in the analysis and the
verifications (see also EN 1998-5:2004,
5.4.1.1(7)).

(2P For uplift of on-ground silos to be
considered acceptable, it shall be taken into
account in the analysis and in the subsequent
verifications of the structure, of any piping
and of the foundation (e.g. in the assessment
of overall stability).
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3.5.2.2 O6oJ10HKA

(1)P Makcumanbhi aii BrummBy (MeMOpaHHI
CWJIH 1 3TUHATIBHI MOMEHTH B OKPY>KHOMY 200
MEpUIIOHAIBHOMY HampsMi, 1 MeMOpaHHUN
3CYB), BUKJIHMKAHI B CEHCMIYHIA MPOCKTHIM
CHUTYalii, MOBUHHI OyTH MeHIIe ab0 PIBHUMHU
oropy OOOJIOHKH, OI[IHEHOMY Yy CTIHKHX a0
NEepexiTHUX MPOeKTHUX cuTyamisax. Lle
BKJTIIOYA€ BC1 BUJIM PYHHYBaHHS.

(a) st craneBux 000JIOHOK:
- TeKyYiCTb (IIJJaCTUYHE PYWHYBaHHS),

- BTpaTa CTIMKOCTI mpu 3CyBi, abo BTpara
CTIMKOCTI TMpH TMO3/J0BKHBOMY CTHCKY 3
OJTHOYACHUM TIOMIEPEYHUM PO3TATOM  (BHI
pyHHYBaHHSI «HOTA CIJIOHA») TOWO (JAUB.
EN 1993-4-1:2006, po3inu 3 5 o 9).

(b) Mt 6eToHHUX 0OOIOHOK:
- KIHIEBUH TpaHUYHUM CTaH MpPH 3THUHI 3
OCBHOBOIO CHJIOIO,

- KIHIICBUH TPaHUYHHWA CTaH TPU 3CYB1 IS
3CYBY B IUIOIMMHI 200 pajliaIbHOTO TOIIIO.

(2)P  PospaxyHok omopiB i Bepudikarrii
3aiiicHIOOTRCS BimnoBimHo mo EN 1992-1-1,
EN 1992-3, EN 1993-1-1, EN 1993-1-5,
EN 1993-1-6, EN 1993-1-7 1 EN 1993-4-1

3.5.2.3 Aukepu

(1)P AnkepHi cuctemu, B LJIOMY, ITOBHHHI
MPOEKTYBAaTUCS TaKUM YHHOM, 00 BOHHU
3auIIanucs NPYKHUMH B CeMcMIiuHii
MpOeKTHIA cuTyanii. OgHaK, BOHM MOBHMHHI
MaTH TaKO HOCTAaTHIO IIJIACTHMYHICTH, 00
YHUKHYTU KPUXKUX pyHHYBaHb. [Ipuengnanus
aHKEepPHHUX EeJIEMEHTIB 10 KOHCTPYKIii Ta i
(GyHIaMEHTy TIOBMHHI MaTH KOeQillieHT
3amacy MII[HOCTI He MeHm Hbk 1,25 mo
BiTHOILIEHHIO JI0 OTIOPY aHKEPHUX €JIEMEHTIB.
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3.5.2.2 Shell

(1)P The maximum action effects (membrane
forces and bending moments, circumferential
or meridional, and membrane shear) induced
in the seismic design situation shall be less or
equal to the resistance of the shell evaluated
as in the persistent or transient design
situations. This includes all types of failure
modes.

(@) For steel shells:
- yielding (plastic collapse),

- buckling in shear, or buckling by vertical
compression with simultaneous transverse
tension («elephant foot» mode of failure), etc.
(see EN 1993-4-1:2006, Sections 5 to 9).

(b) For concrete shells:
- the ULS in bending with axial force,

- the ULS in shear for in-plane or radial
shear, etc.

(2)P The calculation of resistances and the
verifications shall be carried out in
accordance with EN 1992-1-1, EN 1992-3,
EN 1993-1-1, EN 1993-1-5, EN 1993-1-6,
EN 1993-1-7 and EN 1993-4-1.

3.5.2.3 Anchors

(1)P Anchoring systems shall generally be
designed to remain elastic in the seismic
design situation. However, they shall also be
provided with sufficient ductility, so as to
avoid brittle failures. The connection of
anchoring elements to the structure and to its
foundation shall have an overstrength factor
of not less than 1,25 with respect to the
resistance of the anchoring elements.



(2) Skumo aHKepHa CHUCTEMa € YacCTUHOIO
IACUIIATUBHUX MeEXaHI3MIB, TO HEOOXITHO
MEepeBipUTH, YW Ma€ BOHA HEOOXITHY
3aTHICTH JI0 IIACTHYHOCTI.

3.5.2.4 ®ynpameHnTn

(1)P ®ynnameHT MOBUHEH OyTH NepeBipeHHIA
y BimmoBigHocti 3 EN 1998-5:2004, 5.4 i
EN 1997-1.

(2)P [Oii BrumBiB 171 iepeBipku GpyHIAMEHTY
1 HOTO €JEeMEHTIB MOBUHHI OyTH OTpUMaHi y
pigmosigHocti 3 EN 1998-5:2004, 5.3.1,
EN 1998-1:2004, 4.4.2.615.8.
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(2) If the anchoring system is part of the
dissipative mechanisms, then it should be
verified that it possesses the necessary
ductility capacity.

3.5.2.4 Foundations

(1)P The foundation shall be verified
according to EN 1998-5:2004, 5.4 and to
EN 1997-1.

(2)P The action effects for the verification of
the foundation and of the foundation elements
shall be derived in accordance with
EN 1998-5:2004, 5.3.1, EN 1998-1:2004,
4.4.2.6 and 5.8.
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4 KOHKPETHI INPUHIUIIN I
INPABUJIA 3ACTOCYBAHHA JJIA
PE3EPBYAPIB

4.1 Kpurepii BinnoBiaHocTi
4.1.1 3arajnHi M0JI0OKEeHHA

(1)P 3arampHi BUMOTH, BCTaHOBICHI B 2.1,
BB@)KAIOTbCS  3aJ0OBOJICHUMH, SKIIO, Ha
JOJIaTOK 110 MEepeBipoK, 3a3HaueHux y 4.4,
pe3epByapH OyAyTh BIANOBIAATH JOJATKOBUM
BHMOTaM, BCTAHOBJICHUM Y 4.5.

(2) Kpurepii BIINOBIAHOCTI Ta MpaBuia
3aCTOCYBaHHA, HaBeJeHI B I1bomy Posznii,
MOBHICTIO HE OXOIUTIOIOTh BUTIAIOK CTAJICBHX
pe3epByapiB 3 IJIABAIOYHMH JaXaMHU.

[TPUMITKA OcobnuBy yBary HeoOXiAHO NPUALTATH
TOMY, 100 3amoOirTH IOIIKOHKEHHS OOOJOHKH
BHACJIIJIOK MICIEBUX BIUIMBIB BiJl yAapiB IUIaBAIOYMM
naxoM. Taki BIUIMBU MOXXYTh TIPU3BECTH JI0 CIIAJIaXy B
pe3epByapax 3 JErK03aiMHCTOIO PiIUHOIO.

4.1.2 CraH o0MexkeHHS 30UTKY

()P Jlnst BUKOHAHHS BHUMOTH «I[LUTICHOCTD»
i CeMCMIYHUM BIJIMBOM, 3aCTOCOBAHOIO JIO
CTaHy OOMeXeHHs 30UTKY:

- IloBuHHa OyTH TepeBipeHa Te€PMETHYHICTD
CHCTEMHU pe3epByapy;

- Mae OyTH rnepeadOaveHa ajeKBaTHa BiICTaHb
B pe3epByapi pH MaKCHMaJIbHOMY
BEPTUKAIBHOMY  TIEPEMIIICHHI  ITOBEPXHI
PIIMHHU, MO0 YHUKHYTH MOIIKO/DKCHHS Jaxy
y 3B’SI3Ky 3 THCKOM OOBTAIONIOICS PIiIMHH,
a00, SIKIIIO pe3epByap HE Ma€e TBEPJOTO Jaxy,
TO JuIg 3anmoOiraHHs HeOaxaHuUX eQeKTiB
PO3JIMBAHHS PIIUHU;

- TOBMHHA  3/ifiCHIOBAaTUCS  MEpeBipKa
TIpaBIIYHUX CUCTEM, SIKI CKIIaJal0Th YaCTUHY
pesepByapy abo MpHeTHaHI 10 HBOTO, ILI00
NpUCTOCYBaTH  Hampyru 1 Jedopmartii,
00yMOBJIEHI BITHOCHMH TEPEMILIICHHAMU MK
pesepByapamu ab0 MDK pe3epByapamH i
IPYHTOM 0€3 MOpYIIEHH X (PyHKILIH.
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4  SPECIFIC PRINCIPLES AND
APPLICATION RULES FOR TANKS

4.1 Compliance criteria
4.1.1 General

(1)P The general requirements specified in
2.1 are deemed to be satisfied if, in addition
to the verifications specified in 4.4, tanks
conform to the complementary measures
specified in 4.5.

(2) The compliance criteria and application
rules given in this Section do not fully cover
the case of steel tanks with floating roofs.

NOTE Special attention is needed to avoid damage to
the shell due to local effects of the impact by the
floating roof. Such effects may cause a fire in tanks
with combustible contents.

4.1.2 Damage limitation state

()P In order to satisfy the «integrity»
requirement under the seismic action relevant
to the damage limitation state:

- Leak tightness of the tank system shall be
verified;

- adequate freeboard shall be provided in the
tank under the maximum vertical
displacement of the liquid surface, in order to
prevent damage to the roof due to the
pressure of the sloshing liquid or, if the tank
has no rigid roof, to prevent undesirable
effects of spilling of the liquid;

- the hydraulic systems which are part of, or
are connected to the tank, shall be verified to
accommodate stresses and distortions due to
relative displacements between tanks or
between tanks and soil, without their
functions being impaired.



(2)P Hdns BUKOHAHHS BUMOTH «MIHIMAJIbHOTO
eKCIUTyaTaI[ifHOTO PIBHS» NpU CceiCMIYHOMY
BIUIMBI BIJMOBIJHOHO CTaHy OOMEXEHHs
30UTKIB, MOBHHHO OYTH TIEpeBipeHO, IO
JIOKaJlbHa BTpaTa CTIAKOCTI, SKIIO Taka
BinOyneThCsl, HE BHUKIMKAE KOJalC 1 €
3BOPOTHBOIO.

4.1.3 KinueBuii rpaHUYHUMH CTaH

(1)P Tlpu ceiicMiuHiii TPOEKTHINA cHTYaIlil
MOBUHH1 OyTH MEpeBIPEeH1 HACTYIHI YMOBH:

- 3aranpHOi CTIMKOCTI pe3epByapa NMOBHHHA
OyTu 1mepeBipeHa Yy  BIANOBIIHOCTI 3
EN 1998-1:2004, 4.4.2.4. 3aransHa CTIAKICTE
BIIHOCUTBCS JI0 TOBEIIHKH  YKOPCTKOTO
KOprycy, 1 MoXe OyTh ToripiieHa B
pe3ynbTaTi KOB3aHHS a00 MepeKuJaHHS.
OOMerxeHa BelIMYMHA KOB3aHHS MOXE OyTH
MIPUHHATHOIO y B1JIMOBIAHOCTI 3
EN 1998-5: 2004, 5.4.1.1(7), sxmo 1e
JIOTIyCKae cuctema TpyoO, 1, SKIIO pe3epByap
HE  Ma€  aHKEpHOIO  KpIUIEHHS 0
dbyHIaMEHTY.

- HempyxkHa moBemiHKa OOMEXYETHCS UITKO
BU3HAYEHUMU 4aCTHHAMH pe3epByapy,
BIJIMTOBIJTHO JI0 MOJIOXKEHB ITHOTO CTAHIAPTY.

- I'panmuni nedopmamii matepiaiiB  He
MepeBUIlleHl. XapakTep 1 CTYNiHb BTpaTH
CTIMKOCTI B  OOOJIOHIII KOHTPOJIOIOTHCS
3T1IHO 3 BIIMOBIIHUMH TEPEBIpKaMHU.

- TigpaBmiuHi cHUCTeMH, SKi CKJIagaloTh
YacTUHY pe3epByapy abo mpueqHaHi [0
HBOT'O, 3aIPOCKTOBaHI TaKUM YHHOM, IIIOO
Oylia BHUKIIIOUEHA BTpaTa BMICTY pe3epByapa
y BUINAAKy pyHHYBaHHS Oyab-ikoro 3 ii
KOMIIOHEHTIB.
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(2)P In order to satisfy the 'minimum
operating level' requirement under the
seismic action relevant to the damage
limitation state, it shall be verified that local
buckling, if it occurs, does not trigger
collapse and is reversible.

4.1.3 Ultimate limit state

(1)P The following conditions shall be
verified in the seismic design situation:

- The overall stability of the tank shall be
verified in accordance with EN 1998-1: 2004,
4.4.2.4. The overall stability refers to rigid
body behaviour and may be impaired by
sliding or overturning. A limited amount of
sliding may be accepted in accordance with
EN 1998-5: 2004, 5.4.1.1(7), if tolerated by
the pipe system and if the tank is not
anchored to the foundation.

- Inelastic behaviour is restricted to well-
defined parts of the tank, in accordance with
the provisions of the present standard.

- The ultimate deformations of the materials
are not exceeded. The nature and the extent
of buckling phenomena in the shell are
controlled according to the relevant
verifications.

- The hydraulic systems which are part of, or
connected to the tank are designed so as to
prevent loss of the contents of the tank in the
event of failure of any of its components.
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4.2 Kom0inauisi cKJIaI0BHX PyXy IPYHTY

(1)P  PesepByapu TIOBHMHHI BiANOBIZATH
Bumoram 3.2(1)P.

(2)Pe3epByapu MOBUHHI BiJIOBigaTH
Bumoram 3.2(2).

(3)P  PesepByapu MOBUHHI  BimmoBigaTw
Bumoram 3.2(3)P.

4.3 MeTtoau po3paxyHKy

4.3.1 3arajbHi MoJI0KeHHA

(1)P Mopens, sika Oyae BUKOPHCTOBYBATHCS
JUIT  BU3HAYCHHS  CEWCMIYHMX  BIUIMBIB,
MMOBHHHA BIITBOPIOBATH HAJICKHUM YHHOM
KOPCTKICTh, MIIHICTb, JeMI(yBaHHS, Macy 1
F€OMETPUYHI  BJIACTUBOCTI  CTPUMYIOYOT
CIIOPY/H, i IMOBHHHA BpaxOBYBaTH
TIAPOAMHAMIYHY — PEaKIil0  PUIMHH, 10
MICTUTBCSI, 1, J€ 1€ HEOOXImHO, BILJIHUBU
B3a€EMO/II 3 MACTHIIAIOUYUM TPYHTOM.

I[MPUMITKA TIlapamerpu B3aemoaii MK IPYHTOM,
PLAMHOIO 1 CIIOPY/I0I0 MOXKYTh YNHUTH ICTOTHUIA BILTHB
Ha BJACHI 4YacTOTW 1 pajianiiiHe aemMndyBaHHS B
rpyuti. Ilpu miABUINEHHI LIBHIKOCTI MONEPEYHUX
XBWJIb I'PYHTY, TOBEIiHKaKa BiOpallii 3MIHIOETbCS BiJl
TOPU3OHTANILHOI BiOpaIlil B MOEIHAHHI 3 KOJIMBAHHSM,
SKe 3aJIeKUTh BiJ IPYHTY, DO XapaKTEPHOTO PEXHUMY
BiOparlii pe3epByapy Ha TBepaOMY IpyHTi. J{ist cunbHO
3aBaHTaXEHHUX CIIOPY/ pe3epByapiB abo sl BUIIAAKY
HeOe3MMeTHUX BaHTaXiB MOXE  3HaJoOuTHCS
ri00aabHUH (TPUBUMIPHUIT) pO3paxyHOK.

(2) PesepByapu moBuHHI OyTH po3paxoBaHi B
HUIOMY, TPUIYCKAIOYM  JIHIHHO-TIPYXKHY
peakiiro. B okpemux BumNaakax HeiHIMHA
peakuis ~ Moxe  Oyru  oOrpyHTOBaHa
BIJIIIOBITHUMH METOJIAMH PO3PAXyHKY.

[MPUMITKA Iadopmariiss mpo MeTOON CEUCMITHOTO
pO3paxyHKy  pe3epByapiB 3BuYaitHoi  (opmu
npencrasieHa B [apopmatusHOMY JomaTtky A.

(3) MoxiuBy B3a€EMOJII0 MDK PI3HUMHU
pe3epByapamMH, OOYMOBIIEHY CIOJYYHHUMH
TpyOamu, Ciifi po3risiiaTH y BCIX BHIAJKaX,
KOJIM 1€ JIOPEYHO
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4.2 Combination motion

components

of ground

(1)P Tanks shall conform to 3.2(1)P.

(2) Tanks should conform to 3.2(2).

(3)P Tanks shall conform to 3.2(3)P

4.3 Methods of analysis
4.3.1 General

(1)P The model to be wused for the
determination of the seismic effects shall
reproduce properly the stiffness, the strength,
the damping, the mass and the geometrical
properties of the containment structure, and
shall account for the hydrodynamic response
of the contained liquid and, where necessary,
for the effects of the interaction with the
foundation soil.

NOTE The parameters of soil-liquid-structure-
interaction may have a significant influence on the
natural frequencies and the radiation damping in the
soil. With increasing shear wave velocity of the soail
the vibration behaviour changes from a horizontal
vibration combined with rocking influenced by the soil
to the typical vibration mode of a tank on rigid soil.
For highly stressed tank structures or for the case of
dangerous goods a global (three-dimensional) analysis
may be necessary.

(2) Tanks should be generally analysed
assuming linear elastic response. In particular
cases nonlinear response may be justified by
appropriate methods of analysis.

NOTE Information on methods for seismic analysis of
tanks of usual shapes is provided in Informative
Annex A.

(3) Possible interaction between different
tanks due to connecting piping should be
considered whenever relevant.



4.3.2 I'inponuHamivHi epekTH

(1)P ParmionansHuii MeToja, 3aCHOBaHMN Ha
BUPINICHH] TiAPOJMHAMIYHUX pPIBHSAHb 3
BIAITOBIAHUMHA IPAaHUYHUMH YMOBaMH,
MOBHHEH BHUKOPHCTOBYBATHCSA JJISi OLIIHKH
peakiii cucteMu pesepByapy Ha CEHCMIYHHIMA
BILJIVB.

(2)P 3okpema, y BIAMOBIAHUX BHIAIKAX,
PO3paxyHOK MMOBUHEH PaBUJIBHO
BpPaxOBYBaTH HACTYITHE:

- KOHBEKTHBHY 1 IMIYJIbCHY CKJIaJIOBI PyXy
pimHy;

- nedopmariito  0OOJOHKHM  pe3epByapy,
00yMOBJIEHY TiIPOJAMHAMIYHUMH THCKaMH 1
epexktamMu  B3aEMOJIl 3 IMIIYJIbCHOIO
CKJIaJI0BOIO;

- neopMaTUBHICTh MIACTHJIAIOYOTO TPYHTY
Ta noJiaiblii Moaidikaiii peakuii;

- edeKkTH TIUIaBalouoro Jaxy, SKIo Le
JOPEYHO.

(3) Jns mineit omiHKM JAMHAMIYHOT peakiiii
NPy CEWCMIYHOMY BIUIMBI, PiAMHA MOXE
BBYKATHCS, B IUIOMY, HECTUCIIUBOIO.

4) Buznauenns MaKCUMaJIbHUX
TiAPOAMHAMIYHUX  THCKIB, OOYMOBIIEHUX
TOPU30HTATBHUM i BEPTHKAIbHUM
30y/DKeHHSIM,  BUMarae, B  IPHUHIIMII,

BUKOPHUCTAHHS HETHIMHOTO JUHAMIYHOTO
pospaxyHky (mpu  Oil  akceieporpam).
CrporreHi MeToau, SKi mepeadavaroTh MpsMe
3aCTOCYBaHHSI PO3PaxyHKIB CHEKTPY peakilii,
MOXYTh  BHKOPHCTOBYBATHUCSI 332 YMOBHU
HNPUAHATTS  BIAMOBIIHUX KOHCEPBATHBHHX
MpaBUJI 11 KOMOIHAIT IMKOBUX MOJAIbHUX
BKJIA/IIB.

[NPUMITKA TIadopmatuBHuit Jlomatok A Hanmae
iHpopMaIif0 TMPO TPUHHATHI TPOHETypH  UIA
KOMOiHamii  MKOBHX  MOAANbHUX  BKIQMiB §y
PO3paxyHOK cIHeKkTpy peakiii. Tam jxe mpeacTaBieHi
BUpa3y U PO3paxyHKy BUCOTH XBHJTI
PO3IIECKYBaHHS.
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4.3.2 Hydrodynamic effects

(1)P A rational method based on the solution
of the hydrodynamic equations with the
appropriate boundary conditions shall be used
for the evaluation of the response of the tank
system to the seismic action.

(2)P In particular, the analysis shall properly
account for the following, where relevant:

- the convective and the impulsive
components of the motion of the liquid;

- the deformation of the tank shell due to the
hydrodynamic pressures and the interaction
effects with the impulsive component;

- the deformability of the foundation soil and
the ensuing modification of the response;

- the effects of a floating roof, if relevant.

(3) For the purpose of evaluating the dynamic
response under seismic actions, the liquid
may be generally assumed as incompressible.

(4) Determination of the maximum
hydrodynamic  pressures  induced by
horizontal and vertical excitation requires, in
principle, use of nonlinear dynamic (time-
history) analysis.  Simplified  methods
allowing for a direct application of the
response spectrum analysis may be used,
provided that suitable conservative rules for
the combination of the peak modal
contributions are adopted.

NOTE Informative Annex A gives information on
acceptable procedures for the combination of the peak
modal contributions in response spectrum analysis. It
also gives expressions for the calculation of the
sloshing wave height.
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4.4 IToka3HUKHU NMOBETiHKH

(1)P PesepByapu iHHmIOTO THIY, HDK Ti, SIKi
sragani B myHkTax (4)P i (5), moBuHHI OyTH
3allpOEKTOBAaHI B PO3paxyHKy Ha MpPYXHY
peakmiro (q mo 1,5, 3 ypaxyBaHHSIM 3amacy
MIITHOCTI), a00, B HAJICKHUM YHUHOM
OOrpyHTOBaHMX BHIMAgKaX Ha HEIPYXKHY
peakuito (muB. 2.3.1(2)), 3a ymoBH, mo Oye

MPOIEMOHCTPOBaHA MPUHHATHICT
HENPYKHOI peakIil.
(2)P  ucunamis  eHeprii,  BimmoBigHa

BUOpaHOMY 3HAu€HHIO (, Mae OyTH
HaJICKHUM YUHOM 00rpyHTOBaHa 1
3a0e3reyeHa  HEOOXIAHA  IJIACTUYHICTh

3aBAAKHU IIJIACTUYHOMY IIPOCKTYBAHHIO.

(3) P KoHBekTHBHA 4YacTHHA peaKilii PiIUHU
(po3nuBaHHS) 3aBXKIM TOBUHHA OIIHIOBATHCS
Ha miAcTaBl mpyxHoi peakuii (ToOTo 3
g = 1,0) 1 noB's13aHUX 3 IIUM CIEKTPIB (IAUB.
EN 1998-1:2004, 3.2.2.213.2.2.3).

(4) Tloxka3uuku MOBEMIHKH, 3a3HaveHi B 3.4,
CIIIJT 3aCTOCOBYBAaTH TAaKOX JIO YaCTHHHU
peakiii HaA3eMHHX pe3epByapiB, SKi HeE
MIIAI0TECA PO3IUIECKYBaHHIO pinmuHM. [ist
i€l 4acTHHHW mpaBuia, 3a3HadeHi B 3.4(4)
JUIsi OyHKEpIB, CIHMPAIOIIUXCS HA TITHDKKS,
3aCTOCOBYIOTBCS ~ TAaKOXK JIO  HAJ3EMHHX
pe3epByapiB Ha €IMHIN OCHOBI.

(5) CraneBi pesepByapu (SKIIO BOHH HE
MalTh 130JIbOBAaHOI OCHOBH), SKi MaloTh
BEPTUKATIbHY BiCh Ta CIHPAIOTHCSI
Oe3rmocepeIHpO Ha IPYHT a00 Ha (YHIAMEHT,

MOXYTh  IPOCKTYBaTUCS 3  IOKa3HHUKOM
noBeAiHkun ¢ Oumpme 1,5, 3a  ymoBu
JTOTPUMAHHS TaKUX BUMOT':

- YacTUHY peaxiii, 00yMOBIIeHY

PO3IUIECKYBAaHHSAM DPIIUHU, CIiA MpUMaTH 3
q=1,0;

- pesepByap abo i#oro  ¢yHIAMEHT

3alpOEKTOBaHI 3 MOXJIMBICTIO MigioMy 1/abo
KOB3aHHS;
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4.4 Behaviour factors

(1)P Tanks of type other than those
mentioned in (4)P and (5) shall be either
designed for elastic response (g up to 1,5,
accounting for overstrength), or, in properly
justified cases, for inelastic response (see
2.3.1(2)), provided that it is demonstrated that
inelastic response is acceptable.

(2)P The energy dissipation corresponding to
the selected value of q shall be properly
substantiated and the necessary ductility
provided through ductile design.

(3)P The convective part of the liquid
response (sloshing) shall always be evaluated
on the basis of elastic response (i.e. with g =
1,0) and of the associated spectra (see
EN 1998-1:2004, 3.2.2.2 and 3.2.2.3).

(4) The behaviour factors specified in 3.4
should be applied also to the part of the
response of elevated tanks which is not due to
sloshing of the liquid. For that part, the rules
specified in 3.4(4) for skirt-supported silos
apply also to elevated tanks on a single
pedestal.

(5) Steel tanks (unless base-isolated) which
have a vertical axis and are supported directly
on the ground or on the foundation, may be
designed with a behaviour factor q greater
than 1,5, subject to the following:

- the part of the response which is due to
sloshing of the liquid, should be taken with
q=1,0;

- the tank or its foundation is designed to
allow uplift and/or sliding;



- 3amo0iraeThCs JIOKami3allisl TUIACTUYHHUX
neopMariiii 'y CTiHIII OOOJOHKH, HIKHIN
IUTACTHHI 200 B iX MEepeTHHAX.

[Ipu nmx ymoBax, SIKIIO HETPY)KHA peaKIlis
He OyJe OIliHeHa OUTBII TOYHUM ITiTXOI0M,
MOKA3HUK MOBEIIHKH (] MOYKE MPUIMATHUCS HE
BHUIIC HACTYITHUX 3HAYCHD:

- 2,0 nmna  pe3epByapiB  0e3 aHKECPHOTO
KpIIJICHHS, 32 YMOBH JIOTPUMAaHHS MTPOCKTHUX
npaswt EN 1993-4-2:2006, oco0mBO THX, SIKi
CTOCYIOTBCSI TOBIIIMHYU HWKHBOT ITACTHHH, KA
MOBMHHA OYTH MEHIIC TOBIIWHW HWKHBOI
YaCTHHU 000JIOHKH;

- 2,5 nnsa pesepByapiB 31 CIELIaJIbHO
3alPOCKTOBAHUMH TUIACTUYHUMHU aHKEPaAMH,
SKI  JIOMYCKAlOTh  30UIBINCHHS  JOBXKWHU
aHkepa Oe3 pospuBy, piBay R/200, me R -

paziyc pe3epByapy.

4.5 Bepudikauii

4.5.1 Cran o0MexkeHHS 30UTKY
4.5.1.1 3aranbHi NOJ10KEHHSA

(D)P [Tpu CeCMIYHOMY BILIMBI,
3aCTOCOBAaHOMY JIO CTaHy  OOMEKEHHs
30MTKY, KOHCTPYKIlII pe3epByapa IOBHHHA
3aJIOBOJIBHATH  MEPEeBIpKaM  TPaHUYIHOIO
CTaHy 10 TPHIATHOCTI JO eKCIUTyaTaIlii,
BcranoBiieHoMy B EN 1992-3 1 EN 1993-4-2,
HACKUIBKH 1€ IPUHHSATHO.

4.5.1.2 O6os10HKA

4.5.1.2.1 O060710HKH 3 TMOTepeHbO
HAINPYKEHOI 0 i 3BUYAHHOI0 32,1i300€TOHY

(1) Tlix celicMiYHUM BIJTMBOM, 3aCTOCOBAHHM
70 cTaHy OOMEXeHHs 30MTKy, Mae OyTu
nepeBipeHa MMUpHHA TPILUH MO BiJHOIIEHHIO
70 TpaHWYHUX 3HAY€Hb, 3a3HAYEHUX B
EN 1992-1-1:2004, 4.4.2, 3 ypaxyBaHHIM
BIINIOBIJTHOTO KJacy BIUIMBY HAa HaBKOJIUIIHE
CepeIoBUIIIE 1 UYTIIMBOCTI CTAJIN A0 KOPO3ii.

np ACTY-H b EN 1998-4:201X

- localisation of plastic deformations in the
shell wall, the bottom plate or their
intersection is prevented.

Under these conditions, the behaviour factor
g may be taken as not larger than the
following values, wunless the inelastic
response is evaluated by a more refined
approach:

- 2,0 for unanchored tanks, provided that the
design rules of EN 1993-4-2:2006 are
fulfilled, especially those concerning the
thickness of the bottom plate, which should
be less than the thickness of the lower part of
the shell;

- 2,5 for tanks with specially designed ductile
anchors allowing an increase in anchor length
without rupture equal to R/200, where R is
the tank radius.

4.5 Verifications

4.5.1 Damage limitation state

4.5.1.1 General

(1)P Under the seismic action relevant to the
damage limitation state, the tank structure
shall satisfy the serviceability limit state

verifications specified in EN 1992-3 and
EN 1993-4-2, as relevant.

4.5.1.2 Shell

45121 Reinforced
concrete shells

and prestressed

(1) Under the seismic action relevant to the
damage limitation state, crack widths should
be verified against the limit values specified
in EN 1992-1-1:2004, 4.4.2, taking into
account the appropriate environmental
exposure class and the sensitivity of the steel
to corrosion.
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(2) Y pa3i OeroHHUX pe3epByapiB 3
OOJIMIIIOBAHHSAM IIUPHUHA MIFPYIOUUX TPIIIUH
B OeToHI He TMOBMHHA MEPEBHUIIYBATU
3HA4YeHHs, $KE& MOrjao O TMpPHU3BECTH [0
JOKaIBbHOI AedopMarltii B OOIHUIFOBaHHI, IO
nepesuinye 50% 1ii KIHIICBOTO PIBHOMIPHOTO
MIOJIOBKEHHSI.

4.5.1.2.2 CrajeBi 000J10HKH

(1) Crainesi pe3epByapu MOBHHHI
BiamoBigatu Bumoram 3.5.1(2).

4.5.1.3 Tpyo6onposin

(1) Sxmo juisi  aKTUBHHUX  30BHINIHIX

KOMIIOHEHTIB, TaKHX, SK KIamaad abo
HACOCH, HE BCTAHOBJIEHO OCOOJIMBHX BHMOT,
TpyOOIpoBiA HEe MNOTpedye NepeBipKU s
CTaHy OOMeXeHHS 30UTKY.

(2)P Bignocui mnepemimieHHsi, 00yMOBICHI
PI3BHUMHU  CEMCMIYHHUMH pyXaMH TIPYHTY,
MOBUHHI BpaxoBYyBaTUCA, SIKIIO TPYyOONpOBiA
1 pe3epByap(d) BHKOHAHI Ha pI3HHUX
dbyHIaMEeHTAaX.

(3) 3ony pesepByapy, 10 SKOi MPUETHYETHCS
TpyOOTIPOBIA, CJiJl TMPOEKTYBAaTH TaKUM
YHMHOM, MO0 BOHA 3AJMIIANACACS TMPYKHOIO
M BIUIMBOM CHWJ, SKI TepeaarThCs
TpyOOIIPOBOIOM, 30UTBIICHHUX 33 JOTIOMOTOIO
KoedimieHTa 1.

[MPUMITKA 3HnaueHHs, ske Ma€ OyTH MPHUIIMCAHO
Koe(illiEHTy MIJCHICHHS Yp1 JJIS BHUKOPUCTAHHS B
KpaiHi, MokHa 3HaWTH B ii HamionaneHomy Jlomatky.
PexomMennoBaHe 3HaUEHHs IOPiBHIOE: 7= 1,3.

4.5.2 KinneBuii rpaHUYHMIA CTAH

4.5.2.1 CriiikicTh

(1)P  PesepByapu TOBHHHI BiAmoBigaTH
Bumoram 3.5.2.1(1)P.
(2)P  PesepByapr TOBHHHI BiAMOBiZAaTH
Bumoram 3.5.2.1(2)P.
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In case of lined concrete tanks, transient
concrete crack widths should not exceed a
value that might induce local deformation in
the liner exceeding 50% of its ultimate
uniform elongation.

4.5.1.2.2 Steel shells

(1) Steel tanks should conform to 3.5.1(2).

4.5.1.3 Piping

(1) Unless special requirements are specified
for active on-line components, such as valves
or pumps, piping does not need to be verified
for the damage limitation state.

(2P  Relative displacements due to
differential seismic movements of the ground
shall be accounted for, if the piping and the
tank(s) are supported on different
foundations.

(3) The region of the tank where the piping is
attached to should be designed to remain

elastic under the forces transmitted by the
piping amplified by a factor yp:.

NOTE The value to be ascribed to the amplification
factor y,1 for use in a courtly, may be found in its
National Annex. The recommended value is: y1=1,3.

4.5.2 Ultimate limit state
4.5.2.1 Stability

(1)P Tanks shall conform to 3.5.2.1(1)P.

(2)P Tanks shall conform to 3.5.2.1(2)P.



4.5.2.2 O0010HKA

(1)P  PesepByapu TIOBHMHHI BiANOBiTATH
Bumoram 3.5.2.2(1)P.
[MPUMITKA Indopmanis mno Mexi  MIIHOCTI

00OJIOHKH, TEpeBipeHa Y BiAMOBIAHOCTI 3 Pi3HUMH
BHJIAMM pYyHHYBaHHS, HaBeleHa B [HQopmaTuBHOMY
Honatky A.

4.5.2.3 Tpy6onposin

(1) Skumo mOCTOBipHI AaH1 HEAOCTYIHI, abo
OUTBII TOYHI PO3paXyHKH HE BHKOHYIOThCS,
BIJIHOCHE TEpPEeMIleHHS MDK  TEepIIor0
TOYKOIO AHKEPHOTO KpIIUIEHHSA
TpyOOmIpOBOYy 1 pe3epByapoM  CIif
MOCTYNIOBAaTH SIK Take, 110 BiAOyAeTbca y
HaWOUIbII HECHPHUATIMBOMY HANpPSIMKY 3
MiIHIMaJIbHUM 3HAYEHHSAM, PIBHUM:

Ie
X  BIICTaHP MDK TOYKOI  aHKEPHOTO
KpIIUICHHS Ta TOYKOK  3°€JHaHHA 3

pe3epByapom, M;
Xo =500 m; i

dg MpOeKTHE MmepeMillieHHsI TPYHTa, HaBEICHEe
B EN 1998-1:2004, 3.2.2.4(1).

(2)P IloBuuHO OyTH mEpeBipeHO, MO B
CeiiCMIuHIN MPOEKTHIN cUTYyallii, BKIOYaI0YH
noctymoemi B (1) BimHOCHI mepemileHHs,
TEKY4iCTh 0OMEXYEThCS TPYOOIIPOBOJIOM 1 HE
PO3IMOBCIOKYETHCSI HA WOTO TPUETHAHHSI IO
pe3epByapy, HaBiTh, KOJH MPHUHAMAETHCS [0
yBaru KOeQIiIieHT 3amacy MIIHOCTI Yp2 HJIs
MIPOEKTHOT'0 OTOpYy TPYOONpOBOIY.

[MPUMITKA 3nauenHs, sike Mae OyTH MPUITHCAHO
Koe(]iIieHTy 3amacy MIIHOCTI Yp2 7151 BUKOPUCTAHHS B
KpaiHi, MokHa 3HaiiTh B 11 HamiomamsHOMY JlomaTky.
PexomenjoBaHe 3HAUCHHS TOPIiBHIOE: Ypo = 1,3.

np ACTY-H b EN 1998-4:201X

4.5.2.2 Shell

(1)P Tanks shall conform to 3.5.2.2(1)P.

NOTE Information for the ultimate strength capacity
of the shell, as controlled by various failure modes, is
given in Informative Annex A.

4.5.2.3 Piping

(1) If reliable data are not available or more
accurate analyses are not made, a relative
displacement between the first anchoring
point of the piping and the tank should be
postulated to take place in the most adverse
direction, with a minimum value of:

(4.1)
where:

x distance between the anchoring point of
the piping and the point of connection with
the tank (in meters);

Xo 500 m, and

dy design ground displacement as given in
EN 1998-1:2004, 3.2.2.4(1).

(2)P 1t shall be verified that in the seismic
design situation, including the postulated
relative displacements of (1), vyielding is
restricted to the piping and does not extend to
its connection to the tank, even when an
overstrength factor vy, on the design
resistance of the piping is taken into account.

NOTE The value to be ascribed to the overstrength
factor yp for use in a countiy, may be found in its
National Annex. The recommended value is: yp=1,3.
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(3)P [IpoexTHuii omip €JICMCHTIB
TpyOOTIpOBOJly TOBHHEH OI[IHIOBATUCS B
cranmux  abo  MepexiTHUX  MPOEKTHHX
CUTYAITIsX.

4.5.2.4 AHKepHi kpinJieHHs

(1)P  PesepByapu TOBUHHI BiANOBIZATH

Bumoram 3.5.2.3(1)P.
4.5.2.5 ®yngameHTn

(1)P  PesepByapu TIOBHMHHI BiANOBIZATH

Bumoram 3.5.2.4(1)P.
BIIIOBIIATH

(2)P  PesepByapu mOBHHHI

Bumoram 3.5.2.4(2)P.
4.6 lonaTkoBi 3axoau
4.6.1 O0Bas1yBaHHs

(1)P PesepByapu, oanHOYHI 200 B Tpymax, ki
MIPOEKTYIOTHCS 3 KOHTpPOJIEM abo
BUKITIOYCHHSIM BUTOKIB, 3 METOIO
3amo0iraHHsl TOXXEeX, BHOYXiB 1 BHUKHUIIB
TOKCUYHHMX  MaTepiaiB, TOBUHHI  OyTH
3axuIeHi oOBamyBaHHSM (TOOTO TOBHWHHI
OyTH OTOUYEHI KaHABOIO 1/a00 HACHTIOM).

(2)P  dxmo  pesepByapud = MOHTYIOThCS
rpynamy,  OOBaJyBaHHS  MOXe  OyTH
nepeabadeHo abo ISl KOXKHOTO pe3epByapy
okpemMo, abo s uwioi Tpymu. Skmio
HACITIIKH MO>KJIMBOTO pYHHYBaHHS
oOBallyBaHHS  PO3TJISNAIOTBCS  SIK  TSKKI,
MMOBHHHE BUKOPUCTOBYBATHUCS IHIWBIIyaJIbHE
oOBaTyBaHHS.

(3)P OOBanyBaHHS MOBHHHE MPOEKTYBATHCS
TaKUM 4YHHOM, 0O BOHO 30epirago CBOIO
MOBHY LUTICHICTh (BICYTHICTh BUTOKIB) MPH
MPOCKTHOMY  CEHCMIYHOMY BIUIMBI, IO
BIJINOBIa€ KIHIIEBOMY TPAaHUYHOMY CTaHy
3aMKHYTO1 CHCTEMHU.
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(3)P The design resistance of piping elements
shall be evaluated as in the persistent or
transient design situations.

4.5.2.4 Anchorages

(1)P Tanks shall conform to 3.5.2.3(1)P.

4.5.2.5 Foundations

(1)P Tanks shall conform to 3.5.2.4(1)P.

(2)P Tanks shall conform to 3.5.2.4(2)P.

4.6 Complementary measures
4.6.1 Bunding

(1)P Tanks, single or in groups, which are
designed to control or avoid leakage in order
to prevent fire, explosions and release of
toxic materials shall be bunded (i.e. shall be
surrounded by a ditch and/or an
embankment).

(2)P If tanks are built in groups, bunding may
be provided either to every individual tank or
to the whole group. If the consequences
associated with potential failure of the bund
are considered to be severe, individual
bunding shall be used.

(3)P The bunding shall be designed to retain
its full integrity (absence of leaks) under the
design seismic action relevant to the ultimate
limit state of the enclosed system.



4.6.2 PoziuBanHg

(1)P TIpu BimcyTHOCTI SIBHHX OOIpYHTYBaHb
(nuB. 4.1.2(1)P), MTOBUHEH OyTH
nependavyeHuil 3armac mo BUCOTI, PIBHHH, SK

MIHIMYM, pPO3paxyHKOBOi BHCOTI XBHJIb
PO3IUIECKYBaHHS.
[TPUMITKA [adopmanis 10710 IpoLexyp

BH3HAYCHHS BHCOTH XBWJIb PO3IUICCKYBaHHS HaBelcHA
B [HpopmatusHOMY JlomaTky A.

(2)P 3amac no BHCOTI, piBHUH, SK MIHIMYM,
PO3paxyHKOBO1 BHCOTI XBHJIb
PO3IUIECKYBAHHS, MMOBUHEH Oyt
nependavyeHuil y TOMy BUINAJKY, SKIIO BMICT
€ TOKCHYHHMM, al0 SKIIO OpU3KH BMICTY
3laTHI TPHU3BECTU [0 MOLIKOJKEHHS TpYyO
abo0 miAMUTTIO (QYH/IaMEHTY.

(3) 3amac mo BHCOTI MEHIIE PO3PaXyHKOBOT
BHCOTH XBUJIb PO3IUIECKYBAaHHS MOXE OYyTH
NOCTaTHIM, SIKIIO Jax 3allpOeKTOBaHUNA Ha
BIAMIOBITHHMI MIABUIIEHUNA THCK, 200 SKIIO
nependavyeHuit 3IMBHUNA OTBIP 711 KOHTPOJIIO
IIPOJIMBAHHS.

(4) Hemndyroui mnpuctpoi, Taki, K,
HalpuKIaJ, pPOCTBEPKH ab0 BEPTUKAIbHI
MEPEropoOJIKH, MOXKYTh BUKOPHCTOBYBATHCS
JUTSl 3MEHIIICHHSI PO3ILICCKYBaHHS.

4.6.3 B3aemojuisi Tpy0onpoBoaiB

(1)P TpyGompoBo 1M TOBHHHI MPOEKTYBATHCS
TaKUM YHHOM, M00 Oynu 3BeAeHI [0
MIHIMYMY HECHPHSTIMBI BIUIMBH B3a€MOJIil
MDK OKPEMHUMH pe3epByapaMH 1 MiK
pe3epByapamu Ta IHITUMH CIIOPYIaMH.
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4.6.2 Sloshing

(1)P In the absence of explicit justifications
(see 4.1.2(1)P), a freeboard shall be provided
having a height not less than the calculated
height of the slosh waves.

NOTE Information on procedures to determine the
sloshing wave height are presented in Informative
Annex A.

(2)P Freeboard at least equal to the calculated
height of the slosh waves shall be provided, if
the contents are toxic, or if spilling could
cause damage to piping or scouring of the
foundation.

(3) Freeboard less than the calculated height
of the slosh waves may be sufficient, if the
roof is designed for the associated uplift
pressure or if an overflow spillway is
provided to control spilling.

(4) Damping devices, as for example
grillages or vertical partitions, may be used to
reduce sloshing.

4.6.3 Piping interaction
(1)P The piping shall be designed to
minimize unfavourable effects of interaction

between tanks and between tanks and other
structures.
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5 KOHKPETHI INPUHIUIIN I
INPABUJIA 3ACTOCYBAHHA JIA
HAJIBEMHUX TPYBOIITPOBO/JIB

5.1 3arajpHi HOJI0KEHHH
(1) Mera

BCTAHOBJICHHI
3aCTOCYBaHHS

BOTO  PO3IUTy TOJISITae Yy
OPUHOUOIB 1 TpaBHI
KOHCTPYKTUBHHX  aCIEKTiB

CEMCMIYHOTO MIPOEKTYBaHHS CHCTEM

Haj3eMHUX TpybompoBoxaiB. Lleit po3min

MOJKE€ TAaKOX BHUKOPHCTOBYBATHCS SIK OCHOBA

JUIS OLIHKHA OIOpY ICHYIYOI'0 HaJ3€MHOIO

TpyOOTIpOBOAY 1 Uil OIIHKH OYyJb-SIKOTO

HEOOX1THOTO MMiJICUIICHHS.

(2) CeiicMiuyHEe TPOEKTYBaHHS HAJI3EMHOIO
TPYOOITPOBOIY BKJIFOUA€E B ceO€ BCTAHOBJICHHS
PO3TaIIyBaHHS 1 XapaKTEPUCTHUK OTIOP 3 METOIO
OOMEKEeHHS HaIpyru B eJIEMEHTax
TpyOOIIpoBOy 1 OOMEXKEHHS HaBaHTAXCHb,
3aCTOCOBAHOTO JI0 OOJaTHAHHS, PO3MIIIIEHOTO
Ha TpyOONpOBOAL, Takoro, $K KJamaHH,
pe3epByapu, HacocH ab0  BHUMIPIOBAIbHI
npwiagy. I[li oOMexxeHHS He BHU3HAUEHI Yy
[IbOMY CTaHIApTi, 1 1X Mae HaJaTH BIACHHUK
criopyau abo BUPOOHUK OOJIaJHaHHSI.

(3) Cucremu  TpyOOIPOBOAIB  3a3BHYAM
BKJIFOYAIOTh B celOe MesKl MOB'si3aHl 3 HUMH
CIIOPYAM, TaKi, SIK HACOCHI CTaHIIi, ICHTPH
yIIPaBIIiHHS, CTaHIi OOCIyroBYBaHHS 1 T. .,
KOXKHa 3 SKHUX BMIIIae B ceOe pi3HI THUIH
MEXaHIYHOTO Ta EJIEKTPUYHOTO OOJaHAHHS.
OCKUIBKH 11i CIIOPYAM MarOTh ICTOTHUH BILIUB
Ha OesmnepeOiitHe (QYHKIIOHYBaHHS CHUCTEMH,
HEOOXiTHO TPUAUIMTHA 1M aJeKBaTHY yBary B
mporieci CEHUCMIYHOTO MIPOEKTYBaHHS,
CIIPSIMOBaHY Ha 33JI0BOJICHHSI 3arJIbHUX BUMOT
10 HamiHOCTI. SIBHUMIA PO3IJIS WX CIOPY/
BUXOJUTh 332 paMKHA IIbOTO  CTaHIApTYy.
dakTHYHO, JESKI 3 IIUX CIIOPY/ PO3TJIISIA0THCS
B crarmapti EN 1998-1, Tomi six ceiicmiune
MPOCKTYBAHHS MEXAHIYHOTO Ta EJICKTPUIHOTO
o0aIHaHHS BUMAarae J10JIaTKOBUX KOHKPETHHUX
KPHTEpIiB, sIKI BUXOJATH 32 paMKu €Bpokoay 8
(muB. 1.1(8) mpo celicMiYHUIT 3aXUCT OKPEMHX
crnopya abo KOMITOHEHTIB CHCTEM
TpyOOIIPOBOMIIB 32 JIOTIOMOTOI0 CEeUCMIUHOT
130JIs1111).
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5 SPECIFIC  PRINCIPLES AND
APPLICATION RULES FOR ABOVE-
GROUND PIPELINES

5.1 General

(1) This section aims at providing principles
and application rules for the seismic design of
the structural aspects of above-ground
pipeline systems. This section may also be
used as a basis for evaluating the resistance of
existing above-ground piping and to assess
any required strengthening.

(2) The seismic design of an above-ground
pipeline comprises the establishment of the
location and characteristics of the supports in
order to limit the strain in the piping
components and to limit the loads applied to
the equipment located on the pipeline, such as
valves, tanks, pumps or instrumentation.
Those limits are not defined in this standard
and should be provided by the owner of the
facility or the manufacturer of the equipment.

(3) Pipeline systems usually comprise several
associated facilities, such as pumping
stations, operation centres, maintenance
stations, etc., each of them housing different
types of mechanical and electrical equipment.
Since these facilities have a considerable
influence on the continued operation of the
system, it is necessary to give them adequate
consideration in the seismic design process
aimed at satisfying the overall reliability
requirements. Explicit treatment of these
facilities, however, is not within the scope of
this standard. In fact, some of those facilities
are covered in EN 1998-1, while the seismic
design of mechanical and electrical
equipment requires additional specific criteria
that are beyond the scope of Eurocode 8 (see
1.1(8) for the seismic protection of individual
facilities or components of pipeline systems
through seismic isolation).



(4)P Hdnsa popmysroBaHHS 3arajbHUX BHMOT,
SIKUM HEOOXIIHO CIiyBaTH, a TaKOX IS 1X
peanizariii, cucteMu TpyOOTIPOBOIIB MOBUHHI
BIJIPI3HATHUCS HACTYITHUM:

- OIMHAPHI JiHIT
- MEpEeXi 3 pe3epBYBaAHHSIM.

(5)P TpyOompoBia HOBHHEH PO3TIISLIATHCS SIK
OJIMHApHA JIiHis, KOJIA Ha HOTO TIOBEIIHKY i
yac 1 michs ceWcMiuyHOl MOoAll He BIUIMBAE
MOBE/AIHKA IHIIMX TPyOONpPOBOMIB, 1 SKIIO
HacliIKU Moro pyHHYBaHHS TOPKAIOTHCS
TUIBKM TUX (YHKIIM, BUKOHAHHS SKHX
HEOOX1/IHO Bijl HHOTO.

5.2 Bumoru 0e3neku
5.2.1 CraH oOMeKeHHs 30UTKY

(1)P Cucremu TpyOONpOBOIIB TMOBUHHI
OyayBaTUCS TaKMM YMHOM, 1100 BOHH MOTJIH
MIATPUMYBATH CBOIO MPOIYCKHY 3JaTHICTb
MiCIIsA  CEMCMIYHOU] BIUIMBY $K TIJI00anbHa
cucTteMa OOCITYroByBaHHS, BIIMOBIIHOTO
«MIHIMaJIBHOTO  EKCIUTYaTaIliiHOTO  PIBHS»
(muB. 2.1.3), HaBITh 31 3HAYHUM MICIICBUM
MTOILIKOKEHHSIM.

(2) Homyckaerbcs 3araibHa aedopmartis
TpyOOmpoBOy, sKa He Oimbmie, HDK B 1,5
pasa nepesuinye naedopmaliiro TEKy4ocTi, 3a
YMOBH BIJICYTHOCT1 PU3HKY BTPAaTH CTIMKOCTI
1 SKIIO HABAaHTAKCHHS TNPUKIANCHI 0
AKTHBHOTO OOJIaJJHAHHS, TAKOTO SIK KJIAIlaHH,
HAcoCH 1 T. 1I., HE OyIyTh BUXOJUTH 32 MEXKI1
ix pobodyoro mianazony.

5.2.2 KinneBuii rpaHUYHHUI CTaH

()P OcHoBHuMHU  3arpo3amu  Oe3rell,
0e3rocepe/IHbO  TOB'SI3aHUMU 3 PO3PHUBOM
TpyOONpOBOAYy MiA yYac celcMiyHOl monii, €
BUOyX 1 TOXKexa, B OCOOMUBOCTI JJIst
ra3onpoBojiiB. BigganeHicte po3TanryBaHHs i
BpA3NUBICTh HACETCHHS /0 BIUTUBY PO3PUBY
NOBUHHI OyTHM TMpHUHHATI OO YyBarm Npu
BCTaHOBJICHHI PIBHS CEWCMIYHOTO BIUIUBY,
BIJIMOBIAHOTO KIHIIEBOMY TPAaHUYHOMY CTaHy.
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(4)P For the formulation of the general
requirements to follow, as well as for their
implementation, pipeline systems shall be
distinguished as follows:

- single lines
- redundant networks.

(5)P A pipeline shall be considered as a
single line when its behaviour during and
after a seismic event is not influenced by that
of other pipelines, and if the consequences of
its failure relate only to the functions
demanded from it.

5.2 Safety requirements
5.2.1 Damage limitation state

(1)P Pipeline systems shall be constructed in
such a way as to be able to maintain their
supplying capability as a global servicing
system, after the seismic action relevant to
the 'minimum operating level' (see 2.1.3),
even with considerable local damage.

(2) A global deformation of the piping not
greater than 1,5 times its yield deformation is
acceptable, provided that there is no risk of
buckling and the loads applied to active
equipment, such as valves, pumps, etc., are
within its operating range.

5.2.2 Ultimate limit state

(1)P The main safety hazard directly
associated with the pipeline rupture during a
seismic event is explosion and fire,
particularly with regard to gas pipelines. The
remoteness of the location and the exposure
of the population to the impact of rupture
shall be taken into account in establishing the
level of the seismic action relevant to the
ultimate limit state.
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(2)P  Jns cuctem  TpyOOINpPOBOIIB  Ha
TINSTHKAX, YYTIMBUX bi (6] BIUIUBY
HABKOJIMIIHBOTO CEPEAOBUINA, UIKOJAA JUIS
HABKOJIMIIIHBOTO ~ CEPENIOBUINA,  3amojlistHa
pO3pUBaMU TPYOOIPOBOY, TAKOX IOBHHHA
OyTd mpuiiHATa 110 yBaru NpW BH3HAYCHHI
MIPUHHATHOTO PU3HKY.

5.3 CeilicMiyHU# BILIUB
5.3.1 3arajabHi M0JI0KEeHHS

(1)P Hacrymui Tunm mnpsMoi 1 HeEmpsMoi
CEUCMIYHOT HEOE3NEeKHu € JIOPEUHUMH IS

celiCMIYHOTO MIPOEKTYBaHHS CUCTEM
HaJ36MHUX TPYOOTIPOBO/IIB:

- Pyx, 00yMOBII€eHUI IHepLI€I0
TpyOONIpOBO/IB, BUKIUKAHUN CEHCMIYHUM

PYXOM, IPUKIIAJEHUM J0 IX OIIOP.

- HepiBHOMIpHUI pyX onop TpyOOIIpOBOIB.

(2) dns HEpIBHOMIPHOTO PyXy OTIOP MOXYTh
ICHYBaTH JB1 Pi3H1 CUTYaITIi:

- Jlns omop, BCTaHOBJICHUX O€3MOCEPETHBO
Ha TPYHTi, ICTOTHUWA HEPIBHOMIPHUN PyX
MOXJIMBUH TUTBKA BHACTIZIOK TIOPYIICHHS
IrpyHTY 1/ab0 mocTiitHuX nedopmartii.

- Jlna omop, fKi pO3TAIIOBaHI Ha PI3HUX
CTIOpy/ax, ceiicMiuHa peakilisi CIIOPYAu MOXKe
MPU3BECTH 70  HEPIBHOMIPHOTO  PYyXy
TpyOOTIPOBOTY.

5.3.2 CeiicMiynnii BILUIMB Ui iHEpPUilHUX
pyxiB

()P KinpkicHa OI[iHKA TOPHU30HTAIBLHHX
CKJIAJIOBUX CCHCMIYHOTO BIUIMBY ITOBHHHA
3MIACHIOBATUCA y BHpa3i CHEKTPY peakiil
(a00 cymicHHX akceneporpam), K 3a3Ha4€HO
B EN 1998-1:2004, 3.2.2.

(2) B po3paxyHOK ciliJ IpuiMaTy TUIbKH TPH
MOCTYMAaNbHI CKJIaJ0BI CEHCMIYHOTO BIUIUBY
(TobTo0, 00epTanbHUMHU CKJIQJOBUMH MOKHA
3HEXTYBATH).
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(2)P For pipeline systems in environmentally
sensitive areas, the damage to the
environment due to pipeline ruptures shall
also be taken into account in the definition of
the acceptable risk.

5.3 Seismic action
5.3.1 General

(1)P The following direct and indirect seismic
hazard types are relevant for the seismic
design of above-ground pipeline systems:

- Movement due to the inertia of the pipelines
induced by the seismic movement applied to
their supports.

- Differential movement of the supports of
the pipelines.

(2) For differential movement of supports two
different situations may exist:

- For supports which are directly on the
ground, significant differential movement is
possible only if there are soil failures and/or
permanent deformations.

- For supports which are located on different
structures, the seismic response of the
structure may create differential movements
on the pipeline.

5.3.2 Seismic action for inertia movements

(1)P The quantification of the horizontal
components of the seismic action shall be
carried out in terms of the response spectrum
(or a compatible time history representation)
as specified in EN 1998-1:2004, 3.2.2.

(2) Only the three translational components
of the seismic action should be taken into
account (i.e., the rotational components may
be neglected).



5.3.3 HepiBHOoMipHHuii pyx

(1) Komm  TpyOOmpoBix  CHHPAETHCS
Oe3mocepelHbO HA TPYHT, HEPIBHOMIpHUM
PYXOM MOXHA 3HEXTYBATH, 32 BUHATKOM THX
BUMAJKIB,  KOJIM  MOXYTb  BigOyTHCS
MOPYIICHHS IPYHTY abo MOCTiHHI
nedopmarii. YV 1mpoMy BHIIAIKy aMIDIITyay
PyXy CIiI OIIHIOBaTH 3 BHUKOPHUCTAHHSIM
BIJIIOBITHOTO METOTY.

(2) Konu TpyOompoBin cupaeThcsi Ha Pi3HI
CIOpYIHM, iX HEpPIBHOMIPHUH pyX ciij
BH3HAYaTH 3 PO3PAXYHKY CEUCMIYHOI peakxiiii
a00 3 BUKOPUCTAHHSM CIIPOIICHUX M1IXO/IB.

5.4 MeTtoau po3paxyHKy
5.4.1 MopenoBaHHsA

(1)P Monens TpyOOTIpOBOIY MOBUHHA OYyTH B
3M031 MIPEICTaBISATH KOPCTKICTb,
nemrgyBaHHS 1 MaCOB1 BJIACTHBOCTI, & TAKOXK
JUHAMIYHI CTYIEHI CBOOOJM CHCTEMHU 3
OKJIAJHAM PO3IIISIAOM, I10 Mipi
HEOOXI1THOCTI, HACTYITHUX aCHEKTIB:

- THYYKICTh TIJICTHUJIAIOYOTO
cucteMu (pyHIaAMEHTY;

TPYHTY 1
- Maca TEKy4oro CepeloBHUINa BCEpeANHI
TpyOOTIpORBOY;

- IVMHAMIYHI
KOHCTPYKIIIH;

XapPaKTCPUCTUKHU  OIMOPHHUX

- TUN 3'€IHaHHI MDK TpyOONpoBOAOM 1
OTIOPHOKO KOHCTPYKIII€IO;

- CTUKHM B3J0BX TpyOOompoBoAa 1 MIDK
OTIOpPaMH.

5.4.2 Po3paxyHok

(1) Po3paxyHok Hax3eMHUX TpyOONpOBOIIB
MOX€  BUKOHYBaTHCA 3a  JIOTIOMOTOIO
PO3paxyHKy MOJAJIbHOTO CHEKTpPY peakiii 3
BIIMOBIIHUM MPOEKTHUM CIEKTPOM peaKilii,
sk HaBegeno B EN 1998-1:2004, 3.2.2.5,
MOEHYIOUM MOJAJIbHI peakiii BiIMOBIIHO /10
EN 1998-1:2004, 4.3.3.3.2.

np ICTY-H B EN 1998-4:201X
5.3.3 Differential movement

(1) When the pipeline is supported directly on
the ground, the differential movement may be
neglected, except when soil failures or
permanent deformations are likely to occur.
In that case the amplitude of the movement
should be evaluated with appropriate
techniques.

(2) When the pipeline is supported on different
structures, their differential movement should
be defined from their seismic response analysis
or by simplified envelope approaches.

5.4 Methods of analysis
5.4.1 Modelling

(1)P The model of the pipeline shall be able
to represent the stiffness, the damping and the
mass properties, as well as the dynamic
degrees of freedom of the system, with
explicit consideration of the following
aspects, as appropriate:

- flexibility of the foundation soil and
foundation system;

- mass of the fluid inside the pipeline;

- dynamic characteristics of the supporting
structures;

- type of connection between pipeline and
supporting structure;

- joints along the pipeline and between the
supports.

5.4.2 Analysis

(1) Above ground pipelines may be analysed
by means of the modal response spectrum
analysis with the associated design response
spectrum as given in EN 1998-1:2004,
3.2.2.5, combining the modal responses
according to EN 1998-1:2004, 4.3.3.3.2.
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[MPUMITKA JlomaTkoBi TpaBWiia, IO CTOCYHOTHCS
KOMOIHAIii MONAJIBHUX peakIiid, a came I
BukopuctanHs [loBuoi Ksanmparmunoi KomOinamii,
HaseneHi B EN 1998-2:2005, 4.2.1.3.

(2) Moxxe  Tako)X  3aCTOCOBYBATHCS
PO3paxyHOK Ha aKCelIeporpamMu 3 CHEKTpaMu
CYMICHHX aKcelloTpamaM, y BiAIIOBITHOCTI 3
EN 1998-1:2004, 3.2.3.

(3) Po3paxyHOK «METOAOM OIYHOT CHIIH»
(MHIHHO-TIPYKHHIA) MOKeE TaKOX
3aCTOCOBYBAaTUCSl 3a YMOBH, IO 3HAU€HHS
3aCTOCOBAHOTO MPUCKOPEHHS OOTPYHTOBAHO.
3HaueHHs, 1O JOpiBHIOE 1,5-KpaTHOMY
MIKOBOMY CHEKTpY, 3aCTOCOBAHE /10 ONOpH, €
npuitHaITHUM.  [IpyHnumu 1 mpaBuia
3actocyBaHHs, 3a3HadeHi B EN 1998-1:2004,
4.3.3.2, MOXYTh 3aCTOCOBYBATHCS, SIKIIO II€
BBAKAETHCS IPUHHATHAM.

(4P  CeiicmiuHui  BIIMB ~ MOXE  OyTH
3aCTOCOBAaHUH OKpPEMO B3J0BXK JIBOX
MEePIEeHAUKYISIPHUX HAIMPSIMKIB (IONEPEYHOTO
1 TIO3MOBXHBOTO I MPSMOJIIHIHHUX
TpyOOTIPOBO/IIB); MaKCHMajbHAa KOMOIHOBaHa
peakiiiss Mae OyTH OTpUMaHa y BiIMOBIAHOCTI
no EN 1998-1:2004, 4.3.3.5.1(2) 1 (3).

(5)P ITpocropoBa MIHIHMBICTE pyXy IMOBHHHA
po3rysimaTHCS Y BCIX  BHINAgKaX, KOJH
TOBXHUHA TpyOompoBoay mnepeBuirye 600 M,
a00 KOJIM MPHUCYTHI T€OJIOTIYHI pO3PUBH a00
Mo3HaueHi TonorpadivHi 3MiHH.

(6) Ilpunnunu i1 mpaBWia 3acCTOCYBaHHS B
EN 1998-2:2005, 33 MOXYTh
BUKOPUCTOBYBATHUCS JIJISI IPUHHATTS JI0 YBaru
MIPOCTOPOBOI MIHIMBOCTI PYXY.

[MPUMITKA [omatkoBi Momemi sl HPUAHATTS IO
yYBard mMpoCTOPOBOi MIHIHMBOCTI pyXy IpPEICTaBICHI B
EN 1998-2:2005, Inpopmarusuuii JJonarok D.

5.5 Iloxka3HUKM NOBEAIHKHA

(1) 3pmatHicTh A0 AucUMalii HAA3EMHOTO
TpyOONpPOBOY, SKIIO Taka €, OOMEXYEThCS
HOro  OMOpPHOIO  CIOPYIOI0,  OCKUIBKH
pO3BUBATH JIMCUTIALLIO eHeprii B
HNIATPUMYIOUHX TpyOax 1 BaKKO, 1 HE3pYUHO,
32 BHUHATKOM 3BapHUX CTaleBUX TPYO.
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NOTE Additional rules regarding the combination of
modal responses, namely for the use of the Complete
Quadratic Combination is given in EN 1998-2:2005,
4.2.1.3.

(2) Time history analysis with spectrum
compatible accelerograms in accordance with
EN 1998-1: 2004, 3.2.3 may also be applied.

(3) The «lateral force method» of (linear-
elastic) analysis may also be applied,
provided that the value of the applied
acceleration is justified. A value equal to 1,5
times the peak of the spectrum applying at the
support is acceptable. The principles and
application rules specified in
EN 1998-1:2004, 4.3.3.2, may be applied if
considered appropriate.

(4)P The seismic action shall be applied
separately along two orthogonal directions
(transverse and longitudinal, for straight
pipelines); the maximum combined response
shall be obtained in accordance with
EN 1998-1:2004, 4.3.3.5.1(2) and (3).

(5)P Spatial variability of the motion shall be
considered whenever the length of the
pipeline exceeds 600 m or when geological
discontinuities or marked topographical
changes are present.

(6) The principles and application rules in EN
1998-2:2005, 3.3 may be used to take into
account the spatial variability of the motion.

NOTE Additional models to take into account the
spatial variability of the motion are given in
EN 1998-2:2005, Informative Annex D.

5.5 Behaviour factors

(1) The dissipative capacity of an above-
ground pipeline, if any, is restricted to its
supporting structure, since it is both difficult
and inconvenient to develop energy
dissipation in the supported pipes, except for
welded steel pipes. On the other hand, shapes



3 iHmoro Ookxy, dopmu 1 Marepian, IO
BUKOPUCTOBYIOTBCS JUIS OTIOP, 3MIHIOIOTHCS B
Oy)Ke IMIUPOKUX MEXax, II0 poOHThb
NPAKTUYHO  HEMOXKJIMBHUM  BCTAaHOBJICHHS
BeIMYMH I TOKAa3HHWKIB TOBEIIHKU 3
3arajibHOI0 BUKOPHUCTOBYBAHICTIO.

(2) Ans omopHUX criopyl TpyOOIpoBOIiB O€3
CeMCMIYHOT 130JIALli1, BIAMOBIAHE 3HAYCHHS (]
Moxxke Oyt B3site 3 EN 1998-1 1 EN 1998-2,
Ha TMiACTaBi  KOHKPETHOI ~ KOMIIOHOBKH,
Marepiaiy 1 piBHS AeTani3alii.

3) CranmeBi  3BapHi
JNEMOHCTPYIOTh ~ 3HauHy jgedopmariiro 1
3MaTHICTh 10 JMcUNalii, 3a YMOBH IX
JOCTaTHbOI TOBIIMHU. Jljis TpyOOIpOBOAIB,
0e3 ceiicMiyHOI  I30JIAIii, SKI  MAalOTh
BIIHOIICHHS pajiycy A0 ToBiuHi (r/t) MeHie
50, TOKa3HWK IOBEMIHKH, (, SKHHA IMMOBHHEH
BUKOPUCTOBYBATUCS [UISI TIEPEBIPKU  TPYO
Moke Oyt npuiHsTHA piBHUM 3,0. ko
BigHoeHHs I/t menme 100, 3HaYCHHS ( MOXKE
Oyru piBauM 2,0. B 1HmmMX Bumaakax
3HA4YeHHS (| U1 IPOEKTYBaHHS TPyOOIPOBOLY
HE MOKe ipuiiMartucs outbie 1,5.

TpyOOTIPOBOAM

(4) dns mepeBipkd ommop Maii CEMCMIYHOTO
BIUIMBY, OTPHUMaHi 3 PO3PaxyHKY, IMOBUHHI
Oyru momHOoXeHi Ha (1 + Q)/2, ne q -
MMOKa3HUK MTOBEIIHKA TpyOOIIpOBOIY,
BHUKOPHUCTAHHUH Y HOTO TIPOCKTI.

5.6 Bepudixkauii

()P Edexr HaBaHTa)KeHHs, BUKIHUKAHWH B
OTIOPHUX eJeMeHTaX (OMOpH, paMu 1 T. 1.) B
CeMCMIUHIA MPOEKTHI cuTyalil NOBUHEH
OyTu MeHIe abo TOPIBHIOBATH MPOEKTHOMY
OTOpy, OIIIHEHOMY fAK Ui cTanoi abo
nepexiAHo1 MPOEKTHOT CUTYaIlil.

(2P Ilpm  HaiOULIBII  HECHPHUATIUBIHN
KOMOiHamii  ochOBMX 1  00epTaIbHHUX
nedopmariiii, oOyMOBIEHUX 3aCTOCYBaHHIM
CEMCMIUHOTO BIUTMBY, IO BITHOCHUTHCS JIO
BUMOTH «MIHIMQJIBHOTO €KCILTyaTallifHOTO
PIBHS», IOBUHHO OYTH MEPEBIPEHO, 110 BY3/IH
HE 3a3HAIOTh VYIIKO/KEHb, SKi Moriu O
MIPU3BECTH JI0 BTPATU T€PMETHIHOCTI.

np ACTY-H b EN 1998-4:201X

and material used for the supports vary
widely, which makes it unfeasible to establish
values for the behaviour factors with general
applicability.

(2) For the supporting structures of non-
seismically-isolated pipelines, appropriate
values of g may be taken from EN 1998-1
and EN 1998-2, on the basis of the specific
layout, material and level of detailing.

(3) Welded steel pipelines exhibit significant
deformation and  dissipation  capacity,
provided that their thickness is sufficient. For
non-seismically-isolated  pipelines  which
have a radius over thickness ratio (r/t) of less
than 50, the behaviour factor, q, to be used
for the verification of the pipes may be taken
as equal to 3,0. If the r/t ratio is less than 100,
g may be taken as equal to 2,0. Otherwise, the
value of q for the design of the pipeline may
not be taken greater than 1,5.

(4) For the verification of the supports, the
seismic action effects derived from the
analysis should be multiplied by (1 + q)/2,
where q is the behaviour factor of the pipeline
used in its design.

5.6 Verifications

(1)P The load effect induced in the
supporting elements (piers, frames, etc) in the
seismic design situation shall be less than or
equal to the design resistance evaluated as for
the persistent or transient design situation.

(2P  Under the most unfavourable
combination of axial and rotational
deformations, due to the application of the
seismic action relevant to the «minimum
operating level» requirement, it shall be
verified that the joints do not suffer damage
that may cause loss of tightness.
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6 KOHKPETHI INPUHIUIIN I
INPABUJIA 3ACTOCYBAHHA JIA
HIA3EMHUX TPYBOITPOBO/IB

6.1 3arajapHi MOJI0KEeHHH

(1) Mera 1BOro po3ALTy TOJATAE
BCTAaHOBJICHHI ~ MNPHUHIMIIB 1  MpaBHI
3aCTOCYBaHHS ULt CEMCMIYHOTO

MPOEKTYBaHHS 1 U OLIHKK OMOPY CHUCTEMHU
MiI3EMHUX TPYOOIIPOBOIIB 0 3€MIIETPYCIB.

(2) HaBitp He3Bakaouun Ha T€, IO MOXKE
OyTM TMpOBEAE€HAa PI3HULS MDK PpI3HUMHU
CHUCTEeMaMH TpyOOIPOBOAIB, $IK, HAaNpPUKIIAL
OJIMHAPHI JHIT 1 CUCTEMH 3 PE3EPBYBAHHSAM, 3
MIPAaKTHYHUX MIpKYyBaHb, TpyOOIIpOBiZ
pO3risaeTbcs B JIaHOMY BHUMAAKY SIK
OJIMHapHa JIHIS, SKIIO Ha HOro MexaHluyHy
MOBEIIHKY T/ Yac 1 MICas CEMCMIYHOT mo il
HE BILTUBAE MOBEAIHKA 1HIITHAX
TpyOONpOBOMIB, 1 SAKIIO HACIAKK HOro
MO>KJIMBOTO PO3PUBY TOPKAIOTHCS TUIBKU THUX
(GyHKIM, BHUKOHaHHS SKUX TMOTPiOHI BiA
3a3HAYEHOTO TPYOOIIPOBOY.

(3) Mepexi 9yacTo € 3aHAATO BEIMKAMHU Ta
CKJIAJTHUMH JUIS TOTO, MO0 PO3TIISAaTUCS SIK
1ijie, a TOMY HPAKTUYHO BUIPABIAHOIO 1
3pYYHOIO € iIeHTU(]IKaIlisd OKPEMHUX MEPEK B
MEXKax 3arajibHOi Mepexi. ImeHTudikaris
MOXe OyTH pe3yabTaTOM BiIJIIJICHHS OLIBIIOT
YaCTUHH CUCTEMH (HANPHUKIIAJ], peTriOHaTbHAN
PO3IOAUT) Bii MEHIIOI YaCTUHU (HAMPUKIIA],
MICBKUH  po3monii) abo  TPOBEACHHS
BIIMIHHOCTI MDK OKpPeMHUMH (QYHKIIISIMH,
BUKOHYBaHMMH OJIHIEFO CHCTEMOIO.

(4) Sk mpuknanm mo myHKTy (3), Michka
CUCTeMa pO3MOJUTy BOJIM MOXKE OyTH
pO3/ieHa Ha OJIHY MEPEXKy, 0OCIyroByHOUy
BYJIUYHI BOTHETACHHKH, 1 APYry MEpEexy,
00CIIyrOByIO4y TpPHUBATHUX KOPHCTYBadYiB.
Posnonin crnpustume 3a0e3MEeYeHHI0 PI3HUX
piBHIB HajidHOCTI a1 aBOoX cucteM. Cuin
3a3HAYUTH, WIO PO3MOJUT BiAHOCUTHCS JO
GyHKLIN 1, TAKAM YMHOM, HE OOOB'SI3KOBO €
¢G13U4YHUM; 1Bl Pi3HI MEpeXi MOXYTh MaTu
KUTbKa 3arajibHUX €JIEMEHTIB.
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6 SPECIFIC PRINCIPLES AND
APPLICATION RULES FOR BURIED
PIPELINES

6.1 General

(1) This Section aims at providing principles
and application rules for the seismic design
and for the evaluation of the earthquake
resistance of buried pipeline systems.

(2) Even though distinction can be made
among different pipeline systems, like for
instance single lines and redundant systems,
for the sake of practicality a pipeline is
considered here as a single line if its
mechanical behaviour during and after the
seismic event is not influenced by that of
other pipelines, and if the consequences of its
possible failure relate only to the functions
demanded from it.

(3) Networks are often too extensive and
complex to be treated as a whole, and it is
both feasible and convenient to identify
separate networks within the overall network.
The identification may result from the
separation of the larger scale part of the
system (e.g. regional distribution) from the
finer one (e.g. urban distribution), or from the
distinction  between separate  functions
accomplished by the same system.

(4) As an example of (3), an urban water
distribution system may be separated into a
network serving street fire extinguishers and
a second one serving private users. The
separation would facilitate providing different
reliability levels to the two systems. It is to be
noted that the separation is related to
functions and it is therefore not necessarily
physical; two distinct networks can have
several elements in common.



(5) IlpoexryBaHHs Mepex TpPyOOIPOBOIIB
BKJIIOYA€ JI0JATKOBI BUMOTH 0 HAIIMHOCTI 1
MPOEKTHI MiIXOIU IO BIIHONIICHHIO JI0 THX,
K1 mepeadadeHi B IbOMY CTaHIapTi.

6.2 Bumorn 0e3nexn
6.2.1 Cran oOMe:xeHHsI 30UTKY

(1)P Cucremu mig3eMHUX TPYOOIIPOBO/IIB
MOBHHHI MTPOEKTYBATHUCS 1 OyIyBaTUCS TaKUM
YUHOM, 100 MiATpUMYBajacs iX LUTICHICTb,
abo JesKa YyacTHMHA IX MPOIYCKHOT 31aTHOCTI
MiCTsl CeMCMIYHOT MO11 BIAMOBIAHO JI0 CTaHy
oOmexxeHHst 30uTKy (mmB. 2.1.3) HaBiTh 3
ypaxyBaHHSM MICLEBOTO MOIIKOKEHHS.

6.2.2 KinueBuii rpaHnyHmuii cTaH

(1)P Ilim3emni TpyOOMpPOBOAM TOBUHHI
BigmoBigatu Bumoram 5.2.2(1)P.
(2)P Ilim3emni TpyOOMpPOBOAM TOBUHHI

BiamoBigatu Bumoram 5.2.2(2)P.
6.3 CeilicMiuyHNi BILINB
6.3.1 3arajanHi NoJIoKeHHSA

()P Ceiicmiune MPOEKTYBaHHS CHCTEMHU
MI3eMHUX TPYOOIIPOBOAIB Ma€e BPaxOByBaTH
HAaCTyMHI THUOW  TOpsAMOi 1 HempsMoi
CeHCMIYHOT HEOC3IEKH

a) CEHUCMIYHI XBHIIi, IO PO3MOBCIOKYIOTHCS
Ha TBEPIOMY TPYHTI 1 CTBOPIOIOTH PIi3HY
IHTEHCUBHICTh CTPYCy IPYHTY B PI3HUX
TOYKaX Ha TOBEpXHI 1  IPOCTOPOBI
nedopmariii 3pa3kiB IpyHTY B TPYHTOBOMY
CEPEIOBHIII];

b) mocriiini  gedopmartii,  BHUKIHKaHI
3eMJIeTpycaMH, Taki, SK IEepPEeMIlICHHS
CEMCMIUHUX PO3NIOMIB, 3CYBH, MEPEMIIICHHS
IPYHTY, BUKJIHKAH1 PO3PIHKEHHSIM.

(2)P 3arampHi BHUMOTH, IO CTOCYIOTHCS
OOMEXeHHS  YIIKO/DKEHb 1 KIHIIEBOTO
TPaHUYHOTO CTaHy, MOBWUHHI BHUKOHYBATHCS
JUIs BCIX THUMIB HeOE3MeK, 3a3HAYeHUX Y
myHkTi (1)P.

np ACTY-H b EN 1998-4:201X

(5) The design of pipeline networks involves
additional reliability requirements and design
approaches with respect to those provided in
the present standard.

6.2 Safety requirements
6.2.1 Damage limitation state

(1)P Buried pipeline systems shall be
designed and constructed in such a way as to
maintain their integrity or some of their
supplying capacity after the seismic events
relevant to the damage limitation state (see
2.1.3), even with considerable local damage.

6.2.2 Ultimate limit state

(1)P Buried pipelines shall conform to
5.2.2(1)P.

(2)P Buried pipelines shall conform to
5.2.2(2)P.

6.3 Seismic action
6.3.1 General

(1)P The seismic design of buried pipeline
systems shall take into account the following
direct and indirect seismic hazard types:

a) seismic waves propagating on firm ground
and producing different ground shaking
intensity at distinct points on the surface and
spatial soil deformation patterns within the
soil medium;

b) permanent deformations induced by
earthquakes such as seismic  fault
displacements, landslides, ground

displacements induced by liquefaction.

(2P The general requirements regarding
damage limitation and the ultimate limit state
shall be satisfied for all of the types of
hazards specified in (1)P.
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(3) Jns ueGesmek tumy (D), 3a3HayeHUX Y
nyHkti (1)P, B minomy, MOXHaA MPUIYCTHTH,
1110 33JI0BOJICHHSI KIHI[EBOTO I'PAHMYHOTO CTaHy
3a0e3revuye  TaKoK  BUKOHAHHS  BUMOT
OOMEKCHHS YIIIKO/PKECHb, TaK IO MOXE OyTH
BHUKOHAHA TUTLKHU OJIHA ITEPEBIpKa.

(4) To#t ¢akr, mo cucremu TPyOOTPOBOIIB
MEPEeTHHAIOTH a00 MOIIMPIOIOTHCS HA BEIUKI
reorpadiuni perionu i BUMAararoTh
NpUEIHAHHS NIEBHUX TUITHOK, HE 3aBXKIU J1a€
MOXKJIUBICTh HalKpaloro BUOOpY
MIATPUMYIOUOTO IpyHTY. binbiie Toro, moxe
OyTM TpakTHYHO HEMOXKIMBO YHHKHYTH
MEePETUHY TOTEHIIIITHO aKTUBHUX PO3JIOMIB,

abo  OoOIMTM  TIPYHTH,  CXWIbHI [0
pO3pIIKEeHHs, a00 AUITHKHU, K1 MOXYTb OYyTH
MOpYIIEH1 3CyBaMH, BUKJIMKAHUMH

3eMJIETpycaMH, 1 BEJIUKAMH TOCTIHHUMH
nedopmarlisiMiu IpyHTY.

(5) Curyauia, omucaHa B NyHKTI (4), SBHO
CyMepeuuTh CUTYyalli IHIIUX CHOPY.H, HpU AKIH
HEOOXITHOI0O YMOBOIO JIJISI CaMOi MOJKJIMBOCTI
OyIIBHUIITBA € T€, MO0 HMOBIPHICTh MOPYIIICHb
TPYHTIB OyIb-IKOTO THIY OyJia 3HEBAKIUBO
Manoi. BigmoBigHo, B OUIBIIOCTI BMIIAJKIB,
nposB HeOe3mnek tuny (D), 3a3HaUYeHUX y MyHKTI
()P, He moxxe Oyt BuKIrOUueHui. Ha mincrasi
JMOCTYIHUX JaHWX 1 JOCBiAy, JJis BU3HAYCHHS
MO/IeNi TaHO1 HeOe3MeKH CITiI BUKOPUCTOBYBATH
0OTpyHTOBaHI1 IOMYIICHHS.

6.3.2 CeiicMiyHMH BILUIMB Ui iHEPUiHHMX
pyxiB

(1)P KinbkicHa OI[iHKAa CKJIaJOBHMX BiOparriif
Bl 3eMmJIeTpycy TOBHHHa  OyTH Yy
BIIOBIIHOCTI 3 2.2.

6.3.3 MogaesioBaHHA ceiicMiYHUX XBUJIb

(1)P IToBuHHa OyTH BCTaHOBJIEHA MOJIENb IS
CEMCMIUHUX XBUJIb, 3 fAKOi MOXYTb OyTu
BuBeneHi  nedopmarmii 1 BHUKpPUBIEHHS
I'PYHTIB, 10 BIUIMBAIOTh Ha TPyOOTIPOBII.

[MPUMITKA TadopmatuHmiA nogatok B mepenbadae
METOIM JJIsl PO3PaxyHKy HAmpyr 1 BHKPHBICHb Y
TpyOONpPOBOAI [UIA AESKAX BUMNANKIB, TPH MEBHUX
CTIPOIIYIOIHUX TPUMYIICHHSX.
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(3) For the hazards of type (b) specified in
(1)P it may be generally assumed that
satisfaction of the ultimate limit state
provides also fulfilment of the damage
limitation requirements, so that only one
verification may be performed.

(4) The fact that pipeline systems traverse or
extend over large geographical areas and
need to connect certain locations, does not
always allow the best choices regarding the
nature of the supporting soil. Furthermore, it
may not be feasible to avoid crossing
potentially active faults, or avoid soils
susceptible to liquefaction or areas that might
be affected by seismically induced landslides
and large differential permanent deformations
of the ground.

(5) The situation described in (4) is clearly at
variance with that of other structures, for
which a requisite for the very possibility to
build is that the probability of soil failures of
any type be negligible. Accordingly, in most
cases, the occurrence of hazards of type (b)
specified in (1)P cannot be ruled out. Based
on available data and experience, reasoned
assumptions should be used to define a model
for that hazard.

6.3.2 Seismic action for inertia movements

(1)P The quantification of the components of
the earthquake vibrations shall be in
accordance with 2.2.

6.3.3 Modelling of seismic waves

(1)P A model for the seismic waves shall be
established, from which soil strains and
curvatures affecting the pipeline can be
derived.

NOTE Informative Annex B provides methods for the
calculation of strains and curvatures in the pipeline for
some cases, under certain simplifying assumptions.



(2) Bibpamii rpyHTY TmpH 3emieTpycax
BHUKJIUKAIOTHCS TOETHAHHSM 3CYBHUX Ta
MMO3JI0BXKHIX XBHJIb, a TaKO)X XBWJIb JIsgBa 1
Penes. IIBuakocTi XBUJIb € (DYHKIIEIO TUIAXY
iX mepeMilieHHS dYepe3 marepian 3 OuTbIn
HU3BKOKO 1 BHCOKOIO IIBUIKICTIO. Pyxu
PI3HUX 4YaCTOK, TOB'SA3aHi 3 IMMHU THITAMHA
XBHJIb TIPU3BOJSATH A0 3aJIEKHOCTI HAPYTH 1
BUKPHUBJICHHS y TpPyOONpPOBOII TaKoX Bix
KyTa TMaJiHHS XBWJb. 3arajibHE MPaBUIIO
MoJISIra€ B TPUIYHICHHI, IO JUISHKH,
po3TalioBaHi nooau3y eHILEHTPY
3eMJIETPYCY OUTBIIOK MIPOI 3adiMaroThCs
3CYBHUMU 1  TIO3JOBXHIMM  XBHJISIMU
(o0'eMHUMH XBHJISIMH), TOA1 K IS IUISHOK,
BIIIaJIeHUX Ha OunbIni BimcTaHi, XBuil JIsBa 1
Penest (moBepxHeB1 XBUJI1) MalOTh TEHEHIIIIO
OyTu OUTBII 3HAYHUMHU.

(3)P Bubip xBuiib, sKi IOBHHHI OpaTuCs 10
yBary, i BIAMOBIIHI MIBAJIKOCTI
PO3MOBCIO/IKEHHS XBHJTb, TIOBHHHI
0a3yBarucs Ha Te0()I3UYHUX MIPKYBaHHSIX.

6.3.4 IlocTiliHi pyxXu IpyHTY

(1)P Cxemu po3puBY IPYHTY, MOB'S3aHOTO 3
pyXaMu TPYHTY, BUKIMKAHHUX 3EMJICTPYCOM,
BHACIIJIOK TTOBEPXHEBOTO COPOCOYTBOPECHHS
a00 3CyBiB, HMOBIpHO, € CKIAQAHUMHU 1
JEMOHCTPYIOTh ICTOTHI 3MIHU y
MepeMilleHHl, sAK (yHKII0 reosjoriyHoi
OyI0oBH, TUIy TPYHTY, @ TaKOX MArHITYyaH 1
TpuBaJiocTi 3emsierpycy. [loBuHHa OyTH
BCTAaHOBJICHA MOXUIUBICTh TIPOSIBY ~TaKHX
SBUII HA [JaHUX [OUIIHKAX 1 BHU3HAYEHO
BigmoBigHi Mmojeni (auB. EN 1998-5).

6.4 Meroau po3paxyHKy (IpOXOKeHHS
BOJIH)

(1)P  TlpumyckaeTbCsi ~ BUKOPHUCTOBYBATH
HICIS-TIPYXKHY Aedopmaliito TpyOonpoBOIiB.
[loBunna Oyt oriHeHa aedopmaliiiHa
3JIaTHICTh TPYOOIIPOBO/Y.

[MPUMITKA IlpuiiHATHUN METOA PO3PaxXyHKY IJs
MiI3eMHUX TPYOONPOBOAIB HA CTIHKOMY TPYHTI, IIO
0a3yeTbcs Ha TIPUOIN3HAX TIPUITYIIEHASX
XapakTEPUCTUK pyXy IPYHTY, MPEACTaBICHUH B
IapopmaruBHOMY HomaTky B.
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(2) Ground vibrations in earthquakes are
caused by a mixture of shear, dilatational,
Love and Rayleigh waves. Wave velocities
are a function of their travel path through
lower and higher velocity material. Different
particle motions associated with these wave
types make the strain and curvature in the
pipeline also depend upon the angle of
incidence of the waves. A general rule is to
assume that sites located in the proximity of
the epicentre of the earthquake are more
affected by shear and dilatational waves
(body waves), while for sites at a larger
distance Love and Rayleigh waves (surface
waves) tend to be more significant.

(3)P The selection of the waves to be taken
into account and of the corresponding wave
propagation velocities shall be based on
geophysical considerations.

6.3.4 Permanent soil movements

(1)P The ground rupture patterns associated
with earthquake induced ground movements,
either due to surface faulting or landslides,
are likely to be complex, showing substantial
variations in displacements as a function of
the geologic setting, soil type and the
magnitude and duration of the earthquake.
The possibility of such phenomena occurring
at given sites shall be established and
appropriate models shall be defined (see
EN 1998-5).

6.4 Methods of analysis (wave passage)

(1)P It is acceptable to take advantage of the
post-elastic deformation of pipelines. The
deformation capacity of a pipeline shall be
evaluated.

NOTE An acceptable analysis method for buried
pipelines on stable soil, based on approximate
assumptions of the characteristics of ground motion, is
given in Informative Annex B.
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6.5 Bepugikanii
6.5.1 3arajpHi M0JI0KEeHHH

(1) TpyGompoBoau, MpoKIaaeHi B CTIHKOMY 1
JIOCUTh  OJHOPITHOMY TPYHTiL, MOXYTb
NepeBipsATUCS TUTBKK Ha JedopMarlii TpyHTY,
00yMOBJIEHI POXOHKEHHSM XBUJIb.

(2P TIlimemHi  TpyOompoBoH, i
MEePETUHAIOTh JUISHKH, Ha SIKAX MOMJIHMBI
MOPYIIEHHS abo KOHIICHTPOBaHI1
CIIOTBOPEHHSI TPYHTy, Takl, sK OI4He
MOIIUPEHHS, PO3PIIKEHHS, 3CYBH 1 PyXH IO
CKUJAaHHIO, TIOBHHHI MPOEKTyBaTHUCs, U100
BUTPUMYBATHU 3a3HAYEHI SBUILA.

6.5.2 IlinzemHui TpydonpoBoaun Ha cTilikomMy
TPYHTI

(1)P Benuuumuu peaxiiii, oaepKyBaHi 3
PO3paxyHKy, MOBUHHI BKITIOYATH
MaKCHMaJIbH1 3HAYE€HHS OChOBUX Ae(opmariiii
1 KpUBU3HH Ta, JUISl HE3BAPHUX BY3IIB (TpyOH
3 TIOTIEPEIHBO HAIMPYKEHOTo ab0 3BUYANHOTO
3aii300eToHy),  o0OepTaJibHI 1 OCBOBI
nedopmaitii y By3ax.

(2)P B 3BapHux cTajneBuX TPyOOMpPOBOIAx

KoMOiHAaIis OCBOBHX nedopmartiit 1
KPUBU3HH, 00yMOBJICHUX POCKTHUM
CEHCMIYHUM  BIUIMBOM, ITIOBUHHa OyTH
CYMICHOIO 3 JIOCTYITHOK IUIACTHYHICTIO

Marepiary B pasi po3TAry, 1 3 ONOPOM JIi0
JIOKAJILHOT Ta TJI00AIBHOT BTpaTH CTIMKOCTI B
pa3i CTUCHECHHS:

- nomycTtuma nedopmaiis po3TsaryBanss: 3%;

- jgomyctuma  aedopmallis
minimym {1%; 20t/r (%)};

CTHUCHCHHA:

ne t 1 r - ToBHIMHA 1 pajaiyc Tpyowu,
BIJITOBIAHO.
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6.5 Verifications
6.5.1 General

(1) Pipelines buried in stable and sufficiently
homogeneous soil may be checked only for
the soil deformations due to wave passage.

(2)P Buried pipelines crossing areas where
soil failures or concentrated distortions are
possible, like lateral spreading, liquefaction,
landslides and fault movements, shall be
designed to resist these phenomena.

6.5.2 Buried pipelines on stable soil

(1)P The response quantities to be obtained
from the analysis shall include the maximum
values of axial strain and curvature and, for
unwelded joints (reinforced concrete or
prestressed pipes) the rotations and the axial
deformations at the joints.

(2P In welded steel pipelines the
combination of axial strain and curvature due
to the design seismic action shall be
compatible with the available ductility of the
material in tension and with the local and
global buckling resistance in compression:

- allowable tensile strain 3%;

- allowable compressive strain:

min {1%; 20t/r (%)};

where t and r are the thickness and radius of
the pipe respectively.



(3)P B OeronHux TpyOONpOBOIax MpH camii
HECTIPUSTIUBIN KoMOiHaIii OCBOBHUX
negopMmariii i KPUBU3HH, OOYMOBJIICHHX
MPOEKTHUM CEWCMIYHUM BIUTUBOM, T'PaHUYHI
nedopmartii s 6eToHy 1 cTaji He MOBUHHI
nepeuinyBatu BuzHadeni B EN 1992-1-1.

(4)P B OeroHHHX TpyOONpOBOJaX MpH camiid

HECIIPUATIUBOT KOMOiHaIil OCHOBHUX
negopMmariii i KpUBU3HH, OOYMOBJICHHX
CECMIYHUM  BIUIMBOM CTOCOBHO  CTaHy
0OMeXEeHHS 30UTKY, nedopmartis

PO3TATYBaHHS apMaTypHOI cTaji HE MOBUHHA
NEepEeBUIYBaTH  3HA4€Hb, SIKI  MOXYTb
MPUBECTH /10 3aJUIIKOBOI IMIMPUHI TPILIUH,
HECYMICHOIO 3 BUMOT'aMH I'€pMETUYHOCTI.

(5)P IIpu camoi HecHpHUATINBOI KOMOIHAIIIT
OCBbOBHUX 1 00epTaJIbHUX AedopMalliii CTUKHU B
TpyOOTIPOBO/Ii HE TOBUHHI YIIIKO/KYBATHUCS B
Takii Mipi, sika Oyna O HecyMiCHOIO 3
BCTAHOBJICHUMHU  BHMOTaMH  OOMEKEHHs
30UTKY.

6.5.3 Ilinzemni TpyOompoBoaM  mpH
HEPIBHOMIPpHMX MiAHATTAX I'PYHTY (3BapHi
cTajieBi TpyOm)

()P TloBurHO OYTH MIATBEPIKEHO, IO
BIIPI30K  TpyOompoBoay, AepopMOBaHHI
BHACIIJIOK 3CYBY TPYHTY, SIKHi a00 TOJIsTac B
3MIIIEHH] 110 CKHJAHHIO, a00 BUKIMKAHMI
oOBajioM a00 OIYHMM pO3UIMPEHHSIM, HE
MIEPEBUIILYE JIOCTYIHY MOIATIIUBICTh
MaTepially 10 HATSATHEHHIO 1 HE CXWIbHHUU
JIOKallb-HOMY a00 TJI00AIBHOMY BUTHHAHHS
npu  CTUCHEHHI. ['panmuni  nmedopmarrii
MOBUHHI OyTH y BIANOBIAHOCTI A0 6.5.2.

6.6 IIpoekTHi 3axX01u NP Mepexoaax yepes
TeKTOHIYHI OPYyIIeHHS

(1) PitreHHst mpo 3acTOCYBaHHS CHEIATbHUX
MPOSKTIB  TMEPEXOJiB  4Yepe3  TEeKTOHIUHI
MOPYLIEHHS 17151 TPYOOIIPOBOIIB B TUX MICIISIX,
7€ BOHM TIEPETHHAIOTh 30HU TOTEHLIHHO
aKTUBHUX TEKTOHIYHUX TOPYIIEHb, 3aJICKUTh
Bil  BapTOCTi, TEKTOHIYHOi  aKTUBHOCTI,
HACNIJKIB pO3pHUBY TpyOOIIPOBOY, BIUIUBY Ha
HaBKOJIMILIHE CEPE/IOBUINE 1 MOXIIMBUIN BIUIUB
IHIMX (akTopiB HEOE3NEKH B MPOTAIOM
TEPMIiHY CITY>KOH TpyOOIIPOBOIY.
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(3)P In concrete pipelines, under the most
unfavourable combination of axial strain and
curvature due to the design seismic action,
the limiting strains specified in EN 1992-1-1
for concrete and steel shall not be exceeded.

(4)P In concrete pipelines, under the most
unfavourable combination of axial strain and
curvature due to the seismic action relevant to
the damage limitation state, the tensile strain
of the reinforcing steel shall not exceed
values that may result in residual crack
widths incompatible with the leak-tightness
requirements.

(5)P  Under the most unfavourable
combination of axial and rotational
deformations, the joints in the pipeline shall
not suffer damage incompatible with the
specified damage limitation requirements.

6.5.3 Buried pipelines under differential
ground movements (welded steel pipes)

(1)P The segment of the pipeline deformed
by the displacement of the ground, either due
to fault movement or caused by a landslide or
by lateral spreading, shall be verified not to
exceed the available ductility of the material
in tension and not to buckle locally or
globally in compression. The limit strains
shall be in accordance with 6.5.2.

6.6 Design measures for fault crossings

(1) The decision to apply special fault
crossing designs for pipelines where they
cross potentially active fault zones depends
upon cost, fault activity, consequences of
rupture, environmental impact and possible
exposure to other hazards during the life span
of the pipeline.
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(2) Ilpu mpoektyBaHHI TPYOONPOBOMY IS
MEepexodiB uepe3 TEeKTOHIUHI MOPYLIICHHS,
MIpKyBaHHSI, sIKi IPUBEAEHU B IMyHKTax 3 (3)
no (9), Oyayre, B WUIOMY, MiIBHUILYBATH
3MATHICTE  TPYOONPOBOAY  BUTPHUMYBATH
HEPIBHOMIPHUI pPyX B3IOBX TEKTOHIYHOTO
MOPYIICHHS.

(3) Tam, ne ue mNPaKTUYHO BUIIPABIAHO,
TpyOOIIpOBiA, IO  TIEPETUHAE  3CYBHI
MOPYILEHHS, CI1J1 OPIEHTYBAaTH TaKUM YHMHOM,
1100 BIH MpaIlOBaB Ha PO3TSIT.

(4) Kyr mneperuHy 3BOpOTHIX TOpPYIICHb
MOBUHEH OYTH SIKOMOTa MEHIIIE JJIs1 3BE/ICHHS
70 MIHIMyMY JegopMalliii CTUCHEHHS. SIKio
OUIKYIOThCS TaKOX CYTTEBI MO MPOCTATaHHIO
3MILIEHHS, KYT TMepexoay TpyOompoBoay
yepe3 TeKTOHIYHI MOPYIIEHHS CIil BUOMpaTH
TakKUM YUHOM, HIO0 CHPHUATH BIAHOCHOMY

IIOJOBXKEHHIO pu PO3TSryBaHH1
TpyOOTIPOBOTY.
(5) VY 30Hax TEKTOHIYHHUX TMOPYIICHb

rMUOUHY, Ha SKIA MPOKIAACHO TPYOOIPOBI,
CITiT 3BECTH 10 MIHIMyMY, 100 3MEHIIUTH
BIUIMB TPYHTY Ha TpyOONpoOBiA MiJ dYac
TEKTOHIYHOTO PYyXY.

(6) 30UTBbIIEHHS] TOBUIMHU CTIHOK TpyO Oyne
30UTBIIYBAaTH  3JaTHICTH  TPYOOIPOBOIY
BUTPUMYBAaTH TEKTOHIYHI TEpPEMIIIeHHs Ha
JaHOMY pIiBHI MakcuUMaiabHOI aedopmarrii
po3TsaryBaHHa. B mMexax 50 M 3 KOXKHOIL
CTOPOHM TEKTOHIYHOTO TOPYIICHHS CIij
BHUKOPHCTOBYBaTH  TpyOM 3  BIIHOCHO
TOBCTUMHU CTIHKAMH.

(7) 3MeHIIeHHS KyTa TepTS Ha MEX1 PO3ALTY
MDK TpyOOIPOBOAOM 1 TPYHTOM IIiJIBUIILYE
CIIPOMOXKHOCTI TPYOOIIPOBOY BUTPUMYBATH
TEKTOHIYHI MepeMIlleHHs Ha JaHOMY piBHI
MakcumanbHOi naedopmarii. Kyt Teprs Ha
MeX1 po3aiuTy Moke OyTH 3MEHIIEHUHl mpu
BUKOPHUCTAHHI TBEPAOTO TTIAJKOTO TIOKPUTTSL.
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(2) In the design of a pipeline for fault
crossing, the considerations in (3) to (9) will
generally improve the capability of the
pipeline to sustain differential movements
along the fault.

(3) Where practical, a pipeline crossing a
strike-slip fault should be oriented in such a
way as to place the pipeline in tension.

(4) The angle of intersection of reverse faults
should be as small as possible, to minimize
compression strains. If significant strike-slip
displacements are also anticipated, the fault
crossing angle of the pipeline should be
chosen to promote tensile elongation of the
line.

(5) In fault zones the depth at which the
pipeline is buried should be minimized in
order to reduce soil restraint on the pipeline
during fault movement.

(6) An increase in pipe wall thickness will
increase the pipeline's capacity for fault
displacement at a given level of maximum
tensile strain. Within 50 m on each side of the
fault relatively thick-walled pipe should be
used.

(7) Reduction of the angle of interface
friction between the pipeline and the soil
increases the pipeline's capacity for fault
displacement at a given level of maximum
strain. The angle of interface friction can be
reduced through a hard, smooth coating.



(8) Cuig 3nificHIOBaTH MOCTIHHUI KOHTPOJIb
3aCMIIKM  HAaBKpYyrd  TpyOONpoBOaYy, Ha
Binctani 50 M 3 KOXHOI 31 CTOpIH
TEKTOHIYHOTO MOPYIIeHHA. B ninomy, BiTbHO
abo  cepemHbO  CcUIMy4dil  TpyHT  0e3
OyIMKHUKIB 200 BalyHIB Oyje MMiIX0IAIIuM
MaTepiaioM 3aCHIKH. SIKIIO iCHYIOUNid TPYHT
ICTOTHO BiIpI3HSETBCSA BiJ ONMHUCAHOTO, CIII
BHKOIIATH TpaHIIel MiJBUIICHOTO PO3MIpy Ha
BiZicTaH1 MpHONM3HO 15 M 3 KOXKHOI 31 CTOPiH
TEKTOHIYHOTO TOPYIICHHS.

9) s 3BapHuX cTaneBUX TpyOOIpPOBOAIB
MIPUCTOCYBAHHS JI0 TEKTOHIYHOTO PYXYy MOXKE
OyTH 3a0€3IeYeHO 3a PaXyHOK BUKOPUCTAHHS
MOXJTUBOCTEH TpyOOTIPOBOTY nobpe
nebopMyBaTuCss B 00JIaCTI  HEMPYKHUX
nedopmallii mpu po3TIAry Uik TOTO, I00
NPUNTH y BINMOBIMHICTE 3 Aedopmaiiiero
rpyHTy ©0€3 po3puBy. Ycioaud, Je 1€
MOKJIUBO, CImigt BHOUpaTH TaKe
BHUPIBHIOBAHHS TPYOOIIPOBOIB NP MEPEX0/Ii
yepe3  TEKTOHIYHI  MOpYIIEeHHsA, 1100
TpyOONIpOBiA  MiJjIaBaBCs  pPO3TIATYy  Ta
MOMIPHOMY BUTHHY. BUpIBHIOBaHHS, sKe
3Mycusio 0 TpyOONpoBi TpaIoBaTH Ha
CTUCK, CJiJ  YHUKATH, HACKUIBKH  II€
MOXJIBO, OCKUTBKH 3JJaTHICTh TPYyOOTIPOBOTY
BUTPpUMYBaTH JaeopMaIlliro CTUCHEHHsS 0e3
pO3pUBY ICTOTHO MEHIIE, HDK 3JaTHICTh
BUTPUMYBATU JedopMaliiro po3TATYBaHHS.
Bbynb-ski nedopmartii CTHUCKY CIIi
oOMexyBaTh [0 Takoi BeJIMYMHHU, fKa
npuBesnia © A0 3MHHAHHA ab0 JIOKaJbHOT
BTPATH CTIHKOCT1 TPyOOTIPOBO.TY.

(10) Ha Bcix pgUIIHKax  MOPYHICHHS
LIUTICHOCTI TPYHTY TpyOOmpOBOAM  CIif
MPOKJIAIATH MPSMUMH CEKIISIMH, YHHKAIOUU
pI3KMX 3MIH HampsMKy Ta  T[JIHOWHU
3aKiaJaHHs. Y Till Mipi, B sKii 11€ MOXKJIMBO,
TpyOOmpoBOAM  CHif ~ HpoKiagaT  0e3
BUKOPHUCTAHHS KOJIH, BiIBOIB 1 (aHIiB,
BUTOTOBJICHHX Y MOJBOBUX YMOBAX, SIKI MaJI
0 TeHJIEHIIIIO JI0 3aKpilUIEHHS TPyOONpPOBOIY

B TPYHTI.
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(8) Close control should be exercised over the
backfill surrounding the pipeline over a
distance of 50 m on each side of the fault. In
general, a loose to medium granular soil
without cobbles or boulders will be a suitable
backfill material. If the existing soil differs
substantially from this, oversize trenches
should be excavated for a distance of
approximately 15 m on each side of the fault.

(9) For welded steel pipelines, fault
movement can be accommodated by utilising
the ability of the pipeline to deform well into
the inelastic range in tension, in order to
conform without rupture to the ground
distortions. Wherever possible, pipeline
alignment at a fault crossing should be
selected such that the pipeline will be
subjected to tension plus a moderate amount
of bending. Alignments which might place
the pipeline in compression should be
avoided to the extent possible, because the
ability of the pipeline to withstand
compressive strain  without rupture is
significantly less than that for tensile strain.
Any compressive strains should be limited to
that strain which would cause wrinkling or
local buckling of the pipeline.

(10) In all areas of potential ground rupture,
pipelines should be laid in relatively straight
sections, avoiding sharp changes in direction
and elevation. To the extent possible,
pipelines should be constructed without field
bends, elbows and flanges that tend to anchor
the pipeline to the ground.
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JIOJIATOK A
(moBimKOBHiT)

MPOLEAYPU CEUCMIYHOT' O
PO3PAXYHKY JJIAA PESEPBYAPIB

A.1 Beryn i 00s1acTh 3acTOCYBaHHA

Y npomy Jlogarky npezacraBieHa iHbopMaiis
PO MPOLEAYPH CEHCMIYHOTO PO3PAXYHKY
VTS pe3epByapis, K1 3a3HAIOTh
TOPH30HTAIBHOTO abo BEPTHUKAILHOTO
CEMCMIYHOTO BIUIMBY Ta MalOTh HACTYIHI
XapaKTePUCTUKH:

a) mwiHApHuYHY (opMy, 3 BEPTHKAIBHOIO
BiCCIO Ta KpymiUM a00o MHpsIMOKYTHUM
MONIEPEYHUM IEPEPIZOM;

b) »xopcTkuit a60 rHy4Kuil GYHIAMEHT;

C) moBHe a0 YaCTKOBE AaHKEpyBaHHS 0
(dbyH1aMeHTYy.

Posmupennss ans Haa3eMHUX pe3epByapiB

abo IAJTTHPUYIHAX pe3epByapiB 3
TOPU30HTAIBHOIO  BICCIO  OOTOBOPIOIOTHCS
CTHCHEHO.

PerenpHuiA  aHamis  ABHINA  JIUHAMIYHOI
B3a€EMOJIl MK PyXOM PIIUHH, IO MICTUTHCS
B pesepByapi, aAcdopmarli€ero  CTIHOK
pesepByapa i PO3TaIOBaHOTO i
byHIaMEHTOM TPYHTY, BKITIOYAI0YH

MOKJIMBHI TIIHOM, sIBIIsi€ COOOKO 3aBIaHHS
3HAYHOI  AHAMITUYHOI  CKJIAAHOCTI, IO
BHMarae Ha/I3BUYAIHO BHCOKHX
OOYHCITIOBAILHUX ~ pPECypciB  Ta  3YCHIIb.
3anponoHoBaHi nesiKi PO3PaxXyHKOBI1
NpoOIeNypH,  SKi  3aCTOCOBYKOTBCS [0
KOHKPETHUX MPOEKTHUX cHuTyariid. Tak sk ix
TOYHICTH 3AJIEKUTH BIX 3aBIaHHS,
MpaBUIILHUN BHOIp BHMarae Bil
MPOEKTYBAIbHUKA IICBHOTO o0csry
crierianai3oBaHuXx 3HaHb. HeoOxinno
3BEPHYTU yBary Ha Ba>KJIUBICTh OJTHOPIAHOTO
PIBHS TOYHOCTI MPOTATOM BCHOTO MPOIECY
MPOEKTyBaHHS:  Oynmo O  HEJNOTIYHUM,
HaIMpPHUKIA/, BUKOPHCTOBYBATH TOYHE
pIlIeHHS A7 BU3HAYEHHS TiAPOAMHAMIYHUX
THUCKIB, a TMOTIM HE BHUKOPUCTOBYBATH
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ANNEX A
(informative)

SEISMIC ANALYSIS PROCEDURES
FOR TANKS

A.1 Introduction and scope

This Annex provides information on seismic
analysis procedures for tanks subjected to
horizontal or vertical seismic action, having
the following characteristics:

a) cylindrical shape, with vertical axis and
circular or rectangular cross-section;

b) rigid or flexible foundation;

c) full or partial anchorage to the foundation.

Extensions for elevated tanks or cylindrical
tanks with horizontal axis are briefly
discussed.

A rigorous analysis of the phenomenon of
dynamic interaction between the motion of
the contained fluid, the deformation of the
tank walls and that of the underlying
foundation soil, including possible uplift, is a
problem  of  considerable  analytical
complexity  requiring  unusually  high
computational resources and efforts. Several
analysis procedures have been proposed,
valid for specific design situations. Since
their accuracy is problem-dependent, a proper
choice requires a certain amount of
specialized knowledge from the designer.
Attention is called to the importance of a
uniform level of accuracy across the design
process: it would not be consistent, for
example, to use an accurate solution for the
determination of the hydrodynamic pressures,
and then not to use a correspondingly refined
mechanical model of the tank (e.g., a finite
element model) for evaluating the stresses
due to the pressures.



BIJMOBITHUM YHHOM YTOYHEHY MEXaHIYHY
MO/JIETb pe3epByapa (Hanpuknam,
KIHIIEBOGNIEMEHTHA MOJENb) Il OI[HKHU
MEXaHIYHUX  HampyXeHb, O0OyMOBJIEHUX
THUCKOM.

A2  Kopcrki  BepTHKaJbHI  KpyrJi
pe3epByapu Ha TPYHTi, 3aKpeImi€Hi 10

¢pynnamenry
A2.1 I'opuszonranbHuii ceiicMiuHmMi
BILTUB

A.2.1.1 3arajapHi MOJ0KEeHHSA

Pyx pigkoro cepemoBuia, 1m0 MICTUTHCS B
KOPCTKOMY IMIIIHJPI, MOKE BUpa)KaTUCH SIK
CyMa JBOX OKpPeMHX BKIAJiB, Ha3BaHHUX
(OKOPCTKHM YJIapHUM» 1 «KOHBEKTHBHHM),
BiamoBimHO. «XKopcTka ymapHa» CKiagoBa
TOYHO 33JI0BOJILHSE TPAHUIHUM YMOBaM JIJIst
CTIHOK 1 JHA pe3epByapa, OJHAK Ja€
(HEKOPEKTHO, 3aBJASKH MPHUCYTHOCTI XBUJIb Y
TUHAMIYHIA peakirii) HYyJbOBHH THCK Y
BHUXITHOMY TIOJIO)KEHHI BUIbHOI TOBEpPXHI
piouHU B CTaTUIHOMY CTaHl.
«KoHBeKTHBHUIT» BHUpa3 HE 3MIHIOE IIi
IPaHUYHI YMOBH, SKI BXKE 3aJ0BOJICHI, MPH
MPaBUJILHOMY BHKOHAHHI YMOB PIBHOBAaru Ha
BUIbHIM MOBEpXHI. BukopucTOBYyeThCS 3
MOYaTKOM  KOOpAMHAT B  IEHTpl JHA
pesepByapa HWTIHIPUYHA cucrema
KOOpAMHAT: I, Z, 1 BICCIO Z, PO3TAIIOBaHOI
BepTHKalIbHO. Bucora pesepByapa 10
MEePBICHOI BUIBLHOT MOBEPXHI PITUHU Ta HOTO
pazniyc nmo3HavaroThcss H 1 R, BinmosinHo, p -
MacoBa HIiIbHICTh pinuan, a £ =r/Ri¢=2z/H
- 6€3pO3MipHI KOOpUHATH.

A.2.1.2 /KopceTkuii yiapHuii TUCK
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A.2 Rigid vertical circular tanks on-
ground, fixed to the foundation

A.2.1 Horizontal seismic action

A.2.1.1 General

The motion of the fluid contained in a rigid
cylinder may be expressed as the sum of two
separate  contributions, called ,rigid
impulsive”, and ,.convective” respectively.
The ,rigid impulsive” component satisfies
exactly the boundary conditions at the walls
and the bottom of the tank, but gives
(incorrectly, due to the presence of the waves
in the dynamic response) zero pressure at the
original position of the free surface of the
fluid in the static situation. The «convective»
term does not alter those boundary conditions
that are already satisfied, while fulfilling the
correct equilibrium condition at the free
surface. Use is made of a cylindrical
coordinate system: r, z, with origin at the
centre of the tank bottom and the z axis
vertical. The height of the tank to the original
of the free surface of the fluid and its radius
are denoted by H and R respectively, p is the
mass density of the fluid, while £ = r/R and
¢ = z/H are the nondimensional coordinates.

A.2.1.2 Rigid impulsive pressure

IIpocTopoBo-yacoBa  3MiHa  «GKOPCTKOIO The spatial-temporal variation of the «rigid

YIApHOTO0» THCKY MPE/ICTaBICHA BUPA3OM:! impulsive» pressure is given by the
expression:

pl&.c.8.t)=ClE.c)pHeos 64, (1) (A1)
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ae.

in which:

(A2)
nIe.

in which;:

2n+1 .
n= 7, v=H/R
2

Ii(") ta I'1(-) mo3HayawTh MoaHM(DIKOBaHY

LIi(*) and I'1(-) denote the modified Bessel
dynxuiro Beccens mopsaaxy 1 i ii moximay?.

function of order 1 and its derivative?.

i
y=05 — 1=05
————— v=1,0 1,0 -———- v=10 ;
_ —-—— y=30 —-— y=30
‘-—-.\-‘H‘\- .
\'-_‘
W« N\
1 \
-\'| 'III
L i
h 1
L l
.I. |
\ 1
ll l
| |
| 1
' !
' I
" :
' |
- ||1 | B
06 04 1.0
pi/(PRA(F))

(a)

Pucynok A.l - 3mina yxapHoro Tucky (HopmMoBaHe 10 pRag) 115 TpHOX 3HaveHns ¥ = H/R: a)
3MiHa 1o BUcoTi; D) pagiagbHa 3miHa 6isist 1Ha pe3epByapa.

Figure A.l - Variation of the impulsive pressure (normalized to pRay) for three values of y=
H/R: a) variation along the height; b) radial variation on the tank bottom.

D Tloximma Moxe OyTH BHpakeHa HAa  OCHOBI
MomudikoBannx ¢yHKUi# beccens HympoBOrO

i
MEpIIOro NOPSAAKY HACTYITHUM YHMHOM!
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D The derivative can be expressed in terms of the
modified Bessel functions of order 0 and 1 as:
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=2 _ . A

dx X

Unen Ag(f) y Bupasi (A.1) siBisie o000 3MiHHE Ag(f) in expression (A.1) is the ground
B Yaci NPUCKOPEHHS TPYHTY Y BUIbHOMY TI0JIi (3 acceleration time-history in the free-field
MIKOBOIO BEJIMYMHOIO, IMO3HAYCHOIO SK ag). (with peak value denoted by ag). The function
@ynkuis C; MpeACTaBIsie PO3IOIUT IO BUCOTI C; gives the distribution along the height of
BeNU4UHH Pi. BoHa nokasana Ha pucynky A.1a) pi. It is shown in Figure A.1a) for £ =1 (i.e.
min £ = 1 (Tobro y CTiHII pesepByapa) i at the wall of the tank) and cos@ =1 (i.e. in
cosd = 1 (ToOTO B IUIOIIMHI TOPU3OHTAIBLHOTO the plane of the horizontal seismic action),
CeiCMIYHOTO BIUIMBY), HOpPMOBaHa Ji0 pPRag, normalized to pRag, for three values of the
I TPEX 3HA4Y€Hb IapaMeTpa THYYKOCTI slenderness parameter y = H/R. Figure A.1b)
y = HIR. Ha pucynky A.1b) mnoka3zana shows the radial variation of p; on the tank
pamianbHa 3MIHA BEIMYMHM )i Ha  JHI bottom as a function of y. For large values of
pesepByapa, K GyHKiis BemuuuHd y. s y the pressure distribution on the bottom

BEJTUKKMX 3HAYEHDb ¥ PO3IIOJILUT TUCKY Ha JIHI CTae becomes linear.

JHIMHAM.

Pesynbryroui THCKH: I'opusoHTabHA Pressure resultants: The horizontal resultant

PE3yABTYIOUA GKOPCTKOTO YAApHOTOY» THUCKY of the «rigid impulsive» pressure from

3 Bupasy (A.1l) Oins ocHoBu cTiHkH, Qi expression (A.1) at the base of the wall, Q;,

JOPIBHIOE: is:

VY napHa ropH30HTalbHA CHJIa B OCHOBI: Impulsive base shear:

Qi(t) = miAq(t) (A3)
BEeJIMYUHA Mi, 3BaHa YOApHOIO  MACOI0, mi, termed impulsive mass, denotes the mass
mo3Haya€ Macy BMIIIA04Y0l pPIiAWHHU, sKa of the contained fluid which moves together
PYXa€eThCs pa3oM 31 CTIHKAMH 1 BU3HAYAETHCS 3 with the walls and is given by the expression:
BUPA3Y:
= fl |‘1{lL .'l. ll-r"}

my=mlyy
ZViL(, 17)

. (A4)
ne m = paR?*H - 3aranbHa Maca BMiIIaouoi where m = pzR?H s the total contained mass
PiIUHH. of the fluid.
3araJlbHU MOMEHT 10 BIIHOIIEHHIO 0 OCI, The total moment with respect to an axis
[0 TMEPIEHAUKYIIPHA  HampsIMy  pyXxy orthogonal to the direction of the seismic
ceiicMivHOTO BILTMBY M'j, O€3M0CEpEIHBO i action motion, M’'i, immediately below the

TTHOM pe3epByapa BKIIIOYA€ BKJIaIH THCKIB Ha tank bottom includes the contributions of the
crinku 3 Bupasy (A.l) i THCKiB Ha MIHO pressures on the walls from expression (A.1)
pesepByapy.  3arampHuii  MomeHT M| and of those on the tank bottom. The total
OesrmocepelHO  HAJ JHOM  pe3epByapa moment M’; immediately above the tank
BKJIIO4a€ B ceOe TUILKM BKJIAaaW TUCKIB Ha bottom includes only the contributions of the
CTIHKaX. pressures on the walls.
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VYnapHuii MOMEHT OCHOBHU (0e3mocepeHbo
i1 THOM pe3epByapa):

Impulsive base moment (immediately below
the tank bottom):

M'i(t) = mih'iAg(t) (A.59)
" where
1oy Ve + -1 (v, 7)
= ! dinid r 1y
ho=H-= ﬂ':. .-u)flntlf‘]
EJVT:D . -]1/4
vy, /7) (A.62)

YnaapHuii MOMEHT OCHOBM (Oe3mocepenHbo
HaJI JTHOM pe3epByapa):

Impulsive base moment (immediately above
the tank bottom):

Mi(t) = mihiAg(t) (A50)
X with
s CU LW, gy )
h=H v L 7))
A M
—nd V3 (v ) (A.6b)

Ha pucynky A.2 nokazani BenuyauaA Mi, ' i
hi sx ¢yukuii ¥ = H/R. Bemuuumna m;
MIABUIIYETHCS KOJIA ¥, ACHMIITOTHYHO TIparHe
JI0 TTIOBHOI MacH, Toi K oOuaBi Beauunnu hj
i h'i maroTe TeHaeHIliIO 10 crabimi3arii mpu
3HAYEHHAX, IO BiONOBIJAIOTH BUCOTI B
cepenHiin Touri. JIIS HU3BKMX MIHPOKHX
pe3epByapiB h Tpoxu MeHIIE BHCOTH B
cepenHiit Touri, Toai Ak h'i icrotHo Ginbire H
BHACIIJIOK IOMiHYIOUOTO BHECKY B M'i THCKIB
Ha JIHI.

A.2.1.3 KoHBEeKTHBHA CKJIaI0BA THCKY

HpOCTOpOBO-‘IaCOBa 3MiHa «KOHBEKTHBHOI»
CKJIaJ0BO1 TUCKY HAJa€TbCA BUPA30OM:

pe(£.c.6.t)= pXw, cosh(A, s (2, & kos 64, (t)
n=l

ac:

Figure A.2 shows the quantities m;, h'; and h;
as functions of y = H/R. m; increases with y,
tending asymptotically to the total mass,
while both h; and h'; tend to stabilize to values
around midheight. For squat tanks h is a little
less than midheight, while h’i is significantly
larger than H due to the predominant
contribution to M’ of the pressures on the
bottom.

A.2.1.3 Convective pressure component

The spatial-temporal variation of the
«convective» pressure component is given

by:
(A7)

where:

A —1111

J1 = ¢ynkuig beccens nepuioro nopsaky,
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}cosh (A.8)

J1 = Bessel function of the first order,
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A1=1,841, 1> =5.331, A3 = 8,536;

0.6

“T7

03 -

mi/m

1 ,L" 1 T i 25

y=H/R
(a)

Y

hH |

[}

3.0

vy =H/R
(b)

Pucynox A.2 - Bignomenns mi /m, hi /H ma h'i /H ax ¢yuxuii ruyukocri pesepByapy

(mmB. Takoxk TaGaMIIO A.2, cToBi 4, 6 i 8)

Figure A.2 - mi/m, hi/H and h’i/H as functions of the tank slenderness (see also Table A.2,

columns 4, 6 and 8)

IMo3nauenns 10 Pucynky A.2 (b):

. BUIIIC IIJINTU OCHOBH,

—————— . HMKYEC IINIMTH OCHOBU

Acn(t) = IpUCKOpEHHS 3 ypaxyBaHHSIM 4Yacy
peakiii OCHWISITOPa 3 OJHHUM CTYICHEM
CBOOO/M, SIKHH Mae KPYroBy 4YacCTOTy (en
piBHY:

@, =, Jg%tanh(;i-ﬂ ;V)

1 koediuieHT nemndyBaHHS, BIAMOBIIHUN
posiuieckyBaHHiO pigunu  (muBuch [1] mst
MPOLIEAYP PO3PaXyHKY JeMII(yBaHHS).

Jlns uineit mpoektyBaHHs y Bupasi (A.7)
noTpiOHO  BpaxoBYBaTH  TUIbKM  HeplIe
KOJIMBaHHS a00 PO3IUIECKYBaHHS 1 YacTOTy
KoJMBaHHs pinuau (N=1).

Key to Figure A.2(b):

: above base plate;

—————— . below baseplate

Aen(t) = acceleration time-history of the
response of a single degree of freedom
oscillator having a circular frequency en
equal to:

(A.9)
and a damping ratio appropriate for the
sloshing of the fluid (see [1] for procedures
for the calculation of damping).

Only the first oscillating, or sloshing, mode
and frequency of the oscillating liquid
(n = 1).needs to be considered in expression
(A7) for design purposes.

65



np ACTY-H b EN 1998-4:201X

BeprukanpHuii  po3mOALT  THUCKY  BiX
PO3IJIECKYBAaHHS ISl MEPUIMX JBOX MOJ
nokazaHo Ha Pucynky A.3a), Tomi sK
Pucynox A.3b) npencrasisie  3HaueHHS
Hepmux JABOX 4YacToT, sk ¢ynkuii H/R.
VY HH3BKUX IIMPOKHUX pe3epByapax THCK Bij
pO3IUIECKYBaHHSI 30epirae BITHOCHO BHCOKI
3HA4YEHHs JI0 CaMOTo JIHA, TOI SIK Y BHCOKUX
BY3bKHX pe3epByapax €(PeKT pacIUIecKiBaHis
oOMexeHHi B Oe3nocepeHiid OJIM3bKOCTI BiJ
MOBEPXHI piIMHU. YacTOTH pO3IUIECKYBaHHS
CTalOTh MaiKe HEe3aJeKHUMH BiJ y UIs
3HA4YEHb 7, MO TepeBHIyloTh 1. JIs Takux

3Ha4YCHb V4 BCJIIMYMNHA (03] CTaHOBHUTH
MpUOIN3HO:
o, =42/4R

sKa, JUIS 3BUYAaWHUX 3Ha4YeHb R mae mepion
KOJIMBAHHS TOPSJIKY ICKUTHKOX CEKYH].

Pe/pRAG(7)
(a)

(R B MeTpax)
(R in meters)

The wvertical distribution of the sloshing
pressures for the first two modes is shown in
Figure A.3a), while Figure A.3b) gives the
values of the first two frequencies, as
functions of the H/R. In squat tanks the
sloshing pressures maintain relatively high
values down to the bottom, while in slender
tanks the sloshing effect is limited to the
vicinity of the surface of the liquid.
The sloshing frequencies become almost
independent of y for y larger than about 1.
For such values of y, a1 is approximately
equal to:

(A.10)

which, for the usual values of R Yyields
periods of oscillation of the order of few
seconds.

[F,
(=]

4
[,
3
=]

y=HIR
(b)

Pucynoxk A.3 - a) 3MiHa THCKY Bill po3ILUIeCKYBaHHSI 110 BHCOTi B NMEPUINX ABOX Mojax i b)
3HAYEeHHS MePIINX IBOX YaCTOT PO3ILUIECKYBAHHA SIK QPYHKUII

Figure A.3 - a) Variation of sloshing pressures along the height in the first two modes and
b) values of the first two sloshing frequencies as functions of ¥

ITo3nauenns. 1 — 2-a Mmoma; 2 — 1-a Moda
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Key: 1 — 2" mode; 2 — 1% mode



Pe3yibTyroui TUCKY:

KonBekTuBHUH 3CYB OCHOBU:

QC {f) = i m = AC‘JI {r,}

Je N-a KOHBEKTHBHA MOJaJIbHA Maca €:
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Pressure resultants:

Convective base shear:

(A.11)

where the n -th modal convective mass is:

2tanh( A, ¥ :]'

q 2
Fa [_)*rr -1 (A.12)

m., =m

Moment immediately below the bottom plate
of the tank:

MowmeHT Oe3nocepeHbO MiJ]  HUKHBOIO

TUTUTOIO pe3epByapa:

MI-“{}:}= i {”"'c'u"qrn [r}]hlm = E Q:‘w tr)hlf”
n=1 ]

n=l (A13a)
ne: where:
i ¥ L0
: 2 —cosh(A ¥
B en = H| 1+ — (,”H]i
L My ;?"‘E'mh(ﬂ'n r)) (A.14a)

3HaYCHHS M1 Ta M2 1 BIAMOBIAHI 3HAYCHHS The values m¢1 and me; and the corresponding

BenmunH hei, hee, h'a 1 h'cc mokasani Ha values of hc, he, h'cc 1 h'c2 are shown in

Pucynky A.4 ax QyHKITIT . Figure A.4 as functions of y.
1 1

' \\ — ! 31— - %g
0 \ 2 , \ 28
05 \ 25 \

m¢/m \
0 \ ! | he/H 2 i |
03 + i 15

02 \

Sl

e

e 1

| 0.5 1.0 15 0 25 10 ] 05 1 [~ 2 25 3
y=HR 7= HIR

(a) (b)

Pucynok A.4 - a) /IBi nepuri MoaJibHi MacH Bill po3miecKkyBanHs Ta D) BiamoBigHi Bucorn
Nc1, hez, h'cr 1 h'c2 sk pynknii y (auB. Tako:xk Tadaumw A.2, croBmui 5, 7 u 9)

Figure A.4 - a) First two sloshing modal masses and b) corresponding heights hci, he, h'ci i
h'c> as functions of y (see also Table A.2, columns 5, 7 and 9)
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[Moznavenns 1o Pucynky A.4(a):
1—1-amoma; 2 — 2-a moza.

INosnauenns no Pucynka A.4(b):

1A: 1-a Moza, HIDKYE IJIMTH OCHOBH.
2A: 2-a Moja, HIKYE TIJIMTH OCHOBH,
1B: 1-a mopa, BuIle 3a IUTUTY OCHOBH;
2B: 2-a moJ1a, BUIIE 32 TUTUTY OCHOBH.

MowMmeHT B CTIHIII pe3epByapy Oe3mocepeHbO
HaJl HU>KHBOIO TJIHUTOIO:

M_(t)=

EM 8

pi(S] hcn €.

cn |
\

KonBexkTuBHa cKiazoBa peakiii Moxke OyTu
OTpUMaHa 3 BHUPA3y BT OCHWIATOPIB, SKI
MalOTh MacCH Mecn, 3aKPIIJICH] 70 >KOPCTKOTO
pe3epByapy Kpisb TPYKHHH, SIKI MarTh
KOPCTKICTh: Kn = @Men (OIMH OCITIIIATOP JUIS
KOKHOI MOJM BBQKAEThCS MOKA30BHM, SIK
MpaBWJIO, TUTbKM Tepiuii). Pe3epByap 3a3Hae
JUI0 3MIHHOTO B Yacl NMPUCKOPEHHS TPYHTY
Ay(f), 1 Mac, 1110 BiAMOBINAIOTH MPUCKOPEHHIMH
Ac(t). Bemmumua h'ch a6o hen € piBHem, e
MOBUHEH OYTH 3aCTOCOBaHHMW OCHWIISATOD, VIS
TOTO, MO0 JaTh npaBWiIbHE 3HaYeHHS M'cn mim
Men, BIAIIOBITHO.

A.2.1.4 BucoTa KOHBeKTHBHOI XBUJII

Bucora XBMII1 PacCIICCKYBAaHHSA
IpeaACTaBIAETbCA, T'OJIOBHUM YHHOM,
Inepmorw MOIOK0;, BHUpPA3 I BUCOTHU Hle 3
Kparo Ma€ BUTJIAL:

dmax = O,84RSe(Tc1)/g

ne  Se(*) - cHekTpaJdbHE HPUCKOPEHHS
NPY)XHOT peakuii y 1-0i KOHBEKTUBHOI MOJH
pinuHM JUId AeMiyBaHHS BEJIWYMHHU, IO
BIJIMOBIIa€ peakilii pacrieCKUBaHus, a § —
rpaBiTaliiiHe TPUCKOPEHHS.
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hnc,,A‘,,h} len =

|"fl 1-cosh(4, ¥)
A, ysinh(2, »))

Key to Figure A.4(a):
1 — 1% mode; 2" — 2 mode.
Key to Figure A.4(b):

1A: 1% mode, below base plate;
2A: 2" mode, below base plate;
1B: 1% mode, above base plate;
2B: 2" mode, above base plate.

Moment in the tank wall immediately above
the bottom plate:

an “Jhm

i s

(A.13b)

where hen is:

(A.14b)

The convective component of the response
may be obtained from that of oscillators
having masses mcn, attached to the rigid tank
through  springs  having  stiffnesses:
Kn = @’men (one oscillator for each mode
considered significant, normally only the first
one). The tank is subjected to the ground
acceleration time-history Ag(f), and the
masses respond with accelerations Acn(t). h'cn
or hen is the level where the oscillator needs
to be applied in order to give the correct value
of M’ch or Mn, respectively.

A.2.1 4 Height of the convective wave

The sloshing wave height is provided mainly
by the first mode; the expression for the peak
height at the edge is:

(A.15)

where Se(-) is the elastic response spectral
acceleration at the 1% convective mode of the
fluid for damping a value appropriate for the
sloshing response and g - the acceleration of
gravity.



A.2.1.5 EdexrT inepuii cTiHok

Jlnst craneBUX pe3epByapiB iHepIiiHI cuin
Ha 000JIOHII, 00YMOBJICHI ii BIACHOIO Macolo,
€ MQJIMMU B TMIOPIBHSAHHI 3 TiAPOAMHAMIYHIMH
CHJIaMH, 1 HUMH MOXHa 3HexryBaTth. s
OCTOHHHMX pe3epByapiB HHMH HE CIil
HextyBatu. Cunm  iHepuii  mapalienbHi
TOPU30HTAIIEHOMY  CEHCMIYHOMY  BIUIUBY,
BKIIIOYAIOYM  THUCK,  HEPHEHAUKYISPHUN
MOBEPXH1 00OJIOHIII BU3HAYAETHCS:

Pw = 058(5)COSOA(t)

ne
s = MacoBa IUIbHICTh MaTepially CTIHKH
S(g) = TOBIIMHA CTIHKH

Jlifo BIUIMBY CKJIAJIOBOI IIHOTO THCKY, SKa
3QJIEKUTh Bl 3MIHM TOBIOWMHHM CTIHKH IIO
BHICOTI, CJII/T IOJaBaTH JI0 yAApHOT CKJIaJ0BO1,
npezcTaBieHol Bupazom (A.1).

3araibHUN  3CyB  OCHOBH, OOYMOBJICHHA
IHEepIIMHUMHA ~ CWJIaMH  CTIHKA 1 JIaxy
pe3epByapy, MOXe OyTH TpUHHATHA PIBHUM
3arajibHI Maci CTIHOK pe3epByapy 1 Jaxy,
MIOMHO)KEHIH Ha PUCKOPEHHs TpyHTY. Briman y
MePEBEPTAIOYM  MOMEHT BIJIHOCHO OCHOBH
BU3HAYAETHCSI  aHAJIOTTYHUM  YMHOM:  BIiH
JNOPIBHIOE Macli CTIHM, TIOMHOXXCHIM Ha
MOJIOBUHY BHCOTH CTIHKM (I TOCTIHHOT
TOBIIMHMA  CTIHKHM), IDIIOC Maca  Jaxy,
MMOMHOKEHa Ha 1 CepeaHI0 BIiACTaHb Bl
OCHOBH, TIOMHOXCHI Ha IPUCKOPEHHS TPYHTY.

A.2.1.6 Komo6inanis aii BniuBiB yaapHoro i
KOHBEKTHBHOI'0 THCKY

3MiHAa B Yaci 3arajJlbHOro THUCKY € CYMOIO
HACTYIHHUX JBOX 3MIH:

- yZAapHOI, 00YMOBIICHOIO BeTHYHHOK Ag(t)
(BKITIOYAIOYH 1HEPIIiIO CTIHOK);

- KOHBEKTUBHOI, 00YMOBJICHOK) BEITUYHNHOIO
Aci(t) (He BpaxoBYyHOYHM KOMITOHEHTH OLIBII
BHUCOKOTO TIOPSIJIKY).
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A.2.1.5 Effect of the inertia of the walls

For steel tanks, the inertia forces on the shell
due to its own mass are small compared with
the hydrodynamic forces and may be
neglected. For concrete tanks, they should not
be neglected. Inertia forces are parallel to the
horizontal seismic action, inducing a pressure
normal to the surface of the shell given by:

(A.16)
where:

s = mass density of the wall material

s(c) = wall thickness

The action effects of this pressure component,
which follows the variation of wall thickness
along the height, should be added to those of
the impulsive component given by expression
(A.).

The total shear at the base due to the inertia
forces of the tank wall and roof may be taken
equal to the total mass of the tank walls and
roof, times the acceleration of the ground.
The contribution to the base overturning
moment in a similar way: it is equal to the
wall mass times the wall midheight (for
constant wall thickness), plus the roof mass
times its mean distance from the base, times
the acceleration of the ground.

A.2.1.6 Combination of action effects of
impulsive and convective pressures

The time-history of the total pressure is the
sum of the following two time-histories:

- the impulsive one being driven by Ag(t)
(including the inertia of the walls);

- the convective one driven by Ac(t)
(neglecting higher order components).
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TakuM ke YMHOM, SK JAWHAMIYHA PEaKIlis
MoB'si3aHa 3 JIBOMAa CKJIQJIOBUMU  THCKY,
XapaKTePU3YEThCS  PI3HUMH  KoedilieHTaMu

nemrndyBaHHs, BOHA MOXe OYTH TaKOX
OB'A3aHa 3 pi3HUMH MeXaHi3MaMu
ricrepesucHoi  aucumanii  eHeprii.  Hisxa

JIMCUTIAIlIST €Heprii He MoXke OyTH TOB'SI3aHE 3
KOHBEKTHBHOIO DEAKIIEI0 PIAWHHU, TOMAI SK
JesiKa TICTepPe3nCHA MCHIAIlIS €HEeprii Moxke
CYIPOBOJKYBATH peaKIiero BHACITIJIOK
yIapHOTO  THCKYy 1  IHEpII€0  CTIHOK
pesepByapy, IO BHHHKAIOTh BII CaMOro
pe3epByapy Ta Biji CHOCOOY CITUPaHHS Ha TPYHT
(abo ankepyBauHs). SIKmIo Aucumalis eHeprii
MPUIMAEThCS 10 YBaru 4epe3 3MiHy MPYKHOTO
CIIEKTPY 32 JOMOMOTOIO MOKa3HUKA TIOBEIIHKU
g, TO PpBBHI 3HAYeHHs (| TOBUHHI
BUKOPHCTOBYBAThCS  JUIS  OJCPYKAHHS [l
BIUTMBY JIBOX KOMITOHEHTIB: T00TO = 1,0 151
Jii BIUTMBY KOHBEKTUBHOTO THUCKY Ta ( = 1,5
(abo OB BUCOKE 3HAYEHHS) JUIA [l BIUIUBY
yJIapHOTO THCKY Ta IHEpIIii CTIHOK pe3epByapa.

Sxkmo, SK e TOPUNAHATO B MPAKTHII
MPOEKTYBaHHS, MIOXi  CHEKTPY  peakiii
BUKOPHCTOBYETHCS JUIS PO3paxyHKy
MaKCHUMaJIbHOT MHAMIYHOT peaxitii,
MaKCUMaJIbHE 3HAYEHHS JBOX 3MIHHHMX B Yaci
T CEHCMIYHOTO BIUIMBY, MPEICTaBICHUX
CTHIEKTPOM pEaKilii, CJIiJ BIAMOBIAHUM YHHOM
o0'emnyBati. BHacmimok 3a3Buvail MHMPOKOTO
pPO3AUICHHS MDK JOMIHAHTHUMH YacTOTaMH
PYXy TPYHTY 1 pacIijIeCKUBaHHs, BUKOPUCTAHHS
MpaBWja «KBAJPaTHOTO KOPEHS 3 CyMH
KBaJIpaTiB» MOXe OyTH HEOOauyHUM, TOMY MPHU
MPOEKTYBaHHI TMPUUHATHIIAM MOXe OyTH
QIbTEPHATHBHE TPABWIIO BEPXHBOI MEXKI IS
CKIaJaHHA  aOCOJMIOTHMX  3HAueHb  JBOX
MakcuMyMmiB. KoxkeH 3 mHX JIBOX MakCUMYyMIB
OynyTb OTpuUMaHi Ui 3Ha4eHHS ( 1
koedilieHTa AeMr(yBaHHs, [0 BBaXAIOTHCA
MPUHHATHUMH JUTS BIAMIOBIIHOT CKJIaJI0BOT.
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In the same way that the dynamic response
associated with the two pressure components
Is characterized by different damping ratios, it
may also be associated with different
hysteretic energy dissipation mechanisms.
No energy dissipation can be associated with
the convective response of the liquid, whereas
some hysteretic energy dissipation may
accompany the response due to the impulsive
pressures and the inertia of the tank walls,
arising from the tank itself and the way it is
supported on (or anchored to) the ground.
If energy dissipation is taken into account
through modification of the elastic spectrum
by the behaviour factor g, a different value of
g should be used in the derivation of the
action effects of the two components: i.e.
g = 1,0 for the action effects of the convective
pressures and q = 1,5 (or a higher value) for
the action effects of the impulsive pressures
and of the inertia of the tank walls.

If, as it is customary in design practice, the
response spectrum approach is used for the
calculation of the maximum dynamic
response, the maxima of the two time-
histories of seismic action effects given by
the response spectrum should be suitably
combined. Due to the generally wide
separation between the dominant frequencies
in the ground motion and the sloshing
frequency, the “square root of the sum of
squares” rule may be unconservative, so that
the alternative, upper bound, rule of adding
the absolute values of the two maxima may
be preferable in design. Each of these two
maxima will be derived for the value of q and
of the damping ratio considered appropriate
for the corresponding component.



3HayeHHd  MOMEHTY 1 CWIH  3CYBY
0e3mocepelHbO  HAJ  HIDKHBOIO  IUTHTOIO
pe3epByapy MOBHUHHI OyTH BUKOPHCTaHI st
pPO3paxyHKy Hampyrd 1 pe3ylbTyIOUuX
HaTpyT B CTIHKaX pe3epByapy i B MpUETHAHHT
70 OCHOBM 3 METOI0 BepHikamii. 3HaueHHs
MOMEHTY O€3MOCEepeHbO IIii HIKHBOIO
IUTMTOI0  pe3epByapy  IOBHUHHE  OyTH
BUKOpHUCTaHEe Ui BepHudikamii Horo omopHoi
KOHCTPYKIIIi, aHKepiB OCHOBH abo
(GbyHIaMEHTYy.

Bracninok BEJINKO1 TPUBAJIOCTI mii
KOHBEKTHBHOI CKJIaJIOBOi peakilii piIuHH,
TUIBKM MOMEHT I HWKHBOIO IUIMTOIO
pe3epByapy, IMOB’S3aHUN 3 IIEI0 CKIIAOBOIO
THUCKY, JIOPEYHO BUKOPHUCTATU JUISt
Bepudikarii CTaTUYHOT pIBHOBAaru
pesepByapy (mepekumanHs). Bmuacmimok ix
BHCOKOI 4YaCTOTH, yJapHUM THUCK 1 IHEpIIIO
CTIHOK pe3epByapy MO>KHa BBa)KaTH TaKUMHU,
o0 HE  CHPUSIOTh  JIeCTabUII3yIouOMy
MOMEHTY Ipu Bepu(ikarlii pesepByapy nIpoTu
NEePEeKUJaHHS.

A.2.2 BepTukajbHa CKJIAJ0Ba ceicMiuHOI
ail

INapoauHAMIYHUE THCK HA CTIHKH JKECTKOTO
pe3epByapy, 3aBJIAKU BEPTHKAIBHOMY
nprcKopeHHio rpyHty A, (1) mpeacraBisieTbes
TaKUM YHHOM:

pvi(t) = pH(L — 5)A4v(1)

Bynyun OCECUMETPHYHUM, e
TiApOAMHAMIYHUN  THCK  HE CTBOPIOE
pe3yJIbTYIOUOi CHIIM 3CyBY a00 MOMEHTY Ha
OyIb-SIKOMY TOPU30HTAIILHOMY piBHI
pesepByapy, abo GesnocepeqHbo Haa abo mif
OCHOBOIO.
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The value of the moment and shear force
immediately above the bottom plate of the
tank should be used for the calculation of the
stresses and stress resultants in the tank walls
and at the connection to the base, for the
verifications. The value of the moment
immediately below the bottom plate of the
tank should be used for the verification of its
support structure, base anchors or foundation.

Due to the long period of the convective
component of the response of the liquid, only
the moment below the bottom plate of the
tank which is due to this component of the
pressure is relevant to the static equilibrium
verification of the tank (overturning). Due to
their high frequency, the impulsive pressures
and the inertia of the tank walls may be
considered not to contribute to the
destabilising moment in the verification of
the tank against overturning.

A.2.2 Vertical component of the seismic
action

The hydrodynamic pressure on the walls of a
rigid tank due to vertical ground acceleration

A.(t) is given by:

(A.17)

Being axisymmetric, this hydrodynamic
pressure does not produce a shear force or
moment resultant at any horizontal level of
the tank, or immediately above or below the
base.
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A.2.3 KomoOinamis aii ropm3oHTAIbHOI i
BEePTHKAJIBHOI CKJIAJA0BHX CelCMiYHOIO
BILIUBY, BKJIKOYAI04HM il iHIIKUX BILUIUBIB

[likoBuii KOMOIHOBaHMH THCK Ha CTIHKH
pe3epByapy, 3aBISKH TOPU3OHTAILHOMY 1
BEPTHKAILHOMY CEHCMIYHOMY BIUIMBY, MOKE
OyTM OTpUMAaHMH NUIIXOM 3aCTOCYBaHHS
npaBwia 3 nyHKTy 3.2. KomOiHOBaHWIA THCK
CHil OJAaTH A0 TiIpOCTaTHYHOTO THCKY Ha
CTIHKY 3 OJHOTo OOKYy pe3epByapy (€ CTIHKa
MIPUCKOPIOETHCS B PIAMHY) 1 BITHATH 3 IHILIOTO
00Ky, SIK BCMOKTYBaHHs. JIMHAMIYHUN THUCK
MOBEPXHEBUX 1 TPYHTOBHX BOJA  Clij
po3rNIAaTH, SK JAI0YMX TPOTH  OyIb-AKO1
MII3EMHOI YaCTHHHU pe3epByapy 3 TOro OOKy
pe3epByapy, ne CEUCMIYHUIA THUCK
PO3IIIAIAETHCS SIK BCMOKTYBaHHS. THUCK TPYHTY
B I[bOMY BHUIMAJKy NOBUHEH OYyTH OILIIHEHUH Ha
OCHOBI Koe(QII[leHTa THUCKYy TpPYHTY B CTaHI
CIIOKOIO.

A3 Jlepopmyemi BepTHUKAIBbHI Kpyrii
pe3epByapu Ha TIPYHTi, NPUKPiNJIeHi 10
dynagamenty

A.3.1 I'opusonTasibHi CKJIA/I0OBI

CelCMIiYHOI0 BIJIMBY

Sk mpaBuilo, pe3epByap PO3MIISAAETHCT SIK
KOPCTKMKM  (0COONMMBO, I CTaJCBHX
pe3epByapiB). Y THYYKHX pe3epByapax THUCK
PIIMHM 3a3BHYail BUPAXA€TbCAd SK CyMa TPEX
BKJIQJIB, 3BaHUX ‘9KOPCTKUH  yJapHU”,
“posruteckyBanHsa” 1 "rHyukuid". Tperiii 3 HUX
BIIMOBIZIA€ YMOBI, 3TIIHO 3 SKOI pajliaibHa
HIBUJIKICTh PIAMHU Y3IOBXK CTIHKH JIOPIBHIOE
HIBUIIKOCTI Jedopmallii CTIHKH pe3epByapy, a
TaKO)X  YMOBI  HYJIbOBOI  BEPTUKAIBbHOI
IIBUJIKOCTI y JIHa pe3epByapy 1 HYJIbOBOTO
TUCKYy y  BUIBHOI  TOBEpXHI  PIiJUHU.
JluHamiuyHMi 3B'I30K MDK PO3IUIECKYBAaHHSIM 1
THYYKAMH ~ CKJIQZOBUMH  JOyXK€  CIaOKuid
BHACTIZOK  BEIMKHUX  BIOMIHHOCTEH  MDK
4acTOTaMM PyXy po3MecKyBaHHS 1 Aedopmartii
CTIHKM, IO JO3BOJII€E BHU3HAUaTH TPETIO
CKJIQZIOBY He3alekHO Bif iHmmx. JKopcrka
yJIapHa CKIJIaJoBa 1 CKJIQJ0Ba PO3IUIECKYBaHHS
3 MyHKTY A.2 3aJIMIIAI0THCS, TaKMM YHHOM,
HE3aUeTJICHUMH.
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A.2.3 Combination of the effects of the
horizontal and the vertical components of
the seismic action, including the effects of
other actions

The peak combined pressure on the tank
walls due to horizontal and vertical seismic
action may be obtained by applying the rule
in 3.2. The combined pressure should be
added to the hydrostatic pressure on the wall
at the one side of the tank (where the wall
accelerates into the liquid) and subtracted as
suction at the opposite. Dynamic earth and
ground water pressures should be considered
to act against any buried part of the tank on
the side of the tank where the seismic
pressure is considered as suction. Earth
pressures there should be estimated on the
basis of the coefficient of earth pressure at
rest.

A3 Deformable vertical circular tanks on-
ground, fixed to the foundation

A.3.1 Horizontal components of the seismic
action

It is normally unconservative to consider the
tank as rigid (especially for steel tanks). In
flexible tanks the fluid pressure is usually
expressed as the sum of three contributions,
referred to as: «rigid impulsive», «sloshing»
and «flexible». The third satisfies the
condition that the radial velocity of the fluid
along the wall equals the deformation
velocity of the tank wall, as well as the
conditions of zero vertical velocity at the tank
bottom and zero pressure at the free surface
of the fluid. The dynamic coupling between
the sloshing and the flexible components is
very weak, due to the large differences
between the frequencies of the sloshing
motion and of the deformation of the wall,
which allows determining the third
component independently of the others. The
rigid impulsive and the sloshing components
in A.2 remain therefore unaffected.



['Hyukuii pO3MOALT TUCKY 3aIEXKHUTh Bil MOJ
BiOpalii cucTemMu pe3epByap-piauHa, cepen
AKHX IHTEpeC NpEeACTaBIsg€ TUIBKM MojJa 3
OJIHIEI0  KUTBIIEBOIO XBWJICIO HACTYITHOTO
TUILY:

#c, 0) = f(c)cosd

VY mHactymHOMY TepMiH “‘dyHIaMeHTaybHA"
abo mepma yactora, abo mepma Moja He
BITHOCHUTBHCS /10 peajbHUX (PyHIaMEHTaIbHUX
MO/l TIOBHOTO DPE3epByapy, a TUIbKH JO MOJ
tuny Bupasy (A.18).

PanmianpHuii po3moauT THYYKOTO yIApHOTO
THUCKY Ha JIH1 pe3epByapy € KUIbKICHO TaKUM
KE caMuM, SK 1 JUIsl KOPCTKOTO yIapHOTO
TUCKY. Buxonsum 3 AomymieHHs, IO MOAM
BIJIOMI, THYYKUW PO3MOJLUT TUCKY Ha CTIHKHU
Mae HacTynHy Gopmy:

Py I[:g.ti.r‘.} = pHwcos83 d, cos(v, g}:iﬁ! ()
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The flexible pressure distribution depends on
the modes of vibration of the tank-fluid
system, among which only those with one
circumferential wave, of the following type,
are of interest:

(A.18)

In the following, the term fundamental or first
frequency, or first mode, is not related to the
real fundamental modes of the full tank, but
only to eigenmodes of the type of expression
(A.18).

The radial distribution of the flexible
impulsive pressure on the tank bottom is
qualitatively the same as for the rigid
impulsive pressure. Assuming the modes as
known, the flexible pressure distribution on
the walls has the form:

(A.19)
Ie: where:
L fle I’D— sle +3r,b, cos(vxg)}d';
w = P
1) 22 (o) 52a, cos(v,_.g)}d;
o A (A.20)
y =2 L)

v 7) (A.21)

J :2Jf ¢ Jeos(v, \k’ﬁ- Lv, ;]
: v, L0.77) (A2

s — MacoBa IUIbHICT 000J0HKH, S(g) — Ti
toBimuHa 1 Am(t) — peakiis IpUCKOPEHHS
(o BIIHOMIEHHIO JIO ii OCHOBH) IPOCTOTO
OCLWJIATOpA, IO Mae€ Mepiof 1 KoeQilieHT
nemndyBanHs Moau N. DyHAaMeHTaTbHOL
Moau (N=1) 3a3Buuail 10CTaTHBO, TaK L0 Y
Bupasax (A.19), (A.21), (A.22) iHgekc MoH,
N, 1 HiACYMOBYBaHHA MO YCiX MOJAIbHUX
BKJIa/IaX OIYCKAOThCS.

pos 1S the mass density of the shell, s(¢) is its
thickness and Am(t) is the response
acceleration (relative to its base) of a simple
oscillator having the period and damping
ratio of mode n. The fundamental mode (n=1)
is normally sufficient, so that in expressions
(A.19), (A.21), (A.22), the mode index, n,
and the summation over all modal
contributions are dropped.
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VY O1IBIIOCTI BUMAIKIB THYYKUX pe3epBYyapiB,
THCK pf(*) y Bupasi (A.19) 3abe3neuye
JOMIHYIOUMH BKJAX Yy 3arajJbHUM  THCK
3aBISKM TOMY (akTy, M0, y TOW dHac, sK
KOPCTKUI ynaapHuid BimmB - Bupas (A.l) -
3MIHIOETBCSI 3 MPUCKOPEHHSM TpyHTY Ag(t),
THY4YKUil BIUMB - BUpa3 (A.19) - 3MiHIOEThCS
3 mnpuckopeHHsM peakiii Am(t), sxa s
3BHYAIHOTO Jiama3oHy TepioJiB CHUCTEMHU
"pe3epByap-piauHa" ICTOTHO 30UIBIICHE IO
BiZIHOIICHHIO 10 Ag(t).

Jnst  Bu3HaueHHS (QOpMH  TepIIOi  MOJH
pesepByapy,  mependadaroTbCsi  HACTYIHI
irepariitni npouenypu B [2], [3]. IIpoGna
dopma BuOHMpaerscss mis  f(g) y Bupasax
(A.18)-(A.22) (dopma mpomopmiiiHa g
3a3BUYail € XOPOIINM HAOIMKEHHSIM, 0COOJTBO
TSt BY3bKHUX TOHKHX pe3epByapis).
Hosnaumsmm 3 fi(g),  dopma,  sxa
BHUKOPHUCTOBYETHCS B i-i iTepartii, “eexktuBHa”
MacoBa IUIbHICTh OOOJIOHKH OLIIHIOETHCS SIK:

ne P's(¢) - 3HaUEHHS TUCKY, IIO OLIHIOCTHCS 3
Bupasy (A.19) Ha i-My KpoIi.

EdexTnBHa MacoBa MUIBHICTE 3 BHUpPA3y
(A.23) Moke TOTIM BHUKOPHUCTOBYBATHCS B
KOHCTPYKTUBHOMY aHaji3i pe3epByapy uis
ominku ¢dopmu moau B (i + 1)-it ireparii i
Jaji 10 TOCATHEHHS CXOJKCHHSI.

OdyHIaMeHTaabHa KPYTOBa 4acTOTa CHCTEMHU
“pesepByap-piavHa’ MOKE€ OI[IHIOBATUCS 3a
JOTIOMOTOI0 ~ HACTYIHOTO  MPUOJIMU3HOTO
BHpa3y, BUBeIEHOTo 3 [4] i craneBux

pe3epByapiB:

JEslc)/ pH

In most cases of flexible tanks, the pressure
pi(-) in expression (A.19) provides the
predominant contribution to the total
pressure, due to the fact that, while the rigid
impulsive term - expression (A.1) - varies
with the ground acceleration Ag(t), the
flexible term -expression (A.19) - varies with
the response acceleration Asm(t), which, for
the usual range of periods of the tank-fluid
systems, is considerably amplified with
respect to Ag(t).

For the determination of the first mode shape
of the tank, the following iterative procedure
is suggested in [2], [3]. A trial shape is
selected for f(¢) in expressions (A.18)-(A.22)
(a shape proportional to ¢ is usually a good
approximation, especially for slender tanks).
Denoting with fi(¢) the shape used in the i-th
iteration, an ‘effective’ mass density of the
shell is evaluated as:

(A.23)

where p'i(c) is the value of the pressure
evaluated from expression (A.19) at the i-th
step.

The effective mass density from expression
(A.23) may then be used in a structural
analysis of the tank to evaluate the mode
shape in the (i + 1)-iteration, and so forth
until convergence.

The fundamental circular frequency of the
tank-fluid system may be evaluated by means
of the following approximate expression,
derived in [4] for steel tanks:

(s ¢=1/3)

@, =27

ne E mMonmynap mpyXHOCTI marepiaidy CTIHKU
pesepByapy.
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I S
R(0.1577% + y +1.49)

(for ¢c=1/3) (A-24)

where E is the elastic modulus of the material
of the tank wall.



3CyB B OCHOBI JOPIBHIOE:
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The base shear is:

Qr(t) = mrAx(t) (A.25)
ae: where:
me =myyy. (=1f d,
Ve (A.26)
MomenT  Ge3nocepenHbO  Haa  JTHOM The moment immediately above the tank

pe3epByapy MOXKE PO3PaxOBYBAaTHCS TaKUM
YUHOM:

bottom may be calculated as:

Mi(t) = meheA(t) (A.27)
ne: where:
ly==.d, (—1)'11, -2 (_.:=Gdlli11[1? v)
I - V_,T - VI‘.‘ I
h.=H-= - =
xrgd,
| n (A.28)

A.3.2 KombiHauisi yMOB THCKY, 3aBISIKH
TOPM30HTAJIbHIM CKJIAA0BiH ceillcMiYHOTO
BILIMBY

A.3.2.1 3arajabHi npouexypu

3arajlbHUM THCK 3 ypaxyBaHHSAM 4Yacy B
THYYKUX pe3epByapax € CyMOK >KOPCTKOIO
yIIapHOTO TUCKY 3 YpaxXyBaHHSIM uacy (Bupa3
(A.1)), kouBexkTHBHOTO THCKY (BHpa3 (A.7)), i
raydkoro Tucky (Bupas (A.19)), koxeH 3
SIKUX TI0-PI3HOMY PO3IMOIUIAETHCS IO BUCOTI 1
Ma€e pi3HI 3MIHM 3 4acoM. 3CyB OCHOBU 3
ypaxyBaHHSIM 4acy, SIKHH BUKJIUKAHUHA [IUMH
tuckamu (Bupasu (A.3), (A.11) i (A.25)) mae
HACTYITHUMN BUTIIAL :

Olt)= m; A_(r)+

n=l

A.3.2 Combination of the pressure terms
due to horizontal components of the
seismic action

A.3.2.1 General procedures

The time-history of the total pressure is in
flexible tanks is the sum of the time-histories
of the rigid impulsive pressure (expression
(A.l)), of the convective one (expression
(A7)), and of the flexible pressure
(expression (A.19)), each of them differently
distributed along the height and having a
different variation with time. The time-
history of the base shear produced by these

pressures (expressions (A.3), (All) and
(A.25)) is:
sm_ A, (t)+m,A,(t)
S (A.29)
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ne  Acn(t) -3aramene abo  aGcoiroTHE
NPUCKOPEHHS PeaKilii mpoCTOro OCHUISATOPA
3 KpyroBow dYactotoro axn (Bupas (A.9)) i
KoedimienT  aeMndyBaHHSA,  BiIMOBITHHIMA
peakilii pO3IUICCKYBaHHS, BIIHOCATHCS [0
0azoBoro mpuckopenHs Ag(t), Toai sk Ag(t) -
NPUCKOPEHHST peakilii (U0 BITHOCUTHCSA 0
OCHOBH) TIPOCTOTO OCIHMJISTOpa KPYroBoi
yactotd ax (Bupas (A.24)) i nemndyBanHs,
XapakTepHe [UIsl CHUCTEMHU ' pe3epByap -
pimuHa", TaKOX BiTHOCITHCS J10 Ag(t).

Axmo 1HAMBIAYyalbHI MaKCUMYMH YMOB Yy
Bupasi (A.29) Bizomi, HaNpUKIIa, 31 CIEKTPY
peaxkirii a0COJIFOTHUX 1 BiJTHOCHUX
MPUCKOPEHbB, BIAMOBIHI TUCKH Ha pe3epByap,
MOTPIOH1 Ui JIeTaJIbHOTO aHaji3y Hamlpyry,
MOXXYTbh OyTH OTpUMaHi IIISXOM MOLIUPEHHS
PE3YIBTYIOU0i KOXHOTO 3 TPHOX UICHIB Yy
Bupasi (A.29) mo criHKax i JHY pe3epByapy
BIIMOBIIHO /0 3aCTOCOBHOTO  PO3MOJIUTY
TUCKIB.  JIJISI ~ TPUCKOPEHHS  TMPOIECy
MPOEKTYBaHHs, MacH Mi, Mcn U Mf, OCTAHHS 3
SIKUX TPYHTY€EThCS Ha mependadyBanii popmi
mepmoi MOAM, po3paxoBaHi K (PyHKIT
BIIHOIIEHHS ¥ 1 TOCTYIHI B Tabau4HIi Gopmi
abo y Burisagi rpadikiB (auB., HaNpHUKIALI,
Pucynku A.2(a), A.4(a), croBmi 4 i 5 B
Tabmui A.2 i [4]). Bukopucranus Bupasy
(A.29) y moemHaHHI 31 CIIEKTpaMH peakIril
CTaBUTh, OJTHAKO, NMUTAHHS MPO KOMOIHAI[IIO
MaKCUMYMIB. Oxkpim HEOOXITHOCTI
BHUBEJICHHS BIJIHOCHOTO CHEKTPY peakxiii
npuckopenns s Aft), He ICHye TOYHOIrO
ciocoby komOinyBanHs miky QyHkitii Ag(f) 3
mikoMm ¢yskiii Agt). HacmpaBmi, oCKiuTbKH
BXiJIHA BEJIMYMHA 1 i peakiis HE MOXYTh
nepeadavaTucs HE3aJICKHUMH B JIiarma3oHi
BITHOCHO  BHCOKMX  YacTOT, IPaBUJIO
"KBaIpaTHOTO KOPEHs 3 CyMU KBaJpaTiB" HE €
JNOCUTh TOYHUM. 3 1HIIOTO OOKY, CKJIaJaHHs
IHAMBIAyaIbHUX  MakCUMyMiB Morjo 0
MIPUBECTH JI0 HAJMIPHO 00EPEKHUX OIIHOK.

3a HasgBHOCTI BKa3aHUX YTPyIHEHb Oynu
3aMporoHOBaHI pi3HI TPHUOIM3HI MIAXOMH,
IpPYHTOBaH1 Ha BMIIe3rafgaHiii teopii. Tpu 3
HUX, JeTanpHO mpexactaBieHi B [4], [5],
npunucyroThees Benercocy 1 fAnry, Xapyny i
Xycuepy a6o Ilapdy [4].
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where Acn(t) is the total or absolute response
acceleration of a simple oscillator with
circular frequency axn (expression (A.9)) and
damping ratio appropriate for the sloshing
response subjected to a base acceleration
Ag(t) while Af(t) is the response acceleration
(relative to the base) of a simple oscillator of
circular frequency ox (expression (A.24)) and
damping appropriate for the tank-fluid
system, also subjected to Ag(t).

If the individual maxima of the terms in
expression (A.29) are known, e.g. from a
response spectrum of absolute and relative
accelerations, the corresponding pressures on
the tank needed for a detailed stress analysis
may be obtained by spreading the resultant of
each of the three terms in expression (A.29)
over the tank walls and floor according to the
relevant distribution of pressures. To expedite
the design process, the masses mi, me, and my,
the latter based on assumed first mode
shapes, have been calculated as functions of
the ratio y and are available in tabular form or
in diagrams (see, for example, Figures A.2(a),
A.4(a), columns 4 and 5 in Table A.2 and
[4]). Use of expression (A.29) in combination
with response spectra, however, poses the
question of the combination of the maxima.
Apart from the need to derive a relative
acceleration response spectrum for A«(t), there
is no accurate way of combining the peak of
Ag(f) with that Af(t). As a matter of fact, since
the input and its response cannot be assumed
as independent in the range of relatively high
frequencies under consideration, the ‘square
root of the sum of squares’ rule is not
sufficiently accurate. On the other hand,
addition of the individual maxima could lead
to overconservative estimates.

Given these difficulties, various approximate
approaches based on the theory above have
been proposed. Three of these, presented in
detail in [4], [5], are due to Veletsos and
Yang, Haroun and Housner, or Scharf [4].



ITinxix Bemercoca 1 Slara moJjisirac B 3aMmiHi
BHpa3y (A.29) HaCTymHUM BUPA30M:

Q[ﬂ = m; *’{_r'a [ﬂ_

TO6TO, BUXOOAYU 3 AONYHICHHA, IO IIOBHA

yoapHa Maca pearye 3  IOCHICHUM
aOCOJIIOTHUM TPUCKOPEHHSIM Yy BiOMOBiIbh
CHCTEMHU THYYKOTO pesepByapy

(Ara(t)=Ax(t)+Ag(t)) 3 MUKIIYHOIO YACTOTOIO
axr (Bupaz (A.24)) 1 nemndyBaHHIM, IO
BiJIMOBiIae cucteMi "pesepByap - pimuHa'.
Makcumym Aga(t) BUXOUTH O€3MOCEPEHBO 3
BIIMOBIIHOTO CHEeKTpy peakiii. [loBHa cuma
3CyBY B OCHOBI MOxe OyTh mpuOInU3HO
OIlIHEHA BUPA30M:

Qu(t) = (eom)Ara(t)

ne (eom) — edexTMBHa Maca CTIiHKH
pesepByapy, 1o O6epe yJacTh B MEPIIiid MO/,
Jile M — 3arajibHa Maca CUCTEMH 'pe3epByap -
pinuHa", a koedimieHT & Moxke OyTH
Bu3HadyeHu 3 Taomum A.l.
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The Veletsos and Yang approach consists in

replacing expression (A.29) with the
following:
E_ I”E‘H “iﬁi {r]
=1 (A.30)

I.e., in assuming the entire impulsive mass to
respond with the amplified absolute response
acceleration of the flexible tank system
(Ara(t)=As(t)+Ag(t)) with circular frequency
ax (expression (A.24)) and damping
appropriate for the tank-fluid system. The
maximum of As(t) is obtained directly from
the appropriate response spectrum. The total
base shear may be evaluated approximately
by the expression:

(A31)

where (em) is the effective participating
mass of the tank wall in the first mode, where
m is the total mass of the tank-fluid system
and the factor & may be determined from
Table A.1

Tabauus A.1 - EdbexkruBHa Maca CTIHKM pe3epByapy, 10 Oepe ydacTh B MEPIIid MO, SIK A0JIs

nijgoro, B mpoueaypi Bemercoca 1 flnra

Table A.1 — Effective participating mass of tank wall in first mode as fraction of the total, in

the Veletsos and Yang procedure

H/R 0,5

1,0 3,0

0,7 0,9
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[Mpouenypa Benercoca i1 Slura Hamae OLIHKY
BEPXHBOT MEXI1, MPUHHATHY JJIs1 BiTHOIICHHS
H/R, mo He Habararo mepeBuinye 1. Bumie
OrO 3HAYeHHS Oyi1M  3amnpoNOHOBaHI
MOTPABKU ISl 3HU)KECHHS KOHCEPBATUBHOCTI.
3 TOYKH 30py KOHCEPBATHBHOTO XapakTepy
METOJIy, JI€I0 IHEepIil pe3epByapy 3a3BUYAl
OyBae MOKHA HEXTYBATH.

VY migxonai Xapyna i XycHepa Bupa3 (A.29)
3amucyeTbess  y GopMmi, NPUAHATHIA IS
BUKOPHUCTAHHS CIEKTPY pPeakilii, a came:

The Veletsos and Yang procedure provides
an upper bound estimate, acceptable for HIR
ratios not much larger than 1. Above this
value,  corrections to  reduce the
conservativeness have been suggested. In
view of the conservative nature of the
method, the effects of tank inertia may
generally be neglected.

In the Haroun and Housner approach
expression (A.29) is written in a form suitable
for the use of the response spectrum, as:

Olt)=m; —m;, }A_z (t)+ E mg, A, (t)+m; A (1)

Macu mi u Ms peAcTaBIAOThCA Ha Tpadikax
sk ¢ynkuii H/R u S/R, pazom 3 Bucotamu, y
SIKUX 111 MAaCH TIOBMHHI OyTH pO3TalioBaHi s
OTPUMAaHHS TPABHIILHOTO 3HAYEHHS MOMEHTY
ocHoBu [5]. Mii iHepuii cTiHKH pe3epByapy
BKJIIOUYAIOTHCS B 3HAUEHHS Mac Ta iX BUCOT.

[IpaBuno “kBampaTHOrO KOpPEHS 3 CyMH
KBaJpariB” BUKOPUCTOBYETHCS TUIsSt
KOMOIHYBaHHSI MaKCUMaJIbHUX 3HA4Y€Hb TPEX
ckiagoBux y Bupasi (A.32).

Hapemti, rpyHTytounch Ha ToMy (akTi, 110
a0COJIIOTHE 1 BIIHOCHE MPUCKOPEHHS peaKIlil
HE BIUIPI3HSAIOTHCA TOMITHUM YHHOM Y
BIIMOBIIHOMY Jialla30H1 4YacTOT, B MiAXOIl
[apda [4] Bupa3 (A.29) 3anuCyeThCS TaKUM
YHHOM:

olt)=m, A, (#)+ Z m

n=1

[lpaBuiao "KBaapaTHOrO KOPEHS 3 CyMH
KBaIpaTiB" BUKOPHCTOBYETHCS IS
KOMOIHYBaHHS MaKCHMaJbHUX 3HAYEHb TPEX
ckiaoBux y Bupasi (A.34).

(A.32)

The masses mi and ms are given in graphs as
functions of H/R and s/R together with the
heights at which these masses should be
located to yield the correct value of the base
moment [5]. The effects of the inertia of the
tank wall are incorporated in the values of the
masses and of their heights.

The “square root of the sum of squares” rule
is used to combine the maximum values of
the three components in expression (A.32).

Finally, based on the fact that absolute and
relative response accelerations do not differ
appreciably in the relevant frequency range,
in the Scharf [4] approach expression (A.29)
IS written as:

A () +me A ()

n n Y

(A.33)

The ‘square root of the sum of squares‘ rule
is used to combine the maximum values of
the three components in expression (A.34).

0= \/(ml_.a, )+ (ma, )+
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= 3
(Ym_a_)°

il cH o on

= (A.34)



[le Oinpmn  cropomeHudd  miaxig — Oys
3aMporoHOBaHWK B [6] TO  JiHIAX,
AHAJIOTIYHUX TUM, SKi OyJIM BHKOPHUCTaHI
Bemercocom 1 SHroMm, fK 1€ IIOKa3aHO
HIDKYE.

A214 3aCTOCOBYETHCS TaKOX o
BIIHONIEHHIO  JI0 p3BHUX  MEXaHI3MIB
ricrepe3ucHoro  poscisHHS  eHeprii (i
BIJITOBIAHOTO 3HAYEHHS IMOKa3HUKA

MOBEAIHKM (), IO XapaKTEepU3ylOTh pI3HI
CKJIQJIOB1 THUCKY.

A3.2.2 Copomena mnpoueaypa aJjsi
HMJIIHAPUYHMUX pe3epByapiB 3 ¢ikcoBaHOI0
0CHOBOIO [6]

A.3.2.2.1 Moaeab

Cucrema "pesepByap - piaguHa" MOJCITIOETHCS
JIBOMa cucreMmamMu 3 OJJHUM CTYHeHeM
cBO0O/IM, OJIHA 3 SAKUX BIAMOBINA€E yHapHINA
CKJIAZIOBIN, $Ka TMEpPEeMINIAaeThCS pa3oM 3
THYYKOIO CTIHKOIO, Ta IHINA, IO BiAMOBITAE
KOHBEKTUBHIN CKJIAIOBII. VYnapuaa i
KOHBEKTHBHA Peakilii 00'€IHYIOThCS MUISIXOM
Y3STTS 1X YUCIIOBO1 CYMU.

[lepioqn BmacHUX KOJIMBaHb yAapHOi 1
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An even more simplified approach has been
proposed in [6] along lines similar to those of
Veletsos and Yang, as summarized below.

A.2.1.4 applies here as well, regarding the
different  hysteretic energy dissipation
mechanisms (and associated behaviour factor
values q) characterising the different pressure
components

A.3.2.2 Simplified procedure for fixed base
cylindrical tanks [6]

A.3.2.2.1 Model

The tank-liquid system is modeled by two
single-degree-of-freedom  systems,  one
corresponding to the impulsive component,
moving together with the flexible wall, and
the other corresponding to the convective
component. The impulsive and convective
responses are combined by taking their
numerical-sum.

The natural periods of the impulsive and the

KOHBEKTHBHOI ~ peakiiid, B  CEeKyHJax, convective responses, in seconds, are taken
HpHﬁMamTBCH TaKUM YHUHOM: as:
Y H
}:mp = C1 Li
VSR VE (A.35)
Teon = CoVR (A.36)
ne: where:

H = BucoTa 10 BUTbHOT MOBEPXHI PiAMHM;

R = paaiyc pe3epByapy;

S = eKBIBaJICHTHA OJHOPIIHA TOBIIMHA CTIHKU
pe3epByapy (cepeHbO3BaXK€Ha IO BHUCOTI
YBIIQ)KHEHHOW CTIHKM pe3epByapy, Bara Moxe
OyTv mpuilHATa NPONOPUINHMM Hampys3i y
CTIHLI pe3epByapy, fKa € MaKCHUMaJbHOIO
01151 OCHOBHU pe3epByapy);

H = height to the free surface of the liquid;
R = tank’s radius;

s = equivalent uniform thickness of the tank
wall (weighted average over the wetted
height of the tank wall, the weight may be
taken proportional to the strain in the wall of
the tank, which is maximum at the base of the
tank);
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0= MacoBa IUILHICTh PiMHHY; o= mass density of liquid; and

E=  Moayns  mnpykHOCTI  Mmarepiary E = Modulus of elasticity of tank material.

pesepByapy.

Taémmua A.2 — Koedimientu C; u C¢ 1 niepioaiB BIaCHUX KOJUBaHb, Macl Mj U M 1 BUCOTH
h u hc Big TOYkM OCHOBM TPHUKIAACHHS PE3yJAbTYHOUOI THCKY Ha CTIHKY, JJIS IMITYJIbCHOT i
KOHBEKTHMBHOI CKJIaJOBOT

Table A.2 — Coefficients C; and C. for the natural periods, masses mi and m¢ and heights h and
hc from the base of the point of application of the wall pressure resultant, for the impulsive and
convective components

H/R Ca Ce, mi/m me/m hi /H he/H hi/H h'e/H
(c/m™?)

0,3 9,28 2,09 0,176 0,824 0,400 0,521 2,640 3,414
0,5 7,74 1,74 0,300 0,700 0,400 0,543 1,460 1,517
0,7 6,97 1,60 0,414 0,586 0,401 0,571 1,009 1,011
1,0 6,36 1,52 0,548 0,452 0,419 0,616 0,721 0,785
1,5 6,06 1,48 0,686 0,314 0,439 0,690 0,555 0,734
2,0 6,21 1,48 0,763 0,237 0,448 0,751 0,500 0,764
2,5 6,56 1,48 0,810 0,190 0,452 0,794 0,480 0,796
3,0 7,03 1,48 0,842 0,158 0,453 0,825 0,472 0,825

Koedimieatn Ci u Cc Buxomsats 3 Tabmuiri
A.2. Koediuient Cj € 6e3po3MipHUM, TOI fIK,
akio R Bupaxkaerbcs B MeTtpax, To Cg

BHUPAXKAETHCA B C/Mllz.

YaapHa 1 KOHBEKTHMBHA Macu M W M
npeAcTaBieHi B Tabmumi A2 gk ool
3arajbHOI MacH PiIMHA M pa3oM 3 BUCOTAMHU
BiX OCHOBH TOYKHU MPUKITAICHHS
PE3yNbTYIOU0i yJApHOTO 1 KOHBEKIIHHOTO
TiIPOIUHAMIYHOTO THCKY Ha CTiHKH, N i he.
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The coefficients C; and C. are obtained from
Table A.2. Coefficient C; is dimensionless,
while if R is in meters C¢ is expressed in
s/mY2,

The impulsive and convective masses m; and
mc are given in Table A.2 as fractions of the
total liquid mass m, along with the heights
from the base of the point of application of
the resultant of the impulsive and convective
hydrodynamic wall pressure, h and hc.



A.3.2.2.2 CeiicmiuHa peakuist

3arapHUH 3CYB B OCHOBI JJOPIBHIOE

O=(m +m_+m)sS.(

e:
My = Maca CTIHKH pe3epByapy;
My = Maca Jaxy pe3epByapy;

Se(Timp) = yaapHe CIIEKTpaJIbHe
MPUCKOPEHHS, OTPUMaHE i3 CHEKTPY MPYKHOT
peakuii Juid 3HA4Y€HHA JAeMI(QyBaHHS, IO
Y3TO/DKYETBCSI 3 TPaHUYHUM  CTAaHOM,
PO3TIIIHYTUM BignoiaHo a0 2.3.3.1;

Se(Tcon) = KOHBEKTHBHE CTIEKTpaJIbHE
NPUCKOPCHHS, 3 JeMI(YBaHHSAM CHEKTPY
npyxHoi peakiii 0,5 %.

IlepeBeprarounii MOMEHT Oe3MOCEPETHBO HA
IUTUTOXO OCHOBU €

M=(m h+m, h, +m

hw 1 hr - BUCOTH HEHTpPIB TSOKIHHSA CTIHKH 1
naxy pesepByapy, B1JIMTOB1THO.
[TepeBepTatounii MOMEHT O€3MOCEPEAHBO T
TUTUTOIO OCHOBH JIA€ThCS BUPA30M

M =\m hs+m_h_+n
Beprukanpae nepeMIIIeHHS MMOBEPXHi
pinuHw, 3aBIISIKU PO3ILIECKYBaHHIO,

npeacrabiaserbes Bupazom (A.15).

A.3.3 BeprukajabHa
CelCMIYHOr0 BILINBY

CKJIA0BA

Ha  momatoxk 1m0  tucky  pwl(s 1),
npezacraBieHomy Bupasom (A.17), 3aBasku
HKECTKOMY pyxy pe3epByapy y
BEPTUKATHHOMY HAIpsiMi 3 MPUCKOPEHHSIM
Au(t), € BHecok y THuCK, Pvi(g t), 3aBmsiku
ne(opMOBaHOCTI (paaialbHOMY “‘IHMXaHHIO)
obononku [7]. Lls nmonmatkoBa ymoBa MOKe
OyTH po3paxoBaHa SK
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A.3.2.2.2 Seismic response

The total base shear is

*-Timp]_”f: S.(7..) (A.37)
where:

mw = mass of the tank wall;

m; = mass of tank roof;

Se(Timp) = impulsive spectral acceleration,

obtained from an elastic response spectrum
for a value of damping consistent with the
limit state considered according to 2.3.3.1;

Se(Teon)) = convective spectral acceleration,
from a 05 %-damped elastic response
spectrum.

The overturning moment immediately above
the base plate is
)S (T, )+ m b s (T,) (A.38)
hw and hy are heights of the centres of gravity
of the tank wall and roof, respectively. The

overturning moment immediately below the
base plate is given by

b )S (T, )+ m he s (T,,)

con

(A.39)

The vertical displacement of liquid surface
due to sloshing is given by expression
(A. 15).

A.3.3 Vertical component of the seismic
action

In addition to the pressure pw(g, t), given by
expression (A.17), due to the tank moving
rigidly in the wvertical direction with
acceleration Ay(t), there is a contribution to
the pressure, Pui(g, t), due to the
deformability (radial ‘breathing’) of the shell
[7]. This additional term may be calculated
as:
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(T
pelet)= 0-.315f(_}’}ﬂH005| =<

Ie.
f(») = 1,078 s 0,8 <y<4
N for 0,8< y<4
0,274Iny
f() = 1,0 s y< 0,8
for y<0,8

Avf(f) — peaxitis Ha TPUCKOPEHHS POCTOTO
OCLMJIATOpA, 10 Ma€ 4YacToTy, pIBHY
dbyHIaMEHTANBHINA YacTOTI OCECHMETPHUYHOT
BiOpaIrii pesepByapy 3 piIMHOIO.

14,1
) (A.40)

where:

(A.41a)

(A.41b)

A.«(f) is the acceleration response of a simple
oscillator having a frequency equal to the
fundamental frequency of the axisymmetric
vibration of the tank with the fluid.

dyHpamMeHTaTIbHa 9acTOTa MOXKE OyTh The fundamental frequency may be estimated

OIlIHEHA 3 BHpA3y: from the expression:
T e A9

e: where:

n = 7(2y); n = 7(2y);

Io(-) Ta li(-) o3HauawTh MOIU(DIKOBAHY Io(-) and li(-) denote the modified Bessel

¢dbynkuiro beccenst 6mm3pko 0 1 1, BiIMOBiIHO;

E u v - monyns FOHra i koedimient [Tyaccona
Marepiany pe3epByapy, BiIIIOBITHO.

Makcumanbeie 3HaueHHs Pvi(f) oTprmani Bin
BEPTUKAITHLHOTO TIPUCKOPEHHSI CIIEKTPY peaKilii
JUIsl  BIIMOBITHUX  3HAYeHb  mepiogy 1
nemndyBaHHs. SIKIIO THYYKICTH TPYHTY He
npuiiMaetbess g0 yBaru  (muB. A7),
BIAMOBIAHUMUHUMU 3HAYCHHSIMA
nemrnyBaHHS €  3HAuYeHHS  Marepiany
000JIOHKM. 3HAYCHHs MMOKAa3HHWKA TOBEIIHKH,
g, mpuifHATE A peakiii, 3aBISKU yIapHii
CKJIJIOBIM THCKY 1 IHEpLii CTIHOK pe3epByapy,
MOK€ BUKOPHUCTOBYBATHCS [UIS peEakilii Ha
BEPTUKAIBHY CKJIAJI0OBY CEHCMIUHOTO BILIMBY.
MaxkcumanbsHe 3Ha4eHHS THUCKY, 0OyMOBJIEHE
KOMOIHOBAHOIO Hi€r0 Pur(*) 1 pvi(-), MOXke OyTH
OTPUMAHO TUISXOM 3aCTOCYBaHHS TIpaBHIIa
“KBaJIpaTHOTO KOPEHS 3 CyMHU KBaJpaTiB” IO
IHIMBITyaTbHIX MAKCUMYMIB.
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function of order 0 and 1, respectively;

E and v are Young's modulus and Poisson
ratio of the tank material, respectively.

The maximum value of pv(f) obtained from
the vertical acceleration response spectrum
for the appropriate values of period and
damping. If soil flexibility is neglected (see
A.7) the applicable damping values are those
of the material of the shell. The behaviour
factor value, g, adopted for the response due
to the impulsive component of the pressure
and the tank wall inertia may be used for the
response to the vertical component of the
seismic action. The maximum value of the
pressure due to the combined effect pw(-) and
pvi(*), be obtained by applying the ‘square
root of the sum of squares’ rule to the
individual maxima.



A.3.4 Komoéinanis aii ropu3oHTa bHOI i
BEPTHKAJIBbHOI CKJIAJOBUX CelCMIYHOIO
BILUIMBY, BKJIKOYAI04H /il iIHIIMX BIUIUBIB

Tuck Ha CTIHKM pe3epByapy ciifi BU3HauaTH
y BiamoBigHOCTI ¢ A.2.3.

A.4 IlpsiMoKyTHI pe3epByapu

A.41 Kopcrki npAMOKYTHiI pe3epByapu
HA TPYHTI, NPUKPIiNJIEHi 10 pyHAAMEHTY

Jnst pesepByapiB 31  CTIHKaMmH,  SIKi
nependayvaroTbes AK JKOPCTKI, MOBHUM THUCK
3HOBY-TaKM JIa€ThCS CYMOIO yIapHOTO 1
KOHBCKTHUBHOI'O BHGCKy:

p(Z, t) = pi(z, t) + pC(Z’ t)

VY napHa ckiazioBa BUIUIMBAE 3 BUPa3y:

Pi(z, ) = qo(2)pLAg(t)

ae.

L - HamiBmmpuHA pe3epByapa B HaIPSMKY
CEHCMIYHOTO BIUIUBY;

Qo(2) - ¢yskuis, mo mae Bapiamiro Pi(-) MmO
BHUCOTI, 5K 300paxkeHo Ha Pucynky A.5 (pi(*) €
MOCTIHHOIO B  HANPSIMKY, OPTOTOHAILHOMY
celicMiYHOMY BIUTHBY). TeHJCHIIIS 1 YKMCIIOBI
3HaueHHS (o(2) € Ayske OIU3BKI 10 BIAMOBITHUX
3HAUCHb  LWIIHIPUYHOTO  pe3epByapa 3
paniycom R = L (muB. Pucynox A.6).

KoHBeKTHBHA CKJIaJ]OBa TUCKY BU3HAYAETHCS
MiJICYMOBYBaHHAM MOJaIbHUX TEPMIHIB (MO
pacmeckiBanus). Sk 1 UIS LATIHIPAYHHX
pe3epByapiB, JOMIHYIOYHM BHECKOM € BHECOK
(byHIaMEHTAIBHOT MOJIH:

Pc1(z,)=qc1,(2)pLA1(t)

Ac

Qc1(2) - dynxkiis, mokasana Ha Pucynky A.7
pa3oMm 3 2-10 BKJIAJICHO MO0 (c2(2) 1

np ACTY-H b EN 1998-4:201X

A.3.4 Combination of the effects of the
horizontal and vertical components of the
seismic action, including the effects of
other actions

The pressure on the tank walls should be
determined in accordance with A.2.3.

A.4 Rectangular tanks

A.4.1 Rigid rectangular tanks on-ground,
fixed to the foundation

For tanks with walls assumed as rigid, the
total pressure is again given by the sum of an
impulsive and a convective contribution:

(A.43)
The impulsive component follows the
expression:

(A.44)

where:

L is the half-width of the tank in the direction
of the seismic action;

Qo(2) is a function giving the variation of pi(-)
along the height as plotted in Figure A5 (pi(*)
is constant in the direction orthogonal to the
seismic action). The trend and the numerical
values of qo(z) are very close to those of a
cylindrical tank with radius R = L (see
Figure A.6).

The convective pressure component is given
by a summation of modal terms (sloshing
modes). As for cylindrical tanks, the
dominant contribution is that of the
fundamental mode:

(A.45)
where

gci(2) is a function shown in Figure A.7 together
with the 2" mode contribution qge2(z) and
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Ai(t) - yHkumis peakiii NPUCKOPEHHS

MPOCTOTO OCIIMJIATOPA 3 YACTOTOK NepIIoi

MOJIU i Bi/IMOBITHUM 3HAYEHHSIM

neMmrQyBaHHS, TMPU BIUIMBI Ha BXiTHE
npuckoperHs Ag(t).

[Tepion KOJIMBaHb nepuIoi MOJIH
PO3IUIECKYBaHHS €:

T =2n|— Lig

; ‘: tanh | ;

) 2

3CcyB OCHOBM 1 MOMEHT Ha (yHAAMEHT
MOXYTh OyTH OIlIHEHI Ha OCHOBI BHpa3iB
(A.44) 1 (A.45). 3naueHHs mMac Mi i Mci, a
TAaKO’ BiIITOBIIHUX BHCOT HaJ OCHOBOIO, N i
hci, po3paxoBaHWMX ISl IMJIIHIAPUIHUX
pe3epByapiB Ta HajaHux Bupazamu (A.4),
(A.12) i (A.6), (A.14), BIOMOBIAHO, MOXYTh
OyTH TaKOX NPUMHATI i1 NPOEKTYBaHHS
MPSIMOKYTHUX pe3epByapiB (3 3aMmiHol0 R Ha
L), 3 moxubkoto, MeHIow Hix 15% [8].

A.4.2 Tuyuki NpsiIMOKYTHi pe3epByapu Ha
TPYHTI, NpikpenJieHi 10 pyHaameHTy

Ak 1 B IWIHAPUYHUX pe3epByapax 3
KPYTJIUM ~ TIEPETUHOM, THYYKICTh CTIHOK
3a3BMYail  MPHU3BOIUTH  JO  ICTOTHOTO

MIJBUINEHHS YAApPHOTO THCKY, 3aJHUIIAIYN
KOHBEKTUBHHI TUCK MPAKTUYHO HE3MIHHUMH.
JlocmipkeHHsT CeWCMIUHOT peakiii THYYKHX
NPSMOKYTHHX PE3€PBYapiB € HECUMCICHHUMH,
1 gopma iX pe3ynbTaTiB HENMPUHHATHA IS
0e3mocepeIHLOr0 BUKOPHUCTAHHS pu
npoekryBanHi [9]. HaGmwxenus mis minei
MPOCKTYBAHHS MOJISITA€ Y BUKOPUCTAHHI TOTO
K CaMOro pO3MOAUTY BEPTHUKAIBLHOTO THUCKY
K JIJIS )KOPCTKHX CTiH [8], nuB. Bupas (A.44)
i1 Pucynku A5, A.6, ame 3 3aMmiHOIO
npuckopeHns rpyHty Ag(t) y Bupasi (A.44)

BIAMMOBIAHAM MIPUCKOPEHHSIM IPOCTOTO
OCLWJIATOpA, II0 MAa€ 4acToTy 1 Koe(ilieHT
neMndyBaHHS ~ TepIIOi  yAapHOI  MOJIHM

«pe3epByap-piHa».

Lle#t mepion BiOparii Moxe OyTu HpiIOIU3HO
ONMCAaHUH BUPa30M
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Ax(t) is the acceleration response function of a
simple oscillator with the frequency of the first
mode and the appropriate value of damping,
when subjected to an input acceleration Ag(t).

The period of oscillation of the first sloshing
mode is:

(A.46)

The base shear and the moment on the
foundation may be evaluated on the basis of
expressions (A.44) and (A.45). The values of
the masses m; and mc as well as of the
corresponding heights above the base, h’ and
hc1, calculated for cylindrical tanks and given
by expressions (A.4), (A.12) and (A.6),
(A.14), respectively, may be adopted for the
design of rectangular tanks as well (with L
replacing R) with an error less than 15% [8].

A.4.2 Flexible rectangular tanks on-
ground, fixed to the foundation

As in cylindrical tanks with circular section,

wall  flexibility generally produces a
significant increase of the impulsive
pressures, while leaving the convective

pressures practically unchanged. Studies on
the seismic response of flexible rectangular
tanks are few and their results are not in a
form suitable for direct use in design [9]. An
approximation for design purposes is to use
the same vertical pressure distribution as for
rigid walls [8], see expression (A.44) and
Figures A.5, A.6, but to replace the ground
acceleration Ag(t) in expression (A.44) with
the response acceleration of a simple
oscillator having the frequency and the
damping ratio of the first impulsive «tank-
liquid» mode.

This period of vibration may be approximated
as:



Tt = 27n(ds/g)*?

ae.

df - BiOXWICHHS CTIHKM Ha BEPTUKAIbHIH
[EHTPaJIbHIN JTiHI{ 1 Ha BUCOTI yapHOi MacH,
KOJIM CTiHKa HaBaHTaKEHa PIBHOMIPHUM
HAaBaHTAXXEHHSIM B HANPSAMKY PyXy TPYHTY 3
MmarHirynor: mig/4BH;

2B - mmpuHa pesepByapa, NepHeHIUKYIIPHA
HaNpsIMKy CEHCMIYHOTO BIUIUBY.

VYnapHa maca M Moxe OyTH OTpUMaHa sK iX
cyma 3 Bupazy (A.4), Pucynox A.2(a) abo
crosirens 4 B Tabmmm A.2, mmoc Maca
CTIHKH.

np ICTY-H B EN 1998-4:201X
(A.47)
where:

dr is the deflection of the wall on the vertical
centre-line and at the height of the impulsive
mass, when the wall is loaded by a load
uniform in the direction of the ground motion
and of magnitude: mig/4BH;

2B is the tank width perpendicular to the
direction of the seismic action.

The impulsive mass m; may be obtained as
the sum of that from expression (A.4), Figure
A.2(a) or column 4 in Table A.2, plus the
wall mass.

1.0 | T
T%::\k_ H/L =S
A H\.‘R i
WA
0.6 xfﬁh\ \1.,
z/H 1 01~ N \\
. \
0 —
0 0.2 04 0.6 0.6 1.0
0o(2)/00(0)
Pucynoxk A5 - Po3mogini mo BucoTi 0e3po3MipHOro yIapHOro THCKY [JIsl CTIHKH

NPSIMOKYTHOTO pe3epByapy, NepHeHANKYJISIPHOI TOPU30HTAJIBHIN CKJIAA0BIH ceiicMiYHOIO

piuBy [8]

Figure A.5 - Distribution along the height of dimensionless impulsive pressures on
rectangular tank wall which is perpendicular to the horizontal component of the seismic

action [8]
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1.0

H/L

0.6

o |
o 1
ol

Q 1 Z 1 A 5
do(0)

Pucynok A.6 - IlikoBe 3HaueHHs1 6€3pO3MIPHOr0 YIapHOI0 THCKY /ISl MPAMOKYTHOI CTiHKH,
NePIeHINKY/ISIPHOI TOPU30HTAIBHIN CKJIA/IOBIH ceficMiuHoro BBy [8]

Figure A.6 - Peak value of dimensionless impulsive pressures on a rectangular wall which is
perpendicular to the horizontal component of the seismic action [8]
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Pucynok A.7 - be3po3MipHuii KOHBEKTHBHUI THCK HA CTIHKY NPSIMOKYTHOI0 pe3epByapy,
NepneHIHKYJISIPHY TOPH3OHTAIbHIl cKIanoBiii ceiicmiunoro BiiuBy ([8])

Figure A.7 - Dimensionless convective pressures on rectangular tank wall which is
perpendicular to the horizontal component of the seismic action ([8])

A.4.3 Kom0inamisi aii BiuiuBy, 00ymMoBJeHa
Pi3HUMU CKJIAJJOBUMH i BILIMBAMHU

A.2.1.6 3aCTOCOBYETHCS IO BITHOIICHHIO 0
PI3HHUX MEXaHI3MIB TUCTEPE3UCHOTO
poscitoBanHs ~ eHeprii (i BIiANOBiIHOTO
3HAYCHHS IIOKa3HWUKA TIOBEHIHKH () JUIs

pI3BHMX CKIAmoOBUX THCKY. A.2.2 Moxe
3aCTOCOBYBAaTHCS  JUIsi  OI[IHKM  BIUIMBIB
BEPTUKAJIBHOI  CKJIQIOBOI  CEHCMIYHOTO

BILUBY, a A.2.3 — ans koMOiHalil BIIJIMBIB
TOPU30HTAIBHUX 1 BEPTUKAIBHUX CKIIaI0OBHUX,
BKJIIOYAIOYM  BIUIMBU  IHIOUX Oy
CEHCMIUHUX MPOSKTHUX CUTYaIlifX.

A.4.3 Combination of action effects due to
the different components and actions

A.2.1.6 applies regarding the different
hysteretic energy dissipation mechanisms
(and associated behaviour factor values q) for
the different pressure components. A.2.2 may
be applied for the evaluation of the effects of
the vertical component of the seismic action
and A.2.3 for the combination of the effects
of the horizontal and vertical components,
including the effects of other actions in the
seismic design situation.
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Pucynok A.8 - Tlo3HavyeHHs JJIsl HMJTIHAPUYHOTO pe3epByapa 3 rOPU30HTAJIbHOIO Biccio [8]

Figure A.8 - Notations for horizontal axis cylindrical tank [8]

TlozHaueuus:

1: celicMiyHNA
HaTpsIMKY;

BIUIMB B  MONEPEUHOMY

2. CeUCMIYHUW BIUIMB B TO3J0BXHBOMY
HaIPSIMKY

A5 I'opu3onTanbHi HUJTIHAPUYHI
pe3zepByapu Ha rpyHTi [8]
['opu3oHTanbHI  IWIIHAPUYHI  pe3epByapHu

MOBUHHI OyTH pPO3paxoBaHI Ha CEHUCMIYHUUN
BIUIMB B3JI0OBX IIO3J0BXHBOT 1 IMOTIEPEUHOT
oceii (quB. Pucynok A.8 111 MO3HAYEHB).

[TprOnmu3Hi 3HA4YEeHHS I TiAPOJIUHAMIYHHX
THUCKIB, BUKIIMKAHUX CEHCMIYHUM BILUTUBOM SIK
B TIIO3JIOBXXHBOMY, TaK 1 B TIONEPCUYHOMY
HampsIMKaX, MOXYTb OyTM OTpuUMaHi 3
PO3IIIsSLy MPSIMOKYTHOTO PE3EPBYapy 3 TIEHO K
CaMoOI0 TJMOWHOKO PIBHSA PIAMHHU, 3 THMH K
po3MipamMu, IO 1 HMITIHAPUYHUNA pe3epByap 1 B
HAIpPSMKY CEHCMIYHOTO BIUIMBY, Ta 3 TPETIM
BUMIPOM (LLIMPHUHOIO) TaKUM, 11100
nixTpuMyBaBcst 00'eM piquHu. e HabmKeHHs
€ JOCHTh TOYHHUM JUIsl IIUIeH MPOEKTYBaHHS B
mianaszoni BigHomenns H/R mix 0,5 i 1,6.
Slkimo BigHormennss H/R mepeswmiye 1,6, To
MIOBE/IIHKY pe3epByapa Cllii BBaXKaTd TaKolo,
AKOM BiH OyB IMOBHUM, TOOTO 13 3arajJbHOIO
MAacoI0 PIIMHH, 110 JIi€ CIIUTEHO 3 Pe3ePBYapoOM.
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Key:

1: seismic action in transverse direction;

2: seismic action in longitudinal direction

A5 Horizontal cylindrical tanks on-
ground [8]
Horizontal cylindrical tanks should be

analyzed for seismic action along the
longitudinal and along the transverse axis
(see Figure A.8 for notations).

Approximate values for hydrodynaniic
pressures induced by seismic action in either
the longitudinal or transverse direction may
be obtained considering a rectangular tank
with the same depth at the liquid level, the
same dimension as the actual one and in the
direction of the seismic action and third
dimension (width) such that the liquid
volume is maintained. This approximation is
sufficiently accurate for design purposes over
the range of H/R between 0,5 and 1,6. If H/R
exceeds 1,6, the tank should be assumed to
behave as if it were full, i.e., with the total
mass of the fluid acting solidly with the tank.



st CeliCMIYHOTO BIUIMBY B IONEPEYHOMY
HanpsIMKY (TIEPIICHINKYISPHO J0 OC1) HUKYE
OTMHCYEThCS OUIBII TOYHE pIMICHHS s
YaCTKOBO 3aIIOBHEHUX pPe3epBYyapiB.

Posmoxin  ymapHOTO
HAaCTYyITHUM YUHOM.

TUCKY Ja€ThCA

Pi(#)=0o(#)7RA(D)

Jinga H = R ¢yukuis tucky Qo(:) mpuiimae
bopmy

qo(j¢]=i
T

o

1 BimoOpaxaeThcsi Ha Pucynky A.9

-
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For a seismic action in the transverse
direction (perpendicular to the axis) a more
accurate solution is described below for
partially full tanks.

The impulsive pressure distribution is given
by

(A.48)

For H = R the pressure function qo(-) takes
the form

(_ n—1
> ( ‘:I sin2ng
l=n 2?1.

-1 (A.49)

and is plotted in Figure A.9
R

—1

Pucynok A.9 - YiapHuii TUCK Ha ropu3oHTaJbHUi nuiainap 3 H = R. Ilonepeunuii

ceiicmiunuii Bius [8]

Figure A.9 — Impulsive pressures on horizontal cylinder with H = R. Transverse seismic

action [8]

[To3nauenns: 1. AHTICIMMETPIYHMA THCK
1010 LIEHTPAIBHOT JIIHIT

[InsixoM 1HTETpyBaHHS PO3MOJALTY THUCKY
ynapHa maca g H = R omiHIO€ThCS SIK:

mi = 0,4m

Key: I. Pressure

centreline

anti-symmetric  about
By integrating the pressure distribution the
impulsive mass for H = R is evaluated to be:

(A.50)
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OCKUTBKH THCK JIi€ B paliaIbHOMY HaIlPSIMKY,
CWIH, MPUKIAACH] 0 LIUIIHAPA, MPOXOIATh
gepes IWEeHTp Kpyrioro mepepizy. Ciin
BBQXKATH, MO B I TOYI NPHUKIAJICHI SIK
yJIapHa, TaK 1 KOHBEKTHBHA MACH.

As the pressures are in the radial direction,
the forces on the cylinder pass through the
centre of the circular section. Both the
impulsive and the convective masses should
be assumed to be at that point.

1
?
< -
4
R=16 \”5
/R=05 \f: )

'

Pucynoxk A.10 - be3po3mipHa uacroTa mnepmoi KOHBEKTHBHOI MOIM UISl KOPCTKHX

pe3epByapiB pizHux gpopm [8]

Figure A.10 - Dimensionless first convective mode frequency for rigid tanks of various

shapes [8]
Ilo3HaueHHs:
1: Coepa;

2: T'opu3OHTAIBHUM IWIHAP, MONEPEYHUI
CEHCMIYHUN BIUIUB;,

3: BepTukaneHuii nuitiHAp, chepuyHe AHO,

4: BepTUKaIbHUHN IIMITIHAD;

5: IpsimokyTHHIA pe3epByap (noBkuHa: 2L);

51 6: 'opu3oHTANBHUN IITIHAP, TO30BXKHIN

celicMivHMM BIUTMB (HOoBXHHA: 2L).
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Key:
1: Sphere;

2: Horizontal cylinder, transverse seismic
action;

3: Vertical cylinder, spherical bottom;
4: Vertical cylinder;
5: Rectangular tank (length: 2L);

5 and 6: Horizontal cylinder, longitudinal
seismic action (length: 2L).



PimmenHss uis KOHBEKTMBHOTO THUCKY He
JOCTYHnHI 'y  3pyuHii  dopmi  mis
IIpoeKTyBaHH:,. Kooy pe3epByap 3an0BHEHUN
npubiu3no HamnosoBuny (H = R), macu
NepuIoi MO PO3IUIECKYBAaHHS MOXKYTh OyTH

OL[IHEHU TAKUM YUHOM:

Mc1 = O,6m

Bupazu (A.50), (A.51) posrisiparoThest SIK
po3ymHi Habmmwkenns a1 H/R Bix 0,8 1o 1,2.

YactoT mepioi MOANU PO3IMIECKYBaHHS IS
KOPCTKHUX  pe3epByapiB  pi3HUX  (opM,
BKJIIOYAIOYM TOPU3OHTANBHI IWIHAPUA IS
CEMCMIYHOTO BIUIMBY B3/IOBXK 1 MOIEPEK OCl,
noxa3ani Ha Pucynky A.10.

A.6 Hangzemni pezepByapu

B koHCTpyKTHBHI MoJeni, siKa BKJIIOYA€E
TaKOX OIOPHY KOHCTPYKLIIO, piAWHa B
pe3epByapi Moke OyTH BpaxOByBaHa MIISTXOM
pO3risiy JBOX Mac:

- ymapHa Maca Mj, >KOPCTKO TIOB'S3aHa 3i
CTIHKaMH pe3epByapa 1 po3TaioBaHa Ha BUCOTI
hi a6o hi Bume mHa pesepsyapy (Bupasu (A4) i
(A.6a), (A.6b), BimmoBimHO);

- Maca Mc1, TOB's3aHa 31 CTIHKAMH Yepes
NpyXHHY, 3 *KopcTkicTio Ka = @faMa, e
ax1 TpenctaBisieTbes BupazoM  (A.9), i

po3sTtamioBana Ha BHCOTI h'cy a60 hei (Bupasu
(A.12) i (A.14a), (A.14Db), BiamoBigHO).

Peakiis  cucreMu MOKe  OLIHIOBATHUCA 3
BUKOPUCTAHHSIM CTaHIAPTHOTO MOIAIBHOTO
aHaI3y 1 METO/IIB CIIEKTPY PEaKIlii.

Y mpocromy BHMNaAKy, TJIo0albHA MOJEINb
Mae TUIBKM JIBa CTYIEHi cBOOOM, BIAMOBIIHI
MacaMm M;j i M1, Macy m4, mo nopiBHIOE Maci
pe3epByapa 1 BIANOBIAHIA 4YacTHHI MacHu
OTIOPH, CITiJ J0aBaTH 10 Mi. Macy (m;i + Am)
CIIiJ TIOB'I3yBaTH 3 TPYHTOM 3a JOTIOMOTOIO
NPYXKUHU, IO TMPEACTaBIs€ KECTKOCTh
OTIOPH.
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Solutions for the convective pressures are not
available in a convenient form for design.
When the tank is approximately half full (H
= R), the first sloshing mode mass may be
evaluated as:

(A51)

Expressions (A.50), (A.51) are considered as
reasonable approximations for H/R from 0,8
to 1,2.

The first mode sloshing frequencies for rigid
tanks of various shapes, including horizontal
cylinders for seismic action along and
transverse to the axis, are shown in
Figure A.10.

A.6 Elevated tanks

In the stuctural model that includes also the
supporting structure, the liquid in the tank
may be accounted for by considering two
masses:

- an impulsive mass mij, rigidly connected to
the tank walls, located at a height h’ or h
above the tank bottom (expressions (A.4) and
(A.6a), (A.6b), respectively);

- a mass m¢1 connected to the walls through a
spring of stiffness Kc1 = afcime1, where axa is
given by expression (A.9), located at a height
h'ct or het (expressions (A.12) and (A.14a),
(A.14b), respectively).

The response of the system may be evaluated
using standard modal analysis and response
spectra methods.

In the simplest case, the global model has
only two degrees-of-freedom, corresponding
to the masses mi and mc1. A mass mA4 equal to
the mass of the tank and an appropriate
portion of the mass of the support should be
added to m;. The mass (m;j + Am) should be
connected to the ground by a spring
representing the stiffness of the support.
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3a3Buuaii, iHepuito  oOepTaHHA  MacH
(mi + Am), 1 BiINOBiIHY J0JATKOBY CTYIIHB
cBOOOIU CITiJT TAKOXK BKJIFOYATH B MOJIEIb.

Hamzemuuii pesepByap y ¢opmi ycedeHoro
MIEPEBEPHYTOTO KOHYCA MOKE PO3TJIISIaTUCS B
MOJEN SIK SKBIBJIGHTHUH IMIIIHAP TOTO K
caMoro o0'eéMa piIuMHH 1 JiamMeTpy, piBHOTO
JiaMeTpy KOHyca Ha pPiBHI PiIUHHU.

A7  Edextun B3aemoaii rpysry -
KOHCTPYKUII /151 pe3epByapiB Ha IPYHTI

A.7.1 3arajnHi moJIoKeHHdA

Jliig pe3epByapiB, BCTAaHOBJIEHUX HA BIIHOCHO
neOpMaTUBHUX TPYHTAX, PyX OCHOBH MOXKE
ICTOTHO BIIPI3HATUCSA Bi PyXy Y BUIBHHUX
YMOBax; B IUIOMY, CKJIaJI0Ba MOCTYMAIBHOTO
PyXy 3MIHIOETBCS, 1 € TaKOX KOJMBalIbHA
CKiafoBa. bimbm TOTrO, VIS TOTO X CaMOTO
HAa4YaJlbHOTO  PYXY, Yy MIpy 3pOCTaHHA
THYYKOCT1 TPYHTY, GyHAaAMEHTAIBHUHN TIepio
CHUCTEMHU «pe3epByap-piIuHa» 1 3arajibHe
neMrgyBaHHS 3pOCTAIOTh, 3HWKYIOUU CUITY
MKOBO1 peakilifo. 3pOoCTaHHsS Tepiony €
OUIBII TIOMITHUM JJI1 BHCOKHX, TOHKHX
pe3epByapiB, OCKUIBKM BKJIQJ CKJIaJ0BO1
KonuBaHHS Buie. [Ipore, 3MeHIIEHHS CUIH
MKOBOT peakilii 11 BUCOKUX pe3epByapiB, B
[UJIOMY, MEHIIE, OCKUIbKH JemMrdyBaHHS,
MOB'I3aHE€ 3 KOJIMBAHHSIM, MEHINEe, HIK
MOB'I3aHE 3 TOPU3OHTAIBLHUM IMOCTYHAIbHUM

PYXOM.

[Ipocta mpouenypa, 10 3aMpONOHOBaHA IS
OyniBens B [10] 1 momsrae B 30UIbLICHHI
(dbyHaaMeHTanbHOTO TepioAy 1 JemrdyBaHHS
CIIOPY/IH, 1110 TIOKOIThCSI Ha YKOPCTKOMY TPYHTI
1 CXWIIbHa 10 PyXy Yy BUIBHHUX YMOBaX, Oyna
po3IIUpeHa Ha IMITYJIbCHI (KOPCTKI 1 THYYKI)
CKJIQZIOBI peakiii pesepByapiB B [11], [12],
[13]., Tlepembauaerbcsi, 110 KOHBEKTHBHI
nepiond 1 TUCK He OyayTh HOpPYIIEHI 3a
PaxyHOK B3aeMOJIil TpyHTY 3 OyaiBineto. J{oOpe
HaOMMKEHHST MOXe OyTH OTpUMaHe IIISIXOM
BUKOPUCTAHHS  €KBIBAJIEHTHOTO  MPOCTOTO
OCIIWJIATOPA 3 rapameTpamu,
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Normally, the rotational inertia of the mass
(mi + Am), and the corresponding additional
degree of freedom, should also be included in
the model.

Elevated tank in the shape of a truncated
inverted cone may be considered in the model
as an equivalent cylinder of the same volume
of liquid and a diameter equal to that of the
cone at the level of the liquid.

A.7 Soil-structure interaction effects for
tanks on-ground

A7.1 General

For tanks founded on relatively deformable
soils, the base motion can be significantly
different from the free-field motion; in
general the translational component is
modified and there is also a rocking
component. Moreover, for the same input
motion, as the flexibility of the ground
increases, the fundamental period of the tank-
fluid system and the total damping increase,
reducing the peak force response. The
increase in the period is more pronounced for
tall, slender tanks, because the contribution of
the rocking component is greater. The
reduction of the peak force response,
however, is in general less for tall tanks, since
the damping associated with rocking is
smaller than that associated with horizontal
translation.

A simple procedure, proposed for buildings
in [10] and consisting of an increase of the
fundamental period and of the damping of the
structure, which is considered to rest on a
rigid soil and subjected to the free-field
motion, has been extended to the impulsive
(rigid and flexible) components of the
response of tanks in [11], [12], [13]. The
convective periods and pressures are assumed
not to be affected by soil-structure
interaction. A good approximation can be
obtained through the use of an equivalent
simple oscillator with parameters adjusted to



BIIPETYJIbOBAaHUMH BIAMOBITHO JI0 YacTOTH 1
mikoBoi  peakuii  (QaKTHYHOT  CHCTEMH.
BnacTiBOCTI 1IHOTO 3aMIMIIAFOUOTO OCHMIIATOPA
npuseneHi B [11], [13] y ¢opmi rpadikis, sk
¢yukuii BimHomenHs H/R mis  dikcoBaHmx
3HA4YEHb BIiJHOIIEHHSA TOBLIMHUA CTiHOK S/R,
MOYATKOBOTO JIeMIT()yBaHHSI, TOILIO.

A.7.2 Cnpolinena npoueaypa
A.7.2.1 Beryn

Moxxe Oyru npuiiHata Outeln  rpyda
nporienypa [8], y3arampHena Hmkue. Ll
mpoueaypa Ji€ LUISIXOM  3MIHH  OKPEMO
4acTOTU 1 JeMn(yBaHHS BKJIAAIB yJapHOIO
KOPCTKOTO 1 yJApHOTO THYYKOTO TUCKY B A.2
- A.5. 3okpema, Ui CKJIAJJOBUX >KOPCTKOIO
YIApHOTO THCKY, AWHAMIKM 3MIHU SIKHX B
yaci mpencrasieHi ropusoHtanbHUM Ag(f) i
BeprukaipHuM ~ Ay(f)  mpuckopeHHAMHU Y
BUIBHUX YMOBaX, pO3IJIsijl BIUIMBIB B3a€MOIi

IPpYHTY-OyAiBlIs  3BOAMUTHCS 1O  3aMiHU
3a3HAQUYEHUX JIMHAMIK pO3BUTKY B dyacl
BIJIOMUMH peaxiisiMu MIPUCKOPEHHS

OCIIWJIATOpPA 3 OJIHUM CTYIEHEM CBOOOJIH,
SKAA Ma€ TepioJ BIIACHUX KOJHMBAHb 1
neMIQpyBaHHS, K 3a3HAYCHO HUXKYC.

AT7.22
KOJINBAHb:

3miHeHi  mepiogMm  BJIACHHMX

- ynapHuil eQeKT «KOpPCTKOTO pe3epByapy»,
TOPU30HTAIBHU I

¢
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match frequency and peak response of the
actual system. The properties of this
substitute oscillator are given in [11], [13] in
the form of graphs, as functions of the ratio
H/R for fixed values of the wall thickness
ratio s/R the initial damping, etc.

A.7.2 Simple procedure
A.7.2.1 Introduction

A more rough procedure [8], summarized
below, may be adopted. The procedure
operates by changing separately the
frequency and the damping of the impulsive
rigid and the impulsive flexible pressure
contributions in A.2 to A.5. In particular, for
the rigid impulsive pressure components,
whose time-histories are given by the free-
field horizontal, Ag(f) and vertical, Ay(f)
accelerations, consideration of soil-structure
interaction effects amounts to replacing these
time-histories with the response acceleration
histories of a single degree of freedom
oscillator having natural period and damping
as specified below.

A.7.2.2 Modified natural periods:

- «rigid tank» impulsive effect, horizontal

n 112

. [ m; + b
T = 21| mé e +;:' .
\ o oy |
\ ¥ x g8 ) (A52)
- ymapHuii  edekr  «aedopMyemMoro - «deformable tank» impulsive effect,
pe3epByapay, TOpU30HTATbHHN horizontal
R Y S B =
T; =T, 14— |1+2 f}
’ ’ .‘f:\.{r:\. | ."‘.'5 Gfa |
- / (A.53)
- (OKOPCTKHH pe3epByap», BEPTUKAIbHHIA - «rigid tanky, vertical
7 = 2] Mo )
" ko, |
viv s (A.54)
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- «eopMyeMUil pe3epByap», BEPTHKATbHUIHI

T, =T,|1+

ae:

mi, h’i - Maca i BucoTa yaapHoi cknaaoBof;

Mo - Maca PyHIaAMEHTY;

ke - KOPCTKICTh «1epopMyeMOTo
pesepByapay;
Mt - 3aralbHa  Maca  3allOBHEHOTO

pe3epByapa, BKItOUaouu (PyHIaMEHT;

m )
ki =4rn°—F, 3 m =wmaca pigunuy;
vd
kv, Ko, Ky - ropmsoHTambHa KOPCTKICTB,

KOPCTKICTh MpPU KOJMBAHHI 1 BEpPTHUKAJIbHA
XKOPCTKICTh QYHIAMEHTY;

Ox, Og, Oy - 3aJie)KHl BII YacTOTH
KOe(]iIieHTH, IO TMEPETBOPIOIOTh CTATHYHI
’KOPCTKOCTI Ha AiHamiuni [14].

A.7.2.3 3miHa 3HaYeHHs 1eMI(pyBaAHHS:

3aranbHe BHpa3 TUIst e(PEKTHBHOTO
KoedirieHTa nemidyBaHHs CHUCTEMH
«pe3epByap-PpyHIaMEHT» Ma€ BUTIISL:

=
-

£
-

ne:
& - paniariiine nemmndyBaHHS B TPYHTI; Ta
&m - neMrndyBaHHS MaTepiany B pe3epByapi.

OOuzasi BenmuuuHU & 1 &m 3alexaTh BiX
KOHKPETHOI Mo/iu BiOpartii.
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- «deformable tank», vertical

 1/2

v J (A.55)
where:

mi, hj - are the mass and height of the
impulsive component;

mo is the mass of the foundation;

ks is the stiffness of the "deformable tank™;
miot IS the total mass of the filled tank,
including the foundation;

12', with m; = mass of the liquid;

vd

ki =4n?

kx, Ko, kv, are the horizontal, rocking and
vertical stiffness of the foundation; and

ox, og, oy frequency-dependent factors
converting static stiffnesses into dynamic
ones [14].

A.7.2.3 Modified damping values:

The general expression for the effective
damping ratio of the tank-foundation system
is

=

“m

(A.56)

where:
& s the radiation damping in the soil; and
&m is the material damping in the tank.

Both & and &n depend on the specific
vibration mode.



3okpema, s &

- I TOPHU30HTAJIBHOIL
«GKOPCTKOTO pe3epByapar:

YAApHOI  MOJHU

np ACTY-H b EN 1998-4:201X

In particular for &:

- for the horizontal impulsive «rigid tank»
mode:

27wy (B s kh'? By
=T h 2 ke |
x4i \ X g4 | (A.57)
- s TOPU3OHTAIBHOI  yAapHOI MOJHU - for the horizontal impulsive «deformable
«1e(hOpMYEMOTO pe3epByapar: tank» mode:
. 27 m, a{r ki g, |
R W A ks e,
i \ aleg ( A58)
- JUId BEPTUKAIBHOI MOIHM <OKOPCTKOTO for the vertical «rigid tank» mode:
pe3epByapa:
27 m ; B,
E AN
KLy & (A.59)
me: where:
a - Ge3posMipHa QYHKIIS 4acToTn = % a is the dimensionless frequency function = %
(Vs = mIBHUAKICTH 3CYBHHX XBHJIb s (Vs = shear wave velocity of the soil); s

TPYHTY);

Px, Po, v - 3alIexH1 Bil 9aCTOTH KOEDIIIEHTH
3a0e3nevYeHHsT 3HA4YeHb JAeMmdyBaHHSI 3a
paxyHOK BUIIPOMIHIOBAHHS TUTSE
TOPU30HTAIBHOTO 1 BEPTHKAIBHOTO pyXy 1
JU1s KoyuBaHHs [14].

A8 baok-cxeMu sl PO3PaxXyHKY
rigpoauHamMivyHuX e()eKTiB y BEPTUKAJIBLHUX
HMTIHAPUYHHUX pe3epByapax

HactynmHi  Omok-cxemMu — TIPEICTaBIISIOTH
3arajibHUi OTJISIIT BU3HAYCHHS
rigpoauHaMIYHUX e(EeKTIB y BEePTHKAIbHHX
UWITIHIPUYHUX — pe3epByapax, Miag €0
TOPU30HTAIBHOTO i BEPTUKAIBHOTO
CCMCMIYHUTO BIUIMBY. Biok-cxemu mo cyTi
BUPINIYIOTh [UTaHHS 10 3aCTOCYBaHHIO
METO/1y CIIEKTPIB PeaKilii.

Bbaok-cxema 1 npexacraBisie  3aranbHUi
OINIAJ MpoOLEeCcy pO3paxyHKy 1 KoMOiHaii
PI3HUX CKJIaa0BuX peakiii. bJjok-cxemu 3 2
o 6 BITHOCATBCS bi o) pi3HUX
TiIPOIMHAMIYHUM CKJIaJOBUM 200 CKIaJI0BUX
CeMCMIYHOTO BILIUBY.

P Po, P are the frequency-dependent
factors providing radiation damping values
for horizontal, vertical and rocking motions
[14].

A.8 Flow charts for calculation of
hydrodynamic  effects in  vertical
cylindrical tanks

The following flow charts provide an
overview of the determination of
hydrodynamic effects in vertical cylindrical
tanks subjected to horizontal and vertical
seismic actions. The flow charts essentially
address the application of the response
spectra method.

Flow chart 1 gives an overview of the
calculation process and of the combination of
the various components of the response. Flow
charts 2 to 6 address the different
hydrodynamic components or seismic action
components.
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N\

ITapamerpn pesepByapy

IMapameTpn ceifcMiYHOTO MPOEKTYBAHHSA

R: paniyc

H: Bucora

E: Moztyb IpyKHOCTI
CTIHKH pe3epByapa

S TOBIIIMHA
000JIOHKH/CTIHKH

p: IUIBHICTD PIANHHA

ps: MIUTBHICTD
000JIOHKH/CTIHKH

agr: PEKOMEH/IOBAHE IMIKOBE
HPUCKOPEHHS IPYHTY
(EN 1998 - 1:2004)

y1: IOKa3HHUK BaKIMBOCTI, 2.1.4
v: KoeillieHT 3HWKeHHS  JUIst

oOMesKeHHs 30MTKY BHACIIIOK
celeMiMHOTO BIUIMBY, 2.2(3)

I

2

TOPU3OHTAIBHUI CeHCMIYHMI BIUIUB:
NPOEKTHE IiKOBE IIPUCKOPEHHS IPYHTY
Ha BUIBbHIN TepuTopii, ap

+

BEPTHKAILHUI CeMCMIYHMIM BIUIMB:
IIPOEKTHE BEPTHKAILHE IIPUCKOPEHHS TPYHTY
Ha BUIBHIM TepuToOpii, ap

4

yJapHa KOMIIOHCHTA Ta

96

KOMOIHALisl yAapPHOI Ta KOHBEKTHBHOI
aii mpu 0AHOMY 3 miAXoxais 3 A.3.2

v

% > KOHBCKTHBHA
1HepumHa KOMIOHCHTA
. KOMITOHCHTA %
CTIHKH KOPCTKHUH
pesepsyap?
TaxK
KOPCTKUI
pesepsyap?
y Y
Baok-cxema || baok-cxema baok-cxema baok-cxema| | Baok-cxema
A.2 A2Ta Al A4 A.S A.5Ta A.6

KOMOIHaIlisl KBaJpaTHUX
KOPEHIB 3 CyMH KBa/IpatiB
JKOPCTKHX Ta THYYKHX epeKTiB

KOMOIHaLs A1 TOPU3OHTATBHUX TA BEPTHKATBHUX
KOMIIOHCHTIB CEHCMIYHOTO BIUIMBY BiAMOBiAHO 10 A.2.3

Baok-cxema A.1: 3araibHuii orJyisii BU3HAYEHHS TiapoannaMiuynux edekriB B
32aHKEPOBAHMX Y I'PYHTI BePTHKAJIbHUX HUJIIHAPUYHUX pe3epByapax
3 ypaxyBaHHSIM B3a€MOJII Mi’k TPyHTOM I KOHCTPYKUII€I0
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Tank parameters: Seismic design parameters
R: radius agr: reference peak ground
H: height acceleration, (EN 1998-
E: elastic modulus of 1:2004)
tank wall s1. importance factor, 2.1.4
s: shell/wall thickness | v: reduction factor for damage
o liquid density limitation seismic action,
ps. shell/wall density 2.2(3)

[

Y *
horizontal seismic action: design peak vertical seismic action: design vertical
ground acceleration at free field, a. ground acceleration at free field, a.g

h 4 Y

impulsive and wall convective
inertia component component
yes
no
yes
v v v
Flow chart Flow chart Flow chart Flow chart Flow chart
A2 A2and A3 Ad AS ASand A6
F X
combination of impulsive and convective effects SRSS-combination of
through one of the approaches in A.3.2 rigid and flexible effects

h 4 h 4

combination of the effects of horizontal and vertical
components of the seismic action according to A.2.3

Flow chart A.1: Overview of determination of hydrodynamic effects in
anchored vertical cylindrical tanks on ground, considering soil-structure
interaction
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Kopcrka

( CKJ120BA CTIHKH

v

)

NPOCKTHE MIKOBE MPUCKOPEHHS TPYHTY HA BibHIi TepuTopii, dg=yider (EN 1998-1:2004 ta 2.1.4)
KOC(ILIEHT 3HWKCHHS V TSl OOMEKCHHS 30UTKY TpH ceiicMiuyHomy Brutusi (2.2(3))
MOKA3HUK TMOBEAIHKH ¢ JJIsi KIHLIECBOTO PAHUYHOTO CTaHy 3a MiuHicTio (2.4, 4.4 )

Bzaemojtist
MDK TPYHTOM Ta
pe3epByapoM

lHi

TaK

y

nepios BJIaCHUX KOJMBAHB
Ta aemrn(yBaHHs 3 BUpa3iB

NPOCKTHE MKOBE
MPHCKOPCHHSI TPYHTY
Ha BUIBHII TepUTOPIi,

Ag=Y1dgR

(A.52), (A.56) Ta (A.57)

.

yJIapHa CKJIaJaoBa

CKJIa[I0BA yJAPHOTO
THCKY pi(S, €, 0, 1) 3
Bupa3siB (A.1) ta (A.2)

A

3aMICTh d, , peaKLis
npuckopenns cuctemu SDoF,
dassi 31 CIIEKTPa peaxiii
3 EN 1998-1:2004 mns 7=1; *
uB.Bupas (A.52)

CKJIa/10Ba
1HepLii CTIHKH

nist 1HepLii CTIHKK
pesepsyapa p.u(S, ¢, 0, 1)

yJapHHil 3CYB B

ocHoBi Oi(f) 3
Bupasis (A.3) ta (A.4)
a6o Pucynka A.2 (a)

3 Bupasis (A.16)

3cyB ocHOBH Qi(f), skmii
JIOPIBHIOE 3arajibHii Maci

yAApHUI NCPCKUIHUM
MoMeHT, M’i(f), mia
TUTHTOXO OCHOBH 3

Bupasis (A.5a) Ta (A.6a)
abo Pucynka A.2

yIapHUI NEPEeKHIHUIA
MoMmeHT, Mi(7), Hax
TUTUTOK OCHOBH 3
Bupasis (A.5b) Ta (A.6b)
abo Pucynka A.2

R ]

*-—

L

y

CTIHKH Ta Jaxy, TOMHOJKCHIH [+

Ha a, abo assi(A.2.1.3)

NEPEKUAHUN MOMCHT MiJ
MIUTOK OCHOBU, Mi(1),
SIKWH TOPIBHIOE MACi CTIHKH,
MOMHOKCHIH Ha MOJOBHHY
BHCOTH ILTFOC Macca Jaxy,
TIOMHOYKEHA Ha BHCOTY,
MOMHO’KEHI Ha dg 200
assi(A.2.1.5)

i

&

MEPEKUIHUIT MOMCHT HaJ
TUTUTOK OCHOBH,
Mi(ty= M’(1) (A.2.1.5)

L

s sty

cyma IMIyJIbCHOI Ta IHEPLIHHOI CKJIag0BOT

Baok-cxema A.2: I'opu3oHTaIbHUI celicMiYHUI BIUIMB, JKOPCTKA yI1apHa
ckjajioBa crinku (quB. A.2.1, A.7.2)

98




np ACTY-H b EN 1998-4:201X

Cri gid wall component>
L2

design peak ground acceleration at free field, a; = yagr (EN 1998-1:2004 and 2.1.4)
reduction factor v for damage limitation seismic action (2.2(3))
behaviour factor g for ultimate limit state (2.4, 4.4)

natural period and
damping from

expressions {A 52},
(A.56), (A 5T)

L

Soil-tank
interaction

l 1o instead of a,, response
design peak ground acceleration of SDoF system,
acceleration at the free ——| s, from response spectrum
ol e of EN 1998-1:2004 for 7=T;* - {
> de™ JdeR see exp. (A.52)
Cimpul sive component> (wall inertia component>
impulsive pressure inertia effect of tank
component pi(&, ¢, 6, 1) o| Wall pu(&, £, 6, 1) from | g
"| from expressions (A.1) |q— expressions (A.16)
and (A 2)
impulsive base shear base shear, Qi(t)% equal
- (A.3) and (A.4) or < mass, times Qg or Qssi
Figure A.2(a) (A-2.1.3)
impulsive overturning overturning moment
| moment below base > A;’) ?(lgwebisa(; F(:a\fa;ll
v plate, M'i(f), from - itE), eq -~

mass times midheight,

expressions (A.5a), plus roof mass times

(A.6a) or Figure A.2 height, times a; or ass
. . . (A.2.1.5)
impulsive overturning
moment, M;(?7), above ¢
—n base plate from _ overturning moment
expressions {A.5b) and above base plate:
(A.6b) or Figure A 2 M{OH=M"(1) (A.2.1.5)

1 I

sum of impulsive and inertia component

Flow chart A.2: Horizontal seismic action, rigid wall impulsive component
(see A.2.1 A.7.2)
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THY4YKa
CKJIaJI0Ba CTIHU

@yHaaMeHTaIbHA
KpyroBa 4acToTa,
or3 AJ3.1, Bupas (A.24)

;

MIPOEKTHE MIKOBE MIPUCKOPESHHSA TPYHTY, dg
KoedirtieHt 3HMKEeHHA Vv (2.2(3))
nemridyBanus & (2.3.2.1)
MIOKA3HUK TOBEIHKU g (2.4, 4.4)

Bzaemonis _
7 MDK TPYHTOM Ta
pesepByapon

g

3

i TAK

CTEKTpaIbHA PEAKIIisl IPUCKOPECHHS
ocumsitopa SDoF, ar, 31 ciektpa
peaxmii EN1998-1:2004 s 7', mo
BIAMOBia€e r nuB. Bupa3 (A.42),
abo 7=T+* - mus. Bupas (A.53)

3MiHH [IePi0]y BIACHUX

~§ KOJTUBAHD 1 JIEMII(DyBaHHS,

Bupaszu (A.53), (A.56),
(A.58)

yIoapHa CKIaIoBa

THCKy pi(S, € 0, 1)
3 BHPA3iB

(A.19)-(A.23)

k.

yIapHUM 3CYyB
» ocHoBw, QOx(1),
3 Bupasis (A.25) Ta (A.26)

yIapHUAN MCPEKUIHUN
S MOMEHT M((f)
3 BupasiB (A.27) ta (A.28)

Baok-cxema A.3: 'opu3zoHTanbHUI celicMiYHUI BIUIMB, YIapHa CKJIA/10Ba
s THy4Koi ctinku (muB. A.3.1, A.7.2)
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Qexible wall componen)

v

fundamental circular
frequency @y from A.3.1,
expression (A.24)

!

design peak ground acceleration, g,
reduction factor v (2.2(3))

damping £(2.3.2.1)

behaviour factor ¢ (2.4, 4.4)

modifications of

natural period and
damping, expressions
{A.53), (A.56), (A.58)

Soil-tank
interaction

response spectral acceleration of SDoF

oscillator, ar, from response spectrum |
of EN 1998-1:2004 for T B

corresponding to cr - see exp. (A.24),
or T=17* - see exp. (A.53)

impulsive pressure

component, p(¢, £, 6, 1),
from expressions (A.19)-
{A.23)

hJ

impulsive base shear,
O(?), from expressions
(A.25) and (A.26)

Y

impulsive overturning

. moment My(?) from

expressions (A.27) and
(A .28)

Flow chart A.3: Horizontal seismic action, flexible wall impulsive component
(see A.3.1, A.7.2)
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KOHBCKTHBHA
CKJIaZ10Ba

v

NPOEKTHE MIKOBE MPUCKOPEHHSI TPYHTY, dg

koe(iuieHT 3HWKeHHS Vv (2.2(3))
nemndysanns ¢ (2.3.2.2(1))

noka3HuK noseaiHku g =1 (4.4(3))

b

L4

Kpyrosa 4acToTa, Wcn,
3 Bupasy (A.9), nna 1-i moau
po3miecKyBaHHs, 1=

¥

cnekTp npuckopeHHs cuctemu SDoF, ac,
Bia cnekTpy peakuii 3 EN1998-1:2004

s 1), 10 BIAMOBIAAE Wen
auB. Bupas (A.9)

CKJIa0BAa KOHBEKTUBHOTO THCKY
p(&, ¢ 0, 1) 3 Bupasis (A.7)

b——3! Od?) 3Bupasis (A.11)

————»| M’ q(1) 3 BUpasis (A.13a)

Ta (A.8), nna 1-i moam, n=1

KOHBEKTHUBHMI 3CYB OCHOBH

Ta (A.12), nns n=1

KOHBEKTHBHUHN MEPEKUIHUIA
MOMEHT ITiJ] TIJIUTOX0 OCHOBH,

Ta (A.14a), nns n=1

Bl T ——

KOHBCKTHBHUH MEPEKUIHUN
MOMEHT [ IUTUTOK OCHOBH,
M’ (1) 3 Bupa3sis (A.13b)
Ta (A.14b), nua n=1

| L S — PSR —

3

v

BHCOTAa KOHBEKTUBHO1
BOJIHHU dmax
3 Bupasy (A.15)

Baok-cxema A.4: I'opu3zoHTaIbHUI celicMiYHUIA BIUINB,
KOHBEKTHBHA cKJaioBa (quB. A.2.2, A.7.2)
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convective component

v

design peak ground acceleration, a,
reduction factor v (2.2(3))

damping £ (2.3.2.2(1))
behaviour factor ¢ = 1 (4.4(3))
*

circular frequency, @,
from expression (A 9), for
1™ sloshing mode, 7= 1

¥

response spectral acceleration of SDoF
system, a,, from response spectrum of
——| EN1998-1:2004 for T correspondingto |~ ]
Wep - €€ exp. (A9)

convective pressure

component p{&, ¢, 6, 1)
from expressions (A.7) and
(A 8), for 1" mode, # =1

convective base shear ()
from expressions (A.11)
and (A.12), forn=1

Y

convective overturning
moment below base plate,
M (¥), from expressions
(A 13a), (A.14a), forn=1

L J

h 4
convective overturning height of convective
.| moment above base plate, Wave oy from
T M .o(6), from expressions expression (A.15)
(A 13b), (A 14b), forn =1

Flow chart A.4: Horizontal seismic action, convective component
(see A.2.2, A.7.2)
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KOpPCTKA
CKJIaJI0Ba CTIHHU

. 4
IIPOCKTHE MIKOBE BEPTUKATBHE
NPHCKOPECHHSI TPYHTY
Ha BUIBHIH TEPUTOPIT, avg
koe(iuieHT 3HmwKeHHEA v (2.2(3))
NOKa3HUK MoBeaiHkn g (2.4, 4.4)

B3aemonis

Mi’K TPYHTOM Ta
\pe'sep}syapom?

H1

nepioa BIACHUX KOJIMBAHb
1 nemryBaHHs 3 BUPa3iB
(A.54), (A.56), (A.59)

: 1
A4 ¥

peaxiisi MPHCKOPEHHS
cuctemu SDoF, assw, 3
BCPTUKAIBHOTO CIICKTPY
peakiii 3 EN1998-1:2004
st T=T1* - nuB. Bupas (A.54)

MKOBE BEPTUKAIbHE
NPUCKOPEHHS TPYHTY Ha
BUIBHIIT TEPUTOPII, dve

|
W
yJapHa CKJ1azoBa
THCKY Pur(C 1)
3 Bupasy (A.17)

Baok-cxema A.5: BeprukaiabHuii ceiicMiyHiH BIJIMB,
CKJIa0BA KOPCTKOI cTinku (quB. A.2.2, A.7.2)
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rigid wall
component

¥

design peak vertical ground
acceleration at free field, a.,

reduction factor v (2.2(3))

behaviour factor ¢ (2.4, 4.4)

no

Soil-tank
interaction?

natural period and
damping from expressions
(A.54), (A.56), (A.59)

r ¢
peak vertical ground response acceleration of the

acceleration at the free SPOF system, dssrv, from
field oy, vertical response spectrum of

EN 1998-1:2004 for T=T1,,* -
see exp. (A.54)

'

impulsive pressure
component p (<, )
from expression (A.17)

Flow chart A.5: Vertical seismic action, rigid wall component (see A.2.2, A.7.2)
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rHy4YKa
CKJIaJI0Ba CTIHU

e

¥

TPOSKTHE MIKOBE BEPTHKAIbHE
MIPUCKOPEHHSI TPYHTY
Ha BUIBHIN TEPHUTOPIT, dy,
koedimieHt 3umwKeHA v (2.2(3))
TIOKa3HUK NOBeNIHKU ¢ (2.4, 4.4)

, ‘

3

1 4acToTa fvd

l 3 Bupasy (A.42)

3MiHa mepiomy ' A
’ 1 = Bsaemogis ™
BJIACHHUX KOJIMBAHb 1 TaKk ] |
' (dyBaHHS 3 BUpa3iB “’“””W’< Mi TPYHTOM Ta
nemrQy p e
(A.54), (A.56), (A.59) , _
| =l

peakuis npuckopeHus cuctemu SDoF, assy,

3 BEPTUKAIBHOTO CIIEKTPY peakuii 3
T EN1998-1:2004 st 7, 1o BiAnoBinae fig - QuB.
! Bupas (A.42), abo 7=1,¢* - muB. Bupa3 (A.55)

.
IMITyJIbCHA CKJIAJI0Ba
TUCKY Pw(, 1) 3 BUpasy
(A.40), (A.41)

Biaok-cxema A.6: BeprukajabHuii ceiicMiYH1H BIJIMB,
rHy4Ka cKJjaaoBa crinku (quB. A.3.3, A.7.2)
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modified natural period
and damping from
expressions (A.55),
(A 56), (A.59)

np ACTY-H b EN 1998-4:201X

Gexible wall component)

A 4

design peak vertical ground
acceleration at free field, ay,

reduction factor v (2.2(3))

behaviour factor ¢ (2.4, 4.4)

¥

frequency f.q4
from expression
(A.42)

yes

Scil-tank
interaction?

—_—n

response acceleration of the SDoF system, dsgry,
from vertical response spectrum of EN 1998-
1:2004 for 7 corresponding to f.4 - see exp.
(A 42), or T=1,4* - see exp. (A.55)

h 4

impulsive pressure
component py{(¢, 1) from
expressions (A.40), (A 41)

Flow chart A.6: Vertical seismic action, flexible wall component

(see A.3.3, A.7.2)
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A.9 Pe3zepByapu Ha rpyHTi 0e3 aHKepHOIo
KpinJieHHsl

A.9.1 3arajbHi MOJI0KEHHA

B pesepByapax, BCTAaHOBJICHHX Ha TPYHTI, Ta
AKi HE MAaIOTh AaHKEPHOTO KpIIUIEHHS [0
byHIaMeHTy, 3aBASAKU CeCMIYHOMY
MEePEKUIaTIbHOMY MOMEHTY Oyne
BinOyBaTucsi BigpuUB JHA pe3epByapa Bij
rpyHry. Lleit BinpuB Oyzae OUIbII MOMITHUM Yy
pesepByapax 3 BIIKpUTUM BepxoMm. Binpus
MOX€E MPUBECTH JI0 TUIACTUYHUX Jedhopmaltiit
B pes3epByapi, 0COOIMBO, B IUIUTI HOrO
ocHoBU. OjiHaK, po3pHB 1 BUTOK pIIWHU
ITOBUHHO Oytu nependoavyeHo pu
MIPOEKTYBaHHI.

VY OurpmIOCTI BUMAJKIB, BIUIMB BIAPUBY 1
CYMPOBOIKYIOUOTO KOJIMBAIBHOTO PyXy Ha
BEIMYMHY 1  PO3MOJAUI  THUCKYy  HeE
BpPaxOBYIOThCSl. Y OUIBIIOCTI BHIAJKIB 1€
KOHCEpBAaTHBHUU  MIOXiJ, SAK KOJHBAHHSA
MIIBUIIYE THYYKICTH CHCTEMH 1 3Milae
Mepioj B JIiarma3oH 3pOCTaHHS CHJI MEHII
IUHAMIYHUX.

[Tponieaypa mnpuOIM3HOTO Ta ITEpAIlitHOTO
PO3paxyHKy Ut BEPTHKAILHUX
HWITHAPUYHAX PEe3epByapiB, sSKa BpaxoBYe
BIpUB 1 BJacHe JAWHAMIYHHH XapakTep
npobnemu, HaBeneHa B [2], [4]. Homorpamu
BiJl 1€l TPOIEAYPH 3aCTOCOBYIOTHCS [0
pesepByapiB 3  (¢IKCOBaHUM  JaxoM 1
BIJTHOCATBCSI 70  KOHKPETHUX  3HAYCHb
napaMeTpiB, TaKUX, K BITHOIICHHS TOBIIMHU
CTIHKH JI0 pajiycCy, >KOPCTKICTb TPYHTY, THUII
(dbyHIaMEeHTY CTIHKHU, TOIIIO.

Sx TUTbKM TIKOBI TiIPOJMHAMIYHI THCKH
BIJIOMI, YU BU3HAUYEHI 3 ypaxyBaHHsIM abo 0e3
ypaxyBaHHS BiIpHBY, PO3paxyHOK
Halpy)XeHb B pe3epByapi Oyne mpeaMeTom
CTaTUYHOTO KOHCTPYKTHUBHOIO PO3PaxXyHKY,
Jie TIPOEKTYBAJbHUK Ma€ IEBHY CBOOOIY Yy
BUOOp1 piBHA BHUTOHYEHOCTI Meroay. Jlis

BIIpUBaHHSI pe3epByapa TOYHA MOJEIb
o0oB'si3k0BO  Oyzme  BkiIouatd B cebe
HeNIHIAHY KIHIICBOCNIEMEHTHY  MOJIEJhb
pe3epByapy, TpyHT Ta 1IX B3aEMOJII0.
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A.9 Unanchored tanks on-ground

A.9.1 General

In tanks on-ground which are not anchored to
the foundation, uplift of the tank bottom from
the ground will occur due to the seismic
overturning moment. Uplift is more
pronounced in tanks with open top. Uplift
may cause plastic deformations in the tank,
especially in its base plate. Tearing and
leakage of the liquid, however, should be
prevented by design.

In most cases, the effects of uplift and of the
accompanying rocking motion on the
magnitude and the distribution of the
pressures are disregarded. For most purposes
this is conservative, as rocking increases the
flexibility of the system and shifts the period
into a range of less dynamic amplification of
forces.

An approximate and iterative analysis
procedure for wvertical cylindrical tanks,
accounting for uplift and for the dynamic
nature of the problem, is given in [2], [4].
Design charts from this procedure apply to
tanks with fixed roof and refer to specific
parameters values, such as the ratio of wall
thickness to radius, the soil stiffness, the wall
foundation type, etc.

Once the peak hydrodynamic pressures are
known, whether determined ignoring or
considering uplift, calculation of the stresses
in the tank is a matter of static structural
analysis, where the designer has certain
freedom in  selecting the level of
sophistication of the method. For an uplifting
tank, an accurate model would necessarily
involve a non-linear finite element model of
the tank, the soil and their interface.
Simplified but comprehensive computer



Hemonasuo B Jireparypi Oynu
3alpOMOHOBAHI CIPOINEHI, alie BCEOCSHKHI
koMmm'torepHi  meromu  [15], [16]. I'pyGi
METOH, SIKi HE MOTPeOYIOTh BUKOPHUCTAHHS
KOMI'IOTepa 1 3alporOHOBaHI, HANPUKIAJ, B
[8], Oymm  moBemeHi  3a  paxyHOK
eKCTIEPUMEHTIB 1 OUTBIII TOYHHUX PO3PaxXyHKIB,
aje TposiBIUIM  cebe  HecTaOUTbHUMHU 1
HEJOCTaTHIMH Il O0JIIKY BCIX 3MIHHHX, IIO
BXO/JISITH JI0 TPOOTIEMH.

OcHOBHMI e(eKkT BIgpUBY TMOJIATAaE B
MIBUIIEHH]  CTHUCKAIO4Y0i  BEPTUKAIBHOI
Hampyru B OOOJIOHII, L0 € KPUTHYHUM IS
PEXHUMIB pyHHYBaHHS, IIOB’A3aHUX 3 BTPATOIO
CTIKOCTI. Y CTiHII 3 OOKYy, TMPOTHIIEKHOTO
BIJIPUBY, BEpPTUKAIbHUI CTHCK
MaKCUMaJbHUNU 1 B OOOJIOHIII TE€HEPYIOTHCS
KUIBIIEBI HAMpPYTW CTHUCHEHHS BHACIIIOK
MeMOpaHHO1 J1ii ITUTH OCHOBH.

Busnano, 1m0 B mJIATI OCHOBH MAalOTh MICIIE

nepopmarii  Bil BUTMHY 1 TepeBipKa
MAaKCHMAaJIbHOI ~ PO3TATYOYOl HAIpyru €
MPUUHSATHOIO.

A.9.2 Ctuckarui BepTUKaIbHI MeMOpaHHi
CHUJIM i HAmpyra B CTiHUII, 3aBASIKU BiIPUBY

301TbIIIEHHS BEPTUKAIBHOT MEMOpaHHOT CHITH
3aBasakd BinpuBy (Nu), 1O BIIHOIIEHHIO 10
BIIMOBIIHOT HAmpyrd B pa3i  aHKEPHOTO
3akpituieHHss (Na) MoOKe OLIHIOBATHCS IS
3BHYANHUX WTIHAPHYHUX CTaJICBUX
pe3epByapiB Ha IPyHTI 3 (PIKCOBAHOIO JTaXOM,
0 BHUKOPHUCTOBYIOTHCSA B Ha(TOXIMIYHIN
MIPOMUCIIOBOCTI, BIJIIIOBITHO bi (o)
Pucynky  All  [4], sax  ¢yHKia
0e3pO3MIpHOTO TEPEKUIAI0YOr0 MOMEHTY,
M/WH (W = 3zarampHa Bara pigunu). s
BY3bKHX pE3epPBYyapiB Take 3pOCTaHHS € JYKe
BenmukuM. JIis (ikcoBaHMX JaxiB 3HAYCHHS
Ha Pucynky A.1l BiamoBimaioTe Oe3neyHOi
CTOpOHI, OCKUIbKM BOHU Oyl po3paxoBaHi
(3 BUKOPHUCTAHHSIM CTaTHYHOTO
KOHEYHOEJIEMEHTHOTO PO3paxyHKY) 3a
YMOBH, IO HIDKYE 3aJeralouuil TPYHT €
JOCUTh JKOPCTKUM (TIpyXuHH Binkinepa 3
MOJyJIeM IPYKHOCTI TPYHTY
k = 4000 MH/m®), mo € HECHPUSITIUBUM JJIsi
BEPTUKAJIBLHOT MEMOpPaHHOT CHITH.

np ACTY-H b EN 1998-4:201X

methods have been proposed recently in the
literature [15], [16]. Crude methods, not
requiring the use of computer and proposed
for example in [8], have been proven by
experiments and more refined analyses to be
unconservative and inadequate for accounting
of all the variables entering the problem.

The principal effect of uplift is to increase the
compressive vertical stress in the shell, which
is critical for buckling-related modes of
failure. At the wall which is on the side
opposite to the uplifting one, vertical
compression is  maximum and hoop
compressive stresses are generated in the
shell, due to the membrane action of the base
plate.

Flexural yielding is accepted to take place in
the base plate, and a check of the maximum
tensile stress is appropriate.

A.9.2 Compressive vertical membrane
forces and stress in the wall due to uplift

The increase of the vertical membrane force
due to uplift (Ny), with respect to that stress in
the anchored case (Na) may, for the usual
fixed-roof cylindrical steel tanks on-ground
in the petrochemical industry, be estimated
from Figure A.11 [4], as a function of the
nondimensional overturning moment, M/WH
(W = total weight of the liquid). For slender
tanks the increase is very significant. For
fixed roofs, the values in Figure A.11 are on
the safe side, since they have been calculated
(using static finite element analysis)
assuming that the underlying soil to be quite
stiff (Winkler springs with a subgrade
reaction modulus k = 4000 MH/m®), which is
unfavourable for vertical membrane forces.
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n ron
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Ny /Na

200
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0,00 {0 03
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Pucynok A.11 — BinHomeHHsI MAKCMMAJIbHOI CTHCKAI0Y0I0 0CbOBOI MEMOPAHHOI CHIIN [JIs1
He32aHKEePOBAHMX B IPYHTI HWJIIHAPUYHHUX pe3epByapiB 3 GikCOBAHUM JaX0OM /10 3HAYeHS
ISl 3aaHKEPOBAHUX pe3epByapax, sik (PyHKIIisi NepeKn1ar4oro MoMeHTy [4]

Figure A.11 - Ratio of maximum compressive axial membrane force for unanchored
cylindrical tanks on ground with fixed-roof to value for anchored tank, versus overturning

moment [4]

A.9.3 BigpuB o006osoHKH i
BiipMBY NJIMTH OCHOBH

JOBKHHA

Beprukanpauit BiipuB OUTSI Kpar0 OCHOBH, W,
SIK OXiIHa Bix rapaMeTpUIHOTO
JOCTIDKEHHS KOHEYHOEIEMEHTHUX MOJIEIEH
HE3aHKEPOBAaHUX IIWIHIPHYHUX CTAJICBUX

pesepByapiB  Ha TPyHTI 3 Halyacrime
BUKOPHUCTOBYBaHHX TEOMETPIEI0 Ta
KPITUICHHSIM, npu JTOCHUTH CHJILHO

3aHaBaHTaXXEHOMY Jaxy [4], HaBexmeHO Ha
Pucynky A.12, sk QyHKIIS MEepeKUIat0doro
momeHty M/WH mis pisuux 3uadens H/R.
Pesynbratu, npeacrasneni Ha Pucynky A.12,
mpuBenu O [0 HEJOOLIHKUM BiIpUBY B
pe3epByapax 3 BIOKpUTHM BepxoM abo
TUIaBAIOYUM JIaXOM.
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A.9.3 Shell uplift and uplifted length of the
base plate

The vertical uplift at the edge of the base, w,
as derived from a parametric study with finite
element models of unanchored cylindrical
steel tanks on-ground of commonly used
geometry and fixed, fairly heavily loaded roof
[4], is given in Figure A.12 as a function of
the overturning moment M/WH, for different
values of H/R. The results in Figure A.12
would underestimate uplift in tanks with open
top or floating roof.
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0.000
T

Pucynoxk A.12 - MakcuMajbHHii BepPTHKAJbHHMII BiipMB He3aaHKePpOBAHUX B TPYHTI
HMJIIHAPUYHHUX pe3epByapiB 3 (iKCOBAHOI JaX0M, K (DYHKIisl MePeKHIal040ro MOMEHTY

M/WH [4]

Figure A.12 - Maximum vertical uplift of fixed-roof unanchored cylindrical tanks on

ground versus overturning moment M/WH [4]

pamianbHUX ~ MeMOpaHHHUX
IUIMTI, HEOOXIMHO 3HATH
noBXkuHY L BigpuBaemoi dYacTHHM JHA
pesepByapa.  Pesynpratm 3 [4] muA
pesepByapiB 3 (IKCOBAaHUM JaxOM IIOKa3aHi
Ha Pucynky A.13. fx TuIbKH BimOyBa€eThCs
BIIPUB, 3QJICKHICT, L Big BEPTHKaIBLHOTO
BIIpUBY W Maiike JIiHIHHA.

Jlns  omiHKH
HalpyXeHb B

For the estimation of the radial membrane
stresses in the plate, the length L of the
uplifted part of the tank bottom is necessary.
Results from [4] for fixed-roof tanks are
shown in Figure A.13. Once uplift occurs, the
dependence of L on the vertical uplift w is
almost linear.
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W (mh)

0 -
lr o H/R 1
J ———- H/E=08

—x— H/E

w (mm)

Pucynox A.13 - [loBkuHAa BiApMBa€MOi YaCTHHHM OCHOBHM He32aHKEPOBAHUX B TIPYHTI
UMJIIHAPUMYHMX pe3epByapiB 3 (pikcoBaHMM JaxoM, K (PYHKLisl BEPTHKAJIBLHOIO BiIpUBY

oisist kparo [4]

Figure A.13 - Length of uplifted part of the base in fixed-roof unanchored cylindrical tanks
on ground as a function of the vertical uplift at the edge [4]

A.9.4 Papianbni MemOpaHHi Hanpyru B
nauti ocHosu [17], [18]

Omiaka MeMOpaHHOI Hampyrd O B IUIATI

OCHOBH, OOYMOBJICHOI BIIPUBOM, HaBEJCHA B
[17]:

Ji(H
S - TOBII[MHA [IJIUTH OCHOBHY,
P - THCK Ha iACTaRBY;

u =1 — L/(2R), ne L = BinpuBaema yacTtuHa

OCHOBH.
Konun  BigOyBaeThcst  iCTOTHHI  BifpuB
pe3epByapiB BEJIMKOTO JiaMeTpy,

Hanmpy)XeHWl CTaH Yy BIIPUBAEMIM dYacTHHI
IUINTH OCHOBU B KIHIEBOMY TPaHUYHOMY
CTaHl JOMIHY€ 3a paxyHOK 3THHY IUIMTH
(Bkiroyaroun e(eKT THCKY, IO BILUIMBA€E Ha
OCHOBY pe3epByapy), a He MeMOpaHHI
Hampyru. Y TaKuX BUIMAJKaX AJS PO3PAXYHKY
HaNpy>KEHOro CTaHy CIiJl BUKOPHUCTOBYBAaTH
METO/1 KIHIIEBHX €JIEMEHTIB.
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A.9.4 Radial membrane stresses in the base
plate |17|, |18|

An estimate of the membrane stress o, in the
base plate due to uplift is given in [17]:

/ (A.60)
where:

s is the thickness of the base plate;
p isthe pressure on die base;

u =1 — L/(2R), with L = uplifted part of the
base.

When significant uplift takes place in large
diameter tanks, the state of stresses in the
uplifted part of the base plate at the ultimate
limit state is dominated by plate bending
(including the effect of the pressure acting on
the tank base), not by membrane stresses. In
such cases the finite element method should
be used for the calculation of the state of
stresses.



A95 IlaactuyHe o0epTaHHA NJIMTH
OCHOBH
PexomeHlyeTbCSI MPOEKTYBATH  KUIbIE 3

OKpa€K JHUINA pe3epByapy 3 TOBIIUHOIO
MEHIIOI0, HDK TOBIIMHA CTIHKHA, 1100
YHUKHYTH Ae]opmaliii BUTHHY OIS OCHOBH
CTIHKH.

OOepraHHs TUIACTHYHOTO HIAPHIPY B OCHOBI
pesepByapy TMOBMHHO OyTH CyMICHUM 3
HasiBHOIO 3JATHICTIO 10 Jedopmallli BUTHHY.
Jlig MakcUMallbHO JAOMYCTUMUX Jedopmartiit
ctaii, mo craHoByaTk 0,05, 1 mocTynboBaHOi
JOBKWHU TIApHIpa TUIACTUYHOCTI, PIBHOT 28,
MaKCHMaJIbHO JIOMyCTUME o0epTaHHS
CTaHOBUTH 0,20 pa. 3rigHo
Pucynky A.14, oOepraHHs, TmOB's3aHe 3
BIIpUBOM OUIS Kparo W 1 BIAUIEHHSM OCHOBH
L, cTaHOBHTB:

L 2R

SK€ TIOBHHHO OyTH MEHIe, HDK OIliHEeHa
0  CTaHOBUTH

31aTHICTH
0,20 pan.

MOBOPOTY,
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A.9.5 Plastic rotation of the base plate

It is recommended to design the bottom
annular ring with a thickness less than the
wall thickness, so as to avoid flexural
yielding at the base of the wall.

The rotation of the plastic hinge in the tank
base should be compatible with the available
flexural deformation capacity. For a
maximum allowable steel strain of 0,05 and a
postulated length of the plastic hinge equal to
2s, the maximum allowable rotation is 0,20
rads. From Figure A. 14 the rotation
associated to an uplift at the edge w and a
base separation of L is:

A

/ (A.61)

which should be less than the estimated
rotation capacity of 0,20 radians.

Pucynox A.14 - TlnacTuuHe 00epTaHHS IJIMTH OCHOBH 110 BiApuBaeMoro pesepsyapy [8]

Figure A.14 - Plastic rotation of base plate of uplifting tank [8]
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A.10 Bepudikanii IS
pe3epByapis

CTaJICeBHUX

A.10.1 Beenenns

L{iticHICTh  AUISHKHA KyTa MDK IUIMTOIO
OCHOBH 1 CTIHKOIO pe3epByapiB 3 aHKEPHUM
KpimieHHsiM a0o 0e3 TakoTo, CIIi MepeBipsATH
pu MeXaHIYHUX HaNpPYKEHHAX i
neopMariisix, TPOrHO30BAHUX Ha TIICTaBi
pO3paxyHKy g CEHCMIYHOI MPOEKTHOL
cutryanii. KpiM TOro, crilikictb CTIHKH
pe3epByapy MoOIM3y OCHOBHU 1 HaJl OCHOBOIO
CITiJ] TIEPEBIPSATH HA IPEMET JBOX MOMKIIUBUX
BU/JIIB PyHHYBaHHS.

A.10.2 Bepudikanis npy:kHow BTpaTH
cTifiKOCTI

Jana dhopma BTpaTH CTIMKOCTI
CIIOCTEPIra€ThCSA B TUX YAaCTHMHAX OOOJIOHKH,
Ji¢ TOBIIWHA 3MEHIIICHA TI0 BiJHOIIECHHIO JI0
TOBUIMHM OCHOBH, Ta/a00 BHYTPIIIHIA THUCK
(sxkuii Mae cTaluTi3yrounid e(eKT) TaKoK
3MEHIIIEHO o BIIHOIIIEHHIO bi o)
MaKCHMaJIbHOTO 3HAUYEHHS, 110 JIOCSTAETHCS B
ocHOBI. [[ns1 pe3epByapiB 3 mocCTiiiHOIO abo0
3MIHHOIO TOBIIMHOK CTIHOK, TIEPEBIPKY Ha
MPY)KHY BTpPaTy CTIMKOCTI CIIJ TPOBOJUTH
OUTs OCHOBH, a TaKOX Y CTIHIII HaJ[ OCHOBOIO.
3aBasKu cTabuTi3yroUomMy edexty
BHYTPIIIHBOTO THUCKY, II€peBipKa IOBHUHHA
0a3yBaTUCs Ha MIHIMAIBHOMY MOKJIMBOMY
3HAYEHHI BHYTPIIIHBOTO THCKY B CEHCMIYHII
MPOEKHIN cuTyarlii.

[Tepesipka MOXe
BIJIIOBITHOCTI 3
EN 1993-1-6:200X.

BUKOHYBATHUCS y
CTaHJapTOM

SIk anmpTepHAaTHBA MOXYTh OYyTH IepeBipeHi
HacTymnHi HepiBHicTi [19]-[23]:

Tu019+08

0.

[
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A. 10 Verifications for steel tanks

A.10.1 Introduction

The integrity of the corner region between the
base plate and the wall of anchored or
unanchored tanks should be verified under
the stresses and strains predicted there from
the analysis for the seismic design situation.
In addition, the stability of the tank wall near
the base and above the base should be
verified for two possible failure modes.

A.10.2 Verification of elastic buckling

This form of buckling has been observed in
those parts of the shell where the thickness is
reduced with respect to the thickness of the
base and/or the internal pressure (which has a
stabilising effect) is also reduced with respect
to the maximum value attained at the base.
For tanks of constant or varying wall
thickness, the verification for elastic buckling
should take place at the base as well as in the
wall above the base. Due to the stabilising
effect of the internal pressure, the verification
should be based on the minimum possible
value of the interior pressure in the seismic
design situation.

The verification may be performed in
accordance with EN 1993-1-6:200X.

As an alternative, the following inequality
may be verified [19]-[23]

G-‘J
1 ¥

T (A.62)
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ae: where:
Om - MakCUMaJlbHa BEpTHUKAlIbHA MeMOpaHHA om IS the maximum vertical membrane
Harmpyra, stress,
G, =06-E—
R (A.63)
ileallbHA ~ KPUTHYHA  HAampyra  BTpaTu is the ideal critical buckling stress for

CTIMKOCTI JUIsl HWIIHAPIB, HaBaHTAXKCHUX cylinders loaded in axial compression, and
OCHOBHM CTHCKOM, Ta

177
e

A
D-u

o, =0, 1—| l—%Hl_

=0,
o, )
- (A.64)
ne: where:
50 (A.65)
3 P, MO TMO3HAYa€ MiHIMAIBHUN MOXIIMBUH with p denoting the minimum possible
BHYTPIIIHIA THCK B CEHCMIYHIA MPOEKTHIN interior pressure in the seismic design
CHTYyaIi, situation,
(A v
o, =f|1- lif PP
) ‘.\ 4 J O'O'c-_ (A66a)
%, =0 0a, gkmo: (if:) 12>2 (A.66b)
3 with
p \ 12
o=1-124{°| |1+ 20 -1
- 1,24 =
\ s
(A.67)
i JS mo3Hayae BiNHOUWIEHHS MAaKCUMAIbHOT and ds denoting the ratio of maximum
AMILTITYJd HEIOCKOHAJIOCTI [0 TOBIIMHHU imperfection amplitude to wall thickness,
CTiHKH, sIKa MOXe OyTu mpuitHsTa sk [8]: which may be taken as [8]:
{SI_ODG R
| 2]= fl
L8 a 5 (A68)
Ie: where:
a =1 g HOpMaJIBLHOTO OYIIBHUIITBA a =1 for normal construction
a= 1,5 s skicHOTo OyIBHHUIITBA a = 1,5 for quality construction
a = 2,5 g BUCOKOSIKICHOTO OyIiBHUIITBA a = 2,5 for very high quality construction
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A.10.3 IIpykHO-IUIACTHYHE PYHHYBAHHS

Jlana ¢opma Brpatu criiikocti (“Hora cioHa”)
3a3BuYail BiOyBaeTbcs ONM3BKO 1O OCHOBHU
pe3epByapy BHACIIJIOK KOMOIHaITii
BEPTUKAIPHUX CTUCKAIOYMX HAINpPYKEHb 1
KUIBIIEBUX  PO3TATYIOUMX HAINPYXKEHb, IO
BUKIIMKA€E HETIPYKHUI JABOBICHUI HAIPy>KSHUH
crad. B pesepByapax 3i 3MIHHOIO TOBIIHHOIO
CTIHKM, BepU(]IKAI[II0 I JAHOTO PEKUMY
BTpaTH CTIMKOCTI He cClii oOMexXyBaTu
nepepizoM, OJM3BKUM 10 OCHOBH pe3epBYyapa, a
CN PO3LIMPUTH Ha HWKHI TMepepi3u BCIX
YACTHUH CTIHKH, SIK1 MalOTh ITOCTIHY TOBILUHY.

Emmipuune piBHSHHS, po3BuHYTe B [24] -
[25] mns mepeBipku 1i€i GopmMHu HECTIHKOCTI
Ma€e BUTJISII:

A.10.3 Elastic-plastic collapse

This form of buckling (‘elephant's foot”)
normally occurs close to the base of the tank,
due to a combination of vertical compressive
stresses and tensile hoop stresses inducing an
inelastic biaxial state of stress. In tanks with
variable wall thickness, verification for this
mode of buckling should not be limited to the
section close to the base of the tank, but
should extend to the bottom section of all
parts of the wall which have constant
thickness.

The empirical equation developed in [24]-
[25] to check this form of instability is:

(pRY | Vr+£./250]
Cp =0 l—lp | _!1— _cl f |
Vs ) 0 L1247 ) r+l
o ) - (A.69)
ae where:
= . . . = . .
400 - Mexa TEKydoCTi Marepiany CTIHKH 400 s the yield strength of the tank wall

pesepByapa B MI1a;

fy - MakcumalbHE MOXIIUBUN BHYTPIIIHIH
THCK B CUTYaIlisIX, MOB'SI3aHUX 3 B MPOEKTHIN
cericMiuHii cutyarii, B MITa.
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material in MPa;

fy is the maximum possible interior pressure
in the seismic design situation, in MPa.
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JOIATOK B
(moBigKOBUIA)

HIA3EMHI TPYBOIIPOBOIU
B.1 3aranbHi nosoxeHHs1 NPOEeKTYBAHHS

(1) Sx npaBuno, TpyOONpPOBOIU  CIiX
NpOKJIaNaTH B TPYyHTaX, sKi IepeBipeHi Ha
30epeKEeHHsI CTIMKOCTI TPU  MPOEKTHOMY
ceficMiyHomMy BruuBl. Komnm BuIeBka3aHa
yMOBa He MOke OyTH 3aJ0BOJIEHA, MOBUHHI
OyTM OJHO3HAYHO BHU3HAYEH1 XapakTep 1
MacITabl HETaTUBHUX SIBHIN 1 3aCTOCOBaHI
BIJIMTOB1/IH1 MPOEKTHI KOHTP3aXOIH.

(2) /MBa kpaiHiX BuUNaaku: Po3pimkeHHsS
TPYHTY 1 3MILIEHHS 0 PO3JIOMY BapTi 3TaJIKH,
OCKUTPKM BOHHM BHMaralooTh, B IIUJIOMY,
MPOEKTHUX  pIlI€Hb, CHEUMPIUHUX IS
KOXXHOTO KOHKPETHOTO BUIAJIKY.

(3) PospimxenHs rpyHTy, ne O BOHO He
B110yJ10Cs1, OyJIO OJIHIEIO 3 OCHOBHHMX NMPUYUH
MTOIIKO/DKEHHST TPYOOIIPOBOIIB TIPHU MUHYJIUX
3emJieTpycax.

(4) 3amexHo Bim 0OCTaBWH, PIIIEHHS MOXKE
BUMaratd  abo  30UIbIIEHHSA  INIMOMHU
MPOKJIAAKH, a, MOXKJIMBO 1 YKJIaJICHHs TPYO B
JKOPCTKI KaHajgu OuIbIIOro miaMerpy, abo
MPOKIIAJIKA TPYyOOIIPOBOAY HaJ IOBEPXHEIO
3eMTi, 3 MIATPUMKOIO iX OropamMu 3 MIITHUMHU
(dyHIaMEHTaMH, PO3TAIlIOBAHUMH Ha JOCHTH
BEJIMKUX BIJCTaHIX. B OCTaHHBOMY BHMAJKY
CIIIJT TaKOX PO3IMJISHYTH THYYKI CTHKH JIJIs
3a0€3Me4YeHHS BITHOCHUX TIEPEMIIICHh MDK
OTIOpPaMH.

(5) TIlpoextyBaHHS s 3MilllEHHS IO
po3iomMy BAMAarae OILIHKH, 1HOI1
MOCTYJIFOIOYH PsiJ] TapaMeTpPiB, BKIIOYAIOUUX:
PO3MIILIEHHS, PO3MIpU MOPYIIEHOTO JUISHKH,
TUI 1 CTYNiHb TEPEMILIEHHS IO PpO3JIOMY.
[Ipn HasBHOCTI 3a3HAYEHUX MapaMeTpiB,
HAaWOPOCTIMUN IIISAX MOJETIOBAHHS SBUIIA
PO3TIISIHYTH JKOPCTKUH 3CYyB MDK Macamu
TPYHTY, 5IK1 B3a€EMOJIIIOTH Y PO3JIOMi.
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ANNEX B
(informative)

BURIED PIPELINES
B.1 General design considerations

(1) As arule, pipelines should be laid on soils
which are checked to remain stable under the
design seismic action. When the condition
above cannot be satisfied, the nature and the
extent of the adverse phenomena should be
explicitly assessed, and appropriate design
counter measures applied.

(2) Two extreme cases: Soil liquefaction and
fault movements are worth being mentioned,
since they require in general design solutions
specific to each particular case.

(3) Soil liquefaction, whenever it did occur,
has been a major contributor to pipelines
distress in past earthquakes.

(4) Depending on the circumstances, the
solution may require either increasing the
burial depth, possibly also encasing the pipes
in larger stiff conduits, or in placing the
pipeline above-ground, supporting it at rather
large distances on well founded piers. In the
latter case flexible joints should also be
considered to allow for relative displacements
between supports.

(5) Design for fault movements requires
estimating, sometimes postulating, a number
of parameters including: location, size of the
area affected, type and measure of the fault
displacement. Given these parameters, the
simplest way of modelling the phenomenon is
to consider a rigid displacement between the
soil masses interfacing at the fault.



(6) 3aranbHUM KpuTEpieM MiHIMI3aIiT ePeKTy
HAKJIaJeHHA  TMEpeMillleHb €  KpuTepid
BBCJCHHS  MaKCHUMaJbHOI T'HYYKOCTI B
CHCTEMY, WIO 3HAXOJMTHCS i BILUIMBOM
3a3HAYEHOr0 3CYBY.

(7) B panomy Bumaaky 1€ MoOXe OyTH
3MIHCHEHO:

- IIJISIXOM 3MEHIIEHHS TITUONHN IMPOKJIaAKHA 3
MCTOIO 3MCHIICHHSA CTUCHCHHSA I'PYHTOM,

- IUSIXOM TATOTOBKH TPAHIIEH BEITUKUX
po3MipiB TUIs MPOKIIAJIKU TpYyO,
3al0BHIOBAaHUX M'IKUM MaTepiajoM;

- NUIAXOM TPOKIAIKU TPYOONpPOBOAY HaL
MTOBEPXHEI0 I'PYHTY 1 BBEIEHHSIM THYYKUX 1
PO3CYBHHX €JIEMEHTIB TPYOOIIPOBO/TY.

B.2 Ceiicmiuni HA mig3eMHi
TpyOOnIpoBOIM

BIIJIUBH

(1) Pyx rpyHTy, 10 pO3MOBCIOKYETbCS 1A
MMOBEPXHEIO TPYHTY, CKJIAJA€ThCS 3 3MIIIAHUX
XBUJIb MacH (CTHCK, 3CcyB) 1 moBepxHi (Pees,
JIsBa, TOmO): (aKTHYHUK CKIAm, IO
3QJICKATh HAUOUTBII ICTOTHO BiA (OKaIbHOI
rMOWHM 1 BiX BiACTaHI MDK (QOKycoM i
IUITHKOIO.

(2) Pi3H1 TMII XBWJIb MAIOTh PI3HY IIBHIKICTh
PO3IIOBCIOIDKEHHSI 1 pI3HUH pPyX YacTHHOK
(ToOTO TapaNeNbHO JI0 HANPSMKY MOUTHPEHHS
XBWII, TEPHCHIUKYISIPHO 1, eIINTHYHO,
tomio). He3Bakaroun Ha Te, 10 TeodiBUYHI U
CCMCMOJIOTTYHI  JIOCIIPKEHHSI MOXYTh JaTH
Jiesike YSBJICHHS, BOHH, B IIUIOMY, HE B 3MO3i
nepen0aunT (HaKTUYHY XBUJIBOBY KapTHHY,
BHACTIZIOK  4OTrO  JIOBOAUTBCS  POOUTH
KOHCEPBATUBHI IIPUITYIIICHHSI.

(3) Onmne 3 yacTuxX MPUMYIIEHb € PO3IIIAL,
1110, B CBOIO Yepry, XBUJIbOBA KAPTHUHA IILUIKOM
CKJIQJIA€ThCS 3 OJTHOTO TUITY XBHIIb, OY/b fKa
3 SIKUX HaWOUIhII  HEeCTpUSATINBA AN
0c00MBOrO eeKTy Ha TPYOOIPOBII.

(4) Cepii xBwIb MO © y IIbOMY BUIAJKY
Jerko OyayBaTucs Ha MiACTaBI 4aCTOTHOTO
3MICTY TEpPEBaKHOTO CHEKTPY MPYXKHOI
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(6) The general criterion for minimizing the
effect of an imposed displacement is that of
introducing the maximum flexibility into the
system which is subjected to it.

(7) In the case under consideration this can be
done:

- by decreasing the burial depth so as to
reduce the soil restraint;

- by providing a large ditch for the pipes, to
be filled with soft material;

- by putting the pipeline above ground, and
introducing flexible and extensible piping
elements.

B.2 Seismic actions on buried pipelines

(1) The ground motion propagating beneath
the soil surface is made up of a mixture of
body (compression, shear) and surface
(Rayleigh, Love, etc) waves: the actual
composition depending most significantly on
the focal depth and on the distance between
the focus and the site.

(2) The various types of waves have different
propagation velocities, and different motions
of the particles (i.e. parallel to the
propagation of the wave, orthogonal to it,
elliptical, etc.). Although geophysical-
seismological studies can provide some
insight, they are generally unable to predict
the actual wave pattern, so that conservative
assumptions have to be made.

(3) One often made assumption is to consider
in turn the wave pattern to consist entirely of
a single type of wave, whatever is more
unfavourable for a particular effect on the
pipeline.

(4) The wave trains can in this case be easily
constructed on the basis of the frequency
content underlying the elastic response
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peakiiii, BIINOBIAHOTO  JaHIA  AUISHIIL,
[UIIXOM TPUCBOEHHS KOXHIN CKJIQOBIi
YacTOTH OLIHEHOr0 3HAYEHHS IIBUIKOCTI
MOIIUPEHHSL.

(5) Teopernuni aprymeHTH 1 psii YUCETBHUX
MO/ICITIOBaHb BKa3yIOTh, IO 1HEPIIiiHI CHIIH,
[0 BUHUKAIOTH MPHU B3aEMOJIIT MK TpyOOIO 1
TPYHTOM, 3HAYHO MEHIIE CHJI, BHKJIUKAHUX
neopmariiero rpyary. Lleit ¢akr mo3Bossie
3BeCTH IpoOJIeMy B3aeMOAil MK TPYHTOM i
TpyOONIPOBOIOM JI0 CTATHUYHOI 3a/1a4i, TOOTO,
3aj1a4i, A€ TpyOompoBin AedopMyeTbes MpU
MPOXOKEHHSIM XBUJII  3MIIIEHD, oe3
pO3riIsAay AMHAMIYHUX €(EKTIB.

(6) Cunm mis TpyOOTMPOBOIY, BHACITIIOK
L[OTO, MOKYTh OYTH OTPUMaHI 3 PO3PAXYHKY
3 ypaxyBaHHSIM 4acy, Jieé 4ac € ImapaMmeTpom,
(GyHKIST SKOTO TOJSATae B 3MIMICHH] XBHII1
y370BX a00 TONepeK KOHCTPYKLIi, sKa
MOB'I3aHa 3 TPYHTOM depe3 paiiaibHI 1
MO3/I0BKHI IPYKUHH.

(7) Yacro  BHKOPHCTOBYETBHCSA  3HAYHO
MPOCTIUN  METOJ, SKUA TPOJAEMOHCTPYBaB
TOYHICTh, TIOPIBHSHHY 3 TOYHICTIO OUIBII
PETENBHOTO MIIX0IY, OTIMCAHOTO BHIIE, 1 SIKHMA
MIPUBOJUTH B OY/b-SIKOMY BHIIQIKYy JI0 OIIIHKA
BEpPXHBOI MeX1 Aedopmailiii B TpyOOIpoBO/Ii,
Tak SK BIH Mae TPUITYCKaE TPyOOTpOBia
JIOCTaTHBO THYYKHM, 100 CITiTyBaTH
nedopmartii TpyHTy 03 mpociu3aHHs 1 0e3
B3a€EMOJIII.

(8) Bimmosimno mo manoro meroxy [1] pyx
TPYHTY NPE/ICTABIIAETHCS IPOCTOIO
CHHYCOIIAJIbHOT XBHJIEIO:

.\ . X
u(x,f) =dsinw(f ——)
c

ne d - mOBHA amIUIiTyZa TMEpeMIlleHHs, i
€ - CIIPaBXHS MIBUAKICTh XBHIII.

(9) Y cBowo dyepry, pyx YacTHHOK
nepeadavaeTbCs Y3J10BXK HaIpsIMKY
MOLIUPEHHS (CTUCKAIOYi XBUII) 1 HOPMAJIbHO
70 Hel (3CyBHI XBWJII) Ta, Ui MPOCTOTH 1

OPUAHATTS ~ HAWTIpIIOro  BUNAJAKY, BICh
TpyOOmpoBOLy 1 HampsM  HOLIUPEHHS
30iraroTbes.
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spectrum appropriate for the site, by
assigning to each frequency component an
estimated value of the propagation velocity.

(5) Theoretical arguments and a number of
numerical simulations indicate that the inertia
forces arising from the interaction between
pipe and soil are much smaller than the forces
induced by the soil deformation. This fact
allows the soil-pipeline interaction problem
to be reduced to a static one, i.e., one where
the pipeline is deformed by the passage of a
displacement wave, without consideration of
dynamic effects.

(6) The forces on the pipeline can therefore
be obtained by a time-history analysis, where
time is a parameter whose function is to
displace the wave along or across, the
structure, which is connected to the soil
through radial and longitudinal springs.

(7) A much simpler method is often used,
whose accuracy has been proved to be
comparable with the more rigorous approach
described above, and which yields in any case
an upper bound estimate of the strains in the
pipeline, since it assumes it to be flexible
enough to follow without slippage nor
interaction the deformation of the soil.

(8) According to this method [1] the soil
motion is represented by a single sinusoidal
wave:

(B.1)

where d is the total displacement amplitude,
and c is the apparent wave speed.

(9) The particle motion is assumed in turn to
be along the direction of propagation
(compression waves), and normal to it (shear
waves) and, for simplicity and in order to
take the worst case, the pipeline axis and the
direction of propagation coincide.



(10) Tlo3moBxHil pyX YaCTHHOK CTBOPIOE
nedopmarnii B TpyHTI 1 B TpyOOmpoBOJi, Ta
BU3HAYAETHCSI BUPA3OM:

cu
£ =
ox C

MAaKCHUMAJIBbHC 3HAYCHHS AKOT'O I[OpiBHIO€I

)

S max

ae:

V =C0Sad - mikoBa MIBUAKICTH TPYHTY.

(11) TlomepeuHuii pyX YaCTHHOK CTBOPIOE
BUKPUBIIEHHS Yy B TpyHTI 1 TpYyoOi,
BHU3HAYAETHCS BUPA3OM:

MaKCHUMAJIBbHC 3HAYCHHS AKOT'O )IOpiBHIOCI

Amax =

ae.
a= afd - mikoBe IPHCKOPEHHS IPYHTY.

(12) 3a ymoBH 3aJ0BOJICHHS OCKOHAJIOTO
3B'I3Ky MDK TpyOOIO 1 TPYHTOM, JiliCHa cujia
TEpPTSs Ha OJWHUIO JOBXHHH TOBHHHA
BPIBHOB2)XYBaTH 3MIiHY TIO3/I0BXXHBOI CHIIH,
10 Beze JI0:

av

e:
E - Monayns [IpyxxHoCTi TpYyOH;
S - TOBIIMHA TPYOH; 1

Tav - CEpEIHs HaIlpyra 3cyBy MDK TpyOoOlo 1
TPYHTOM, SIKa 3aJ€KUTh BiJ KOEQILieHTY
TEpTS MK TPYHTOM 1 TpyOOI0, 1 BiJl IITMOMHU
MPOKJIA/IKH.

wd X
— =———coso(f——)
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(10) The longitudinal particle movement
produces strains in the soil and in the pipeline
given by the expression:

c (B.2)

whose maximum value is:

(B.3)

where:
v =cosad the peak soil velocity

(11) The transverse particle movement
produces a curvature y in the soil and in the
pipe given by the expression:

. ., X
sine(t——)
c

(B.4)

whose maximum value is:

(B.5)

where:
a = «d the peak soil acceleration.

(12) For the condition of perfect bond
between pipe and soil to be satisfied, the
available friction force per unit length should
equilibrate the variation of the longitudinal
force leading to:

Tow =8 Ei,
¢ (B.6)

where:
E Modulus of Elasticity of the pipe;
s thickness of the pipe; and

Taw average shear stress between pipe and
soil which depends on the friction coefficient
between soil and pipe, and on the burial
depth.

123



np ACTY-H b EN 1998-4:201X

Bioaiorpagis

[1] Heromapxk, H. M., TIpoGiemu nommpeHHst
XBWJIb B TPyHTI 1 ckemi, Martepianu
MDKHAPOHOTO CUMIIO31yMy 3
PO3MOBCIO/DKEHHST XBWJIb 1 JUHAMIYHUM
BJIACTUBOCTSIM IPYHTOBHX Marepiaiis,

Vuiepcurer Hpro-Mekcuko, AnnOykepke,
Hzsro-Mekcuxo, 1967, 7-26.

124

Bibliography

[I] Newmark, N. M., Problems in Wave
Propagation in Soil and Rock, Proc. Int-nl.
Symp. on Wave Propagation and Dynamic
Properties of Earth Materials,, Univ. of New
Mexico, Albuquerque, New Mexico, 1967,
7-26



np ACTY-H b EN 1998-4:201X

JOIATOK HA
(TOBIIKOBHIA)

NEPEJIK HAIIOHAJILHUX CTAHJAPTIB YKPATHU (JICTY),
IIEHTUYHUX MC, TOCUJIAHHS HA SIKI € B EN 1998-4:2006

[lo3HaueHHs Ta Ha3Ba Cryminp [To3naueHHs Ta Ha3Ba HAI[IOHAIBHOTO
€BPOIENCHKOTO CTaHIAPTY BIJTIOBIJI- cranaapty Ykpainu (ACTYVY)
HOCT1
EN 1990 Eurocode - Basis of] IDT JICTY-H B EN 1990:2008
structural design «EBpokoj. OCHOBU MPOCKTYBaHHS
xoHcTpykuid (EN 1990:2002, IDT)»
EN 1997-1 Eurocode 7 —| IDT |ACTY-HBEN 1997-1:2010
Geotechnical design - Part 1: «EBpokoj 7. 'eoTexHIYHE TIPOCKTYBAHHSI.
General rules Yacrtuna 1. 3aranpHi nmpaBuia
(EN 1997-1:2004, IDT)»

EN 1997-2 Eurocode 7 -| IDT |ACTY-HBEN 1997-2:2010
Geotechnical design - Part 2: «EBpokoj 7. ['eoTexHIYHE TPOCKTYBaHHS.
Ground investigation and Yactuna 2. JIoCTiKEHHS 1 BUIPOOYBaHHS
testing rpyuaty (EN 1997-2:2007, IDT)»
EN 1998-1 Eurocode 8 -| IDT |ACTY-HBEN 1998-1:2010
Design of structures for «€EBpokos 8. [IpoekTyBaHHS CEHCMOCTIHKHX
earthquake resistance - Part 1: KOHCTpyKIiii. YacTuHa 1. 3aranbHi
General rules, seismic actions npaBuiia, CEHCMIYHI i1, TpaBHUIIa 100
and rules for buildings cnopya (EN 1998-1:2004, IDT)»
EN 1998-2 Eurocode 8 -| IDT JCTY-H b EN 1998-2:2012
Design of structures for «EBpokon 8. IIpoekTyBaHHS CEHCMOCTIMKHX
earthquake resistance - Part 2: KOHCTpYKIiii. Yactuna 2. Moctu
Bridges (EN 1998-2:2005, IDT)»
EN 1998-5 Eurocode 8:| IDT |ACTY-HB EN 1998-5:201X
Design of structures for «EBpoxon §: [IpoexTyBaHHS CEHCMOCTINKHUX
earthquake resistance - Part 5: KOHCTpyKIliK. YacTuHa 5. OyHIaMEHTH,
Foundations, retaining MiAMIPHI KOHCTPYKIIT Ta TEOTEXHIUH1
structures and geotechnical acriektr (EN 1998-5:2004, IDT)»
aspects
EN 1998-6 Eurocode 8 -| IDT JICTY-H b EN 1998-6:20XX
Design of structures for «EBpoxon 8. [IpoekTyBaHHS CEMCMOCTIMNKIX

earthquake resistance - Part 6:
Towers, masts and chimneys

KOHCTpyKIIiK. YactrHa 6. barmTu, Bexi i
armoBi Tpyou (EN 1998-6:2005, IDT)»
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Kon YKH 91.120.25

KarwuoBi  cioBa:  3emieTpyc,  celicMOHEOE3MEeUHICTh,  €BPOKOIH,
CEMCMOCTIMKICTh, TpaBWiia MPOEKTYBaHHS, CHUJIOCHI OallTu, pe3epByapH,

TPyOONPOBOIM, CEHCMIYHI HABAHTAKCHHS.

Ilepmmii 3actynauk nupekropa 11 HAIBK
3 HaykoBoi po6oTH, rosioBa TK 304
«3axuct OyaiBesb 1 CIopyI» FO. HemuunoB

3aBigyBay BiIJIIJIOM aBTOMAaTHU3allii TOCTIHKEHb
Ta CEMCMOCTIMKOCTI OyAiBENb 1 CIOPY/I,
HAYKOBUM KEPIBHUK O. XagBkiH

3aBimyBay jabopaTopii Teopii CEMCMOCTIMNKOCTI

Ta JUHAMIYHUX BUIIPOOYBaHb,
BIJITOBITaJIbHUHA BUKOHABEIb, M. Map’eHkoB
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