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HAIIIOHAJBHUM BCTYII

Lleii crangapt € Toroxxuuii nepexnan EN 1998-6:2005 Eurocode 8 - Desing of structures for
earthquake resistance - Part 6: Towers, masts and chimneys (€Bpoxon 8. I[IpoekTyBaHHs
CeMCMOCTIHKMX KOHCTPYKIiK. YacTuHa 6. bamTy, Bexi i AMMOBI TpyOH).

EN 1998-6:2005 «Eurocode 8 - Desing of structures for earthquake resistance - Part 6:
Towers, masts and chimneys» migrorosinerHo Texuiunum komiterom CEN/TC 250 «Structural
Eurocodes» (€Bpokoan KOHCTPYKILiil), cekperapiatom sikoro kepye BSI (bpuranchkuii iHCTUTYT
CTaHJAPTIB).

J1o HaIiOHATBFHOTO CTAHIAPTY OJIY4EHO aHTJIOMOBHHI TEKCT.

Ha Tepuropii VYkpaiHu £k Hal[lOHaJbHUN CTaHAApT Ji€ JiBa KOJOHKAa TEKCTY
JNACTY-H b EN 1998-6:201X «EBpoxoa 8. IlpoexTyBaHHS CEMCMOCTIHKUX KOHCTPYKIIIH.
Yactuna 6. bamrtu, Bexi 1 numoBi Tpyou (EN 1998-6:2005, IDT)», BukiageHa yKpaiHCHKOIO
MOBOIO.

Biamosinno no JABH A.1.1-1-2009 «OcHOBHI MOJIOKEHHS» 1IeH CTaHIAPT BIIHOCUTHCS 0
KOMIIJIEKCY HOPMaTHBHUX JOKYMEHTIB y rainy3i OyaiBHunta B.2.6 - «KoHcTpykuii OyIMHKIB 1
CHOPYI».

CrangapT MICTUTh BUMOTH, SK1 BIIMOBIJAIOTh YUHHOMY 3aKOHOJABCTBY YKpaiHHU.
TexHiuHMI KOMITET, BIAMOBIAambHMIM 3a 11e# cTanaapT - TK 304 «3axuct OymaiBens 1 Ciopym.
Jlo cTanmapTy BHECEHO TaKi peJaKI[iitHi 3MI1HH:

- CJIOBa «IIeH €BPOTICHCHKHUI CTAHIAPT» 3aMIHEHO Ha «IeH CTaHIapT»;

- CTPYKTYpHI eneMeHTH ctanmapty: «OOknaanakay, «llepenmoay, «HarionansHui BCTYI

Ta «3MicT» - 0(OPMIIEHO 3T1IHO 3 BAMOTaMHU HaIIOHAJIBHOI CTaHaapTH3aIlii YKpainu;

- KpamKy 3aMiHEHO Ha KOMY sIK BKa31BHHK JCCITKOBHX 3HAKIB.

[Tepenik nHamionaneaux crangaptiB Ykpaiau (ACTY), ineatnuanx MC, mocuiiaHHs Ha 5IKi €
B EN 1998-6:2005, naBeneno B gogatky HA.

Komii MC, mo HenpuiiHATI SK HaIlOHAJIbHI CTaHIApTH, aje Ha SKI € IOCHUJAHHSA B
EN 1998-6:2005, wmoxxna otpumatd B [omoBHOMY GOHAI HOPMATHUBHUX JIOKYMEHTIB
HIT «YkpHIHL».
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Beryn

Leit €Bpomneiicbkuii Cranmapt EN  1998-6,
€Bpokon 8. IlpoekTyBaHHS CEHCMOCTIHKHUX
KOHCTPYKIid. bamTu, Bexi 1 TuMOBI TpyoOH,
OyB migroroBneHuii TexHiunum Kowmirerom
CEN/TC 250 "€Bpokoam B  ramysi
OyniBHUITBA", ceKkperapiaT SIKOTO
npoBoauthest BSI. CEN/TC 250 Biamosinae 3a
BCi €BPOKOAM KOHCTPYKITIH.

et €pponelicbkuit  CraHmapT MNOBUHEH
OTpUMATH CTAaTyC HAallIOHAJIBHOIO CTaHAAPTY,
ab0o [UISIXOM OMYOJIIKYBaHHS 1I€HTUYHOTO
TEKCTy, a00 CXBaJieHHS, HE MIi3HIIIE TpPaBHA
2005 poxy, 1 HaIiOHaJIbHI CTaHIAPTH, IO
cyrepedaTh JaHOMY, TOBHHHI OyTH BiIKIIMKaH1
He mizHime oepe3ns 2010 poky.

co0010

Heit JOKYMEHT 3aMIHIOE

ENV 1998-6:1994.
3rigHo  Buyrpimnix  PermamentiB  CEN-
CENELEC, Opranizarii Hamiosansaux
CTaHJApPTIB HACTYMHUX KpaiH 3000B'sa3aHi
3acTOCOBYBatu Iiei €Bponeiicbkkuii CTaHnmapr:
Asctpisa, benbris, Kinp, Yecbka PecnyOmika,
Hanis, Ecrtonis, @iamsgamis, Dpanis,
Himeuuwna, ['pemis, VYropmuna, Icmanmis,
Ipnannis, Itamis, Jlarsis, JIutea, JIrokcemOypr,
Manwta, Hinepnanmu, Hopseris, Ilonsmia,
[Mopryramis, CnoBauunna, CioBeHis, [cranis,
[Berris, [IBeitapis Ta Cnonyuene
KopouicTBo.

OcHoBu nporpamu €Bpokoay

B 1975 pomi, kowmiciero €BponelHchKOro
CniBroBapucTBa Oyj0 MPUUHSITO PIllICHHS PO
mnporpaMmy aiii B oOjacti OyniBHMIITBa, Ha
migctaBi  crarri 95  JloroBopy. Meroro
mporpaMu  Oylo  YCYHEHHS  TEXHIYHUX
MEepeIKoJl JUIsl TOPriBjii Ta rapMoHi3amii
TEXHIYHUX crienuQiKailii.

YV pamkax 1iei nporpamu qiid, Kowmicis
yXBaJlia HIIIaTUBY I10JI0 CTBOPEHHS Habopy
rapMOHI30BAaHMX TEXHIYHUX MpaBWI UL
NPOEKTYBaHHS OyAiBeNbHUX pOOIT, fKi, Ha
nepuioMy erami OyJayTh CIYXHTH B SKOCTI
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Foreword

This European Standard EN 1998-6, Eurocode
8: Design of structures for earthquake
resistance: Towers, masts and chimneys, 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 1998-6:1994.

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
of construction works which, in a first stage,
would serve as an alternative to the national
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aIbTEPHATHBH  JJIs1  HALIOHAJBHUX  HOPM,
YMHHUX B JepkaBax - UneHax i, B KiHIEBOMY
paxyHKY, 3aMIHUTH iX.

[IpoTsirom m'SITHaOUATH POKIB, KOMICis, 3a
JIOIIOMOT'OO KepisHoro KOMITETY 3
[IpencraBHukamu nepxaB - UneHiB, mposena
pO3poOKy mporpamMu €BpPOKOIIB , Ka MpHUBETA
710 TIEPIIOTO IMOKOJIIHHS €BPOIEHCHKUX KOJIIB Y
1980-x pokax.

B 1989 pou, koMmicis 1 nepxasu - uineHu €C 1
€Bponeiicbka acouniaunisgs BUIBLHOI TOpriBJIi
(EABT) Bupimmnu, Ha TigcTasi srogu’ Mmix
koMmiciero 1 CEN, mnepegatu miarotoBky 1
nyonikanito €spokoniB a0 CEN wuyepe3 psg
MangaTiB, 3 THM 100 3a0e3lMeYyuTd IM
(€Bpoxosiam) MaiOyTHII cTaTryc
E€sporneticekoro Cranmapty (EN). Lle 3B'sizye
Gpaxmuuno E€BPOKOAN 3 TIOJOXKEHHSIMHU BCIX
mupektuB  Pamm  1/abo  pimieHp  Komicii,
MOB'A3aHUX 3 €BPONEUCHKUMH CTaHAAPTAMH
(ranpuxnao, mapextusa Pagu 89/106/EEC mpo
OyniBenbHy mponykuito - CPD - 1 gupexkTuBH
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).

CrpykTypHO nporpama byniBenpHUX
€BpOKOJIIB BKJIIOYAE B cebe Taki CTaHAApTH,
SKi, SK TPaBUJIO, CKIAMAIOTHCS 3 JEKIIBKOX
YaCTHH:

EN 1990 €Bpokoa. OcHOBM NpPOEKTyBaHHS
KOHCTPYKIii

EN 1991 €poxon 1. Jlii Ha KOHCTPYKITii

EN 1992 €Bpokon 2.
3a1i300€TOHHUX KOHCTPYKITilt

[IpoekryBanHs

EN 1993 €pokon 3. IIpoekTyBaHHS CTalneBUX
KOHCTPYKI[if

! Vropa mix xomiciero €pponeticbkux CriBTOBAPUCTS i
€pporeiicekoro komitery 3 Crammaptmsanii (CEN)
BimHOCHO pobot 3 EBPOKOJJAMMU nnst mpoeKTyBaHHS
OyniBens Ta OyniBenpHUX podoT (BC/CEN/03/89).

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 €ppoxon 4. IlpoekryBaHHs
cTaje3al1i30-0eTOHHUX KOHCTPYKIIif

EN 1995 €spokox 5.
JIEPEB'SHUX KOHCTPYKIIIH

[IpoexryBanHs

EN 1996 €Bpokog 6. IIpoexTyBaHHs KaM'SHUX
KOHCTPYKIIift

EN 1997 €Bpokon 7. T'eorexHiuHe
MIPOEKTYBaHHS
EN 1998 €ppoxox 8. IlpoekryBaHHS

CEHCMOCTINKHUX KOHCTPYKI1i

EN 1999 €spokon 9.
QIOMIHIEBUX KOHCTPYKI[1H

[IpoexTyBaHHs

€Bpokoau BHU3HAIOTH BIAMOBITAILHICTD
pEryiiounX OpraHiB y KoxkHid Jlepxkasi-
YlleHl, 1 € TapaHTIIMU iX MpaBa BU3HAYaTH
3HAQYEHHsS, 10 CTOCYIOThCS pEryJlOBaHHS
MUTaHb OE3MEKHW Ha HAI[lOHAIIbHOMY PiBHI, /€
BOHM  TIPOJOBXKYIOTh  BapilOBaTUCS  BiX
HepxaBu o [epxasu.

Crartyc i cdepa 3acrocyBannss €BpoxkoaiB

Hepxapu-Unenn €C 1 €ABT BuzHamm, mo
€BpOKOJIM CIOyXaTh B SKOCTI JOBIIKOBOTO
Marepiany Juisi TAKUX IIUTCH:

- sIK cnoci® Joka3y BiIMOBIIHOCTI OyiBenb 1
OyniBebHUX pOOIT OCHOBHUM  BHMOTaM
mupektuBn  Pagun  89/106/EEC, oco6nmBo
BaxsmBa Bumora N° 1 - MexaHiunuii omip Ta
CTIMKICTB - 1 BaxkauBa Bumora N° 2 - Be3neka
y pa3i moxKexi;

- SIK OCHOBA JUIS BU3HAYCHHS KOHTPAKTIB Ha
OyniBenbHI poOOTH 1 CYMDKHI IHXKEHEpHI
MOCITYTH;

- SIK OCHOBa JJsI PO3pOOKH TapMOHI30BaHUX
TEXHIYHUX  XapaKTepUCTUK  OyIiBelbHOT

npoaykuii (EN-u i ETA-n).

€BpoKOU, B Til Mipi, B AIKilf BOHH CTOCYIOThCS

np ACTY-H b EN 1998-6:201X

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).

The Eurocodes, as far as they concern the

Xl
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came OyaiBeTbHHX pOOIT, MAaTUMYTh MPSIMHIA
3B'130k 3 [loscHioBanbHMME JOKyMeHTaMu?,
nependauenumu B Crarri 12, CPD, xo4ya BoHUM
MalOTh IHIIY HOPUPOAY BiJ TapMOHI30BaHHUX
NpOAYKTiB cTaHfapTHsamii. TakuMm dYHHOM,
TEXHIYH1 aCTIEKTH, 10 BUILTUBAIOTH ITPH POOOTI
3 €BpoKoAaMH, TOBHHHI OYyTH HaJICKHHUM
gyruHOM po3risiHyTi TexHiunumu Kowmireramu
CEN 1a6o Po6ounmu I'pymamu EOTA, mo
MPALIOIOTh 3 CTAaHAAPTAMH MPOIYKIIii 3 METO0
TOCSATHEHHS TIOBHOI CyMiCHOCTI ITUX TEXHIYHUX
cnenuikaiii 3 €Bpokogamu.

€BpOKO/JM HAJalOTh 3arajibHl CTPYKTYpHI
MpaBWjla TMPOEKTYBAHHS ISl MOBCSAKIEHHOTO
BUKOPHUCTAHHS MpPU MPOEKTyBaHH1 OyJiBeNb 1
OKpeMMX KOHCTPYKII SK TpaJuLIHHOTO TaK 1
1HHOBaIIl{HOTO Xapakrepy. Hezpuuaiini popmu
KOHCTYKIII a00 NMpOEeKTyBaHHS yMOB, SIKI HE
MIANagalnTh 10 JOJATKOBOTO EKCIEePTHOTO
O3Sy, MOTPEOYIOTh 0COOIMBOTO MIAXOTY B
TaKUX BUINAJKaX.

2 3rigno cr. 3.3 CPD, ochHoBHuM Bumoram (ER-am),
MOBUHHA OYyTH JlaHa KOHKpeTHa (opMa B TIyMadyeHHI
JOKYMEHTIB Ul CTBOPEHHS HEOOXiTHHUX 3B'S3KIB MiXk
OCHOBHHMM BHMMOTaM i MaHIaTaMH sl TapMOHI30BaHHX
EN-u i ETAG-w/ETA-n.

3

3riggo cr. 12 CPD mnoscHroBaiabHI

ITOBHHHI:

JAOKYMEHTH

a) JaTd KOHKpeTHY (OopMy HEOOXIJHUM BHMOraMm IO
rapMoHi3aiii TepMIHOJNOrIi 1 TEXHIYHHM OCHOBaM 1
3a3HaYEHHSAM KJIACIB 1 PIBHIB 10 KOXHIH BHMO3i B pasi
moTpeowu;

b) BKazaTH crtocoOH 3B'sI3Ky IIUX KJIACiB i piBHIB BUMOT 3
TEeXHIYHUMHU XapaKTEPUCTUKAMH, HANPUKIA0, METOIH
0o0YHCIIeHHS 1 AOKA3W, TEXHIUHI MpaBmia I PO3pOOKH
MPOEKTY TOLIIO;

c) CITY’)KUTH KEepiBHUIITBOM UIE  PO3pOOKH
TaApPMOHI30BaHUX CTAHAAPTIB i KEPIBHUX MPHHITUITIB YIS

€BPOMNENUCHKUX TEXHIYHUX CXBAJICHB.

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

Xl

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 EOTA 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.



Hanionaiabni Cranpapru, 111 (1)
BIPOBAKYIOTH €EBpokoan

HarmionanbHi craHmapTé, M0 BIPOBAHKYIOThH
€BpPOKOJIM, MICTIATh MOBHUN TEKCT €BPOKOILY
(BKIIIOYHO 3 yciMa J10IaTKaMM), 10 BUIAAHUN
CEN, SIKHAH MOKE JIOTIOBHIOBATH
HamionanbHuit ~ THTYJABHHMIA ~ apKymr — Ta
HamionanpHuii BCTynm Ha TOYaTKy, a TaKOX
HamioHansHuM 104ATOK B KIHIT.

HamionansHUM JOAATOK MOYKE MICTUTH TUIBKH
iHbopMaIito Tpo  TI  mapaMeTpu,  SKi
3QIMIIAIOTHCS BIAKPUTHMHU B €BpoKoAax st
HaIllOHAJTLHOTO BUBUKOPHUCTAHHS, BIIOMHH 5K
HaI[IOHAJIbHO BCTAHOBJIEHI MapaMeTpH, sKi
OynyTh BHUKOPHUCTOBYBATHCS JUIS
MPOEKTYBaHHS Ta OYAIBHUITBA Yy KOHKPETHII
KpaiHi, a came:

- 3HayeHHs Ta/abo Kjacu, Jie¢ BaplaHTU
HaBeJIeH1 B €BPOKO/I],

- 3HaYCHHS, SKi MOKHAa BUKOPHUCTOBYBATH TaM,
JIe CUMBOJI IaHO TUTBKH B €BPOKO/I,

- KOHKpETHI JgaHl KkpaiHu (reorpadivi,
KJIIMAaTU4H1 ~ TOIIO),  Hanpuxkiad,  KapTy
CHITOBOT'O TIOKPOBY,

- nporenypa, sKa MMOBHHHA
BHUKOPUCTOBYBATHUCS SIK aJIbTepHATHBHA
nporeaypi, HaBeJAeHo1 B €BpOKOIi.

BiH Takox MoXe MICTUTH

- pillIeHHs {010 3aCTOCYBaHHS
iH(pOopMaIliiHUX JTOTIOBHEHD,

- MOCWJIAHHS Ha HECYNEePEWIUBY JIOJAaTKOBY
iHpopMalito, o0 AOMOMOITH KOPUCTYBayeBi
3aCTOCOBYBaTH €BPOKO/I.

np ACTY-H b EN 1998-6:201X

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.

X1



np ACTY-H b EN 1998-6:201X

3B'A3KHN MIK €Bpoxonamu i

rapMOHI30BAHUMH TEeXHIYHUMH YMOBaMH
(EN-u i ETA-u) nist Bupo6iB

Icnye HEOOXITHICTH 3a0e3neYeHHS
MOCIITIOBHOCTI MDK rapMOHI3YBaHHSIM
TeXHIYHMX crenidikanidi Ha  OyaiBenbHI

BUPOOH i TeXHIYHMMH TpaBuIaMu s works?,
Kpim Toro, Bcst iHpOpMarris, sika CympoBOJIKYE
CE-mapkupoBKy Ha OyIiBelIbHY MPOIYKIIIO,
sIKa BIJHOCUTBCSA 1O €EBpOKOIIB, TMOBHUHHA
YITKO BKa3yBaTH, sIKI TapaMeTpH, BU3HAUYEHI Ha
HaI[lOHAJIbLHOMY piBHI OyJ0 TNpUHHATO [0

yBaru.

I_IOIlaTKOBa CTOCOBHO

EN 1998-6

iHpopMmanis

Jns MIPOEKTYBaHHS
CEHCMIYHUX palioHaX TIOJOXKEHHS  IIbOTO
CTaHJIApPTy TIOBHUHHI  3aCTOCOBYBAaTHCS B
JOJATOK IHIIMX BIAMOBIZHUX E€BPOKOIIB.
30KkpemMa, TOJIOKEHHS I[bOTO CTaHAApPTY €
nomnoBHeHHsIM A0 €Bpokony 3 Yacrtmaa 3-1
"bamrrm Ta Ilormu" 1 Yactuna 3-2 "Tpyou",
SIKI HE OXOIUIIOIOTH CHEHIaJIbHI BUMOTHA
CEHCMIYHOTO TTPOCKTYBaHHSI.

KOHCTPYKI1H B

Haunionaabpumuii nogarok 10 EN 1998-6

Bkasye, ne HamioHajabHI YTOYHEHHS ITOBHHHI
Oyru 3poOseni. Hamionaneamii  Cranmapt
peanidamii EN  1998-6 mnoBuHen wmaTu
HamionanpHuii  J0JaTOK, IO MICTUTh BCl
BCTaHOBJICHI  JICP)KABOIK  IMapaMeTpu,  sKi
OynyTh BUKOPHCTOBYBATHCS VIS
MPOEKTyBaHHS B KpaiHi. Hamionanbuuii BUOGip
MOTPIOEH B HACTYITHUX PO3JILIAX.

4 nuB. po3n..3.3 i posa. 12 3 CPD, a Takox 4.2, 4.3.1,
43215.21D 1.

X1V

Links between Eurocodes and harmonised
technical specifications (ENs and ETAs) for
products

There is a need for consistency between the
harmonised  technical specifications for
construction products and the technical rules
for works®. Furthermore, all the information
accompanying the CE Marking of the
construction products which refer to Eurocodes
shall clearly mention which Nationally
Determined Parameters have been taken into
account.

Additional
EN 1998-6

information  specific  to

For the design of structures in seismic regions
the provisions of this standard are to be applied
in addition to the provisions of the other
relevant  Eurocodes. In particular, the
provisions of the present standard complement
those of Eurocode 3, Part 3-1 " Towers and
Masts " and Part 3-2 " Chimneys", which do
not cover the special requirements for seismic
design.

National annex for EN 1998-5

Notes indicate where national choices have to
be made. The National Standard implementing
EN 1998-6 shall have a National annex
containing values for all Nationally
Determined Parameters to be used for the
design in the country. National choice is
required in the following sections.

4 see Art.3.3 and Art.12 of the CPD, as well as 4.2, 4.3.1,
4.3.2and 5.2 of ID 1.
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JoBiakoBuii
po3aia IIynkTn
Reference Item
section
1.1(2) Inpopmarusni Jonatku A, B, C, D, E i F.
Informative Annexes A, B, C, D, E and F.
3.1(1) YMoBH, mpu SKUX 00epTajbHy CKJIaJO0BY pyXy TPYHTY MOTpPiOHO B3ATH 10
yBaru.
Conditions under which the rotational component of the ground motion should
be taken into account.
3.5(2) [Toka3HUK HIKHBOT MeX1 f I 3HAYEHHS MPOEKTHOTO CHEKTPY, SIKIIO Oyiu
3MIACHEeH] crenu(iuai JOCHIDKEHHS i1 MaWIaH4uKy 13 crenudiaHuM
MTOCUJIAaHHSM Ha JIOBTOTIEPIOTHUMN 3MICT CEMCMIYHOTO BIUTHBY.
The lower bound factor f on design spectral values, if site-specific studies have
been carried out with particular reference to the longperiod content of the
seismic action.
4.1(5)P [Toka3HUKHM BaXXJIMBOCTI JISI IIIOTJT, BEXK, 1 AUMOBUX TPYO.
Importance factors for masts, towers, and chimneys.
4.3.2.1(2) JleTanpH1 yMOBH, TOTIOBHIOIOYI Ti, 110 € B 4.3.2.1(2), m1st po3paxyHKiB METOJI0M
OIYHUX CHJI, SIK1 TPUKIIAJCHO.
Detailed conditions, supplementing those in 4.3.2.1(2), for the lateral force
method of analysis to be applied.
4.7.2(1)P YacTKOBI MOKa3HUKH /IS MaTepiariB
Partial factors for materials
4.9(4) 3HIKEHHS IOKa3HUKA V JJIs1 3SMEHIIEHHS MEKi TPAHUYHOTO CTaHy MOLIKOKEHb
Reduction factor v for displacements at damage limitation limit state
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HAIUOHAJLHUM CTAHJIAPT YKPATHHU

€BPOKO/ 8. _
IHNPOEKTYBAHHSA CEUCMOCTIMKUX KOHCTPYKIIN
Yacruna 6. bamru, Bexi i 1MmMoBi TPyOH

EBPOKO/ 8. )
[MPOEKTUPOBAHUE CEMCMOCTOUKNX KOHCTPYKIINI

YacTts 6. baninu, MauThl U IIMOBBIE TPYObI

EUROCODE 8
DESIGN OF STRUCTURES FOR EARTHQUAKE RESISTANCE
Part 6. Towers, masts and chimneys

1 3ATAJIBHI ITIOJIOKEHHSA
1.1 T'any3b BUKOPHCTAHHSA

(1) Tamy3s Bukopucranus €Bpokoay 8
u3HadyeHa B EN 1998-1:2004, 1.1.1, a
rajgy3b BHKOPHUCTAHHS I[bOTO CTaHAAPTy
BusHauena B 1. (2) - (4). Jonarkosi

gyacTuHU  €Bpokoxy 8  BKazaHl B
EN 1998-1:2004, 1.1.3.

(2) EN 1998-6 BCTaHOBIIOE BHMOTH,
KpuTepii Ta  TpaBWia  IPOCKTYBaHHS
BHCOKHX THYYKHX CHOPY/I: Oamr
(BxirOYarouM 3BIHHMIN, MPHUUMAJbHI BEXKI,
pamio- 1 TeleBexi), MIOTJ, JUMOBHUX TpPYyO
(Bxiroyaroud  caMOHECydi  IIPOMHCIIOBI
IUMoB1  TpyOw) 1 MaskiB. JloaaTkosi
[TOJIOKEHHS, XapakTepHi JUIST
3a11300€TOHHUX 1 CTAJICBUX JAUMOBHUX TPYO,
HaBeJCeHI B po3aiiax 5 i 6, BIAMOBITHO.
JloaTKOBI  IMOJIOXKEHHS, XapaKTepHi IS
CTaJeBMX BEX 1 CTaJeBHX IWIOTI 3
BIATSDKKAMU, HaBeleHI B po3auiax 7 1 8,
BiamoBigHO. HaBOOATHECS TaKok BHUMOTH JIO
HEHECY4YHX eJEeMEHTIB, TaKUX SK aHTCHH,
MaTepiany (QyTEepoBKH TUMOBHUX TpyO Ta
IHIIIOr0 00JIaJHAHHS.

[MPUMITKA 1 B [omatky A HaBOOATHCS BKa3iBKH
Ta iH(hopMalis 1Mo JIIHIHHOMY AMHAMIYHOMY aHaJi3y
3 ypaxyBaHHSAM OOEpTANbHHUX CKJIa/JI0BHX KOJIMBAaHb
TPYHTY.

Yuuuuit 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 (2) to (4). Additional
parts of Eurocode 8 are indicated in
EN 1998-1:2004, 1.1.3.

(2) EN 1998-6 establishes requirements,
criteria, and rules for the design of tall
slender structures: towers, including bell-
towers, intake towers, radio and TV-towers,
masts, chimneys (including free-standing
industrial  chimneys) and lighthouses.
Additional provisions specific to reinforced
concrete and to steel chimneys are given in
Sections 5 and 6, respectively. Additional
provisions specific to steel towers and to
steel guyed masts are given in Sections 7
and 8, respectively. Requirements are also
given for non-structural elements, such as
antennae, die liner material of chimneys and
other equipment.

NOTE 1 Infonnative Annex A provides guidance and
information for linear dynamic analysis accounting
for rotational components of the ground motion.

1
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[MPUMITKA 2 B Jomatrky B  HaBoauThCs
iHpopMmamis Ta  BKa3iBKM 1O  MOJAJIGHOMY
JneMnQipyBaHHIO TP MOAAJIBHOMY aHali3i CIeKTpa
BiJITIOBI 1.

MMPUMITKA3 B Jomarky C  HaBOauTHCA
iH(pOpMaIlis 00 B3a€MO/IT «IPYHT-KOHCTPYKIIsD) 1
BKa3iBKa Ha ii OOJIK B JIHIHHOMY JUHAMIYHOMY
aHai31.

[MPUMITKA 4 B lonatky D HaBoauThCs J0AaTKOBA
iH(pOpMaIlis Ta BKa3iBKH MO YUCITY CTYIEHIB CBOOOIN
1 4mMcily MO KOJIMBaHb, IIO BpPaxOBYIOTHCS IIpU
aHai31.

MMPUMITKA S B [Jlomatrky E  HaBoauthCs
iHpopMamists 1 BKa3iBKM 13 CEHCMIYHOro
MIPOEKTYBAHHS KaM'sTHUX TUMOBHX TPYO.

[TPUMITKA 6 B MHomatky F nmaetbcs momatkosa
iHpopMallis NOo CeHCMIYHUM XapaKTepPUCTUKAMH 1
NPOCKTYBAHHIO OTOP JIiHIH eleKTponepeaay.

(3) IIi mosokeHHsT HE 3aCTOCOBYIOTHCS [0
IpaJupeHb 1 MOPCHKUX CIOPY.

(4) Jns Bex Haa3eMHHX pe3epByapiB
3actocoByeThest EN 1998-4.

1.2 HopMaTHBHi NOCHJIAHHA
1.2.1 BuxkopucraHus

(1)P Lew €Bponeiicbkuii CTaHAaPT MICTHTD
MOJIOKEHHS 1HIMX NyOJiKamiii y BUIIISAII
JaTOBaHUX a00 HeIAaTOBAaHMX IMocuiaaHb. Lli
HOPMATHBHI MOCHJIAHHS PO3TAIIOBYIOTHCS Y
BUIMOBIIHUX MICIIX TEKCTY, a IMepertiK
nyOTiKarin HaBEJICHO HIDKYE. st
JaTOBAHUX IOCHJIAaHb HACTYITHI TOMPaBKU
abo penakiii Oyab-IKUX TakuxX MyOsikarii
3aCTOCOBYIOTBCS JIO JAaHOTO €BPOMEHCHKOTO
CTaHJApTYy, TUIbKH SIKIIIO BOHU BKIIOYCHI B
HBOTO TIIONPaBKOK abo penakiiero. Js
HE/JIATOBAHUX TOCHJIaHb  3aCTOCOBYETHCS
OCTaHHE BHJAHHSA TMyOmiKaiii, Ha 5Ky
Ja€ThCs  TOCHIaHHS (3 ypaxyBaHHAM
MOTIPABOK).

NOTE 2 Informative Annex B provides information
and guidance on modal damping in modal response
spectrum analysis.

NOTE 3 Infonnative Annex C provides information
on soil-structure interaction and guidance for
accounting for it in linear dynamic analysis.

NOTE4  Infonnative  Annex D  provides
supplementary information and guidance on the
number of degrees of freedom and the number of
modes of vibration to be taken into account in the
analysis.

NOTE 5 Informative Annex E gives information and
guidance for the seismic design of Masoniy
chimnevs.

NOTE 6 Informative Annex F gives supplemental
information for the seismic performance and design
of electrical transmission towers.

(3) The present provisions do not apply to
cooling towers and offshore structures.

(4) For towers supporting tanks, EN 1998-4
applies.

1.2 Normative References
1.2.1 Use

(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).



1.2.2 3araabHi cTraHgapTH, Ha SKi €
NOCUJIAHHS

(1) 3acrocoByerpcst EN 1998-1:2004, 1.2.1.

1.2.3 lopaTkoBi cTaHAapTH Ha OaIlITH,
Be:Ki i IMMOBI TPYOH, Ha SIKi € NOCUJIAHHS

(1) EN1998-6 wictuth iHIII HOpPMAaTHBHI
MMOCWJIAHHS, PO3TAlIOBAaHI y BIAMOBITHUX
MicIIsIX TeKCTy. BOHM HaBeieH1 HIDKUE:

EN 1990 OcHoBH MIPOEKTYBaHHS
KoHCTpyKIid. Jlomatok A3. BukopucranHs
OaIT 1 or

EN 1992-1-1 [IpoextyBanHs
3ali300€TOHHUX ~ KOHCTPYKIINA. 3aranbHi
MpaBWJIa 1 IpaBUIIA I CIIOPY/]

EN 1992-1-2 [IpoextyBanHs
3ali300€TOHHUX ~ KOHCTPYKIIH. 3aranbHi
MOJIOKEHHS. Po3paxyHOK KOHCTpPYKIINA Ha
BOTHECTIHKOCTh

EN 1993-1-1 IIpoekTyBaHHS  CTaJeBUX
KOHCTPYKITIA. 3arajbHi IpaBuja 1 MpaBuia

TUTsI CTIOPYT

EN 1993-1-2  IIpoekTyBaHHS  CTaJeBUX
KOHCTPYKITIH. 3aranpHi MTOJIOKECHHSL.
Po3paxyHok KOHCTPYKITIH Ha
BOTHECTIHKOCTh

EN 1993-1-4  IlpoekTyBaHHS  CTaJeBUX
KOHCTPYKITIH. 3aranpHi MTOJIOKECHHSL.

JlomaTKoBI mpaBwiIa Il HEPIKABIFOYO1 CTali

EN 1993-1-5 [IIpoekTtyBaHHS  CTaleBUX
KOHCTpyKUidd. [lmactuHuacti  enemeHTH
KOHCTPYKI[if

EN 1993-1-6  IIpoekTtyBaHHS  CTaleBUX
KOHCTpYKIiA.  MinHicTe 1 CTIHKICTB
000JI0HOK

EN 1993-1-8 IlpoexkryBaHHS  CTaJeBHX

KOHCTpYKLIH. [IpoexTyBaHHS 3’€1HaHb

EN 1993-1-10 IlpoekTyBaHHS CTaJeBHX
KOHCTpPYKI[iH. Y 1apHa B’ S3KiCTh

np ACTY-H b EN 1998-6:201X

1.2.2 General reference standards

(1) EN 1998-1:2004, 1.2.1 applies.

1.2.3 Additional reference standards for
towers, masts and chimneys

(1) EN 1998-6 incorporates other normative
references cited at the appropriate places in
the text. They are listed below:

EN 1990 Basis of structural design - Annex
A3: Application for towers and masts

EN 1992-1-1 Design of concrete structures -
General rules and rules for buildings

EN 1992-1-2 Design of concrete structures -
Structural fire design

EN 1993-1-1 Design of steel structures -
General rules and rules for buildings

EN 1993-1-2 Design of steel structures -
Structural fire design

EN 1993-1-4 Design of steel structures -
Stainless steel

EN 1993-1-5 Design of steel structures -
Plated structural elements

EN 1993-1-6 Design of steel structures -
Strength and stability of shell structures

EN 1993-1-8 Design of steel structures -
Design of joints

EN 1993-1-10 Design of steel structures -
Selection of material for fracture toughness
and through thickness properties



np ACTY-H b EN 1998-6:201X

EN 1993-1-11 IlpoekTyBaHHS  CTaJeBHX
KOHCTpYKIIH. [IpoexTyBaHHS KOHCTPYKILiii
3 PO3TATHYTHMH €JIEMEHTAMU

EN 1993-3-1 IlpoexktyBaHHS  CTaJeBHX
KOHCTpYKIIK. bamrtu i mjormm
EN 1993-3-2  IlpoekryBaHHS  CTaJeBHX

KOHCTpYKIIH. J{uMOBi TpyOH

EN 1994-1-1 IlpoektyBaHHs cTane3aii3o-
0ETOHHUX KOHCTPYKLIH. 3araiabHi IpaBuia 1
IIpaBUIIA 10 CLIOPYA

EN 1994-1-2 TlpoekTyBaHHs cTane3aii3o-
OETOHHUX KOHCTPYKLIH. 3aranbHi
MOJIOKEHHS. Po3paxyHOK KOHCTpYKI[I Ha
BOTHECTINKICTD

EN 1998-1 IIpoekTyBaHHS CEHCMOCTIHKHX
KOHCTPYKITiH. 3arajibHi NMpaBuiia, CeHCMIdH1
i1 1 TIpaBuMIIa MO0 CTIOPY/T

EN 1998-5 IIpoekTyBaHHS CEHCMOCTIMKHX
KOHCTpYKIiA.  DyHZaMEHTH,  MiIHipHI
KOHCTPYKITIT Ta TEOTEXHIYH] aCTIEKTH

EN 1998-2 IlpoekTyBaHHS CEHCMOCTIMKUX
KOHCTPYKIIid. MocTu

EN 13084-2 TpyOom auMoOBI caMOHECYHi.
betonni Tpyou

EN 13084-7 TpyOm auMoOBI caMOHECYyHi.
Huniaagpuyni CTaJIEBI nerani TUTS
OJTHOPSITHUX CTaJeBHX JHUMOBUX TpPYyO 1
cTaneBux oocamHux Tpyd. TexHiuHi yMOBH
Ha MPOIYKITIO

1.3 Ilpunymenns

(HP 3aCTOCOBYIOTHCS 3arajabHi
npunymenns EN  1990:2002, 1.3, i
EN 1998-1:2004, 1.3(2)P.

1.4 BigminHocTi MiXK DpUHOMOAMHA |
NPaBHUJIAMHU 32CTOCYBAHHS

(1) 3actocoByetbest EN 1990:2002, 1.4.

EN 1993-1-11 Design of steel structures -
Design of  structures with  tension
components made of steel

EN 1993-3-1 Design of steel structures -
Towers, masts and chimneys - Towers and
masts

EN 1993-3-2 Design of steel structures -
Towers, masts and chimneys - Chimneys

EN 1994-1-1 Design of composite steel and
concrete structures - General rules and rules
for buildings

EN 1994-1-2 Design of composite steel and
concrete structures - Structural fire design

EN 1998-1 Design of structures for
earthquake resistance - General rules,
seismic actions and rules for buildings

EN 1998-5 Design of structures for
earthquake resistance -  Foundations,
retaining structures and geotechnical aspects

EN 1998-2 Design of structures for
earthquake resistance - Bridges

EN 13084-2 Free-standing chimneys -
Concrete chimneys

EN 13084-7 Free-standing chimneys -
Product specification of cylindrical steel
fabrications for use in single-wall steel
chimneys and steel liners

1.3 Assumptions

(1)P The general assumptions of
EN 1990:2002, 1.3 and EN 1998-1:2004,
1.3(2)P, apply.

1.4 Distinction between principles and
application rules

(1) EN 1990:2002, 1.4 applies.



1.5 Tepminu Ta BU3HAYEHHSA

1.5.1 3aranpHi TepMiHM Ta BU3BHAYEHHS

(1) 3actocoByerncst EN 1998-1:2004, 1.5.1
ta 1.5.2.

(2) 3acTocoBYIOThCS ~ BHU3HAUCHHS 3
EN 1993-3-1, 1.5, 1 EN 1993-3-2, 1.5.

1.5.2 MMopanpii TepMiHM Ta BUZHAYEHHS,
110 BHKOPHCTOBYKWTBHCSI B CTaHAApPTI
EN 1998-6

KYTOBA 0II0pa

omopa  JiHII  eJeKkTpomepenadi, 10
BCTAHOBJIIOETbCA Ha KyTax MOBOPOTY JiHIT
Ha OuThII HIK 3° B r1aH1. BoHa cripuiimae Ti
K TUIM HaBaHTaXXeHb, 110 1 psiMa oropa

KiHIeBi onopu (TakoXX Ha3BaHI AHKEPHUMU
OTIOpaMH)

omopa  JiHII  eJeKkTpomepenadi, 10
crpuiiMae HaBaHTAXXEHHS B KIHIII JIHIT Bif
OJIHOCTOPOHHBOTO TSKIHHSI BCIX NPOBO/IIB,

a TakoX BEPTHKaJIbHI 1 TMOMepedHi
HaBaHTAXXCHHS
npsiMa onopa
oropa JHI{ eJIeKTporiepeayi, 110

BCTAHOBIIIOETHCS Ha  NPSAMHUX  JAUISHKax
KabenpHOT JiHIT 200 Ha KyTax MOBOPOTY, IO
He TIepeBUINYIOTh 3° B tuiaHi. BoHa cripuiimae
BEPTUKAJIbHI ~ HABAaHTaKEHHS, IIOTEpEeYHe
HaBaHTOKEHHA Bl  KYTOBOTO  TSDKIHHA
MIPOBOJIB, MO3/I0BKHE HABAHTAKEHHS Yepes3
HEpiBHI TPOJILOTH, a TaKOX 3YCHJUIA,
BHUKJIMKaH1 HATATOM a00 0OpHBOM IPOBO/IIB

TeJIeCKOmivHe 3'cqHAHHSA

0e3duanieBl 3'eMHAHHS MDK TpyOuacTUMU
€JIeMEHTaMU, BHYTPIIIHINA iaMeTp OJHOTO 3
SKUX JOPIBHIOE 30BHINIHBOMY JiaMeTpy
IHIIIOTO

onopa JiHil e1ekTponepenayi

BeXa, K&  BUKOPHCTOBYETbCA  JUIA
YTPUMaHHS HU3bKO-a00 BHCOKOBOJIETHHX
IIPOBO/IIB eJIeKTponepeaadi

IINpeHreJbHa Omopa ornopa, B  SKii
3'€MHaHHSA HE  pO3paxoBaHI Ha  OHip
TUTACTUYHOTO MOMEHTY 3'€/THAHUX €IIEMEHTIB

np ACTY-H b EN 1998-6:201X

1.5 Terms and definitions
1.5.1 General terms and definitions

(1) EN 1998-1:2004, 1.5.1 and 1.5.2 apply.

(2) The definitions in EN 1993-3-1, 1.5 and
EN 1993-3-2, 1.5 apply.

1.5.2 Further terms and definitions used
in EN 1998-6

angle tower
transmission tower used where the line
changes direction by more than 3° in plan. It
supports the same kind of loads as the
tangent tower

dead-end towers (also called anchor
towers)

transmission tower able to support dead-end
pulls from all the wires on one side, in
addition to the vertical and transverse loads
tangent tower

transmission tower

used where the cable line is straight or has
an angle not exceeding 3° in plan. It
supports vertical loads, a transverse load
from the angular pull of the wires, a
longitudinal load due to unequal spans, and
forces resulting from the wire-stringing
operation, or a broken wire

telescope joint

joint between tubular elements without a
flange, the internal diameter of one being
equal to the external diameter of the other

transmission tower
tower used to support low or high voltage
electrical transmission cables

trussed tower tower in which the joints are
not designed to resist the plastic moment of
the connected elements
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1.6 Mo3znayenHs
1.6.1 3arajbHi M0JI0KEeHHH

(1) 3acrocoByerbcss EN 1998-1:2004, 1.6.1
ta 1.6.2.

(2) Hdns  3pyyHoCTi  BUKOPUCTAaHHS
OJIAJIBIIINX [IO3HAYEHb, K1
BUKOPHCTOBYIOTHCSI Y 3B'I3KY 3 CEHCMIYHUM
MIPOEKTYBAHHIM BEX, LIOIJI 1 TUMOBUX TPYO,
BOHU BHU3HAUEH1 B TECTI MPH iX 3rajyBaHHI.
Kpim TOro, mnosHaueHHs, sKki Halyacrimie
3yCTPIYarOTHCS IpH BHUKOPHUCTaHHI1
EN 1998-6, nmpuBeneni Ta Bu3HaveHi B 1.6.2.

1.6.2 TIloganbumii  mO3HAYEHHS, IO
BHUKOPHUCTOBYIOThCs1 B EN 1998-6

Eeq ExBiBameHTHUN MOIYyJIh IPYKHOCTI,

Mi EdexkruBHa MomanbpHa Maca uts i-1 Moan
KOJINBAHb;

R BimmomieHHS MK MaKCHMaJTbHUM
MOMEHTOM B TIPYKHHI OCHHJISATOpa TpH
oOepTaHHI 3 OJHHUM CTyIeHeM CcBOOOAM 1
o0epTaTbHUM MOMEHTOM 1HEpIlii HABKOJIO
oci obepranns. 'padix 3anexnocti R® Bix
Mepioay BIACHUX KOJIMBaHb € 00epTaTbHUM
CIIEKTPOM BIIIOBIII;

R%, RY%, RY% OGepranbHi  cHEKTpH
B1JIITOB1J11 HABKOJIO OCeH X, Y 1 Z, paz[/cz;

vy Ilutoma Bara kabenro;

6 Postaryroua Hanpyra B kaGeii,

¢, ExsiBaneHTHUI MOJAnbHUN KOEDIIEHT
aeMidyBaHHS j-1 MOJIH.

1.7 Ognunui CI

(1) P 3acrocoByerbcss EN 1998-1:2004,
1.7(1)P.

(2) 3acrocoByerbcsi EN  1998-1:2004,
1.7(2).

1.6 Symbols
1.6.1 General

(1) EN 1998-1:2004, 1.6.1 and 1.6.2 apply.

(2) For ease of use, further symbols, used in
connection with the seismic design of
towers, masts and chimneys, are defined in
the text where they occur. However, in
addition, the most frequently occurring
symbols used in EN 1998-6 are listed and
defined in 1.6.2.

1.6.2 Further symbols used in EN1998-6

Eeq Equivalent modulus of elasticity;

M; Effective modal mass for the i-th mode
of vibration;

R® Ratio between the maximum moment in
the spring of an oscillator with rotation as

its  single-degree-of-freedom, and the
rotational moment of inertia about the axis

of rotation. The diagram of R® versus the
natural period is the rotation response
spectrum;

R%, R%, RY% Rotation response spectra
around the X, y and z axes, in rad/s?;

v Unit weight of the cable;

o Tensile stress in the cable;

g, Equivalent modal damping ratio of j-th
mode.

1.7 S.1. Units

(1)P EN 1998-1:2004, 1.7(1)P applies.

(2) EN 1998-1:2004, 1.7(2) applies.



2 BUMOT'A 10 XAPAKTEPUCTHK 1
KPUTEPII BIAITIOBIIHOCTI

2.1 OcHOBHI BUMOT'H

(1)P  [dns  TumiB = KOHCTPYKLIiH, IO
O3S AIOTHCS M €BpoxosioM,
3aCTOCOBYETHCS BUMOTa BIZICYTHOCTI
pyinysanus B EN 1998-1:2004, 2.1(1)P,
o6 3a0e3neunTy Oe3MmeKy JroIeH, CyCiIHIX
OyziBenb 1 CyMBKHUX OO'€EKTIB.

(2P  ns  TumiB  KOHCTPYKLIiH, IO
PO3IIISIIAIOTHCS UM €BpoKosIoM,
3aCTOCOBYETHCS BHMOTa 0OMeXeHHS
nomko prkernss B EN 1998-1:2004, 2.1(1)P,
o6 30epertu 0e3nepepBHICTD
eKcIUTyaTallli yCTaHOBOK, BHPOOHHIITB 1
CHCTEM KOMYHIKaII{ y pa3i 3eMJIETPYCIB.

(3)P Bumora oOMeXeHHsS TOIIKO/KEHb
BIIHOCUTBCS IO CEMCMIYHOTO BIUIMBY, IO
Mae MMOBIPHICTh NEPEBUILIEHHS TPOEKTHOTO
CEHUCMIYHOTO BILIWBY. Konctpykiiis
MMOBUHHA OYTH CIPOEKTOBAaHA 1 CIIOPYIKEHA
Tak, 100 BUTpPUMATH 1€ BIUIMB 0e€3
VIIIKOPKEHb 1 00MEXEeHB npu
CKOPUCTYBaHHI, TIPH I[bOMY 30HTOK BiJ
VIIKOPKEHh BUMIPIOETHCS TIO BIIHOIIIEHHIO
no  edektiB  Ha  oOnaJHAHHS,  SIKE
MATPUMYETBCS, Ta IOJ0 OOMEKEHHS
BUKOPUCTAHHS ~ BHACTIIOK  TOPYIICHHS
po6oTH 00'eKTa.

(4) Y Bumamkax HHU3BKOI CEHCMIYHOCTI,
BusHauennx B EN 1998-1:2004, 2.2.1(3) i
3.2.1(4), OCHOBHI BHUMOTH MOXYTb OyTH
JNOTPUMAaHI MPHU MPOEKTYBaHHI KOHCTPYKIIii
Ha CEHMCMIYHY PO3PaxyHKOBY CHUTYaIlil0 SIK
HE/IMCUTIATUBHY, HE BPAaXxOBYIOYM HIAKOI
TiCTEpEe3UCHOT eHeprii UcHIanii 1
HEXTYIOUH MPaBUWIAMH IIbOT0 €BPOKOY, SKi
0COOJIMBO  CTOCYIOTBCSI ~ 3JIaTHOCTI  JIO
mucumanii  eHeprii. B 1mpomy Bumaaky
MOKa3HUK  TOBEAIHKM  HE  TIOBUHEH
IIEpPEBUILYBaTH 3HAUEHHS 1,5 3

ypaxyBaHHSM 3amaciB  MIHOCTI  (JIUB.
EN 1998-1:2004, 2.2.2(2)).

np ACTY-H b EN 1998-6:201X

2 PERFORMANCE REQUIREMENTS
AND COMPLIANCE CRITERIA

2.1 Fundamental requirements

(1)P For the types of structures addressed by
this Eurocode, the no-collapse requirement
in EN 1998-1:2004, 2.1(1)P applies, in
order to protect the safety of people, nearby
buildings and adjacent facilities.

(2)P For the types of structures addressed by
this Eurocode the damage limitation
requirement in EN 1998-1:2004, 2.1(1)P
applies, in order to maintain the continuity
of the operation of plants, industries and
communication systems, in the event of
earthquakes.

(3)P The damage limitation requirement
refers to a seismic action having a
probability of exceedance higher than that
of the design seismic action. The structure
shall be designed and constructed to
withstand this action without damage and
limitation of use, the cost of damage being
measured with respect to the effects on the
supported equipment and from the
limitation of use due to disruption of
operation of the facility.

(4) In cases of low seismicity, as defined in
EN 1998-1:2004, 2.2.1(3) and 3.2.1(4), the
fundamental requirements may be satisfied
by designing the structure for the seismic
design situation as non-dissipative, taking
no account of any hysteretic energy
dissipation and neglecting the rules of the
present Eurocode that specifically refer to
energy dissipation capacity. In that case, the
behaviour factor should not be taken greater
than the value of 1,5 considered to account
for over strengths (see
EN 1998-1:2004, 2.2.2(2)).
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2.2 Kpurepii BiznosBinnocri

2.2.1 ®yngameHnTt
(1)P IIpoekryBaHHs (QyHIAMEHTY TOBHUHHE
Bignosizatu EN 1998-5.

2.2.2 ADCOJIIOTHMIT TPAHMYHUIA CTaH
(1) 3actocoByethest EN 1998-1:2004, 2.2.2.

2.2.3 T'pannyHmMii cTaH 3 OOMe:KeHHSs
MOUIKOJKeHb

(1) 3a BimcyTHOCTI Oyab-SIKMX OCOOJIMBUX
BUMOT BJIACHUKA JIIOTh MpaBHia, 3a3HAYCHI
B 4.9, sKi rapaHTylOTh, MmO OYyIyTh

BHUKJTIOUEHI1 TTOIITKOIKEHHS camoi
KOHCTPYKIli, HEHECYYHMX C€JIEMEHTIB 1
BCTaHOBJIEHOTO 00JaiHaHH, 10

BBAXKAIOTHCSI HEMPHUITYCTUMUMHM IS TAaHOTO
TPAaHUYHOTO CTaHy. [ paHWYHI 3HAYEHHS
nedopmarlii BCTAaHOBJICHI O BiTHOIIEHHIO
0 CEeMCMIYHOrO BIUIMBY, WMOBIPHICTb
MOSIBH SIKOTO BWINA, HDK Y PO3PAXyHKOBOTO
CEHCMIYHOTO  BIUIMBY, BUIMOBIIHO /IO
EN 1998-1:2004, 2.1(1)P.

(2) SIkmo He MPUHAHATI CrieialbHI 3aX0/IH,
TO TIOJIOXKEHHS I[bOT0 €BPOKOY CHEIIAIbHO
He 3a0€3MeYyI0Th 3aXUCT BiJ MOIIKOKESHHS
oOJaTHaHHS Ta HEHECYYMX EJIIEMEHTIB IMpHU
PO3paxyHKOBOMY CEMCMIYHOMY BIUIMBI, 5K
e Bu3HaueHo B EN 1998-1:2004, 2.1(1)P.

2.2 Compliance criteria

2.2.1 Foundation
(1)P Foundation design shall conform to
EN 1998-5.

2.2.2 Ultimate limit state
(1) EN 1998-1:2004, 2.2.2 applies.

2.2.3 Damage limitation state

(1) In the absence of any specific
requirement of the owner, the rules
specified in 4.9 apply, to ensure that damage
considered unacceptable for this limit state
will be prevented to the structure itself, to
non-structural elements and to installed
equipment.  Deformation  limits  are
established with reference to a seismic
action having a probability of occurrence
higher than that of the design seismic
action, in accordance with
EN 1998-1:2004, 2.1(1)P.

(2) Unless special precautions are taken,
provisions of this Eurocode do not
specifically provide protection against
damage to equipment and non-structural
elements under the design seismic action, as
this is defined in EN 1998-1:2004, 2.1(1)P.



3 CEKCMIYHUM BILJIUB
3.1 BuzHaueHHs ceiicMiuHOI ail

(1) Ha nomatok 70 MOCTyHaIbHUX CKIIAJT0BHX
CEHICMIYHMX  KOJIMBaHb, BH3HAYCHHX B
EN 1998-1:2004, 3.2.2 i 3.2.3, i BUCOKHX
KOHCTPYKITIi B perioHax BHCOKO1
CEHCMIYHOCTI ~ HEOOXIMHO  BPaxOBYBaTH
o0epTasibHy CKJI/IOBY KOJIMBAHb IPYHTY.

[MPUMITKA 1 VYmoBu, mnpu sKHX HEOOXiJHO
BpPaxoOBYBaTH 00OepTallbHy CKJIaJOBY KOJHMBaHb
IPYHTYy B KOHKpeTHill KpaiHi, mpuBeieHi B
HaIllOHATBHOMY J1OJaTKy. PexoMeHIIOBaHI YMOBH:
KOHCTpyKLii BucoToro noHan 80 M B perioHax, e
3HaueHHs1 agS nmepesunrye 0,250.

[TPUMITKA 2 B Jlomatky A nHaeTbcs MOMKIHMBUIN
METOI  BHU3HAYEHHS  OOEpTaJbHUX  CKJIAJOBHX
KOJIMBaHb 1 HABOIATHCSA BKA3IBKU IMOJO IX OOJIKY
NP aHai3i.

3.2 Ilpy:kHuii ciekTp BixmoBimi

()P  TlpyxHmit  CHmeKTp  BIiANOBIi,
BUpaXEHUH B MPUCKOPEHHI, BU3HAYAETHCS B
EN 1998-1:2004, 3.2.2.2 JUTSL
TOPU30HTAIBHUX MOCTYNAJIBHUX CKJIaJ0BHUX
1 B EN 1998-1:2004, 3.2.2.3 nusa
BEPTUKAIIBHOT OCTYMAIBHOI CKIIAJI0OBOI.

3.3 IIpoekTHMIi cieKTp BianoBii

(1) IIpoekTHmiimii  cIeKTp  BiAmOBimi
Bu3Havaerecst B EN 1998-1:2004, 3.2.2.5.
3HaueHHsA TOKa3HWKAa  IOBEIIHKH,  (y,
BitoOpaxae, KpiM TiCTEPE3UCHOT
JMCUTIATHBHOT ~ 3JaTHOCTI  KOHCTPYKILi,
BIUIMB  B'I3KOro  jJeMrndyBaHHs, 11O
BUIpI3HAETBCA  Bim 5 %,  BKIIOYAIOYH
nemrQyBaHHS BHACTIIOK B3a€EMO/IIT «IPYHT-
koHcTpyKiis» (muB. EN 1998-1:2004, 2.2.2
(2),3.2.2.5(2)1(3)).

(2) Jnst Bex, morT i JUMOBHUX TPYO,
3aJIe)KHO  BiJ  TONEPEYHOro  Iepepizy
€JIEMEHTIB,  JOLUIBHUM  MOXe  OyTH
MPOEKTYBAaHHS Ha TPYKHY MOBEHIHKY [0
HACTaHHS KIHIIEBOTO TPaHUYHOrO cTaHy. B
[IbOMY BHUMAAKy KOe(illieHT ( HE MOBUHEH
MepeBuIyBaTH 3Ha4eHHs ( = 1,5.

np ACTY-H b EN 1998-6:201X

3 SEISMIC ACTION
3.1 Definition of the seismic input

(1) In addition to the translational
components of the earthquake motion,
defined in EN 1998-1:2004, 3.2.2 and 3.2.3,
the rotational component of the ground
motion should be taken into account for tall
structures in regions of high seismicity.

NOTE 1 The conditions under which the rotational
component of the ground motion should be taken
into account in a countiy, will be found in the
National Annex. The recommended conditions are
structures taller than 80 m in regions where the
product agS exceeds 0,25g.

NOTE 2 Informative Annex A gives a possible
method to define the rotational components of the

motion and provides guidance for taking them into
account in the analysis.

3.2 Elastic response spectrum

(1)P The elastic response spectrum in terms

of acceleration is defined in
EN 1998-1:2004, 3.2.2.3 for the horizontal
translational components and in

EN 1998-1:2004, 3.2.2.3 for the vertical
translational component.

3.3 Design response spectrum

(1) The design response spectrum is defined
in EN 1998-1:2004, 3.2.2.5. The value of
the behaviour factor, gy reflects, in addition
to the hysteretic dissipation capacity of the
structure, the influence of the viscous
damping being different from 5 %,
including damping due the soil-structure
interaction (see EN 1998-1:2004, 2.2.2(2),
3.2.2.5(2) and (3)).

(2) For towers, masts and chimneys,
depending on the cross section of the
members, design for elastic behaviour until
the Ultimate Limit State may be
appropriate. In this case the g factor should
not exceed g = 1,5.
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(3) B sxocti ambTepHaTHBH TYHKTY (2)
MIPOCKTYBAHHS HA MPYKHY MMOBEIIHKY MOXKE
OyTM OCHOBaHE Ha TMPYKHOMY CIIEKTpi
BimmoBimi 3 (q=1,0 1 BenwumHax
neMryBaHHS, BU3HAHUX IOIUIBHUMH IS
KOHKpETHO1 cuTyarlii BiqnoBigHo a0 4.2.4.

3.4 TlpeacraBieHHs AUHAMIKM 3MiHH B
yaci

1) EN 1998-1:2004, 3.2.25
3aCTOCOBYETHCS JI0 TOJAHHSA CEHCMIYHOTO
BIUIUBY Yy BUIVISAI JWHaMIKM ~ 3MIHH
MIPUCKOPEHHS B yacl. Y pa3l o0epTaabHuX
CKJIaJIOBUX KOJIMBAaHHS IPYHTY 0OepTalibHI
MPUCKOPEHHSI TPOCTO BUKOPUCTOBYIOTHCS
3aMiCTh NMOCTYNAIbHUX.

(2) HeszamexxHi auHaMikd 3MIiHHM B 4Yaci
MOBWHHI BHUKOPHCTOBYBATHCA Ui OyIb-
SKHX JIBOX PI3HHX CKIAJOBHX KOJIHBAaHb
IpyHTY  (BKJIIOYAIOYM  TOCTYMajbHI 1
obepTanbH1 CKIa0BI).

3.5 JloBromepioaHi ckJaaoBi pyxy B TOUIi

(1) Bexi, morau i auMoBi TpyOHM dYacTo
YyTIUBI bi (o) JIOBTOTIEPIOTUYHOTO
YTpUMYBaHHS KOJIMBaHHS TPyHTY. MUIKi
IPyHTH ab0 0coOauBi TOomorpadiyHi yMOBH
MOXYTb  3YMOBUTH HE3BUYHO  BEJIUKE
MTOCWJICHHSI 00CSTy AOBrONEpPIOJHOTO PyXy
rpyuty. lle mnocuneHHs NOBUHHO OyTH
BIJIMTOB1IHO BPaxOBaHO.

[MPUMITKA Bxka3ziBku moA0 OLIHKA THITY IPYHTY 3
METOI0 BHM3HAYCHHS BiIMOBITHUX CHEKTPIB TIPYHTY
HAaBEIEHI B EN 1998-5:2004, 422, i
EN 1998-1:2004, 3.1.2. Bka3iBK4 WIOLO BUIIAJKIB,
KO TomorpadidHe TOCHICHHS KOIWUBaHb MOXKeE
OyTH 3HAYHUM, HABOIAThCA B JlogaTky A ctaHmapTy
EN 1998-5:2004.

(2) Skmo  mpoBOAMIMCS  CIEIaNbHI
JOCIIIJUKEHHST MalJlaHYuKa 3 OCOOJIMBUM
aKI[EHTOM II0/I0 OOCATY TOBTOMEPIOAHOTO
pyxy, TO JOLUIBHUMHM € OUIbII HHU3BKI

3HaueHHs Koeodiuienta [ y Bupasi (3.16)
crangapty EN 1998-1:2004.

[MPUMITKA 3nauenns, Imo NpuUNHCYeTbCS [ A

(3) Alternatively to (2), design for elastic
behaviour may be based on the elastic
response spectrum with g = 1,0 and values
of the damping which are chosen to be
appropriate for the particular situation in
accordance with 4.2.4.

3.4 Time-history representation

(1) EN 1998-1:2004, 3.2.2.5 applies to the
representation of the seismic action in terms
of acceleration time-histories. In the case of
the rotational components of the ground
motion, rotational accelerations are simply
used instead of translational ones.

(2) Independent time-histories should be
used for any two different components of
the ground motion (including the
translational and the rotational components).

3.5 Long period components of the
motion at a point

(1) Towers, masts and chimneys are often
sensitive to the long-period content of the
ground motion. Soft soils or peculiar
topographic  conditions might provide
unusually large amplification of the long-
period content of the ground motion. This
amplification should be taken into account
as appropriate.

NOTE Guidance on the assessment of soil type for
the purpose of determining appropriate ground
spectra is given in EN 1998-5:2004, 4.2.2 and in
EN 1998-1:2004, 3.1.2. Guidance on cases where
opographical amplification of motion may be
significant is given in Informative Annex A of
EN 1998-5:2004.

(2) Where site-specific studies have been
carried out, with particular reference to the
long period content of the motion, lower
values of the factor £ in expression (3.16) of
EN 1998-1:2004 are appropriate.

NOTE The value to be ascribed to g for use in a



BUKOPUCTaHHSI B KpaiHi B THX BHIAJKaX, KOJIH
TIPOBOIWIIHCS  CIICI[iabHI JOCHTI/PKCHHS MaiIaHIuKa
II0/I0 00CATY JOBIOINEPIOIHOTO PYXY, MOKHA 3HANTH y
BIANOBIIHOMY HaIliOHATFHOMY JOAaTKy. B Takomy
BUTIAJIKy PeKOMEHI0BaHMM 3HaueHHsM [ € 1,0.

3.6 CkiaoBi pyxy IpyHTY

(1) Cnin npuitHaTH, IO JBI TOPU30HTAIBHI
CKIQJIOBI 1  BEepTUKaTbHA  CKJIAQJI0BA
CEMCMIYHOTO BIUIUBY JHIOTH CIIUIBHO.

(2) Ilpu oOniky o00epTaIbHUX CKJIaJOBUX
KOJIMBAHHS IPYHTY CIi TPUNHATH, IO
BOHU JIIOTh CIHUIBHO 3 MOCTYHAJIbHUMHU
CKJIaJIOBUMU.

np ACTY-H b EN 1998-6:201X

countiy, in those cases where site-specific studies
have been carried out with particular reference to the
long-period content of the motion, can be found in its
National Annex. The recommended value for g in
such a case is 0,1.

3.6 Ground motion components

(1) The two horizontal components and the
vertical component of the seismic action
should be taken as acting simultaneously.

(2) When taken into account, the rotational
components of the ground motion should be
taken as acting simultaneously with the
translational components.

11
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4 IPOEKTYBAHHS CEUCMOCTIMKHUX
BEX, IIIOI'JI I TMMOBUX TPYB

4.1 Knacw i koedinieHTH BaXKJIMBOCTI

(1)P  Bexi, mormu 1 IUMOBI TpyOH
KIacUIKYIOTBCS 32  4YOTHpMA  KJIacaMu
BAXJIMBOCTI B 3QJIEKHOCTI BIiJ HACIIAKIB
pyliHyBaHHS a0  YIIKO/DKEHHS, BII  iX
BAKJIMBOCTI Il TPOMAJChKOI Oe3meku Ta
[UBUTBHOTO 3aXMCTY B Mepioja Oe3mocepeaHbo
MICHST 3€MJIETPYCY, @ TaKOX BIJ COLIAJIbHO-
€KOHOMIYHMX HAacliIKiB pyHHYBaHHA abo
YILIKOJKEHHS.

(2) BusnaueHHs KJ1aciB BaXKJIMBOCTI HaBE/ICHI B
Taomm 4.1.

4 DESIGN OF EARTHQUAKE
RESISTANT TOWERS, MASTS AND
CHIMNEYS

4.1 Importance classes and importance
factors

(1)P Towers, masts and chimneys are
classified in four importance classes,
depending on the consequences of collapse
or damage, on their importance for public
safety and civil protection in the immediate
post-earthquake period, and on the social
and economic consequences of collapse or
damage.

(2) The definitions of the importance classes
are given in Table 4.1.

Tabauus 4.1 Knacu BaxKIMBOCTI AJ1s1 BeiK, IOTJI i ITMMOBUX TPYO

Table 4.1 Importance classes for towers, masts and chimneys

Kiac 3nauymocri
Importance class

TPOMAJICEKOT Oe3MeKn

bamra, morna abo nuMoBa TpyOa, MO Ma€e HHU3BKY BaXJIHUBICTH ISt

Tower, mast or chimney of minor importance for public safety

Bamnrra, morna abo auMoBa Tpyoa, 1m0 He BimHocuthes 1o kiacis I, 1 abo 1V
I . .
Tower, mast or chimney not belonging in classes I, 11l or IV
Bamta, morina abo auMoBa TpyOa, 4YMe€ PYHHYBaHHS MOXE 3aUCIUTH
HAaBKOJIMIIIHI Oy1iBJI1 800 30HW MOKJIMBOTO CKYITYCHHS JIFOACH
I . . .
Tower, mast or chimney whose collapse may affect surrounding buildings
or areas likely to be crowded with people
Bexi, mornu abo quMoBi TpyOu, 4usl IIUTICHICTh Ma€ CYTTEBE 3HAYCHHS JJIs
MIATPUMKHA pOOOTH CIyX O IUBUIBHOTO 3aXHUCTY (CUCTEM BOJOINOCTAYaHHS,
€JIEKTPOCTAaHIIIH, TeJIeKOMYHIKalliH, JIIKapeHb)
v

Towers, masts or chimneys whose integrity is of vital importance to
maintain operational civil protection services (water supply systems, an
electrical power plants, telecommunications, hospitals)

12




(3) Koedimient BaxkmamBocti = 1,0
IIOB'I3aHUH 3 CEUCMIYHHUMM IIOIIAMHU, IO
MaIOTh HOMIHAJTLHUHT nepion
MTOBTOPIOBAHOCTI, 3a3HaYeHUM B

EN 1998-1:2004, 3.2.1(3).

(4)P 3nauenHs yn mns kinacy BakiauBocTi |l
Mae, 3a BU3HaYeHHM, opiBHIoBaTH 1,0.

(5)P Kitacu BayKIMBOCTI XapaKTepU3yIOThCS
PI3BHUMHU KOe(IIIEHTAMH Ba)KJIMBOCTI /1, SIK

onucano B EN 1998-1:2004, 2.1(3).

[MPUMITKA 3HadeHHSs, 1110 NPUBIACHIOIOTHCA ) VIS
3aCTOCYBaHHS B KpaiHi, MO)XXHAa 3Haiith B i
HaIlIOHATEHOMY JO/IaTKy. 3HAYESHHS } MOXYTb OyTH
pI3HUMHU JUIS PI3HUX CEHCMIYHUX 30H KpalHU B
3aJIKHOCTI  Bil YMOB CeWcMiYHOT HeOe3meku i
(akTopiB TpoMajchkoi Oe3rneKkH (IUB. MPUMITKY 10
EN 1998-1:2004, 2.1(4)). PekoMeHm0BaHi 3HAYECHHS
7 s kiacis Baxiausocti I, 11 IV nopisatorots 0,8,
1,21 1,4, BignoBigHo.

4.2 IIpaBuaa Ta
MO/IeJTI0BaAHHS

NPUIYIIEeHHS

4.2.1 Yucao cryneHiB cBo60au
(1) MaTtematuuHa MOE/Ib TIOBUHHA:

- BpaxoBYyBaTH 00epTalbHY 1 MOCTYHAIbHY
KOPCTKICTh (YHIAMEHTY;

- BKJIIOYATH JOCTATHE YHUCIIO CTYIECHIB
cBoOonu (1 mOB'\I3aHMX ~ Mac) A

BU3HAYEHHS BIAIIOBIII Oy/lb-KOTO
3HAYHOT'O eJIeMeHTa KOHCTPYKILII,
obnanHanHs abo puoyI0BH;

- BKIIOYATH JKOPCTKICTH  KabemB 1
BIATSIKOK;

- BpaXOBYBATH BITHOCHI MEPEMIIICHHSI OTIOP
MalllMH 1 YyCTaTKyBaHHA (HampUKIan,
B3a€EMOJIII0 MDK 130JIALIMHMM 1IapoM 1
30BHIIIHIM IIapOM JAUMOBOI TPYOH);

np ACTY-H b EN 1998-6:201X

(3) The importance factor n= 1,0 is
associated with a seismic event having the
reference return period indicated in
EN 1998-1:2004, 3.2.1(3).

(4)P The value of » for importance class Il
shall be, by definition, equal to 1,0.

(5)P  The importance classes are
characterised by different importance
factors N as described in

EN 1998-1:2004, 2.1(3).

NOTE The values to be ascribed to » for use in a
country may be found in its National Annex. The
values of » may be different for the various seismic
zones of the country, depending on the seismic
hazard conditions and on public safety
considerations (see Note to EN 1998-1:2004, 2.1(4)).
The recommended values of y for importance classes
I, Hl and IV are equal to 0,8, 1,2 and 1,4,
respectively.

4.2 Modelling rules and assumptions

4.2.1 Number of degrees of freedom
(1) The mathematical model should:

- take into account the rotational and
translational stiffness of the foundation;

- include sufficient degrees of freedom (and
the associated masses) to determine the
response of any significant structural
element, equipment or appendage;

- include the stiffness of cables and guys;

- take into account the relative
displacements of the supports of equipment
or machinery (for example, the interaction
between an insulating layer and the exterior
tube in a chimney);

13
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- BpaxoBYBaTH B3aeMOJii TpyOOIpPOBOIIB,
3aCTOCOBAaHMUA  330BHI  KOHCTPYKTHBHHX
3B'I3KIB, TIIPOAMHAMIYHI HaBaHTaKEHHS
(epektn wmacm 1 IKOPCTKOCTI, MO Mipi
HEOOXiJHOCTI).

(2) Mogemni niHiil enekrponepenadi MarwTh
OyTH pemnpe3eHTaTWBHI il BCiel JiHil. Y
MOJIeb MalOTh OyTH BKJIIOUYEHI HE MEHIIE
TPhOX TOCTIJOBHHX BeX, 100 Maca i
YKOPCTKICTH Kabemto Oyra XapaKTepHOO IS
YMOB LIEHTPAJIbHO1 BEXI.

(3) Jduuamiuxi mojeni A3BIHWI TOBHHHI
BPaxOBYBaTH KOJIMBAaHHS [3BOHIB, SIKIIO
Maca J3BOHY 3HAyHA IO BITHOIICHHIO JIO
Macu BEpXHbOT YaCTHUHH J3BIHUIIL.

4.2.2 Macu

(1)P dQuckperu3ariis Mac B MOJIENi MIOBUHHA
OyTH  XapakTepHOKW Uil  PO3MOJUTY
1HEPIINHUX e(EeKTIB CeHCMIYHOTO BIUIMBY.
[Ipn BukopucTaHHI TPyOOi AUCKpeTH3aIii

MOCTYITHUX Mac, oOepTaibHI MOMEHTH
iHepIii TMOBWHHI OyTH  BIgHECEHI 10
BIJIIIOBITHUX o0epTambHUX CTyIICHEH
cBO0OOIH.

(2)P Macu moBUHHI BKJIFOYATH BCi MOCTIHHI
CJIEMEHTH, KpIIUICHHS, JUMOBI KaHAJH,
1307111110, Oyab-SKMM T abo 3011y, IO
MIPUJIMIIAE JIO TTIOBEPXHi, HasIBHI Ta MalOyTHI
MOKPUTTS, (QYyTepOBKY (BKIHOUAOUH Oy/Ib-
SIK1 3HA4YyIll KOPOTKO- ab0 JOBrOCTPOKOBI
BIUIMBH DPigvH a00 BOJOTHM Ha IIUIBHICTH
¢dbyrepoBku) 1 obnaaHanHa. HeoOxigHO
BpaxyBaTW IIOCTIHHE 3HAYCHHS  Macu
KOHCTPYKIiH a00 MOCTIMHUX €NEeMEHTIB 1 T.
1., KBa3iIOCTIiHHE 3HAYEHHS Macu
oOlafHAaHHA Ta  HABAaHTAXXEHHS  BIJ
oOmep3aHHs a00 CHIrOBOTO HaBaHTaYKEHHS,
a TaKOXK KBa3iIMOCTiHHE 3HAUCHHSA
TUMYacOBOTO HaBaHTaKEHHs Ha MiatGopmu
(BpaxoByIOUH pEMOHTHE Ta THMYacOBE
oOnanHaHH).

- take into account piping interactions,
externally applied structural restraints,
hydrodynamic loads (both mass and
stiffness effects, as appropriate).

(2) Models of electric transmission lines
should be representative of the entire line.
As a minimum, at least three consecutive
towers should be included in the model, so
that the cable mass and stiffness is
representative of the conditions for the
central tower.

(3) Dynamic models of bell-towers should
take into account the oscillation of bells, if
the bell mass is significant with respect to
hat of the top of the bell-tower.

4.2.2 Masses

(1)P The discretisation of masses in the
model shall be representative of the
distribution of inertial effects of the seismic
action. Where a coarse discretisation of

translational masses is used, rotational
inertias shall be assigned to the
corresponding  rotational  degrees  of
freedom.

(2)P The masses shall include all permanent
parts, fittings, flues, insulation, any dust or
ash adhering to the surface, present and
future coatings, liners (including any
relevant short- or long-term effects of fluids
or moisture on the density of liners) and
equipment. The permanent value of the
mass of structures or permanent parts, etc.,
the quasi-permanent value of the equipment
mass and of ice or snow load, and the quasi-
permanent value of the imposed load on
platforms (accounting for maintenance and
temporary equipment) shall be taken into
account.



(3)P  Koeopimientn  xomOiHamii i,
3ampormoHoBani B EN 1998-1:2004,
3.2.4(2)P, Bupaz (3.17), mis oOYHCICHHS
IHEepIIMHUX e(EeKTIB CEHCMIYHOTO BILIHBY,

NOBUHHI ~ OyTWH  TpPUHAHATI  pPIBHUMH
KoedimieHTaM  KOMOiHAmil  woi A
KBa3iMOCTIAHOTO  3HAYEHHS  3MIHHOTO

BIUIMBY (i, HaBexeHum y EN 1990:2002,
HonaTok A3.

(4P Maca xabemiB 1 BIATSDKOK TTOBHUHHA
OyTH BKJIIOYEHA B MOJIEIIb.

(5) Skmo wmaca kabemto abo0 BIATSHKKA
3HAYHa [0 BIAHOIIEHHIO IO MacH Bexki abo
IIOTJIM, TO Kabeiab abo 1orja IOBHUHHI
MOIOCITFOBATUCSA y BI/IFJ'IS[)]i CUCTCMHU
30CepeKEeHUX Mac.

(6)P IloBHa edexTMBHa Maca 3aHypPEHOT
YaCTUHU MPUHOMHUX BEX IOBHHHA OyTH
NpUMHATa  PIBHOIO  CyMi  HACTYMHHX
CKJIaJIOBHX:

- (akTuyHOi Macu cTtoBOypa Bexi (6e3
ypaxyBaHHSI IIJIaBY9YOCTi),

- MacH BOJH, IO MOKJIMBO MICTHTBCS B
OarTi (1715 MOPOKHIX BEXK),

- IPHETHAHOT MaCH 30BHI 3aXOIIJICHOT BOJIH.

[MPUMITKA 3a BiICYTHOCTI pETeIbHOTO aHami3y,
NpUEAHAHY Macy 3axOIUIeHOI BOAM  MOXKHA
po3paxyBatu BIIIIOB1THO o JloBigkoBoOT0O
Honatky F cranpapry EN 1998-2:2005.

4.2.3 KopcTkicThb

(1) B OeToHHMX eleMeHTaxX BIJIACTUBOCTI
KOPCTKOCT1 CIIJI OIIIHIOBaTH, BPaXOBYIOUH
edexT PO3TPICKYBaHHS. ko
MPOEKTYBaHHS 3aCHOBAaHO Ha 3HA4YeHHI
koedimienta ( Bume 1, 3 BixmoBigHUM
MPOEKTHUM  CIIEKTPOM, IIi BIIACTUBOCTI
KOPCTKOCTI TIOBHHHI BIIMOBIiZaTH MEXI1
TEKy4oCTI 1 MOXyTh OyTH BHU3HAuUEHI
BignoBigHo g0 EN 1998-1:2004, 4.3.1(6) i
(7). Skmo po3paxyHOK 3acHOBaHMM Ha
3Ha4eHHI @ = 1 1 HOpPYKHOMY CIEKTpi

np ACTY-H b EN 1998-6:201X

(3)P The combination coefficients i
introduced in EN 1998-1:2004, 3.2.4(2)P,
expression (3.17), for the calculation of the
inertial effects of the seismic action shall be
taken as equal to the combination
coefficients y»; for the quasi-permanent
value of variable action gi as given in
EN 1990:2002, Annex A3.

(4)P The mass of cables and guys shall be
included in the model.

(5) If the mass of the cable or guy is
significant in relation to that of the tower or
mast, the cable or guy should be modelled
as a lumped mass system.

(6)P The total effective mass of the
immersed part of intake towers shall be
taken as equal to the sum of:

- the actual mass of the tower shaft (without
allowance for buoyancy),

- the mass of the water possibly enclosed
within the tower (hollow towers),

- the added mass of the externally entrained
water.

NOTE In the absence of rigorous analysis, the added
mass of entrained water may be estimated according
to Informative Annex F of EN 1998-2:2005.

4.2.3 Stiffness

(1) In concrete elements the stiffness
properties should be evaluated taking into
account the effect of cracking. If design is
based on a value of the g factor greater than
1, with the corresponding design spectrum,
these stiffness properties should correspond
to incipient yielding and may be determined
in accordance with EN 1998-1:2004,
4.3.1(6) and (7). If design is based on a
value of g = 1 and the elastic response
spectrum or a corresponding time-history

15
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BignoBii abo  BIiAMOBIIHOMY MOJaHHI
IMHAMIKA 3MIHH PyXy IPYHTY B Haci, TO
KOPCTKICTh OCTOHHHUX EJIIEMEHTIB  CIiJ
PO3paxoByBaTH 3a BJIACTUBOCTSIMHU
MOTIEPEYHOT0 TEPETUHY 3 TPILIUHOI0, SKI
BIJMOBIAIOTh  PIBHIO  HANpPYKEHb TPHU
CECMIYHOMY BIUIMBI.

(2) Cainm BpaxyBatu eQeKT MiIBHIIECHOT
TEMIIepaTypu Ha >KOPCTKICTh 1 MIIHICTb
cTaim abo 3ari300eTOHYy B CTaJeBHX a0o
OCTOHHHUX TUMOBHUX TPyOax, BIIMOBITHO

(3) Axmo Bech Kabelb MOJIETIOETHCA Y
BUIJISIAI  OJHIET TPYXKUHU, a HE psay
30CepeKEHNX Mac, 3’ €THAHUX MPYKUHAMH,
TO JKOPCTKICTh OJHIET MPYXUHU TOBHHHA
BpaxoByBaTH NpoBHUcaHHs Kabens. Llporo

MOYXHa JOCSTTH, BUKOPHCTOBYIOUH
HaCTyHUHI €KBI1BaJIEHTHUI MOJTyJIb
MPYKHOCTI:

eq =
Je.

Eeq €KBIBAJIGHTHUI MOJYJIb MPYKHOCTI,

y TIMTOMa Bara KaOesro, BKIIOYAOYH Bary
Oy/lb-5KOTO HaBaHTAXKECHHSA BIX
oOmep3aHHsS Ha Kabelb B CEHCMIYHIN
MPOEKTHIN CUTYaIlii,

O pO3TATYIOUA Hampyra B kabeni,

| noBxxuHa Kademo,

Ec Moaynp npyxHOCTI MaTepiany kabento.
(4) Hns mnpacmiB, IO CKJIAgalOTBCA 3
HaMOTaHMUX TpociB abo AporTiB, Ec 3a3Buuait
HIDKYE, HDK MOJyJb NIPYXHOCTI E B eauHiit
CTpyHi. 3a BIACYTHOCTI OCOONHMBHUX IaHHX

BiJl BUpOOHUKA MO>KHA NPUHHATH HACTYyITHE
3MEHILEHHS:
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representation of the ground motion, the
stiffness of concrete elements should be
calculated from the cracked cross-section
properties that are consistent with the level
of stress under the seismic action.

(2) The effect of the elevated temperature
on the stiffness and strength of the steel or
of reinforced concrete, in steel or concrete
chimneys, respectively, should be taken into
account.

(3) If a cable is modelled as a single spring
for the entire cable, instead of a series of
lumped masses connected through springs,
the stiffness of the single spring should
account for the sag of the cable. This may
be done by using the following equivalent
modulus of elasticity:

(4.1)

where:
Eeq is the equivalent modulus of elasticity,

y is the unit weight of the cable, including
the weight of any ice load on the cablein
the seismic design situation,

o is the tensile stress in the cable,
| is the cable length,

Ec is the modulus of elasticity of the cable
material.

(4) For strands consisting of wrapped ropes
or wires, E¢ is generally lower than the
modulus of elasticity E in a single chord. In
the absence of specific data from the
manufacturer, the following reduction may
be taken:



1e f KyT HaMOTYyBaHHS OJIHI€T CTPYHH.

(5) SAxro nomnepeaHii HATIT KaOEI0 TaKuii,
110 NMPOBHUCAHHS HE3HAuHE, a00 SKIIO Bexa
mokye 40M, TO  Kabeab — MOKHA
MOJIEJIIOBATH SIK JIHIMHY IPYXHUHY.

[MPUMITKA Macy «kabenro cCItifi MOBHICTIO
BPaXOBYBaTH BiamoBiaHO 10 4.2.2(4)P.

4.2.4 lemndyBanus

(1) Sxmo aHami3 BUKOHYETHCS BIIIOBIIHO
1o 1. 3.3(3) Ha mificTaBi MPYXKHOTO CIIEKTPY
Bimmosimi 3 EN 1998-1:2004, 3.2.2.2,
MO>KHA BHUKOPHCTOBYBATH B'sI3KE
nemndysaHHs, BiIMiHHE BiA 5 %. B upomy
BUTIAIKY MOXHa 3aCTOCYBaTH MOJATBHUN
aHaI3 CHEKTPY BIANOBIAl, TPH I[HOMY
koedimieHT nemrndyBaHHS BIAPIZHAETHCA B
KOJKHII MOl KOJIBaHb.

[MPUMITKA TIlpouenypa MOAANBHOTO aHAJI3y
CIIEKTPY BIJMOBIAI 3 YypaxyBaHHAM MOAAJIBHOIO
nemidyBanHs npuseneHa B Jlomatky B.

4.2.5 B3aemojisi «IpyHT-CIIOPY/1a»

(1) Jmst KOHCTpPYKIIiH, IO CIUPAIOTHCS Ha
M'AKl TPYHTOBI BiAKIaJC€HHS, 0 e(EKTIB
B3aeEMOIIL IPYHT-KOHCTPYKITis
3actocoByeTbesi EN 1998-1:2004, 4.3.1(9)P.

[MPUMITKA 1 B Jlomatky C maroTbesi BKa3iBKH 3
00Ky B3a€MO/IiT TPYHT-KOHCTPYKIIiS TIPH aHAITI31.

MMPUMITKA 2 VYV  BHCOKMX  KOHCTPYKIIifX,
HANPUKJIAJ, 3 BUCOTOIO, sIKa ORI HIXK Y I'SITh pa3iB
MIEPEeBUIIYE MAKCUMAIBHUA po3Mip (pyHIaMeHry,
BINMOBIMHI KONMMBAHHA TIPYHTY € BaXKJIMBUMH 1
MOXYTh 3HAYHO 30UTPIHATH e(eKTH IPyroro
TIOPSIZIKY.

E 3
¢ =cos
E p

np ACTY-H b EN 1998-6:201X

(4.2)

where £ is the wrapping angle of the single
chord.

(5) If the preload of the cable is such that
the sag is negligible, or if the tower is
shorter than 40 m, then the cable may be
modelled as a linear spring.

NOTE The mass of the cable should be fully
accounted for in accordance with 4.2.2(4)P.

4.2.4 Damping

(1) If the analysis is performed in
accordance with 3.3(3) on the basis of the
elastic response spectrum of
EN 1998-1:2004, 3.2.2.2, viscous damping
different from 5% may be used. In that
case, a modal response spectrum analysis
may be applied with damping ratio taken to
be different in each mode of vibration.

NOTE A modal response spectrum analysis
procedure accounting for modal damping is given in
Informative Annex B.

4.2 .5 Soil-structure interaction

(1) For structures founded on soft soil
deposits, EN 1998-1:2004, 4.3.1(9)P applies
for the effects of soil-structure interaction.

NOTE 1 Informative Annex C provides guidance for
taking soil-structure interaction into account in the
analysis.

NOTE 2 In tall structures, e.g. with height being
greater than five times the maximum base
dimension, the rocking compliance of the soil is
important and may significantly increase the second
order effects.
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4.3 MeTtoau aHami3zy

4.3.1 Metoau, 10 32CTOCOBYIOThHCS

(1) Oii ceficMiuHOTO BIUTUBY Ta [ii IHIIHX
BIUIMBIB,  BKIIIOYEHHX B  CEHCMIYHY
NPOEKTHY  CUTyallilo, MOXYTb  OyTH
BHU3HAYCHI, BUXOJSYU 3 JIHIHHO - MPYXKHOI
MOBEJIIHKH CIIOPY/IH.

(2) 3actrocoByerbcsi EN  1998-1:2004,

4.3.3.1(2)P, (3), (4)i (5).

[MPUMITKA  3acrocoByeTbcsi ~ OpUMITKAa IO
EN 1998-1:2004, 4.3.3.1(4).
(3P  Hns Toro, 1mo0O MPUMYIIEHHS

«GKOPCTKOI niadparmMu» OyI0 3aCTOCOBAHO
N0  cTraleBMX OamT, TMOBUHHI OyTH
nependoayeHIdeHl CUCTEMU TOPU3OHTAIbHUX
PO3IMIPOK, 37aTHI 3a0€3MeUUTH HEOOX1THUMA
BILTUB KOPCTKOI Jlapparmu.

(4P Ins  Toro, 100 TPHUIMYIICHHS
«OKOPCTKOi nmiadparmMm» OyI0 3aCTOCOBAHO
0 CTajJeBUX JMMapiB, TOBHHHI OyTH
nepeadayeHi TOPHU30HTAJIbHI KUIBIIA
YKOPCTKOCTI 3 IIUTBHUM PO3MIIICHHSM.

5) Skio YMOBHU 3aCTOCOBHOCTI
MPUTTYIIEHHS «KOPCTKOI miadparMu» He
BUKOHYIOTBCSI, CITiJI BAKOHATH TPUBUMIPHUH
TUHAMIYHUN aHami3, 37aTHUN 3adikcyBaTh
nehopMyBaHHS KOHCTPYKITii B
TOPU30HTAIBHUX TUIOIINHAX.

4.3.2 MeTtoa nonepevyHoi CHIU

4.3.2.1 3araabHi H0J0KeHHSA

(1) Lleit Tim aHammi3y MpUAATHUHR 10 CLIOPYI,
Kl OJIHOYACHO BIIMOBINAIOTh HACTYMHUM
JIBOM yMOBaM:

(a) [TomepeuHa MKOPCTKICTP 1 PO3MOALT Macu
npuOJIM3HO CHUMETPUYHI B IUIAHI 1O
BIJHOLIEHHIO /0 JIBOX OPTOTOHAJIBHHUX
TOPU30OHTAJIBHUX OCEH, Tak II0 MOKHA
BUKOPDHUCTOBYBATH  HE3AJIEXKHY  MOJEIb
Y3/10BK KOKHOI 3 IIUX JIBOX OPTOTOHAJIBHUX
oceil.

4.3 Methods of analysis

4.3.1 Applicable methods

(1) The seismic action effects and the
effects of the other actions included in the
seismic design situation may be determined
on the basis of linear-elastic behaviour of
the structure.

(2) EN 1998-1:2004, 4.3.3.1(2)P, (3), (4)
and (5) apply.

NOTE The Note to EN 1998-1:2004, 4.3.3.1(4)
applies.

(3)P For the "rigid diaphragm™ assumption
to be applicable to steel towers, a horizontal
bracing system capable of providing the
required rigid diaphragm action, shall be
provided.

(4)P For the "rigid diaphragm™ assumption
to be applicable to steel chimneys,
horizontal stiffening rings shall be provided
at close spacing.

(5) If the conditions for the applicability of
the "rigid diaphragm™ assumption are not
met, a three-dimensional dynamic analysis
should be performed, capable of capturing
the distortion of the structure within
horizontal planes.

4.3.2 Lateral force method

4.3.2.1 General

(1) This type of analysis is applicable to
structures that meet both of the following
two conditions

(@ The lateral stiffness and mass
distribution are approximately symmetrical
in plan with respect to two orthogonal
horizontal axes, so that an independent
model can be used along each one of these
two orthogonal axes.



(b) Biamogini He poOIATH ICTOTHOTO BILUTUBY
Ha PO3MOALT BUIIMX MOJI KOJIMBAaHb.

2) Jlnst norpumanss ymoBu (1)b) ocHoBHuUI
nepiosl B KOKHOMY 3 JIBOX TOPH30HTAIBHUX
HanpsAMKiB 3 (1)a) MOBUHEH 3a10BOJIBHITH
EN 1998-1:2004: 4.3.3.2.1(2)a. Kpim Toro,
nonepeyHa HKOPCTKICTb, maca i
TOPU30HTAJIBHI PO3MIPH CIIOPYIU TOBUHHI
3aIUIIATHCS TIOCTIHHUMHU a00 TOCTYIOBO
3MEHILIyBaTHUCS BiJl OCHOBH JI0 BEPXIBKU 0€3
PI3KHX 3MiH.

IPUMITKA Jloknamani ab0 MOJATKOBI YMOBH IS
aHajJi3y ~ METOAOM  TMOMEpPe4yHoi  CWiM,  IIO
3aCTOCOBYIOThCSL B KpaiHi, MO)XHa 3HaWTH B ii
Hanionansnomy  [Jlomatky.  PekomenpoBaHumu
JOAATKOBUMHM YMOBaMH € 3araibHa BHcoTa, H, He
6inbie 60 M i1 kiac BaxkiuBocri | ado 1.

(3) Sxmo BiTHOCHHUH pyX MDK ONOpamu
TpyOOmpoBOAy 1  YCTaTKyBaHHSA, IO
MIATPUMYETHCS B PI3HUX TOUKAX, BaXJIUBHUH
JUTSt MepeBipKU TpyOONpPOBOIIB 1
o0nagHaHHA, cIting BUKOPHUCTOBYBATH
MOJIATbHUIM aHaji3 CIEeKTPY BiAIMOBii, 1100
BpaxyBaTH BHECOK BHIIMX MOJ Ha
BEJIMUYUHY 11bOTO BIIHOCHOTO PYXY.

[MPUMITKA AmHaniz METOJiB MOMEPeYHOi CHIIH
MOXXE JaBaTH 3aHIDKEHY OLIHKY  BEIHYUHU
BiJTHOCHOT'O PyXY MIXK PI3HUMHU TOYKAMH CIIOPY/IH.

4.3.2.2 CeiicMiuHi 3ycuist

(1) Ananiz mo Bu3Ha4YeHHIO e(eKTiB il
CEMCMIUHOTO BIUIMBY BUKOHYETHCS HUIIXOM
3aCTOCYBaHHS TOPU3OHTAIBHUX cull  Fi,
i =1,2 ...Nn 10 N 30cepeKEHUX Mac, 10
AKuX Oyna JTUCKpeTH30BaHA CHOpY/a,
BKIIIOUaroun Macu ¢gyHnamenty. Cyma mux
3yCWJIb JIOPIBHIOE 3CYBY (YHIAMEHTY 1
MIPUIMAEThCS PIBHOIO:
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(b) The response is not significantly
affected by contributions of higher modes of
vibration.

(2) For condition ()b) to be met, the
fundamental period in each one of the two
horizontal directions of (I)a) should satisfy
EN 1998-1:2004: 4.3.3.2.1(2)a. In addition,
the lateral stiffness, the mass and the
horizontal dimensions of the structure
should remain constant or reduce gradually
from the base to the top, without abrupt
changes.

NOTE The detailed or additional conditions for the
lateral force method of analysis to be applied in a
country may be found in its National Annex.
The recommended additional conditions are: a total
height, H, not greater than 60 m and an importance
class I or Il.

(3) If the relative motion between the
supports of piping and equipment supported
at different points is important for the
verification of the piping or the equipment,
a modal response spectrum analysis should
be wused, to take into account the
contribution of higher modes to the
magnitude of this relative motion.

NOTE The lateral force method of analysis might
underestimate the magnitude of the differential
motion between different points of the structure.

4.3.2.2 Seismic forces

(1) The analysis for the determination of the
effects of the seismic action is performed by
applying horizontal forces Fi, i=1,2 ... n
to the n lumped masses to which the
structure has been discretised, including the
masses of the foundation. The sum of these
forces is equal to the base shear, taken as
equal to:

F=S,(T)>m, (4.3)

ne Sd(T) opamuara BiAMOBIAI MPOEKTHOTO
CIICKTPY, BH3HA4YCHA B
EN 1998-1:2004, 3.2.2.5, TS

OCHOBHOTO TMepioJy KOJHMBaHb | B
TOPU30HTATLHOMY HaIpsMKy

where: Sq(T) is the ordinate of the design
response spectrum as defined
in EN 1998-1:2004, 3.2.2.5,
for the fundamental period of
vibration T the horizontal
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nonepeyHux cwi. Skmo nepiox T He
OI[IHIOETHCS, SIK B
EN 1998-1:2004, 4.3.3.2.2(2), T0 y
Bupaszi (4.3) ciig BUKOPHCTOBYBATH
criekrpanibHy BenmanHy Sd(Tc).

(2) Po3nopin ropuzoHTaNBHUX 3ycHiib Fi 10

N 30CepeKEHNX Mac CIiJ NPUHHATH Yy
siamosignocti 3 EN 1998-1:2004, 4.3.3.2.3.

[NPUMITKA Meron mnomepeyHuX CHI 3a3BHYail
3aBHIIYE OIIHKY il CeiCMIYHHMX BIUIMBIB Yy BeXax,
IO 3BYXYIOTBCS, B SIKUX PO3MOALT Mach iCTOTHO
3MEHUIYETHCA 3 BUCOTOIO.

4.3.3 MoaaabHuii  a”Hadi3  CHEKTPY
Bignmosiai

4.3.3.1 3aranbHi noJI0KeHHS

(1) J[anmit  merom  aHamizy  MOXe

3aCTOCOBYBATUCS 10 KOXHOI KOHCTPYKIIII,
pu LBEOMY celcMIYHUI BILIVB
BHU3HAYAETHCS CIIEKTPOM BIMOBIII.

4.3.3.2 KinbkicTh MO

(1)P 3BacrocoByerbcst EN  1998-1:2004,
4.3.3.3.1 (2)P.

(2) Bumoru, 3asmaueni B (1)P, MOXyTb
BBAKATHCS BUKOHAHUMH, SIKIOIO CyMma
epeKTMBHMX  MOJAIBHUX  Mac Ul
BpPaxOBaHWX MOJ CTaHOBUTh HE MEHIIE
90 % noBHOT Macu CIOPYIH.

[MPUMITKA 1 JonatkoBa indopmariisi Ta BKa3iBKH
moao  BukopuctaHHs  (2)  mpencraBieHi B
noBigkoBomy Jomatky D.

IIPUMITKA 2 Kinekicte Mox, HeoOXimHe IS
00YHCIICHHSI CEWCMIYHHMX BIUIMBIB 3BEPXY CIOPYHH,
3a3BMYaii Oliablle, HIK JOCTATHHO JUIS OIIHKH
MEePeKUYI0YOr0 MOMEHTY a00 3arajabHOr0 3CYBY
(hyHIaMEHTY CIIOpyau.

[MPUMITKA 3 Maibke oCecHUMETpUYHI CIIOPYAH
3a3BUYAll MAarOTh Qy)Ke ONU3BKO PO3TAIIOBaHI MO,
110 3aCITyTOBYE OCOOTUBOI YBaru.

direction of the lateral forces.
If the period T is not evaluated
as in EN 1998-1:2004,
4.3.3.2.2(2), the spectral value
Sa(Tc) should be wused in
expression (4.3).

(2) The distribution of the horizontal forces
Fito the n lumped masses should be taken in
accordance with EN 1998-1:2004, 4.3.3.2.3.

NOTE The lateral force method normally
overestimates the seismic action effects in tapered
towers where the mass distribution substantially
decreases with elevation.

4.3.3 Modal response spectrum analysis

4.3.3.1 General

(1) This method of analysis may be applied
to every structure, with the seismic action
defined by a response spectrum.

4.3.3.2 Number of modes

(1)P EN 1998-1:2004, 4.3.3.3.1 (2)P applies.

(2) The requirements specified in (1)P may
be deemed to be satisfied if the sum of the
effective modal masses for the modes taken
into account amounts to at least 90 % of the
total mass of the structure.

NOTE 1 Informative Annex D provides further
information and guidance for the application of (2).

NOTE 2 The number of modes which is necessary
for the calculation of seismic actions at the top of the
structure is generally higher than what is sufficient
for evaluating the overturning moment or the total
shear at the base of the structure.

NOTE 3 Nearly axisymmetric structures normally
have very closely spaced modes which deserve
special consideration.



4.3.3.3 KomoOinauisa mox

(1) Jns  xomOiHarii  MaKCHMaJIbHUX
MOJAIBHUAX  BIAMOBIZEH  3aCTOCOBYETHCS
EN 1998-1:2004, 4.3.3.3.2(1), (2) i (3)P.

4.4 Komoinamii il
celicMiYHOTr0 BILJIUBY

CKJIAJ0BHUX

(1) Edexktn  Oymp-sxoi
CKJIaJI0BO1 pyxy IPYHTY HAaBKOJIO
TOPU30HTAIIBHOTO ~ HANpSIMKY  MOXYTb
KOMOIHYBaTucs 3 e(peKTaMu MOCTYyNaabHOT
CKJIaJI0BOI B OPTOTOHAIILHOMY
TOPU30HTAILHOMY HaIpsIMKY 3a MPaBUIIOM
KBaJIpaTHOTO KOpEHS 13 CyMM KBaJpaTiB
(reomeTpuyHa Cyma BEKTOPIB).

06epTanbHOi

(2) Kom0Oinamito  epekTiB  CKJIAI0BUX
CeMCMIUHOTO  BIUIMBY CIHiJl  BpaxyBaTu
BIIMOBIMIHO 10  Oymb-sfKOi 3 JABOX
AbTEPHATHBHUX TIPOIIECAYpP, 3a3HAYCHHUX B
EN  1998-1:2004, 4.3.3.5.2(4). [ua
3actocyBanHa mpoueaypu B EN  1998-
1:2004, 4.3.3.5.2(4), 3acHoBaHOi Ha BHpa3ax
(4.20) no (4.22), Oymp-ski oOepTaidbHI

CKJIAJIOBI  HABKOJIO TOPHU30HTAIILHOTO
HampsIMKy  TIOBHHHI  CIIOYAaTKy  OyTH
KOMOIHOBaHi 3 MOCTYMAaTbHUMH
CKJIaJIOBUMH B OpPTOTOHAILHOMY
TOPH30HTATEHOMY HAIPSIMKY y

BigmoBigHoCTi 3 (1).

4.5 Kombinamii ceiicMiyHoro BIUIMBY 3
IHIIMMH BIVIMBAMU

(1) dnsa xomOiHaIlii CEHCMIYHOTO BILIMBY 3
IHITMMY BIUTMBAMH B CEHCMIYHIM TTPOCKTHII
cutyanii 3acrocoByetbcsi EN 1990:2002,
6.4.3.4 1 EN 1998-1:2004, 3.2.4(1)P i (4).

4.6 IlepemimeHHs

(1) Hma  oOuucieHHS  MEPEMIIICHb,
BUKIIMKAHUX  TPOEKTHUM  CEUCMIYHUM
BILTUBOM, 3acTocoByeThess EN 1998-1:2004,
4.3.4(1)P 1 (3).

np ACTY-H b EN 1998-6:201X

4.3.3.3 Combination of modes

(1) EN 1998-1:2004, 4.3.3.3.2(1), (2) and
(3)P apply for the combination of modal
maximum responses.

4.4 Combinations of the effects of the
components of the seismic action

(1) The effects of any rotational component
of the ground motion about a horizontal
direction may be combined with those of the
translational component in the orthogonal
horizontal direction through the square root
of the sum of the squares rule (SRSS
combination).

(2) The combination of the effects of the
components of the seismic action should be
accounted for in accordance with either one
of the two alternative procedures specified
in EN 1998-1:2004, 4.3.3.5.2(4). For the
application  of the  procedure in
EN 1998-1:2004, 4.3.3.5.2(4) based on
expressions (4.20) to (4.22), any rotational
components about a horizontal direction
should first be combined with those of the
translational component in the orthogonal
horizontal direction in accordance with (1).

4.5 Combinations of the seismic action
with other actions

(1) EN  1990:2002, 6.4.3.4 and
EN 1998-1:2004, 3.2.4(1)P and (4) apply
for the combination of the seismic action
with other actions in the seismic design
situation.

4.6 Displacements
(1) EN 1998-1:2004, 4.3.4(1)P and (3)
apply for the calculation of the

displacements induced by the design
seismic action.
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4.7 IlepeBipku Oe3nexu
4.7.1 KinueBuii rpaHUYHUI CTaH

(1)P Bumora BiICYTHOCTI pyiHHYBaHHS
(KIHIIEBOTO TPAaHUYHOTO CTaHy) B MPOEKTHIH

celicMivHii cuTyarii BBAKAETHCS
BUKOHAHOIO,  SIKIIO  3aJ0BOJIBHAIOTHCS
YMOBH, 3a3HavYeHi B HACTYITHUX
naparpadax, MI0J0 OIOpPY EJIEMEHTIB 1

3’€qHaHb, INIACTUYHOCTI 1 CTIHKOCTI.

472 YMoBa 0mopy KOHCTPYKTHBHHX
€J1eMEeHTIB

2)p Hacrymnna HEpIBHICTh Mae
BUKOHYBAaTHCS JUIi BCIX KOHCTPYKTHBHHX
eJIEMEHTIB, BKITFOUAIOYUH 3'€/JHAHHS:

R4 > Eq

ac:

R4 mpoekTHU# omip enemMeHTa, 0O04YHCIeHUI
y  BIAMOBIAHOCTI 3  MEXaHIYHUMHU
MOJIEJISIMU 1 PaBUIIAMH, XapaKTEPHUMHU

TUTST Marepiany (Ha miJacTaBl
XapaKTePUCTUIHOTO 3HAYCHHS
BiaactuBocTeir  Mmarepiamy, fk, i
YJaCTKOBUX MOKA3HHUKIB YMm),
Edq mnpoektHe 3HadyeHHs [ii  BIUIMBY
BHACIIIIOK MIPOEKTHOT CEMCMIYHOT

curyamii (muB. EN 1990:2002 6.4.3.4),
BKJIFOYAIOYHM, 32 HEOOXITHOCTI, e(deKTH
apyroro mopsaaky (muB. 4.7.3) 1 TemiaoBi
epexktrn  (muB. 4.8). Ilepeposmomin
3TUHAIOYMX  MOMEHTIB  JIOIYCKA€ThCS
BignoBimHO 10 EN  1992-1-1:2004,
EN 1993-1-1:2004 i EN 1994-1-1:2004.

[NPUMITKA  3madeHHs, IO  MPUIHCYIOTHCS
YaCTKOBMM  TIOKa3HWKaM Ui CcTaji, OeToHy,
KOHCTPYKIIWHOI CTami, HerM Ta IHIINX MaTepiaiiB
TP BHWKOPUCTaHHI B KpaiHi, MOXHA 3HANTH Yy
BimnoBigHoMy HamionansHoMy JlomaTKy A0 IBOTO
cranmapty. Y crangapti EN 1998-1:2004 mpumitku
no maparpadis 5.2.4(3), 6.1.3(1), 7.1.3(1) i 9.6(3)
BIJTHOCATBCA 0 3HAY€Hh YACTKOBMX ITOKA3HWKIB IS
cTaii, OETOHy, KOHCTPYKLIHHOI CTami 1 WErau TpH
MIPOEKTYBaHHI HOBUX OYIiBENb B Pi3HUX KpaiHax.

4.7 Safety verifications
4.7.1 Ultimate limit state

(1)P The no-collapse requirement (ultimate
limit state) under the seismic design
situation is considered to be fulfilled if the
conditions specified in the following
subclauses regarding resistance of elements
and connections, ductility and stability are
met.

4.7.2 Resistance condition of the
structural elements

(1)P The following
satisfied for all
including connections:

relation shall be
structural elements,

(4.4)
where;

Rq is the design resistance of the element,
calculated in accordance with the
mechanical models and the rules specific
to the material (in terms of the
characteristic ~ value of  material

properties, fk, and partial factors ym),

Eq is the design value of the action effect
due to the seismic design situation (see
EN 1990:2002 6.4.3.4), including, if
necessary, second order effects, (see
4.7.3) and thermal effects (see 4.8).
Redistribution of bending moments is
permitted in accordance with
EN 1992-1-1:2004, EN 1993-1-1:2004
and EN 1994-1-1:2004.

NOTE The values ascribed to the partial factors for
steel, concrete, structural steel, masonry and other
materials for use in a country can be found in the
relevant National Annex to this standard.
In EN 1998-1:2004 notes to subclauses 5.2.4(3),
6.1.3(1), 7.1.3(1) and 9.6(3) refer to the values of
partial factors for steel, concrete, structural steel and
masonry for the design of new buildings in different
countries.



4.7.3 EdexTH APYroro nopsiaKy

(1)P Edextu apyroro mOpsaKy ITOBHHHI
OyTH BpaxoBaHi, SIKIIO HE BUKOHYETHCS

yMoBa B (2).

(2) Edextu apyroro mopsiiky He mOTpiOHO
BpaxOBYBaTH, SKIIO BUKOHYETHCS Taka
yMOBa:

dM/Myp < 0,10

e

OM nepekujarounii  MOMEHT  BHACHIJIOK
edekry apyroro nopsaky (P-A)-edexr,

Mo niepekujalourii  MOMEHT  TEpIIOro
MOPSIJIKY.

4.7.4 Omip 3'enHaHb

(1)P  Hns  3Bapuux abo  OOATOBUX

HCOAWCUIIATUBHUX  CIIOJIYYCHB, OHip Mae

Ooytu BU3HAYECHUN BIJIIIOBITHO 1o
EN 1993-1-1.

(2)P Omip, mependavyenuii 1ist 3BapHUX a0b0

OOJNTOBUX  JMCUIIATUBHUX  CIOJY4YCHB,
MMOBUHEH OYyTH OUIBIIIE TUIACTHYHOTO OTOPY
3'€JHAHOTO  JTUCHIIATUBHOTO  EJIEMEHTA,

3aCHOBAHOTO Ha MPOCKTHIM MEX1 TeKy4OCTi
Marepiany, sk BuzHaueHo B EN 1993-1-1, 3
ypaxyBaHHsM KoedimieHTa 3amacy MIiIHOCTI

(7ue. EN 1998-1, 6.1.3(2) i 6.2).

(3) Mo Bumor i BmacTHBOCTEHl OONTIB i
BUTPATHUX  3BapIOBAIBHUX  MaTepiaiiB
3acrocoByeTbest EN 1993-1-8:2004.

4 HenucunarusHi 3'€THAHHSA
JUCUIIATUBHUX €JIEMEHTIB, BUKOHAHI 3a
JOIOMOIOK0 CTHKOBHMX 3BapHHMX IIBIiB 3
MOBHUM  MPOIUIABICHHSM,  BBaXKaIOThCS
TAKMMH, [0 3aJ0BOJILHIIOTH KPHUTEPIitO
3aracy MilHOCTI.
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4.7.3 Second order effects

(1)P Second order effects shall be taken into
account, unless the condition in (2) is
fulfilled.

(2) Second order effects need not be taken
into account if the following condition is
fulfilled:

(4.5)
where

oM is the overturning moment due to
second order effect (P-A) effect,

Mo is the first-order overturning moment.

4.7.4 Resistance of connections

(1)P For welded or bolted non-dissipative
connections, the resistance shall be
determined in accordance with EN 1993-1-1.

(2)P The resistance to be provided for
welded or bolted dissipative connections
shall be greater than the plastic resistance of
the connected dissipative member based on
the design yield stress of the material as
defined in EN 1993-1-1, taking into account
the overstrength factor (see
EN 1998-1, 6.1.3(2) and 6.2).

(3) For requirements and properties for bolts
and welding consumables,
EN 1993-1-8:2004 applies.

(4)  Non-dissipative  connections  of
dissipative members made by means of full
penetration butt welds are deemed to satisfy
the overstrength criterion.
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4.7.5 CriilikicTh

(1)P 3BarampHa CTIHKICTH KOHCTPYKLIi B
MPOEKTHIA CeHCMIuHI cHUTyalii HOBHHHA
OyTu mepeBipeHa 3 ypaxyBaHHSIM e(deKTy
B3a€MOJIii TPyOOTIPOBOIB 1 3 ypaxyBaHHSIM
TiIpOIMHAMIYHHIX HaBaHTaXEHb, y
BIIMOBIIHMX BWIMAJAKaX IS  TPOEKTHOT
CeCMIYHOT cHTYyaIlii.

(2) 3BaranpHy CTIHKICTH MOYKHa BBaXKaTH
MIEPEBIPEHOI0, SKIIO BHKOHAHI IpaBUIa,
MOB'I3aH1 3 TEpPEeBIPKOI  CTIMKOCTI B
EN 1992-1-1, EN 1993-1-1, EN 1993-1-5,
EN 1993-1-6, EN 1993 -3-1 i EN 1993-3-2.

(3) BukopucranHs cekmiii kimacy 4 B
€IeMEHTaX 3  KOHCTPYKLIMHOI  cTaii
JIOTIYCKA€eTbCsl  NpU  JOTPUMAHHI  BCIX
HACTYITHUX YMOB:

(a) BuKOHaHI cremiaabHi
EN 1993-1-1:2004, 5.5;

MpaBUjia B

(b) 3HayeHHS TOKAa3HHWKA MOBEIIHKH, (,
00OMEKY€EThCS BeTHUMHOO 1,5 (IUB. Takox
crierianbHI paBuiia B po3auiax 6 adbo 7 mist
KOHCTPYKIII 3 cekiismMu kmacy 4); Ta

(c) rHyuKicTh A HE OUTBIIE:
- 120 B omopHUX CTiHKaX;

- 180 B ceiicMIYHMX MEPBUHHUX PO3MIPHUX
eIIEMEHTaX;

- 250 B cCeHCMIYHMX BTOPUHHHUX PO3MIPHUX
eleMeHTaX; SIKI0 CEeHCMIYHI MEepBHHHI Ta
CEHCMIYHI BTOPHHHI €JIEMEHTH BH3HAYCHI,
sk B EN 1998-1:2004, 4.2.2.

4.7.6 YmMoBa mjiIacTHYHOCTI i aucHmanii
eHeprii

(1)P KoHCTpyKTHBHI €JIeMEHTH 1 criopyaa B
LUIOMY TIOBHHHI BOJIOAITH 3IaTHICTIO JIO
IJJACTUYHOCTI 1 AMCHIIALI, SIKa € JOCTaTHLOIO
s TOTped  TMPOEKTHOTO  CEHCMIYHOTO
BIUTUBY. 3HAUEHHS TOKa3HUKA MOBEIHKH, 1110
BUKOPUCTOBYETHCSI ~ TPU  TMPOEKTYBaHHI,
NOBUHHO OYyTM TOB'I3aHe 13 3JaTHICTIO
KOHCTPYKIIiI 1O TUIACTUYHOCTI 1 AWCHMAIli
eHeprii.

4.7.5 Stability

(1)P The overall stability of the structure in
the seismic design situation shall be
verified, taking into account the effect of
piping interaction and of hydrodynamic
loads, where relevant for the seismic design
situation.

(2) The overall stability may be considered
to be verified, if the rules relevant to
stability verification in EN 1992-1-1,
EN 1993-1-1, EN 1993-1-5, EN 1993-1-6,
EN 1993-3-1 and EN 1993-3-2 are fulfilled

(3) The use of class 4 sections is allowed in
structural steel members, provided that all
of the following conditions are met:

(@) the specific rules in EN 1993-1-1 2004,
5.5 are fulfilled;

(b) the value of the behaviour factor, g, is
limited to 1,5 (see also special rules in
Sections 6 or 7 for structures with class 4
sections); and

(c) the slenderness A is not greater than:
- 120 in leg members;

- 180 in seismic primary bracing members;

- 250 in seismic secondary bracing
members; where seismic primary and
seismic secondary members are defined as
in EN 1998-1:2004, 4.2.2.

4.7.6 Ductility and energy dissipation
condition

(1)P The structural elements and the
structure as a whole shall possess capacity
for ductility and energy dissipation which is
sufficient for the demands under the design
seismic action. The value of the behaviour
factor used in the design should be related
to the ductility and energy dissipation
capacity of the structure.



(2) Bumora B (1)P BBaXkaeThCsi BUKOHAHOIO
3a JIOTIOMOTOI0 OJHOTO 3 HACTYIMHHX JBOX
MIAXOMIB 10 TIPOCKTYBAHHS

(a) IlpoexryBaHHsS  KOHCTPYKIii  JUIs
JMCUTIATUBHOT OBEIIHKU 3 BUKOPUCTAHHSIM
3HAYE€HH [TOKa3HMUKA MOBEeIHKY Ourbmie 1,5
1 3 3aCTOCYBaHHSM CIICHIAIBHUX MPaBHII,
HaBeJICHUX y po3naumax 5, 6, 7 1 8 mis
3MATHOCT] IUCHIALi eHeprii pi3HUX THIIIB
KOHCTPYKIiH, pO3rIAAaloThCss B IUX
po3uIax.

(b) TlpoekTyBaHHS KOHCTPYKIII Uit He-
(ab0 HM3BKO-) MUCHUTIATUBHOI MOBEIIHKH 3
BUKODHUCTAaHHSAM  3HAuYeHHS  IIOKa3HUKa
MOBEMIHKA  HE  OLIbIIE 1,5 1 3
3acTocyBaHHsM 2.1(4).

4.7.7 DynapaMeHTH

(1)P 3actocoByerbcst EN  1998-1:2004,
2.2.2(4)P.

(2) TlpoekryBanHs i mepeBipka GyHIAMEHTY
noBuHHI BimmoBimatu EN 1998-1:2004,
4.4.2.6. Konu nmis BIUIMBY 3 aHai3y s
MMPOEKTHOTO CEUCMIUYHOTO BIUIMBY, Efg, y
Bupazi  (4.30) 3 EN 1998-1:2004 €
BEPTUKATBHUM 3YCHIUISIM BHACIIIIOK
3emuieTpycy, Ned, BHECKOM BEPTHKAJIbHOT
CKJIaZoBO1 ceiicMiyHOro BIUMBY A0 NEed,
MOXKHA 3HEXTYBATH, SIKIIO BOHA BHUKJIMKAE
BiIpUB (PyHIaMEHTY.

4.7.8 BinTsiokku i KpinuieHHst

(1) Mo BuMOr i BIacCTUBOCTEW KaHATIB,

MacMiB, JPOTIB 1 KPIMJIEHb 3aCTOCOBYETHCS
EN 1993-1-11.

4.8 TenuoBi epexTn

(1) TemnoBi edexktrt HOpMaIBHOI poOOYOT
TeMIEepaTypy Ha Taki MEXaHIYHI BIACTHUBOCTI

eNIEeMEHTIB ~ KOHCTPYKILii, K  MOIyJ]b
OPYXKHOCTI 1 MeXa  TEeKydoCTi,  CIif
BpaxoBYBaTH BI/IOBIZHO i

EN 1992-1-2:2004, EN 1993-1-2:2004 i
EN 1994-1-2:2004. TernoBuMu edexramu
TEMIEpaTyp €JIEMEHTIB KOHCTPYKIi MeHII
100°C moxHa 3HexTyBaTh. {151 caMOHeCydnx
cranieBux AuMoBuXx TpyO nuB. EN 13084-7.

np ACTY-H b EN 1998-6:201X

(2) The requirement in (1)P is deemed to be
satisfied through either one of the following
design approaches:

(@) Design the structure for dissipative
behaviour, using a value of the behaviour
factor greater than 1,5 and applying the
special rules given in Sections 5, 6, 7 and 8
for energy dissipation capacity of the
different types of structures addressed in
those Sections.

(b) Design the structure for non- (or low-)
dissipative behaviour, using a value of the
behaviour factor not greater than 1,5 and

applying 2.1(4).

4.7.7 Foundations

(1)P EN 1998-1:2004, 2.2.2(4)P applies.

(2) The design and verification of the
foundation should be in accordance with
EN 1998-1:2004, 4.4.2.6. When the action
effect from the analysis for the design
seismic action, Erg, in expression (4.30) of
EN 1998-1:2004 is the vertical force due to
the earthquake, Neq, the contribution of the
vertical component of the seismic action to
Nes may be neglected if it causes uplift of
the foundation.

4.7.8 Guys and fittings

(1) For requirements and properties of
ropes, strands, wires and fittings,
EN 1993-1-11 applies.

4.8 Thermal effects

(1) The thermal effects of the normal
operating temperature on the mechanical
properties of the structural elements, such as
the elastic modulus and the yield stress,
should be taken into account in accordance
with EN 1992-1-2:2004, EN 1993-1-2:2004
and EN 1994-1-2:2004. Thermal effects of
structural element temperatures less than
100°C may be neglected. For free-standing
steel chimneys, see EN 13084-7.
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4.9 T'panuyHuii 00MeKeHHS

MNOIMKOI’>KCHb

cTtan 3

(1) Bumora o0OMEXCHHS IOIIKO/KCHD
BCTAHOBJIFOE MEXKI TEpEeMIllleHb BHACITIIOK
CEMCMIYHOTO BIUIUBY 3  OOMEXKEHHSIM
MOIIKO/KeHb. Y po3aiiax 5, 6, 7 1 8
HABOJATHCS MEXKI B 3QJICKHOCTI B THITY
CHIOPY/IH.

(2) SIxmo ekcrutyatailisi CIIOpyad 4YyTJIHBa

hi (0] nedopmartiit (mampukiam, B
TEeNEeKOMYHIKAIIITHUX BEXKax, e
nedopmarrist MOX€  TPHU3BECTH hi (o)

MOCTIAHOTO IIOIIKOLKEHHS 00agHanus abo
BTpaTH CHTHAITy), MOKHa BUKOPHCTOBYBATH
3HMKEHI MEXI1 ITepEMIILIEHb.

(3) IepemimieHHs 11T BUMOTH OOMEKEHHS
MOILKO/KEHb MOXKYTh OyTH OOYHCIIEH1 5K
MEepEMIIIEHHsI, OTPUMaHi BIAMOBIIHO O
4.6(1) 1  TPOEKTHOTO  CEHCMIYHOTO
BIUIMBY, BIIMOBIIHOTO «BHMO31 KIHIIEBOTO
IPaHUYHOTO CTaHy», ITOMHOXXEHOMY Ha
KOe(]IIIEHT 3HWXKEHHS V, SKUH BPaxoBYE
HIDKYUH nepion MTOBTOPIOBAHOCTI
CEHCMIYHOTO  BIUIMBY, IIOB'SI3aHOTO 3

BHUMOTOI0 OOMEXKEHHS TOIIKOHKEHb (JIUB.
EN 1998-1:2004, 4.4.3.1).

(4) 3nauenHs koedimieHTa 3HUKCHHS V

MOXKE€  TaKOX  3aJeXaTH BiJ  KJacy
BKJIMBOCTI KOHCTPYKIIIi.
[NPUMITKA  3HadeHHs, 10 MNPHUIHUCYIOTHCA

koe(illieHTy V Ui BUKOPUCTAHHS B KpaiHi, MOXHa
sHaiitu B ii HauionaneHomy JlomaTky 10 1bOro
cTaHmapTy. Pi3Hi 3HaueHHI V MOXYThb OyTH
BH3HAYCHI IS PI3HUX CEHCMIYHMX 30H KpaiHH B
3aJIeKHOCTI BiJl YMOB ceficMiuHOi HeOe3meKu i Bix
miged OOMEXEeHHA WOIMIKOPKEHb, SKI MOXYTh
BIIPI3HATUCS IS BEX, IIOTT abo AMMOBHUX TPYO.
PexomengoBanuMu 3HadYeHHAMU V € V = 0,4 moa
knaciB BaxxymmBocti Il 1 IV 1 v = 0,5 moa knaciB
Bakausocrti | 1 1.

4.9 Damage limitation state

(1) The damage limitation requirement
establishes limits to displacements under the
damage limitation seismic action. Sections
5, 6, 7 and 8 provide limits depending on
the type of structure.

(2).1f the operation of the structure is
sensitive to deformations, (for example in
telecommunication towers, where
deformation might lead to permanent
damage of equipment or loss of the signal),
reduced limits to displacements may be
used.

(3).Displacements for the damage limitation
requirement may be calculated as those
obtained in accordance with 4.6(1) for the
design seismic action corresponding to the
"ultimate limit state requirement™ multiplied
by a reduction factor v which takes into
account the lower return period of the
seismic action associated with the damage
limitation requirement (see
EN 1998-1:2004, 4.4.3.1).

(4).The value of the reduction factor v may
also depend on the importance class of the
structure.

NOTE The values to be ascribed to v for use in a
country 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 damage limitation
objectives, which may be different for towers. masts
or chimneys. The recommended values of v are v =
0,4 for importance classes Ill and IV and v = 0,5 for
importance classes I and I1.



4.10 IToka3HUK MOBEeXiHKH
4.10.1 3arajabHi M0J10KEeHHSHA

(1)P 3HayeHHs TMMOKA3HUKA MOBEIIHKH (]
BHU3HAYAETHCS TAKUM YHHOM:

q = qokr > 1,5

e

Jo 6a30Be 3HAYCHHS NMOKA3HWKA TMOBEMIHKH,
o BigoOpakae TUIACTUYHICTh CHUCTEMU
OTIOPY TOIEPEYHUX CHIT; 31 3HAUCHHSIMU
BH3HAYCHUMH B po3niiax 5, 6, 7 1 8 s
KOXKHOTO PI3HOTO THITY CIIOPY/IH;

k xkoedimienT moaudikaiiii, 1o BimoOpaxae
BIIXWJICHHS BiJl PETyJIsSPHOTO PO3MOILTY
MacH, JKOPCTKOCTI abo MIIHOCTI; 31
3HaYeHHsM, Bu3HaueHuMm B 4.10.2.

4.10.2 3HaYeHHA
mMoaudikanii Kr

KoedilieHTa

(1)P 3uauenns Kr cmig mpuitHITH piBHEM
1,0, sxkmo BoHo He MoaudIKOBaHE
BHACIIJIOK  ICHYBaHHA  OyAb-SIKOTO 3
HACTYITHUX HEPETYJIIPHOCTEH B CITOPY/Ii.

a) ['opu3oHTaIbHUN EKCIEHTPUCUTET Macu
Ha TOPU30HTAIBHOMY PiBHI ITO BITHOIIEHHIO
JI0 LIEHTPY KOPCTKOCTI €JIEMEHTIB Ha LILOMY
piBHI, mo mnepepuinye 5% mapanaeIbHOTO

po3Mipy criopyu:
kr = 0,8

b) OtBopu B aumapi ab0 KOHCTPYKTHBHii
000JI0HIII BUKJIMKAIOTh 3MEHIIIEHH
MOMEHTY IHEpIlii ONEPEYHOro MEPETUHY Ha
30% abo OunbIIE:

kr = 0,8

c) 3ocepemkeHa Maca B MeXaX BEpPXHbOI
TPETUHU BUCOTH Criopyau crpusie
30UmbIieHHr0 Ha 50% a0o  OuiblIe

NEpCKUAar04I0ro MOMCHTY B OCHOBI:

kr = 0,7

np ACTY-H b EN 1998-6:201X

4.10 Behaviour factor
4.1.0.1 General

(1 )P The value of the behaviour factor g
shall be determined as

(4.6)
where:

Jo Is the basic value of the behaviour factor,
reflecting the ductility of the lateral load
resisting system, with values defined in
Sections 5, 6, 7 and 8 for each different
type of structure,

kis the modification factor reflecting
departure from a regular distribution of
mass, stiffness or strength, with values
defined in 4.10.2.

4.10.2 Values of modification factor k

(1)P The value of k. shall be taken as equal
to 1,0, unless modified due to the existence
of any of the following irregularities in the
structure.

a) Horizontal eccentricity of the mass at a
horizontal level with respect to the centroid
of the stiffness of the elements at that level,
exceeding 5% of the parallel dimension of
the structure:

kr :O,8

b) Openings in a shaft or structural shell
causing a 30% or larger reduction of the
moment of inertia of the cross-section:

kr :O,8

c¢) Concentrated mass within the top third of
the height of the structure, contributing by
50% or more to the overturning moment at
the base:

kr 20,7
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(2)P Sdxmo mnpucytHi Outblne OmHIET 3i (2P When more than one of the above
3raJlaHuX HEeperyspHOCTeH, Kr BBaskaeThCs irreqularities are present, k. shall be
piBHEM 100yTKY 0,9 Ha HaWHWKY1 3HAYCHHS assumed to be equal to the product of 0,9
kr. times the lowest values of k.
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5 CIIEHIAJIBHI TIPABUJIA JJIA
3AJII3BOBETOHHUX ANMOBHUX
TPYb

5.1 T'anmy3p BHKOPHCTAHHA

(1)P  [Janmii po3mim  BITHOCUTBCS IO
OCTOHHHMX JHMMapiB KUIbIIEBOTO (IOJIOTO
KPYTOBOT'0) MOMEPEYHOTr0 Mepepisy.

(2)P Beronni aumoBi TpyOH, CIIPOCKTOBaHI
BIIMOBIIHO 70 1IbOTO €BPOKOJY, MOBHMHHI
BignoBigaru cragmaapram EN 1992-1-1:2004
1 EN 1992-1-2:2004 1 poIaTKOBUM
MpaBUjiaM, 3a3HAYEHHM Y IIbOMY PO3ILIL.
Jlo okpemMo crosuMX OETOHHUX JIUMapiB

TaKOX 3aCTOCOBYIOTBCS npaBuIIa
EN 13084-2:2001, sxi IOMOBHIOIOTH 1 HE
cylnepedaThb MpaBHJIaM OyAb-IKOTO

EN-Espoxony.
(3) beton moBuHEH OyTH HE HIDKYE KIACy

C20/25, sk Busznaueno B EN 1992-1-1:2004.

5.2 TIpoekTyBaHHSI JJsl JMCHNATHBHOL
NOBeIIHKH

(1) Beronni guUMOBI TpPyOM MOXKYTb

MIPOEKTYBATHCS JUIST JTMCHIIATUBHOT
MOBEIIHKHU 3 0a30BHM 3HAYEHHSAM
MOKa3HUKAa TMOBEMIHKH (o = 2,5 3a
JOTIOMOTOK0  3aCTOCYBaHHS B MEXax

KPUTHYHHMX Iepepi3iB, BH3HaucHUX y (2),
MPaBUJI IILOTO MYHKTY 5.2.

(2) TloBuHHI OyTH TNPHUHHATI HACTYIHI
KpUTHYHI 00J1aCTI:

- BiJ] OCHOBH AMMOBOi TpyOou A0 Bucotu D
HaJ OCHOBOIO;

- BiA pi3Kkoi 3MiHU mepepidy 1o Bucotu D

HaJ| pI3KOI0 3MIHOIO Tepepizy;

- Bucota D Hap i min mepepizamMu TUMOBOL
TpyOHU, 1€ € MOHA/A OJIUH OTBIp.

np ACTY-H b EN 1998-6:201X

5 SPECIFIC
REINFORCED
CHIMNEYS

RULES FOR
CONCRETE

5.1 Scope

(1)P This section refers to concrete
chimneys of annular (hollow circular) cross-
section.

(2)P Concrete chimneys designed in
accordance with this Eurocode shall
conform to EN 1992-1-1:2004 and
EN 1992-1-2:2004 and to the additional
rules specified in this Section. For free-
standing concrete chimneys, the rules of
EN 13084-2:2001 that are complementary
and non-contradictory to the rules of any
EN-Eurocode apply also.

(3) Concrete should be of a class not lower
than C20/25, as defined in
EN 1992-1-1:2004.

5.2 Design for dissipative behaviour

(1) Concrete chimneys may be designed for
dissipative behaviour with a basic value of
the behaviour factor qo. = 2,5, by applying
within the critical sections defined in (2) the
rules of the present clause 5.2.

(2) The critical region should be taken as
the following:

- from the base of the chimney to a height D
above the base;

- from an abrupt change of section to a
height D above the abrupt change of
section;

- a height D above and below sections of

chimney where more than one opening
exists.
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(3) IIpu npoekTyBaHHI il JTUCHITATUBHOI
MOBEJIIHKU CIIiJ] 3a0e3MeYnTH MiHIMallbHE
3HaueHHS  KoedillieHTa  TUIACTHYHOCTI
JIOKAJIbHOI ~ KPUBM3HHU, Ly B  MeE¥kKax
KPUTUYHUX T[epepi3iB, BU3HAUCHUX B (2).
KoedimieaTa  TUIACTUYHOCTI  JIOKATBHOT
KPUBU3HU  CIIiA  3a0€3MEeYUTH  HUIIXOM
3aCTOCYBaHHS noOIYHOT apMarypH,
BianmoBinHo g0 (4) ta EN 1998-1:2004,
5.4.3.2.2(10)P i (11).

(4) Mexaniyne 00'eMHE  BiAHOIICHHS
MoOMHOI apMaTypH, @wd, BU3HAYE€HE SK B
EN 1998-1:2004, 5.4.3.2.2(8), mae Oyru
MOB'sI3aHE 3 KOE(DIIIEHTOM TIIACTUYHOCTI
JIOKAJIbHOL KpUBU3HH, Mo, icist
BIIIAPYBaHHS 3aXHCHOTO Iapy OETOHy 3a
JIOTIOMOT 010 3arajJbHOTO MeToxy,
3aCHOBAHOTI'0 Ha:

a) BHM3HAYEHHI KoeQilieHTa IIACTUYHOCTI
KPUBU3HM 32 3HAUYEHHSMU KPUBHU3HHU IPHU
MeX1 MIITHOCTI 1 MeX1 TeKy4OCTl y BUIJISAIL

Mo = dul dy;

b) oOumcneHHi @y y BUTTIAM @u = &cuzc [Xu 1
¢y v Burmsani ¢y = 1,5fy /(EsD), ne D -
JiaMeTp, K BU3HAa4YeHO B (2);

¢) TIIMOWHI HEUTPaAIBHOT OCi, Xy, OOUHCIICHOT
3 PpIBHOBard Tmepepizy B YMOBax MeEXi
MIIIHOCTI;

d) wmomemsx «wampyra-gedopmaiiisy B
EN 1992-1-1:2004, 3.1.9 1 wmigHocTi Ta
rpann4gHoi nedopMmartii 0OMEKEeHOTO OETOHY,
foe M &2, y BUDIAML QyHKIIT edheKTUBHOT
MONEPEYHOL 00MEXyI0UOT Hapyru
BigmosigHo g0 EN 1992-1-1:2004, . 3.1.9; i

e) Bupasy eQpeKTUBHOI  MOIMEPEUHOT
obMexyrouoi Hanpyru y Burisiai 0,5a@w,,
3 koe(dilieHTOM €PEKTUBHOCTI OOMEKEHHS
a, B3storo 3 EN 1998-1:2004, 5.4.3.2.2 (8)
b) abo c).

(5) 3navenns xoedilieHTa TIUIACTUYHOCTI
KPHMBH3HH, L, TKE BUKOPUCTOBYBaHUH B (3),
(4), MoxHa BHW3HAYMTH 3a KOe(DIiIliEHTOM
MJIACTUYHOCTI nepeMileHHs, s,
BUKOPUCTOBYIOYH BUPA3:

(3) In the design for dissipative behaviour, a
minimum value of the local curvature
ductility factor, u, should be provided
within the critical sections defined in (2).
The local curvature ductility factor should
be ensured by providing confining
reinforcement, in accordance with (4) and
with EN 1998-1:2004, 5.4.3.2.2(10)P and
(112).

(4) The mechanical volumetric ratio of
confining reinforcement, wwd, defined as in
EN 1998-1:2004, 5.4.3.2.2(8), should be
related to the local curvature ductility factor,
Uy, after spalling of the cover concrete,
through the general method based on:

a) the definition of the curvature ductility
factor from the curvatures at ultimate and at

yielding, 1 = dul ¢y,

b) calculation of @y as ¢u = &euz.c /Xu and gy
as ¢y = 1,5f, /(EsD), where D is the
diameter as defined in (2);

c) neutral axis depth, xu, estimated from
section equilibrium at ultimate conditions;

d) the stress-strain models in
EN 1992-1-1:2004, 3.1.9 and the strength
and ultimate strain of confined concrete, fekc
and &w2c, as a function of the effective
lateral confining stress in accordance with
EN 1992-1-1:2004, 3.1.9; and

(e) expression of the effective lateral
confining stress as 0,5awwd,, With the

confinement effectiveness factor ¢, taken
from EN 1998-1:2004, 5.4.3.2.2(8) b) or c).

5).The value of the curvature ductility
factor, w4, to be used in (3), (4) may be
determined from the displacement ductility
factor, us using the expression:



Pu

U, = =1+
P (py

ne

Lp1 TOBKMHA IJIACTUYHOTO MIAPHIPA;

Lv = Mgd /Veq ningHka 3pidy AMMOBOI

TpyOM y HIKHBOMY TIepepi3i KpUTHIHOT
oOmacTi, oOuMcieHa Ha MiACTaBI
MOMEHTY 1 3CYBY 3 PO3PaxyHKIB.

(6) 3naueHHs KOeQIIEHTY IUIACTUYHOCTI
HEePEMIICHHS, fi5, III0 BUKOPUCTOBYETHCS Y
Bupasi (5.1), MOKHA OTPUMATH 3 HACTYITHUX
3aNeKHOCTEN MIXK s 1 (o!

MHs=(o sxmo T12>Tc

us=1+(qo—1)Tc/T1  sxmo T1 < Tc

ne Ti1 - OCHOBHMIA TepioJl AMMOBOI TpyOu
Tc mepioa Outst BEpXHBOI MeXi 00JacTi
MOCTIMHOTO  CIIEKTPYy  MPUCKOPCHHS
pignoBigao 1o EN 1998-1:2004, 3.2.2.2
(2)P.

(7) 3uaueHHs JOBXKHHHM ILIACTHYHOTO
apHipy, Lp1, SIK1 OyIyTh
BHUKOpHCTOBYBatucs y Bupasi (5.1), MoxHa
MPUIHATH PIBHUM:

4Pt

s =1+ (qo—1)Tc/T1
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et (5.1)
1-0,5’“]

L,

where.
Lp1 plastic hinge length,

Lv = Meq/VEq shear span of the chimney at
the bottom section of the critical region
calculated on the basis of the moment
and shear from the analysis.

6) The value of the displacement ductility
factor, us to be used in expression (5.1) may
be derived from the following relationship
between 5 and qo:

ts=qo  ifT1>Te (5.2)

ifTi<Te  (5.3)

where T is the fundamental period of the
chimney Tc is the period at the
upper limit of the constant
acceleration region of the spectrum,
in accordance with
EN 1998-1:2004, 3.2.2.2(2)P.

(7) The value of the plastic hinge length,
Lp1, to be used in expression (5.1), may be
taken equal to:

Lpz= 0,5 D (5.4)

ne D - 3oBHImHIN gilameTp TuMoOBOi TpyOH,
SIK BU3HA4YCHO B (2).

(8) 1106 YHUKHYTH BHOYXOBOTO
BiAmIapyBaHHs O€TOHY Ha BHYTPINIHINA
MOBEPXHI B MEXaxX KPUTUYHUX IEpepisis,
BU3HAa4YeHUX y (2), 3HAYCHHs BITHOIICHHS
30BHIIIHBOTO JliaMeTpa, BU3HA4YEeHOTO B (2),
70 TOBIIMHM IEpepi3y CTIHKM HE MOBHHHA
nepesuutyBatu 20.

(9) Cnim  yHUKaTH  TOPH30HTAJIBHUX
Oy/iiBETbHUX CTHUKIB B MeEXaX KPUTHYHUX
nepepi3iB, BU3HAYCHUX B (2).

where D is the outside diameter of the
chimney as defined in (2).

(8) To avoid implosive spalling of the
concrete at the inner surface, within the
critical sections defined in (2) the value of
the ratio of the outer diameter, as defined in
(2), to the thickness of the section wall,
should not exceed 20.

(9) Horizontal construction joints within the
critical sections defined in (2) should be
avoided.
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(10) B wmexax KpuUTHYHHX oOjacreil,
Bu3HaueHnx y  (2),  3acTOCOBYeEThCS
EN 1998-2:2005, 6.2.3.

5.3 KoHcTpyoBaHHS apMaTypHu

531 MinimanbHe apMyBaHHS
(BepTHKAaJbHE i TOPU30HTAJIbHE)

(1)P B numoBux Tpybax i3 30BHIIIHIM
niametpom, D, 4 M abo Ouibire,
BEpTHKaJIbHA 1 TOPU30HTAJIbHA apmarypa
MTOBMHHA PO3TAIIOBYBAaTHCS y JIBOX Ilapax
(monoTHAx) KOXKHA: OJIMH IIAp MO HATIPSMKY
noOau3y BHYTPIUIHBOI, a JApyruil map -
MOoOJU3Yy 30BHIINIHBOI MOBEPXHI, MPUUOMY
HE MEHIIE TMOJIOBUHU BCili BEPTHUKAIBHOI
apMaTypud T[OBHHHO PpO3TallOBYBaTHCS B
mapi no6Jau3y 30BHIIIHBOT MOBEPXHI.

(2) B pgumoBux Tpybax 13 30BHILIHIM
niametpom 4 M abo Ouibie, MiHIMaabHE
BITHOIIICHHST BEPTHUKAJIBLHOI apMaTypu [0
IJIOIII  TTOTIEPEYHOTO Tepepidy IMOBUHHO
O0yru ne menme 0,003.

(3) Y mumoBux Tpybax i3 30BHINIHIM
niametpom 4 M abo Oiumbie, MiHIMajabHE
BIJTHOIIICHHS TOPU30HTAIBLHOI apMaTypu IO
IJIOMII TOTIEPEYHOTO Tepepidy IMOBUHHO
oyru He w™menme 0,0025. Jlns BiibHO
pO3MIllIeHUX OCTOHHUX JUMOBUX TPYO
TaKOX 3aCTOCOBYETHCS BiIIIOBIHE TIPABUIIO
EN 13084-2:2001.

(4P B nmumoBux TpyOax 13 30BHINIHIM
JiaMeTpoM MeHIle 4 M ycsi BEepTUKaIbHA YU
TOPH30HTAJIbHA apMmarypa Moxe OyTu
po3MillieHa B OAHOMY Inap (MOJIOTHI) IO
HaMpsIMKy, MOOJIN3Y 30BHINIHBOI MOBEPXHi.
VY 1upoMy BUMAAKY BiTHOILIECHHS apMaTypH B
30BHIITHBOMY HIapPi 10 IJIOLII MOMEPEUHOTO
nepepizy He moBuHHO OyTH Meniie 0,002 o
HaTPSAMKY.

(10) EN 1998-2:2005,6.2.3 applies within
the critical regions defined in (2).

5.3 Detailing of the reinforcement

5.3.1 Minimum reinforcement (vertical
and horizontal)

(1)P In chimneys with an outer diameter, D
of 4 m or more, the vertical and the
horizontal reinforcement shall be placed in
two layers (curtains) each: one layer per
direction near the inner and the other layer
near the outer surface, with not less than
half of the total vertical reinforcement
placed in the layer near the outer face.

(2) In chimneys with an outer diameter of
4 m or more, the minimum ratio of the
vertical reinforcement to the cross-sectional
area should be not less than 0.003.

(3) In chimneys with an outer diameter of
4 m or more, the minimum ratio of the
horizontal reinforcement to the cross-
sectional area should be not less than
0,0025. For  free-standing  concrete
chimneys, the relevant rule  of
EN 13084-2:2001 applies also.

(4)P In chimneys with an outer diameter of
less than 4 m, the entire vertical or
horizontal reinforcement may be placed in a
single layer (curtain) per direction, near the
outer surface. In that case the ratio of the
reinforcement in the outer layer to the cross-
sectional area should be not less than 0,002
per direction.



(5) Mopsia 3 BepXiBKOWO AMMOBOT TPyOH, Je

Harpyru BHACIIJIOK MOCTIHHUX
HaBaHTaKEHb HHU3BKI, MIHIMAJIbHE
BITHOIICHHS  BEPTUKAIBHOI  apMarypu

MOXHA TIPUMHATH PIBHUM BiIHOIICHHIO
TOPU30HTAJIBHOI apMaTypH.

(6) ImTepBam  MDK  BEpPTHKAJIbHUMH
CTPH)KHAMH TIOBHHEH OyTH He Oiiblie
250 MM, a WMDK TOpPH3OHTAIBHUM
CTpUXHSAMU - He OutbiIe 200 MM.

(7) TopuzoHTaNBHI apMaTypHi CTPHXKHI
MTOBUHHI pO3MiIyBaTUCs MDK
BEPTUKAIbHUMH CTPIKHAMU 1 OETOHHOIO
noBepxHero.  Ilomepeuni  B’sA31  MIK
30BHINIHIM 1  BHYTPIIHIM  [IapaMu
apMaTypu TIOBUHHI MaTH TOPHU3OHTAJIbHI 1
BEpPTHUKaIbHI BiicTaH1 He Outbie 600 MM.

5.3.2 MiniMmanbHe apMyBaHHSI HaBKOJIO
OTBOPIB

(1) HaBkomo mepumeTpa i KyTiB OTBOPIB
apMaTypa MMOBUHHA PO3MIITYBaTHCS
JIOJaTKOBO /IO apMaTypd, HasBHOI Ha
BizicTaHi Bifg oTBOpiB. JlomaTkoBa apMarypa
IOBMHHA BKJIIOYATH B ceOe¢ miaroHajibHi, a
TaKoX TOPU3OHTAIBHI 1  BEPTUKAJIbHI
CTPYOKHI Ha KyTax 1 MMOBUHHA
PO3TAIIOBYBATUCSI HACTUIBKA OJHM3BKO 10
30BHIIIHBOI TIOBEPXHI OTBOpY, SK II€
II03BOJISIIOTH HOpPMaJIbHI OyniBenbH1
MipkyBaHHS. CTpHIKHI IMOBUHHI BHCTYIATH
3a MEpPUMETP OTBOPY HA TOBHY JOBKUHY
aHKEPYBaHHSI.

(2) Inoma m0AaTKOBOI TOPH30HTAIBHOI Ta
BEPTUKAIbHOI  apMaTypu B  KOXKHOMY
HAMpsIMKY TMOBHHHA OyTH HE MEHIIE TUIOII1
CTPWDKHIB, sIKI ~ OOpHBarOTBCA  dYepe3
HasBHICTh OTBOpPY. 3a BIICTaHb IO
rOpu30oHTaNl ab0 BEPTUKAIbHY CTOPOHY
OTBOPY Ha TIOJIOBUHY UIMPUHU OTBOPY
KOe(QIIIEHT BEPTHUKAIBHOTO apMyBaHHS He
noBuHeH Oyru menmie 0,0075.

np ACTY-H b EN 1998-6:201X

(5) Close to the chimney top, where stresses
due to the permanent loads are low, the
minimum vertical reinforcement ratio may
be taken as equal to that of the horizontal
reinforcement.

(6) The spacing of vertical bars should be
not more than 250 mm and that of
horizontal bars should be not more than
200 mm.

(7) The horizontal reinforcement bars
should be placed between the vertical bars
and the concrete surface. Cross-ties between
the outer and the inner layer of
reinforcement should be provided at a
horizontal and vertical spacing of not more
than 600 mm.

5.3.2 Minimum reinforcement around
openings

(1) Around the perimeter and the corners of
openings, reinforcement should be placed
additional to that provided away from the
openings. The additional reinforcement
should include diagonal as well as vertical
and horizontal bars at the corners and
should be placed as near to the outside
surface of the opening as normal
constructional considerations permit The
bars should extend past the opening
perimeter for a full anchorage length.

(2) The area of the additional horizontal and
vertical reinforcement in each direction
should not be less than that of the bars
which are discontinued due to the presence
of the opening. Over a horizontal distance
from either vertical side of the opening of
half the opening width, the vertical
reinforcement ratio should not be less than
0,0075.

33



np ACTY-H b EN 1998-6:201X

34

5.4 Coeuiaabui
NPOEKTYBAHHS

npaBWjIa a”amizy i

(1) 3a BUHATKOM BUIAJKIB, 3a3HAYCHHUX B
(2)P, motpiOHO BpaxoBYBaTWh TUIBKH OJHY
TOPU30HTAJIbHY CKJIAZ0OBY PyXY IPYHTY.

(2P B mumoBux Tpybax 3 OTBOpaMH B
MEKaX KPUTHYHUX 00JIacTeH, BU3HAYCHUX Y

5.2(2), 3 TOPH3OHTAIBLHHM  PO3MIPOM
OUTpIlEe TOBIIMHU CTIHKH JHMMOBOI TpyOu
noTpioHO BpaxoOBYBaTH 00u1B1

TOPU3OHTAJIbHI CKIIAJIOBI PYXy IPYHTY.

(3) BeprukanbHy CKIagOBY pyXy IPYHTY
MO’KHA HE BPaXxOBYBATH.

(4) Sxmo ¢yrepoBka (10 CKIAAETHCA 3
nernu, crami  abo  IHIUX — MaTepiajiB)
MIATPUMYETHCS B TIOTIEPEYHOMY HAMPSIMKY
Hecy4oi OOOJIOHKOIO JTMMOBOi TpyOH B
ONM3BKO PO3TAIIOBAHMX TOYKaX, TaK IO
pyx GyTepoiBKM 1O BiIHONIEHHIO IO
O0OOJIOHKH BBKAETHCS HE3HAYHUM, Macy
(GyTepOBKM MOXHA BKJIIOYUTH B Macy
Hecydoi 0OOJIOHKH, HE BKIIFOYAIOYH OKpEeMi
CTyIeH1 cB000 M (HyTepOBKH.

(5) Sxmro omopu GyrepoBKH JUMOBOT TPyOH
y BEpXHIM YacTHHI TPpyOHW 1, MOJKJIMBO, B
NPOMDKHUX TOYKaX, JIOMYCKalOTh PyX
(yTepoBKM TI0 BiJHOIICHHIO J0 HECYy4oi
000JI0HKH, TO (PYTEPOBKY CIIiJl BKIFOYUTH B
MOJIENTh JTMHAMIYHOTO aHaji3y OKPEeMO Bij
OCTOHHOI KOHCTPYKIIil 000JI0HKU. B mpomy
BHUIIAJIKY, SIKIIIO TUIst aHaJizy
BUKOPUCTOBYETHCS NPY)KHUH ~ CHEKTP
BigmoBingi BimmosimHo mo 3.3(2) i 4.2.4,
3HaueHHs KoedimieHTa aeMrndyBaHHS, IO
BUKOPUCTOBYEThCS Il (DyTepoBKH, Mae
3anexaru Bill il KOHCTPYKITIi.

[NPUMITKA YV  noBigkoBomy Jomatky B
3aIpoNOHOBaHI 3HaYCHHS KoedirmienTa
JneMIi yBaHHS TUTS THUTIOBUX MatepiajiB
byTepoBKU.

5.4 Special rules for analysis and design

(1) Except as specified in (2)P, only one
horizontal component of the ground motion
needs to be taken into account.

(2) P In chimneys with openings within the
critical regions defined in 5.2(2) with
horizontal size greater than the thickness of
the chimney wall, both horizontal
components of the ground motion need to
be taken into account.

(3) The vertical component of the ground
motion may be disregarded.

(4) When the liner (consisting of brick,
steel, or other materials) is laterally
supported by the chimney structural shell at
closely spaced points such that the
movement of the liner relative to the shell is
considered negligible, the mass of the liner
may be incorporated into that of the
structural shell, without including separate
degrees of freedom for the liner.

(5) When the supports of the chimney liner
at the top of the chimney and possibly at
intermediate points permit movement of the
liner relative to the structural shell, the liner
should be included in the dynamic analysis
model separately from the concrete
structural shell. In that case, if the elastic
response spectrum is used for the analysis in
accordance with 3.3(2) and 4.2.4, the value
of the damping ratio to be used for the liner
should depend on its construction.

NOTE Informative Annex B proposes values of the
damping ratio for typical liner materials.



5.5 TI'panmuyHuii craH 3 0oOMeKeHHS
NOUIKO/2KEeHb

(1) Kanmanu BigmpanbOBaHUX ra3iB Yy
IMMOBUX TPYyOax MOBHHHI OyTH mepeBipeHi
Ha HakmajueHi jaedopmarii MbDK MiCISIMH
omopy 1 3a3opaMH MDK BHYTPIIIHIMHU
eJIeMEHTaMH, Tak 100 He Oyna BTpayeHa
ra30HCIMPOHUKHICTD, 1 3AJTUIITABCS JOCTATHIM
3amac mpoTH pyWHYBaHHS TPYOH IUMOBHX
ra3iB  IOpU MEPEMIINIEHHAX, OOYHCIEeHUX
BianmoinHo 10 4.9(3).

(2) Bumora 111010 00MeXEHHS TOIIKOKEHb
BBA)KAETHCS BUKOHAHOIO, SKIIO TIOTIEpEYHE
MIEpEMIIIeHHsT BEpXy CIOPYIH, OOUYMCIeHE
BianosigHo 10 4.9(3), He nepesumrye 0,5%
BHCOTH CIIOPY/IH.

(3) BimHOoCHe BIIXWJICHHS MDK PI3HUMH
MICIIIMH  OTOPY (YyTEpOBKH, OOUYHCIIEHE
BianmoBinHO 10 4.9(3), mae Oytu oOMexeHe
JUIsT OOMEXEHHSI YIIKO/DKEHb (yTEPOBKH.
SIKmo UIs  KOHKPETHOTO TMPOEKTY He
BKa3aH1 OUTBII )KOPCTKI TPAaHUYHI 3HAYEHHS,
MOBUHHI  OyTH  JOTpUMaHI  HACTYIHI
TPaHUYHI 3HaYEHHS BiIHOCHUX TOMEPEYHUX
MepeMIllieHb  CYCIIHIX  TOYOK  OTMOpYy

(byTepoBKH:

a) SKIIO BXKWUTO 3aXO0JiB, IIO0 IOIMYCTUTH
BITHOCHHH PYX MDK OKPEMHUMH YaCTHHAMH
¢byrepoBkr (HampHKIaa, 3a JJIOIOMOTOKO
ckiIaianHsA GyTepOBKH 3 TPYO, HE3AICIHKHUX
OJIHA BiJ OJIHOT, 3 BIAMOBIAHUM 33a30POM):

dr <0,020AH

b) y BCiX IHIIMX BUIMAIKAX:

dr <0,012AH
ne AH - BepTuKanbHa BiICTaHb MDK
CYCIIHIMHU iatpopmami, 110

HNIATPUMYIOTh (QYTEPOBKY.
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5.5 Damage limitation state

(1) Waste gas flues in chimneys should be
checked for imposed deformations between
support points and clearances between
internal elements, so that gas tightness is not
lost and sufficient reserve is maintained
against collapse of the flue gas tube, under
the displacements calculated in accordance
with 4.9(3).

(2) The requirement for damage limitation
is considered to be satisfied if the lateral
displacement of the top of the structure,
calculated in accordance with 4.9(3), does
not exceed 0,5% of the height of the
structure.

(3).The relative deflection between different
points of support of the liner, computed in
accordance with 4.9(3), should be restricted
for damage limitation of the liner. Unless
stricter limits are specified for the particular
project, the following limits on the relative
lateral displacements of adjacent points of
support of the liner should be observed:

a) if provisions are taken to allow relative
movement between separate parts of the
liner, (e.g. by constructing the liner of tubes
independent from each other, with suitable
clearance):

(5.5)
b) in all other cases:
(5.6)

where AH is the vertical distance of adjacent
platforms supporting the liner.
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6 CHEHIAJIBHI TPABUWJIA JJIs
CTAJIEBUX ITUMOBUX TPYB

6.1 IlpoekTyBaHHA /UIl JMCHIATUBHOI
MOBeIHKH

(1) CraneBi pamu abo depmu criopyau, siKi
3a0e3MeYyI0Th MOMCPEYHUI OTip KaHagam

BIIIPAIIbOBAHUX Ta3iB JUMOBUX TpPYO,
MOXYTh Oyt 3aMpOeKTOBAHI IS
NUCHUIIATUBHOI  IIOBEMIHKHA 3rigHO 3

BignoBiHuMHE npaBuaamu EN 1998-1:2004,
Posmint 6. B mpomy BHmagky ix
MIPOEKTYBaHHS IMIOBUHHO OYTH 3aCHOBAHO Ha
BeJIMYMHAX 0a30BOT0 MMOKA3HUKA MOBEIIHKU
Jo, IKU HE TICPEBHUIIY€E HACTYITHI 3HAYCHHS

(a) pamu, 1Mo crnpuiiMalOTh MOMEHTH abo
pamu 3 eKCUEHTPUYHUMH B’SI3IMU: (o = 5;

(b) pamu 3 KOHUEHTPHYHUMH B’S3IMHU:. (o
npuitmaerbes 3 Pucynka 7.1

(2) CrameBi mumoBi TpyOH, sKi MICTATH
KOHCTPYKTHUBHY 000JIOHKY Ta
MIPOCKTYIOTHCS JUIST JIMCHIIATUBHOT
MOBEIIHKH, ITOBHHHI BiAIOBIAATH BHMOIaM
EN 1993-1-1:2004, 543 i 56 s
3araJbHOTO TUTACTUYHOTO aHali3y. B mpomy
BHITAJIKy 1X TIPOCKTYBaHHSI MOXE OyTH
3aCHOBAHO Ha 3HAYEHHI 06a3oBoro
MMOKa3HUKA MOBEAIHKH: (o = 2,5.

(3) B 3anexxHOCTI Bifi 0OpaHUX MMOIEPEUYHUX
nepepiziB, 0a30Be 3HAYCHHS ITOKAa3HUKA
MOBEIIHKM  OOMEXKYEThCS  3HAYCHHSIMH,
HaBeaeHuMu B Ta0Omumi 6.1.

[MPUMITKA CraneBi auMoBi TpyOH 3 BiITSDKKaMH
3a3Bu4ail jJerkoBarosi. I1o cyrti, iX mpoekTyBaHHS Ha
TIOTIEPEYHI BIUIMBY 3a3BUYail BU3HAYAETHCA BITPOM,
SIKIIIO BOHU HE MAIOTh BENTUKUX (pakeniB abo iHIMIMX
Mac OoOIH3y BEPXiBKU.

6 SPECIAL RULES FOR STEEL
CHIMNEYS

6.1 Design for dissipative behaviour

(1) Steel frame or truss structures which
provide lateral support to flue gas ducts of
chimneys may be designed for dissipative
behaviour, in accordance with the relevant
rules of EN 1998-1:2004, Section 6. In that
case their design should be based on values
of the basic behaviour factor go not
exceeding the following:

(a) moment resisting frames or frames with
eccentric bracing: qo =5,

(b) frames with concentric bracing: go taken
from Fig. 7.1.

(2) Steel chimneys consisting of a structural
shell designed for dissipative behaviour
should satisfy the requirements of
EN 1993-1-1:2004, 5.4.3 and 5.6 for plastic
global analysis. In that case their design
may be based on a value of the basic
behaviour factor: qo = 2,5.

(3) Depending on the chosen cross-sections,
the basic value of the behaviour factor is
limited by the values given in Table 6.1.

NOTE Guyed steel chimneys are generally
lightweight. As such, their design for lateral actions
is usually governed by wind, unless they have large
flares or other masses near the top.
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Taoaunsa 6.1 - O0MexkeHHs HA 0a30Be 3HAYECHHS MOKA3ZHUKA MOBEIIHKU B 32JI€KHOCTI Bix
KJIACY MONEPEeYHOro nepepisy crajieBux eJieMeHTIB

Table 6.1 - Restrictions on the basic value of the behaviour factor, depending on the cross-

sectional class of steel elements

ba3oBe 3HaueHHS MOKa3HUKA NOBEIHKH, (o
Basic value of the behaviour factor

JIoOyCTHUMHH KJIAC TIOTIEPEYHOTO IIEPEPIZY
Allowed cross-sectional class

<Qo 1,5 Kiac 1, 2, 3 a6o 4 (BinmosinHo o 4.7.5(3))
Class 1,2,3 or 4 (in accordance with 4.7.5(3))
15<qo 2 Knac 1, 2 a6o 3
Class 1,2 or 3
2<<qo 4 Kiac 1 a6o 2
Class 1 or 2
Qo> 4 Knac 1
Class 1
6.2 Marepiaan 6.2 Materials
6.2.1 3araJibHi M0JI0KEHHS 6.2.1 General

()P KoHcTpykiiiiHa cranb  IMOBHHHA
BiMOBiaTH €BPONEHCHKUM CTaHIApTaM,
sramyBanuM B EN 1993-1-1:2004, 1.2.2 i
EN 1993-3-2.

(2)P  KoHcTpykiiiiHa cranb  IOBHHHA
sinnoBimatu EN 1993-1-1:2004, 3.2.

(3) ToBuIMHA CTaICBUX €IEMEHTIB MIOBUHHA
pignoBimatu BumoraM EN 1993-1-10:2004,
Tabmuus 2.1, B 3ameXHOCTI Bix eHeprii mo
[apni mis 3pa3ka 3 V-noaioHUM Haapizom
Ta IHIIMX XapaKTepHUX  IapaMeTpiB,
a takox Bix EN 1993-3-2.

(4) Slkmo KOMIOHEHTH 3 HEprKaBiro4oi abo
JICTOBAHOT CTaJIi 3'€IHYIOTHCS 3 BYTJICIIEBOIO
CTAJUTIO, KpaluMu € OONTOBi 3'¢HAHHS.
[lo6 yHUKHYTM HPHUCKOPEHOI KOpo3ii
BHACTIIOK TalbBaHIYHOTO BIUIMBY, TakKi
3'¢THaHHS TOBHHHI MICTUTH  130JII0I0U1
MPOKJIAJKK. 3BapIOBAHHA JOMYCKAEThCS 3a
YMOBH, II0 BHUKOHYETBHCS CHEIliali30BaHMA
METaNTYprifHUN KOHTPOJIb MIOA0 MPOLEAYPH
3BapIOBaHHS 1 BUOOPY €NEKTPoa.

(1)P Structural steel shall conform to the
European Standards referred to in
EN 1993-1-1:2004, 1.2.2 and EN 1993-3-2.

2)P Structural steel shall conform to
EN 1993-1-1:2004, 3.2.

(3).The thickness of steel elements should
conform to the requirements  of
EN 1993-1-10:2004, Table 2.1, depending
on the Charpy V-Notch (CVN) energy and
other relevant parameters, and of
EN 1993-3-2.

(4) Where stainless steel or alloy steel
components are connected to carbon steel,
bolted connections are preferred. In order to
avoid accelerated corrosion due to galvanic
action, such connections should include
insulating gaskets. Welding is permitted,
provided that specialised metallurgical
control is exercised with regard to the
welding procedure and the electrode
selection.
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6.2.2 MexaHiuHi BJACTHBOCTI 1JId
KOHCTPYKUIIHUX BYIJIeleBUX cTajeil

()P MexaHi4uHi BIIACTUBOCTI
KOHCTPYKIIHHUX BYTJIENEeBHUX cTajei S 235,
S 275, S 355, S 420, S 460 noBuuHI OyTH
B3aTi 3 EN 1993-1-1:2004, a s
BJIACTUBOCTEH IPU BUCOKHX TEMIIEpaTypax

3 EN 13084-7.

6.2.3 Mexaniuni
Hep:KaBilOUMX cTaJei

BJIACTUBOCTI

(1)P MexaHiyHi BIACTHUBOCTI, TOB'sI3aHi 3
HEp)KaBIIOUMMHU CTaJsIMU, MOBHHHI OyTH
B3sTi 3 EN 1993-1-4 nmns temmeparypu 10
400°C, a mpu OUIBII BUCOKHX TeMIepaTypax
- 3 EN 13084-7.

6.2.4 3'ennaHHA

(1) dnst matepiamiB 3'eHaHb, BUTPATHUX
MartepiaimiB IS 3BapIOBaHHS TOIIO, CIIJ
3epratucs g0 EN  1993-1-8:2004 i
BUIMOBIIHUX  CTaHAApTIB HAa  BHUPOOH,
3a3HAUYEHUX Y HbOMY.

[IPUMITKA Takox poOuTbcs TOCHIAHHA Ha
EN 1993-3-2:2005, dosinxosi momatku C i E.

6.3 TI'paHnmuyHuii cTaH 3 OOMeKeHHs

MOLIKOIKEHb
(1) 3acrocoByerncs 5.5(1).
(2) 3acrocoByethes 5.5(2).

6.4 KinueBuii rpaHUYHUH CTaH

(1) BBaxkaerbcs, 10  MPOCKTYBAaHHS
BIJIIIOBIIHO bi (o) LIBOT'O CTaHaapTy,
BKITIOYAIOUH 3HAYCHHS TIOKa3HHKIB
MOBEIIHKY, 3a3HAYCHUX VI JUCHUIIATHBHOI
abo HEIMCUITIAaTUBHOI [MOBEIIHKHU
3a0e3MeuyeThesi, KOJIM MaJOIlUKIOBa BTOMA
€JIEMEHTIB KOHCTPYKIIii (ocobamBo
3'e/IHaHBb) HE cpusie KIHLIEBOMY

I'PaHUYHOMY CTaHy.

6.2.2 Mechanical
structural carbon steels

properties  for

(1)P The mechanical properties of structural
carbon steels S 235, S 275, S 355, S 420,
S 460  shall be taken  from
EN 1993-1-1:2004 and, for properties at
higher temperatures, from EN 13084-7.

6.2.3.Mechanical properties of stainless
steels

(1)P Mechanical properties related to
stainless steels shall be taken from
EN 1993-1-4 for temperature up to 400°C
and at higher temperatures from
EN 13084-7.

6.2.4.Connections

(1) For connection materials, welding
consumables, etc., reference should be made
to EN 1993-1-8:2004 and the relevant
product standards specified therein.

NOTE Reference is also inade to
EN 1993-3-2:2005, Informative Annexes C and E.

6.3.Damage limitation state

(1) 5.5(2) applies.
(2) 5.5(2) applies.
6.4 Ultimate limit state

(1).Design in accordance with the present
standard, including the values of the
behaviour factors specified for dissipative or
for non-dissipative behaviour, is deemed to
ensure that low cycle fatigue of structural
details (especially connections) will not
contribute to the ultimate limit state.



(2) IIpu mpoekTyBaHHI €IEMEHTIB, TAKHX K
bnanmi, cmig  BpaxyBaTH  PO3MOILT
TUIACTUYHUX HAIPYT.

(3) Ilpm mnepesipui auMoOBOI TpyOM Ha
NPOEKTHY CEHCMIUHy  CHTYyamilo  CIIif
BpaxyBaTd JIOMYCK TOBIIMHH Ha KOPO3il0
BigmoBigao mo EN 1993-3-2, saxmo He
NPUKAHATI CHElialibHI 3aX0Ju KOPO3IHHOTO
3axucty B EN 1993-1-1:2004.

(4) OcnabneHHs moINEpevHOro Tepepizy 3a
JIOTIOMOTOI0 BHpI31B 200 OTBOPIB (JIFOKH,
BXi J0 JMMOBOrO KaHaly) Mae OyTu
KOMIICHCOBAHO JIOKAJIbHUM  TTOCHJICHHSM
Hecydoi OO0OJIOHKM (HAmpuKIIaa, 3aco0oM
€JIIEMEHTIB  JKOPCTKOCTI HAaBKOJIO  KpaiB
OTBOpIB) 3  ypaxyBaHHSIM  MIpKyBaHb
nokanbHOT crifikocti (quB. EN 1993-3-2).

np ACTY-H b EN 1998-6:201X

(2).In the design of details, such as flanges,
the plastic stress distribution should be
taken into account.

(3)In the verification of a chimney for the
seismic design situation, a corrosion
allowance on thickness should be taken into
account in accordance with
EN 1993-3-2, unless the special measures
for corrosion protection in
EN 1993-1-1:2004 are taken.

(4).Weakening of cross-section by cut-outs
or openings (manholes, flue inlet) shall be
compensated for by local reinforcement of
the structural shell (e.g. through stiffeners
around the edges of the openings), taking
into account local stability considerations
(see EN 1993-3-2).
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7 CIIEIIAJIBHI
CTAJIEBUX BEX

INPABUJIA JJIA

7.1 T'ay3p BHKOPHCTAHHA

(1)P CraneBi Bexi, 3alpOEKTOBaHi 3TiTHO
70 1OTO €BPOKOy, TTOBUHHI BiIMOBIAATH
BIITOBIAHAM YacTHUHAM EN 1993,
pxurrogaroun EN 1993-1-1 1 EN 1993-3-1, ta
JOJIATKOBUM  TpaBWJIAM, 3a3HAYCHUM YV
uboMy Po3zmimi.

7.2 TIpoeKkTyBaHHsI Uil JAUCHIATHBHOL
NOBEAIHKH

(1) TIpoekTyBaHHS CTaleBHX BEX VIS
JTUCUTIATUBHOL TOBEIIHKHU MMOBUHHO
MIKOPSATUCS BIIIOBIAHUM MpaBuIaMm
EN 1998-1:2004, Po3min 6. B 1mpomy
BHUMAJIKY iX IPOCKTYBaHHS MOBUHEHHO OyTH
3aCHOBAaHO Ha  3HA4YeHHAX  0a30BOTO
MOKa3HWKA  TOBENIHKM (o, 110  HE
MIePEBUIIYIOTh HACTYITHI:

(a) pamu, moO cOpuiiMarOTh MOMEHTH abo
pamH 3 eKCIEHTPUIHUMH B’SI35IMH (o = 5;

(b) pamMu 3 KOHIEHTPHYHUMH B’S3IMHU:. (o
npuiiMaeTbes 3 Pucynka 7.1.

(2) 3acrocoByetnes 6.1(3).

(3) Skmo y BeNUMKHX JlaroHAISIX BEXi
BUKOPHUCTOBYIOTBCS IITPEHTENbHI  TPyOH,
0a30Be 3HAYCHHSI MMOKA3HUKA TIOBEIIHKA Ma€
OyTu 0OMe)XeHe 3HaYEHHSIM 2.

7.3 Marepiaan

(1)P  KouctpykiiiiHa cTaab MOBHHHA
BigmoBigatn €Bporneiickkium CraHmapTam,
sragyBanuM B EN 1993-1-1:2004, 1.2.2 i
EN 1993-3-1.

(2)P 3actocoByetnes 6.2.1(2) P.

(3)P 3acrocoByetbest 6.2.1(3) P.

4 3aCTOCOBYIOThCS
EN 1998-1:2004, 6.2.

BHUMOT'H 3

7 SPECIAL RULES FOR STEEL
TOWERS

7.1 Scope

(1)P Steel towers designed according to this
Eurocode shall conform to the relevant parts
of EN 1993, including EN 1993-1-1 and
EN 1993-3-1, and to the additional rules
specified in this Section.

7.2 Design for dissipative behaviour

(1) Design of steel towers for dissipative
behaviour should be in accordance with the
relevant rules of EN 1998-1:2004,
Section 6. In that case their design should be
based on values of the basic behaviour
factor go not exceeding the following:

(a) moment resisting frames, or frames with
eccentric bracings go = 5;

(b) frames with concentric
go taken from Fig. 7.1.

bracings:

(2) 6.1(3) applies.

(3) If trussed tubes are used in the major
diagonals of the tower, the basic value of
the behaviour factor should be limited to 2.
7.3 Materials

(1)P Structural steel shall conform to the
European Standards referred to in
EN 1993-1-1:2004, 1.2.2 and EN 1993-3-1.
(2)P 6.2.1(2)P applies.

(3)P 6.2.1(3)P applies.

4) The requirements in
EN 1998-1:2004, 6.2 apply.



(5) ToBummuHa  X0JOAHOIEPOPMOBAHUX
CIICMEHTIB BEX I[IOBHHHA CTAHOBUTH HE
MeHUIE 3 MM.

I[MPUMITKA CraneBi Bexi iHOII MPOCKTYIOTHCS Ha
eKcInTyaraliro 6e3 o0cmyroByBaHHs npotsirom Bin 30
no 40 abo Oimpme pokiB. Ilpy mpomMy MoxHa
BHUKOPHCTOBYBATH aTMOC(EPOCTIHKY CTalb, SKIIO HE
HAHOCUTHCS AaHTUKOPO3IMHMI 3aXHCT, TaKUH SK
rapsiae MUHKYBaHHS.

7.4 IIpoeKTyBaHHS BeK 3
KOHUEHTPUYHUMH B’ A3IMH

(1) Ha Pucynky 7.1 moka3aHi 3Ha4€HHS (o,
BUKOPUCTOBYBaHI  IpHU POEKTYBaHHI1
TUMOBUX KOH(QIrypauid CcTaleBUX BEX 3
KOHIICHTPHYHUMHA B’SA35IMU JUISt
JMCUITATUBHOI TTOBEIIHKH.

(2) B pamax na Pucynky 7.1 (a) - (e) ta (h)
MOTPIOHO BpaxyBaTH SK PO3TATHYTI, TaK 1
CTHCHYTI B’5I31 MpU MPYKHOMY PO3PAXYHKY
CIIOPY/IM Ha CEMCMIYHHI BILJIUB.

(3) Pamu na Pucynky 7.1 (a) - (c) HajexaTh
1o posmipHux Tumy K Ta He JTOMYyCKarThCs
IUTsl TUCHITATUBHOI TOBEIIHKH. 3HAYEHHS (
JUTSI IILOTO THITYy paM oOMexyeThes 1,5.

(4) Pamu Ha Pucynky 7.1(d) Ta (h) MoxyTh
po3rasaaTucs, SK pamMud 3 V-oAiOHHMH
PO3IIpKaMH, 3 B’SI3SIMHM, IO NEPETHHAFOTHCS
Ha Oe3repepBHOMY TOPH30HTATBHOMY
eneMeHTi. IIpoekTyBaHHS Ui TUCHITATHBHOT
MOBEIHKA Ma€ BIIMOBIIATH  IPaBUJIAM,
naBenenum y EN 1998-1:2004, 6.7 momo
dhepM 3 V-ogiOHUMH PO3MIPKaMH.

(5) Huma pamum Ha Pucynky 7.1(e)
MPOEKTYBaHHS TSt JMCUTIATUBHOT
MOBEJIIHKK Ma€ BIAMOBIIATH TIpaBUIaM B
EN 1998-1:2004, 6.7 mumomo pam 3
JiaroOHaJbHUMHU  PO3MIpKaMHu, B SKHX
JiaroHajgi  He  pO3TALIOBYIOTbCA  SK
X-no1i0H1 1iaroHaIbH1 PO3MIPKH.

(

6) Pamu 3 X-nomiOHUMH po3MipKaMu Ha
mamonky  7.1(f) Ta (g)  MOXyTh
po3risiaTics SK paMu 3 X-TIOAIOHUMHU
JiaroHaJIbHUMHU pO3MipKamH. [Ipn

np ACTY-H b EN 1998-6:201X

(5) The thickness of cold-formed members
for towers should be at least 3 mm.

NOTE Steel towers are sometimes designed to be in
service without maintenance for 30 years to 40 years
or even longer. Weathering steel may then be used,
unless protection against corrosion is applied, such
as hot dip galvanising.

7.4 Design of towers with concentric
bracings

(1) Figure 7.1 shows the values of go to be
used in the design of typical configurations
of steel towers with concentric bracings for
dissipative behaviour.

(2) In the frames in Figure 7.1 (a) to (e) and
(h), both the tension and compression
diagonals shall be taken into account in an
elastic analysis of the structure for the
seismic action.

(3) The frames in Figure 7.1 (a) to (c)
belong to K types of bracings and are not
allowed for dissipative behaviour. The value
of q for this type of frames is limited to 1,5.

(4) The frames in Figure 7.1(d) and (h) may
be considered similar to V-braced frames
with diagonals intersecting on a continuous
horizontal member. Design for dissipative
behaviour should be in accordance with the
rules given in EN 1998-1:2004, 6.7
pertaining to frames with V bracings.

(5) For the frame in Figure 7.1(e) design for
dissipative  behaviour should be in
accordance with the rules in
EN 1998-1:2004, 6.7 pertaining to frames
with diagonal bracings in which the
diagonals are not positioned as X diagonal
bracings.

(6) The X-braced frames in Figure 7.1 (f)
and (g) may be considered as frames with X
diagonal bracings. In design for dissipative
behaviour only the tension diagonals should
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MPOCKTYBaHHI1 JUTSL JIMCUIIATUBHOT
MOBEAIHKM TUIBKK PO3TATHYTI JiaroHani
CIIiJT BpaXOBYBATH B MPYKHOMY PO3PAXYHKY

Criopyay Ha ceiicMiyHWN BruB. Take
MPOEKTYBaHHA IOBUHHO BUKOHYBAaTHUCS
3TiJHO 3 TMpaBWJIaMH, HABEJACHUMH B

EN 1998-1:2004, 6.7 momo pam 3

X-TOIIOHUMH JTIarOHATBHUMHE PO3ITIPKAMH.

(7) Slkmo 3HaveHHS 0a30BOTO IMOKA3HHKA
MOBEJIIHKH, SKHI BUKOPHCTOBYETHCS TIPU
MPOEKTyBaHHi, Oimpine abo mopiBHIOE 3,5,
TO TOBHHHI OyTH 3a0e3ledeHi TPHUKYTHI

TOPU3OHTAJIbHI B’s31 TMOBHICTIO, SK Ha
PUCYHKY 7.2.

7.5 CreniajabHni npasuJjia I
NMPOEKTYBAHHS onop JIHiH
eJIeKTponepenayi

(1) Tlpm mnpoekTyBaHHI TIOBHHHI OyTH

BpaxoBaHI HETaTHUBHI €(EeKTH Ha ONOpH
Ka0eliB MK CYC1IHIMU ONIOpaMH.

(2) Bumora B (1) mMoxe OyTu 3a710BOJIEHA,
SIKIO Jisl CEMCMIYHOTO BIUIMBY B CIIOPY/Ii
OTIOPH OOYHMCITIOIOTHCS IIIIAXOM ITPOCTOTO
J0JIaBaHHsI HACTYITHUX CKJIAJIOBUX (HE CIIIJ
BHKOPUCTOBYBATH MPABWIIO T'€OMETPHYHOTO
JI0/TaBaHHS BEKTOPIB a00 MO/1I0H1 TTpaBuIa):

- Jlii celicMIiYHOTO BIUIMBY BHACIIIOK
3yCHJIb, TIPUKIAJCHUX JO OIOPH  BiJ
Ka0eliB, BBa)KAlOUH, IO ONOPa PyXa€ThCs
CTaTUYHO 110 BIIHONIIEHHIO [0 CYCITHIX
ONOp B HAWHECHPUSATIUBINIOMY HAIpsMi.
[lepenbauyBane BiHOCHE TMepeMIilIEHHS
MTOBHHHO JOPIBHIOBATH TIOJIBOEHOMY
PO3paxyHKOBOMY TICPEMILICHHIO TIPYHTY,
3azHaueHomy B EN 1998-1:2004, 3.2.2.4.
CykynHicTh  yciXx (I3UYHO  MOKIIMBUX
BIIHOCHHUX TIEPEMIIIEHh MDK OIIOpaMH
MoBMHHA OyTH  NpoaHaNi30BaHAa  MpH
MPUIYIIEHH], [0 OMOpH 3aKpirieHi Oiis
OCHOBH;

- Jlii ceiicMiYHOTO BIUIMBY BHACIIJOK
IHepUIHHUX HaBaHTaXEHb 3 JAUHAMIYHOTO
aHanizy BigmosigHo mo 4.2.1(2). Y mozeni 3
TpbOMa ONOPaMU MOXXe OyTu 3poOJIeHO
oOMexyroue TOMYIICHHS JJIsl IBOX CYCITHIX

be taken into account in an elastic analysis
of the structure for the seismic action. Such
design should be in accordance with the
rules given in EN 1998-1:2004, 6.7
pertaining to frames with X diagonal
bracings.

(7) If the value of the basic behaviour factor
used in the design is greater than or equal to
3,5, fully triangulated horizontal bracings,
such as those in Figure 7.2, should be
provided.

7.5 Special rules for the design of
electrical transmission towers

(1) The design should take into account the
adverse effects on the tower of the cables
between adjacent towers.

(2) The requirement in (1) may be satisfied
if the seismic action effects in the tower
structure are calculated by a simple addition
of the following (SRSS or similar
combination rules should not be used):

- The seismic action effects due to the
forces exerted on the tower by the cables,
assuming that the tower moves statically
with respect to the adjacent ones in the most
adverse direction. The assumed relative
displacement should be equal to twice the
design ground displacement specified in
EN 1998-1:2004, 3.2.2.4. A set of all
physically possible relative displacements
between towers should be analysed, under
the assumption that towers are fixed at their
base;

-The seismic action effects due to the inertia
loads from a dynamic analysis in
accordance with 4.2.1(2). In the three
towers model, a limiting assumption may be
made for the two adjacent towers, if these



OTop, SKII0O BOHMU € MpSMUMH. B 1pomy
BUIAJKY IHEpIiiHI HaBaHTa)XCHHS MO>KHA
OOYMCIIUTH, TPUITYCKAIOYH, W0 CYyCimHS
oropa € TPYXKHO-ONEPTOI0 Ha BHUCOTI
Ka0eIto B3JIOBX HANpsAMKY KaOeliB.

7.6 TI'pannynuii cTtaH 3 0OMeKeHHS
NOIIKO/’KeHb

(1) Mexi nepemimieHb,  OOYHCICHI
BignmoBigHo g0 4.9(3), noBuHHI OyTH
BKa3aHi I KOHKPETHOTO TIPOSKTY JIS
T'PaHUIHOTO CTaHy 3 0OMEKEHHS
MOIIKOKEHD 3aJICKHO BiJ] TMPU3HAYCHHS
OTIOPH.

X
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are tangent towers. In this case, inertia loads
may be calculated assuming the adjacent
tower is elastically supported at the cable
elevation along the direction of the cables.

7.6 Damage limitation state

(1) Limits on the displacements, calculated
in accordance with 4.9(3), should be
specified for the particular project for the
damage limitation state, depending on the
function of the tower.

2

(b) go=1.5 (d)g.=2

i

(h)yg,=2

(8)go=1.5 (©) go=15

(©¢.=3 (D go=4 (2) 9. =4

Pucynok 7.1: ba3oBi 3HaueHHs MOKAa3HUKA MOBEIIHKU JUIsl KOHQIrypaiiii craieBux pam 3
KOHLICHTPUYHUMH B’ SI3IMU

Figure 7.1: Basic values of the behaviour factor for configurations of steel frames with
concentric bracings.
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ZAN

/ /

/

Pucynox 7.2: [Tpukiiagy MOBHICTIO TPUKYTHUX TOPU3OHTANBHUX B SI3€H, U1 BUKOPHUCTAHHS B
yT

OamTax 3 (o > 3,5.

Figure 7.2: Examples of fully triangulated horizontal bracings, to be used in towers with qo >

3,5.

1.7 Inumi cneniajbHi npaBuia
MPOEeKTYBAHHA

(1) «TeneckomivyHi 3'€qHAHHSI» MOXYTh
BUKOPHUCTOBYBATHCS B TpyOUacTux
CTaJleBUX BEXaxX, TUIBKH SKIIO BOHHU

€KCIIEpUMEHTAJIbHO KBaTipiKoBaHi.

(2) Ankepu ¢QyHIAMEHTY TMOBHHHI OyTH
3a0e3reyeHi OIS OCHOBM KOJIOH Ha
pPO3TATYIOY1 CHIIH, SIK1 OUTbIIE 3 HACTYITHHUX
ZIBOX 3HAUYEHb, SKIIO BOHU € PO3TATHYTHMH:
BIAMOBIIHO 10

(a) cwmma, oOuuncieHa

4.2.1(2);

(b) cumma, oOuucieHa 3
CEHUCMIYHOT  MPOEKTHOI
BUKOPUCTAHHSIM  3HAUEHHS
MOBE/IIHKKA HE OUIbIN ( = 2.

aHamizy I
cuTyartii 3
MMOKa3HUKa

(3) Cruku B Oamtax, IOBHHHI OyTH
CIPOEKTOBaHI 1 CKOHCTpPYHOBaHi, 1100
BIIIOBINATH  BIANOBiAHUM BHUMOTaM B
EN 1998-1:2004, Posnmin 6 nag CTHKIB B
KOHCTPYKTUBHUX CUCTEMaXx IMOAI0HOTO TUITY
Ta KOH(]Irypauii, 3alpo€KTOBaHUX 3a THUM
ke  0a30BUM  3HAUEHHSM  TOKa3HHUKA
MOBEJIIHKH, (o, 1110 1 JIaHA BEXKa.

7.7 Other special design rules

(1) "Telescope joints” may only be used in
tubular  steel towers, if they are
experimentally qualified.

(2) Anchorage to the foundation should be
provided at the base of the columns for the
tension force which is the larger of the
following two values, if they are tensile:

(a) the force calculated in accordance with
4.2.1(2);

(b) the force calculated from the analysis for
the seismic design situation, using a value
of the behaviour factor not greater than
g=2.

(3)Joints in towers should be designed and
detailed to meet the relevant requirements in
EN 1998-1:2004, Section 6 for joints in
structural systems of similar type and
configuration, designed for the same basic
value of the behaviour factor, qo, as the
tower.



8 CHELIAJIBHI ITPABUJIA 1JIA
orJi 3 BIATA’KKAMUAU

8.1 T'any3p BUKOPUCTAHHS

(1) P Lleit po3ain BiTHOCUTHCS 10 CTAICBHX
IIOTJI.

(2)P  CraneBi 1woram, 3ampOEKTOBaHI
BIIMOBIIHO 10 I[,OTO €BPOKOTY, TMOBHHHI
BIIIOBIIATH BIJIIOBIIHAM JacTUHAM
EN 1993, sBxmrowaroun EN 1993-1-1 i
EN 1993-3-1, a Takox [IOJAaTKOBHUM
MpaBWJIaM, 3a3Ha4Y€HUM Y 1ibomy Po3mini.

8.2 CneunianbHi BUMOTM 10 aHAmi3y Ta
NMPOEeKTYBAHHS

(1) TlpoekryBanHS il  JUCHIIATUBHOT
TOBE/IIHKKA HE JOIYCKAE€ThCS ISl IIOTIT 3
BIATSDKKaMU. BOHM MOBWHHI MPOEKTYBATHCS
Ha HU3BKOIMCHUITATUBHY TIOBEIIHKY 3 ( = 1,5.

(2P Hampyra B KaHaTHHX BIATSKKAX
BHACIIIOK MMPOEKTHOTO CEHCMIYHOTO
BIUIMBY MOBUHHA OyTH HWX4Ya, HDK Harpyra
MOTIEPETHHOTO HABAHTAKCHHS KaHATa.

(3) Tlpyxuuit 3B'I30K, MO0 HAKIAJAETHCS
KaHATHAMHM  BIITSDKKAMH ~ Ha  MIOTIY,
NOBUHEH OyTH BpaxOBaHWH HACTYITHHM
YHHOM:

- y BiTHOCHO KOpoTkuX mioriax (mo 30 abo
40 ™M) KaHaTHI  BIATSOKKH — MOXYTh
PO3IIIAIATHCS K MPOCTI HATSKHI €JIEMEHTH
3 JKOPCTKICTIO, sIKa 3aJIUIIAETHCS MOCTIMHOO
P 3THHI IIOTJIH,

- y OUIbII BHUCOKMX BEXax IPOBUCAHHSA
KaHATHUX PO3TSHKOK BEIMKE 1 Mae OyTH
BpaxoBaHE 3a JIOIIOMOIOI0 JKOPCTKOCTI
KaHaTy, fKa 3aJeXuTh BiI aedopmarriii
BiamoinHo 10 4.2.3(2) i (3).

(4) TlpoBucaHHsS KaHATHUX  BIATSDKOK
BHACIIIZIOK JIbOJIOBOIO HABAHTAKEHHS, 10
PO3IIISIAEThCA B CEMCMIYHIA MPOEKTHIN
CHUTYallii, Mae OyTH BpaxOBaHe.

(5) [ns mpoBucarouMx 1 NPSIMUX KaHATIB
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8 SPECIAL RULES FOR GUYED
MASTS

8.1 Scope

(1)P This section refers to steel masts.

(2)P Steel masts designed according to this
Eurocode shall conform to the relevant parts
of EN 1993, including EN 1993-1-1 and
EN 1993-3-1, and to the additional rules
specified in this Section.

8.2  Special
requirements

analysis and  design

(1) Design for dissipative behaviour is not
allowed in guyed masts. They should be
designed for low dissipative behaviour with
g=15.

(2)P The stress in the guy cables due to the
design seismic action shall be lower than the
preload stress of the cable.

3).The elastic restraint provided by the guy
cables to the mast should be taken into
account as follows:

- in relatively short masts (up to 30 or 40m)
the guy cables may be considered to act as
simple tension ties, with stiffness that
remains constant as the mast bends;

- in taller towers the sag of the guy cables is
large and should be accounted for through a
cable stiffness that depends on deformations
in accordance with 4.2.3(2) and (3).

(4).The sagging of guy cables due to the ice
load considered in the seismic design
situation should be taken into account.

(5).For both sagging and straight cables, the
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KOPCTKOCTI
HOBUHHA  OyTH

TOPU30HTAIEHA  CKJIAJI0Ba
KAHATHOI  BIATAXKKHA
NPUKHATA PIBHOIO:

_ 2
Kegp = COS” L

e

Ac mTonia monepevyHoro nepepizy KaHaTHO1
BIITSKKY,

Eeq ehexTrBHUI MOYIH IPYKHOCTI KAHATHO1
BIATSOKKM (3 YpaxyBaHHSIM IPOBUCAHHS
BimnosigHo g0 1. 4.2.3(3) i 4.2.3(4),
SIKIIIO TIOTPiOHO, BimnoBimHo 10 (3), (4));

| noBxkwuHa KaHaTa;

Q@ KyT KaHATHO1 BIATSDKKH TIO BITHOIIEHHEO
JI0 TOPU30HTATI.

(6) SIxkmo mpoBHCaHHA 1 Maca KaHATHOT
BIITSDKKM € 3HAYHUMH, CII BpaxyBaTH
MOXJIMBICTh IMIYJbCHOTO HABAaHTAKCHHS
IIOTJIM BiJ KaHAaTa B CEHCMIYHINA MPOCKTHIN
CUTYyaIlii.

8.3 Marepiaim

(1)P 3acrocoByetncst 7.3(1)P.

(2)P 3acrocoByetncs 6.2.1(2)P.

(3)P 3acrocoByethes 6.2.1(3)P.

(4) 3acTOCOBYIOTHCSI BUMOTH 3
EN 1998-1:2004, 6.2.

8.4 I'pannyHuMii cTaH 3 00MeKeHHsI
MONIKO/IKEHb

(1) 3actocoByeThes 5.5(2).

(2) T'panunuyne 3HAa4YCHHS  BITHOCHHUX
nepeMileHb MDK TOPU30HTAIbHUMHU
eJIeMEHTaMHU KOPCTKOCTI, obuuciieHe

BiamoBinHo 10 4.9(3), Mae OyTu BKazaHO
JUISE KOHKPETHOTO MPOEKTY ISl TPAaHUYHOTO
CTaHy 3 OOMEXeHHS TONIKO/KEHb, B
3aJIeKHOCTI BiJ MPU3HAYEHHS IIOTIIH.

AcEeq
|

horizontal component of the guy cable
stiffness should be taken equal to:

(8.1)

in which

Ac is the cross-section area of the guy cable;

Eeq IS the effective modulus of elasticity of
the guy cable (accounting for the sag
according to 4.2.3(3) and 4.2.3(4), if
required in accordance with (3), (4));

| is the length of the cable,

a is the angle of the guy cable with respect
to the horizontal.

(6) If both the sag and the mass of the guy
cable are significant, the possibility of
impulsive loading on the mast from the
cable in the seismic design situation should
be taken into account.

8.3 Materials

()P 7.3(1)P applies.
(2)P 6.2.1(2)P applies.
(3)P 6.2.1(3)P applies.

(4) The requirements in
EN 1998-1:2004, 6.2 apply.

8.4 Damage limitation state

(1). 5.5(2) applies.

(2). A limit on the relative displacements
between horizontal stiffening elements,
computed in accordance with 4.9(3), should
be specified for the particular project for the
damage limitation state, depending on the
mast function.



JIOJIATOK A
(moBimKOBHiT)

JIHIMHAW JUHAMIYHAM AHAJII3
3 YPAXYBAHHSIM OBEPTAJIbHUX
CKJIAJIOBUX PYXY IPYHTY

(1) Komm BpaxoByIOThCS  00epTaabHI
CKIaJIOBI  pyXy TIpyHTY B  Tmporueci
3eMJIETPYCY, CEMCMIYHUI BIUIMB MOXe OyTH
NpeJCTaBICHUN TphOMa NPY)KHUMH
CIEKTpaMH  peakmii I MOCTYIMaIbHHUX
CKJIQJIOBUX 1 TPbOMa MPY)KHUMH CHEKTPAMH
peaxiii 1st 06epTaaIbHUX KOMITIOHEHT.

(2) Tlpyxui cmexTpu peakiii s JBOX
TOPHU30HTAILHUX MOCTYMAIbHUX CKJIaJ0OBHX
(oci X 1Y) 1 g BePTHKAIBHOI CKIaJI0BOT
(Bic Z) € chekTpamMH, HaBEJACHUMH B

EN 1998-1:2004, 3.2.2.213.2.2.3.

(3) OOeprampHuii  CHEKTp  peaxiril
BU3HAYAETHCSl aHAJIOTIYHO CHEKTPY peakilii
MOCTYMAIBHUAX CKJIAJIOBUX, TOOTO HUIIXOM
pO3MIISIAY MIKOBOI peakilii Ha 00epTaabHUM
pyX OO0EpTaNLHOTO OCHWIATOPA 3 OJHHM
CTyIIEHEM CBOOOIM 3 TEPIOoIOM BIACHHUX
KOJIUBaHb | 1 KPUTUYHUM KoediieHTOM

nemndysanns &

(4) RY% o3mawae  BigHONmIEHHA  MDK
MaKCUMaJIbHUM MOMEHTOM B MPYKHUHI
ocIuIsATOpa 1 00epTOBUM MOMEHTOM IHEPIIii
HaBKOJIO oci o0epTaHHs. I'padix
sanexnocti R®  Bim mepiomy BmacHuX
KOJIMBaHb | IS 3aJlaHuX 3HaueHb & €
00epTaIbHUM CIIEKTPOM PEAKITii.

(5) ko BIZICYTHI pe3ynbTaTH
CHeiaJIbHOTO TOCIIKEHHS abo
JOKYMEHTAJIbHO  MIATBEP/DKEHI  MOJIBOBI

BHUMIpPIOBAaHHs, 00epTaNbHUIN CIEKTP peakiii
MO’KHA BU3HAUUTH SIK:

np ACTY-H b EN 1998-6:201X

ANNEX A
(informative)

LINEAR DYNAMIC ANALYSIS
ACCOUNTING FOR ROTATIONAL
COMPONENTS OF THE GROUND
MOTION

(1) When the rotational components of the
ground motion during the earthquake are
taken into account, the seismic action may
be represented by three elastic response
spectra for the translational components and
three elastic response spectra for the
rotational components.

(2) The elastic response spectra for the two
horizontal translational components (x and y
axes) and for the vertical component (z axis)
are those given in EN 1998-1:2004, 3.2.2.2
and 3.2.2.3.

(3) The rotation response spectrum is
defined in an analogous way to the response
spectrum of the translational components,
i.e. by considering the peak response to the
rotational motion of a rotational single-
degree-of- freedom oscillator, with natural
period T and critical damping ratio &

(4) R® denotes the ratio between the
maximum moment in the oscillator spring
and the rotational moment of inertia about
its axis of rotation. The diagram of R®
versus the natural period T for given values
of £ is the rotation response spectrum.

(5). When results of a specific investigation
or of well-documented field measurements
are not available, the rotational response
spectra may be determined as:

RS (T)=17rS, (T )T (A.1)
R)(T)=17xS,(T)NT (A.2)
R (T)=20nS,(T)NT (A.3)
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e

R%, R%, R% ob6epranbhi cnektpu peakii
HABKOJIO oceif X, Y i Z, pan/c?;

Se(T) nmpyxkHi CHEKTpH  peakitii  Juis
TOPU30OHTAJIBHUX  CKJIQJOBHX  Ha
MalJaH4IuKYy, M/ c?:

T nepioJ,

Vs cepeaHs MIBUAKICTh NOTEPEYHOI XBUIII,
B M/c, BepxHix 30 M mpoditio rpyHTY.
MosxHa BUKOPHUCTOBYBAaTH 3HAYCHHS,
BIJIIIOBIJTHE HU3BKOAMILUTITYTHUM
BiOparisiMm, TOOTO aedopmailii 3CyBY
nopsiaxy 107°.

(6) KinpkicHa oOImiHKa Vs BHKOHYETHCS
0e3nocepeIHbO MOJIBOBUMH BHUMIpaMH abo
3a JI0MOMOro0 J1ab0paToOpHUX BUMIPIOBAHb
Moyl 3cyBy G, mpu maiiid nedopmarii, i
IIUTBHOCTI  TPYHTY p, a TakoX 3a

JOMOMOTro10 iHBepTyBaHHs Bupasy (3.1) B
EN 1998-5:2004, 3.2(1):

\'%

S

(7) B Tux BuUmamkax, KOJIM OIlIHKA Vs
3MIACHIOETBCS HE  CKCIEePUMEHTaIbHUMU
BUMipamMu BigmoBigHo g0 (6), MokHa
BHUKOPHCTOBYBATH 3HaueHHs 3 Tabmumi A.1,
penpe3eHTaTUBHE I THUIy  IPYHTY
IUTOLLIAIKH

Tadauusa A.l - 3HavyeHHs1 32 YMOBYAHHSM HIBUAKOCTI

CTAHJAPTHUX THIIB IPYHTY

where

R%, R%, R% are the rotation response
spectra around the x, y and z axes, in
rad/s?;

Se(T) is the elastic response spectra for the
horizontal components at the site, in
m/s?;

T  isthe period in seconds.

vs Isthe average S-wave velocity, in m/s,
of the top 30 m of the ground profile.
The value corresponding to low
amplitude vibrations, i.e., to shear
deformations of the order of 10, may
be used.

(6) The quantity vs is directly evaluated by
field measurements, or through the
laboratory measurement of the shear
modulus of elasticity G, at low strain, and
the soil density o and inverting expression
(3.1) in EN 1998-5:2004, 3.2(1):

=\JG/p

(7) In those cases where vs is not evaluated
by experimental measurements according to
(6), the value from Table A.1 may be used,
representative of the ground type of the site:

MonepeyHoi XBWJIi VISl m'SITH

Table A.1 - Default values of shear wave velocity for the five standard ground types

Tumn rpyHTy
Ground type B C D
HIBUaKICTH TOTIEPEYHOT XBHITL Vs, M/C 800 580 270 150
Shear wave velocity vs m/sec
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(8) Skmio po3rasLAaETbCs  MOCTYyMATbHE
IIPUCKOPEHHSA  IPYHTY X(t) B3JI0BX
TOPU30HTAJIFHOTO HAmpsiMy X pa3oM 3
o0epTaIbHUM  TNPUCKOPEHHAM  O(t) y
BEPTUKAIBHIA TUTONIUHI X-Z, TO 3a YMOBH,
mo [M] - marpuns inepuii, [K] - marpurs
xopcrkocTi, a [C] - marpuis aemrdyBaHHs,
bopmynu pyxy Ul pe3ylIbTyI040i CUCTEMH
3 OarareMa CTYIICHSIMU cB0oOOIM
MIPUHAMAIOTh BUTJISIL:

np ACTY-H b EN 1998-6:201X

(8) When a translational ground acceleration
%(t) 1s considered along horizontal direction

X together with a rotation acceleration 6(t)

in the vertical plane x-z, then, if the inertia
matrix is [M], the stiffness matrix is [K],
and the damping matrix is [C], the equations
of motion for the resulting multi-degree-of-
freedom system are given by:

[MI{ui} +[CHu} + [K}u} = ~({m}X +{mh}§), (A.4)

e

{ii} BekTOp, 110 CKIATAETHCS 3 TPUCKOPEHD
CTYINEHIB CBOOOJM KOHCTPYKIIII III0/I0
OCHOBH,

{u} BekTOP, 110 CKIAMAETHCA 3 MIBHIKOCTEH
CTYINEHIB CBOOOIM KOHCTPYKIIIT,

{u} BekTOp, 1O CKITATAETHCS 3 MEPEMIIIEHB
CTYIIEHIB CBOOO/IM 1010 OCHOBH;

{m}  BexkTOp, MmO  CKIAamAETBCI 3
MOCTYMAJIBHUX MAC B TOPU3OHTATLHOMY
HamnpsMKy TOCTYNAJILHOTO OOYypeHHS.
Lleit BexkTOp cITiBIagae 3 TOJOBHOKO
JiaroHaumro marpuili Macu [M], skmo

BEKTOP {u} MICTHTh TUIBKH
MOCTYTAIbH1 MepeMIIICHHS B
TOPU30HTATBHOMY HaIPSMKY
o0ypeHHS;
%(t) MOCTYIAaIbHE IPUCKOPEHHS
IPYHTY, IPEICTABIEHE Se;
B(t) obeprainbHe NIPUCKOPEHHS

OCHOBH, TIpejcTaBiene RY,

(9) 1Io6 ypaxysatu uien {m} koedirieHT
y4acTi B MOJalIbHOMY aHamizsi momu K
CTAHOBHTB:

_ {07 }m)
7 @N)MK}

where:

{ii} is the vector comprising the
accelerations of the degrees of
freedom of the structure relative to
the base,

{u} s the vector comprising the velocities
of the degrees of freedom of the
structure;

{u} is the vector comprising the
displacements of the degrees of
freedom relative to the base;

{m} is the vector comprising the
translational masses in the horizontal
direction of the translational
excitation. This vector coincides with
the main diagonal of the mass matrix
[M] if the vector {u} includes only
the translational displacements in the
horizontal direction of the excitation;

X(t) is the translational ground

acceleration, represented by Se;

B(t) is the rotational acceleration of

the base, represented by R®.

(9) To account for the term {m}, the
participation factor in the modal analysis of
mode K is:

(A.5)
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a Ui wieHa {mh}é xoedimieHT yyacri
CTaHOBUTH:

a - {(@h) Hm}
¢ @ IMH@}

ne
{®} k-it MonanbHMIT BEKTOD;
{®h} BexTop n0OyTKY MOAaNBHOT aMILTITY I &)

npu I-My cTyreHi cBo0o i i ii Bucotu h.

(10) Edextn npBox mnpumycoBux (yHKIIiH
MOBUHHI 3a3BMYail HAKJIAJaTUCS B JIOMEHI 4acy.

Bouu 3a3Buuail He B ¢asi, omxke, edekru
oOepTanbHOTO  30y/UKEHHSI IPYHTY MOXKYTh
CKIajatucs 3  e(peKTaMH  MOCTYNaJIbHOI'O
30y/IKEeHHS 3a TPaBWJIOM TE€OMETPUYHOTO

J0JlaBaHHSI BEKTOpIB (KBaJpaTHUM KOPIHb 13
CYMH KBaJIpaTiB).

50

while, for the term {mh}é , the participation
factor is:

(A.6)

where:
{®} is the k-th modal vector;

{®h} is the vector of the products of the modal
amplitude @ at the i-th degree-of-freedom
and its elevation h;.

(10) The effects of the two forcing functions
should normally be superimposed in the time
domain. They are generally not in phase, and
accordingly the effects of the rotational ground
excitation may be combined with those of the
translational excitation via the SRSS (square
root of the sum of the squares) rule.



JIOJIATOK B
(moBimKOBHIT)

MOJAJILHE JEMII®YBAHHS TPA
MOJIAJIbHOMY AHAJII3I CHEKTPA
BIAMOBII

(1) fxumo 3acTOCOBYETBCS PO3paxXyHKOBHIA
CIEKTp BIAMOBINI, 3HAYCHHS TOKa3HUKA
MOBEJIIHKK (| BKJIIOYa€ B cebe IMCHUMAIIII0
eHeprii B MPYXHOMY Jiala3oHl BIAMNOBII
KOHCTPYKIIii, TUCHUTIAIII0O €Heprii BHACTIIOK
B3a€EMO/IIT «IPYHT-KOHCTPYKLIIS» 1
IMCHUIIAIIO eHeprii BHACIIIIOK
TUCTEPE3UCHOT TMOBEIIHKA  KOHCTPYKIIII.
Axmo mnpu  aHami3i  BUKOPHUCTOBYETHCSA
MPYKHHAN CIEKTP, MOTPIOHO SBHE
BHU3HaueHHs KoediiieHTa neMndyBanHs (110
BIJTHOIIICHHIO b1 (§) KPUTHYIHOTO
neMIQyBaHHN). [Ipn BHUKOHAHHI1
MOJIaIbHOTO aHaNzy Koe(dilieHTH
nemryBaHHs TOTPIOHO BU3HAYMTH IS
KOKHOT MOJIM KOJIMBaHb. SIKII0 MOa Mae Ha
yBa3l MEPEeBAXHO OJWH KOHCTPYKI[IHHUN
Marepian, Koe]irieHT nemidyBaHHs
IIOBMHEH  BiImoBimaTu JIUCUIIATUBHUM
BJIACTUBOCTSIM IIHOTO MaTepiany i MOBUHEH
Y3roKyBaTUCA 3 aMILTITYI010 e opmaitii.

) s HaAHOLTBIIT MOITHPEHUX
KOHCTPYKITIHHUX MarepiaiiB MOYKHA

BHKOPUCTOBYBATH 3HAYCHHS JeMII(pyBaHHS,
"aseneni B EN 1998-2:2005, 4.1.3.

(3) Sxmo BBakaeTbcs, MO0 HEHECYydYl
€JIEeMEHTH CIPUSIOTh CHeprii Jaucumarii,
MOXHa MPUAHATH OUTBII BHUCOKI 3HAYCHHS
nemndyBanHa. Yepe3 3alexXHICTh  Bij
amrutitynu  aedopmariii  B3araiai  HIXKHI
IPaHUYHI 3HAaYCHHS KOe(DIlIEHTIB MiX0IATh
Uil ceMcMiuHOl  nii  mpu  OoOMeXeHHI
YIIKOJ/DKCHb, a BEPXHI TPaHUYHI 3HAYCHHS
KoedimieHTiB MIIXOOATH TS
PO3pPaxyHKOBOTO  CEHCMIUYHOTO  BIUIMBY.
Mo>kHa MpUHHATH HACTYIIHI MEXI:

- 17151 KEPaMIiYHOTO OOJIUIFOBAHHS:
0,015-0,05;

- JUIS LETJITHOTO OOJINITFOBAHHS
0,03-0,10;

np ACTY-H b EN 1998-6:201X

ANNEX B
(informative)

MODAL DAMPING IN MODAL
RESPONSE SPECTRUM ANALYSIS

(1) When the design response spectrum is
applied, the value of the behaviour factor q
incorporates energy dissipation in the elastic
range of structural response, energy
dissipation due to soil structure interaction,
and energy dissipation due to the hysteretic
behaviour of the structure When the elastic
spectrum is used in the analysis, the
damping ratio (relative to the critical
damping) needs to be explicitly defined.
When a modal analysis is performed, the
damping factors need be defined for each
mode of vibration. If a mode involves
essentially a single structural material, the
damping ratio should conform to the
dissipation properties of the material and
should be consistent with the amplitude of
deformation.

(2) For the most common structural
materials, the damping values given in
EN 1998-2:2005, 4.1.3 may be used

(3). If non-structural elements are
considered to contribute to energy
dissipation, higher values of damping may
be assumed. Due to the dependency on the
amplitude of deformation, in general lower
bound values of the ratios are suitable for
the damage limitation seismic action, while
upper bound values of the ratios are suitable
for the design seismic action. These bounds
may be taken as:

- for ceramic cladding: 0,015-0,05;

- for brickwork liner: 0,03-0,10;
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Ac

[K] matpwuiist xopcTKOCTi;

52

- g cranesoi oommsku: 0,01-0,04;

- sl OOIIMBKM 3 apMOBAHOTO BOJIOKHOM
noimepy: 0,015-0,03.

(@) PernpesentaTuBHi Jianma3oHu
KoedimienTa aemndyBaHHS Ui €HEprii
aMcumanii B TPYHTI TpU MOJEIIOBaHHI
amopTH3aropa:

- NIl TOPU3OHTAJILHOTO CTYIEHS CBOOOIU
(BIZMOBIAHICTE TOTIEPEUYHOMY XUTAHHIO

rpyary): 0,10-0,20

- s 00epTambHOTO CTYNEHs CBOOOIU
(BIZMOBIAHICTh TIOJIOBXKHBOMY XHUTAHHIO

rpyary): 0,07-0,15

- JUId BEPTUKAJIBHOTO CTYNEHS CBOOOIU
(BIATIOBIOHICTh ~ BEPTUKAJIBHOMY  PYXY
rpyary): 0,15-0,20

(5) Husbki koedimienTn aemrdyBaHHs CIix
npUAMaTH Ut aMOPTH3aTOPIB
dbyHIaMeHTIB Ha JApiOHOMY TPYHTOBOMY
BIAKJIaJCHHI, IO JICKUTh HA CKEIACTIH
OCHOBI1 200 TPYHTI OJIM3BKOT dKOPCTKOCTI.

(6) Bszaram, mis TUmy KOHCTPYKIIIH, IO
PO3MIISIAAIOTECA B IIbOMY €BpOKOIi, Oyab-
sIKa MOJIa KOJIMBaHb BUKJIHMKAE jaedopMartiro
Oiumpmie omHOro Marepiany. B mpomy
BUIAJIKY JUIS KOKHOT MOJU TIIXOASAIIUM €
cepenHe MOJIaJIbHE nemriyBaHHs,
3aCHOBaHE Ha eHeprii npyxHoi nedopmairii,
HAKONHWYEHOI B II MOJI.

(7) Bupa3 y Burnsni hopmynu gae:

- for steel liner: 0,01-0,04;

- for fibre reinforced polymer liner:
0,015-0,03.

(4) Representative ranges of the damping
ratio for the dashpots modelling
energydissipation in the soil, are:

- for the horizontal degree of freedom
(swaying soil compliance): 0,10-0,20

- for the rotational degree of freedom
(rocking soil compliance): 0,07-0,15

- for the vertical degree of freedom (vertical
soil compliance): 0,15-0,20

(5). Low damping ratios should be assigned
to the dashpots of foundations on a shallow
soil deposit underlain by bedrock or ground
of similar stiffness.

(6). In general, for the type of structures
addressed by this Eurocode, any mode of
vibration involves the deformation of more
than one material. In this case, for each
mode, an average modal damping based on
the elastic deformation energy stored in that
mode is appropriate.

(7). The formulation leads to

_ {oF [K]{e}
.= 7’ B-l
g {0} [K1{¢} (B.1)
where:
eKBIBaJICHTHHH MoJaidbHUH KoedimieHT & - IS the equivalent modal damping ratio of the

naemrdyBaHHS j-1 MOJIH; j-th mode;

[K] is the stiffness matrix.



[K] wmommdikoBana wmarpulsi KOPCTKOCTI 3
YjieHaMM, PIBHUMH JOOYTKY BiIIOBiIHOTO

yjeHa wMarpuii okopctkocti  [K]  Ha
KoeilieHT neMiyBaHHS, SKHH
BIJINIOBIIa€ I[bOMY €JIEMEHTY, 1

{4} ]-it MOmanbHUI BEKTOP.

(8) Takox MOXHa BHKOPHCTOBYBAaTH IHIII

METOJH, SIKIIO € OuTbIIe MOKIaTHUX JaHWUX 32
XapaKTEPUCTUKAMHU neMiyBaHHS
KOHCTPYKTUBHUX I1ICUCTEM.

(9) Pexomennmyerbcs, mo0 3HAa4YEeHHA & HE

nepesunryBasio 0,15, sgkmo  iHme ~— He
OOTPYHTOBAHO €KCIIEPUMEHTATFHUMU JTAHUMHU.

np ACTY-H b EN 1998-6:201X

[K] is the modified stiffness matrix, with terms
equal to the product of the corresponding
term of the stiffness matrix [K], multiplied
by the damping ratio appropriate for that
element, and

{4} is the j-th modal vector.
(8) Other techniques may also be used, if more

detailed data on the damping characteristics of
structural subsystems are available.

(9) It is recommended that the value of & does

not exceed 0,15, unless justified by experimental
evidence.
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JOJJATOK C
(moBigKOBHIA)

B3AEMOISI «IPYHT-
KOHCTPYKUISA»

(1) Ue#t momatok wMicTUTh IH(OPMALIiIO
nomaTkoBo 1o iHdopmarnii J{oBigkoBoro
Honatky D cranmapty EN 1998-5:2004.

(2) Po3paxyHkoBi ceiicMi4HI KOJIMBaHHS
BHU3HAUEHI Ha IMOBEpPXH1 I'PYHTY B yMOBax
BUIBHOT TepuUTOpii, TOOTO /€ BOHO HE
MIIA€ThCS  BIUIUBY  IHEPIIMHUX  CHII
BHACJIIOK MPHUCYTHOCTI cHopyx. Skmo
KOHCTPYKIISI CIOUPAEThCA Ha IPYHTOBI
BIJIKJIAICHHSA abo M'IKUH TPYHT,
pe3yNbTYIOUl KOJHMBAaHHA OUISI OCHOBH
KOHCTPYKIIi OyAyTh BIOPI3HATHCS  BiA
KOJIMBaHb Ha TIi € BHUCOTI Y BUIBHOMY
MoJIi BHACHIZIOK J1e(OPMOBAHOCTI TPYHTY.
JIsi BUCOKMX KOHCTPYKIIM MiIIaTIMBICTh
I'PYHTY TIOJIOB)KHBOMY XHTaHHIO MOKe OyTH

3HAYHOIO 1 MO’E€ ICTOTHO 30UIBIIMTH
e(eKTH IPyroro MopsaKy.

(3) Meroan MomeTIOBaHHS  B3a€EMOJIIl
(IPYHT-KOHCTPYKIIisI» TTOBUHHI
BpPaxOBYBaTH:

(a) BenmMuuHY 3arIuOIeHHS,

(b) rMOMHY 10 MOXIHMBOI CKEIbHOI

OCHOBH,
(c) po3ramryBaHHs 1mapiB IPyHTY,

(d) minnuBicTP MOIYyNTIB TIPYHTY B OYyib-
SKOMY OKpeMoMYy Iiapi, 1

() 3aJeXHICTh BJIACTUBOCTEH  IPYHTY
(Mmomynst 3cyBy 1 nemndyBaHHS) BiA
nedopmarrii.

(4) Bzarami, MOXHa TPHITYCTUTH, IO i€
MPUITYLICHHS po TOpPHU30HTAJIbHE
pO3TallyBaHHs 1IaPiB.

OCIIIKEHHS
BIJIIIOBITHOTO

(5) Sxmo
nependadae

IPpYHTYy HE
Jiarma3ony

ANNEX C
(informative)

SOIL-STRUCTURE INTERACTION

information
Informative

(1) This annex contains
supplementary to that of
Annex D of EN 1998-5:2004.

(2) The design earthquake motion is defined
at the ground surface in free-field
conditions, i.e. where it is not affected by
the inertial forces due to the presence of
structure. When the structure is founded on
soil deposits or soft ground, the resulting
motion at the base of the structure will
differ from that at the same elevation in the
free-field, due to the soil deformability. For
tall structures, the rocking compliance of the
soil may be important and may significantly
increase the second order effects.

(3) The modelling methods of soil-structure
interaction should take into account:
(a) the extent of embedment,

(b) the depth to the possible bedrock,

(c) the layering of the soil strata,

(d) the variability of the soil moduli in any
single stratum, and

(e) the strain-dependence of soil properties

(shear modulus and damping).

(4) The assumption of horizontal layering
may generally be considered to apply.

(5) Unless the soil investigation suggests a
suitable range of variability for the dynamic



MIHJIMBOCTI JJIi  JWHAMIYHHX MOJYJIB
IPYHTY, BEPXHIO MEXKY >KOPCTKOCTI TPYHTY
MOXHa  OTpUMATH  MHOXEHHSM  BCi€l
CYKYITHOCT1 HalKpaImux OI[IHOK MOMYJIIB Ha
2, a HIDKHIO MEXY - MHOXCHHSM BCi€i
cykymnHocTi Ha 0,5.

(6) bymyun 3anexxHuMu Bix aedopmariii,
nemrdyBaHHA 1 MOAYNs 3CyBY, IS
KOYKHOTO mapy IPYHTY MOBHHHI
BIJINIOBIATH  IHTEHCUBHOCTI  €(heKTHUBHOT
negopmarnii  3CyBy, OYIKyBaHOI HpH
CEICMIUHOMY BIUIMBI, IO PO3IJISJIAETHCS.
JlonmycTUMHUM € €KBIBJICHTHUN JIHIMHMNA
MeToA. Y 1IbOMY BHUIIAJKy aHali3 MOBUHEH
BUKOHYBaTHCs irepamiiiHo. Ha KoxHii
iTepanii  aHami3 €  JIHIAHUM, — aje
BJIACTUBOCTI TIPYHTY KOPHTYIOTBCS Ha
KOXHIM ITepauii a0 TUX TMip, TOKH

oOumcneni  gedopmauii  He  OyAyTh
BIIOBLAATH BJIACTUBOCTSAM IPYHTY,
BUKOPHUCTOBYBaHUM pu aHai3l.

ITeparniiina mpoueaypa Moke BUKOHYBaTHCS
JUIs TPYHTOBOIO BIAKJIAJE€HHS BUILHOTO
mmoJist 6e3 001Ky HaIBHOCTI KOHCTPYKITII.

(7) Awmmirymn  edextuBHOl medopmarrii
3CyBY B Oymp-fkoMy 3 1mapiB, IO
BHKOPHUCTOBYIOTHCS JUIST 00uMCIEHHS
TUHAMIYHUX MOJYJiB 1 JaemrdyBaHHS B
€KBIBAJICHTHHUX JIIHIHHUX METOJaX, MO>KHA
BHPA3UTH SIK:
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soil moduli, an upper bound of the soil
stiffness may be obtained by multiplying the
entire set of the best estimates of the moduli
by 2, and a lower bound by multiplying the
entire set by 0,5.

(6) Being strain-dependent, damping and
shear moduli for each soil layer should be
consistent with the effective shear strain
intensity expected during the seismic action
considered An equivalent linear method is
acceptable. In this case the analysis should
be performed iteratively. In each iteration
the analysis is linear, but the soil properties
are adjusted from iteration to iteration until
the calculated strains are compatible with
the soil properties used in the analysis. The
iterative procedure may be performed for
the free-field soil deposit, disregarding the
presence of the structure.

(7) The effective shear strain amplitudes in
any one layer, to be used to evaluate the
dynamic moduli and damping in equivalent
linear methods, may be taken as

yeft = 0,65 ymaxt (C-l)

ne Jmaxt ~ MaKCHMallbHE  3HA4YCHHS
nepopmarnii 3cyBy B mapi TIPyHTY Yy
BUIBHOMY TOJII IPU CEHCMIYHOMY BIUIMBI,
II0 PO3TIIAJAETHCS

(8) Skmio s IPYyHTY BHUKOPHUCTOBYETHCS
KIHIIEBO-EJICMEHTHHI METOJ] MOJICITFOBaHHS,
KpUTepii Ui BHU3HAYEHHS pPO3TAIlyBaHHS
HIDKHBOT MeX1 1 O1YHOT MeX1 MOIEIIOIYO0T
oOmacti MaroTh OyTu oOrpyHTOBaHi. Y
3arajlbHOMy BHIAJKy, MPUMYCOBI (DyHKIIIT
JUIS MOJIENIOBaHHS CEHCMIYHUX KOJIHMBaHb
MPUKIAAIOTECA 10 IUX MEX. Y Takux
BUIMAJKaX TOTPIOHO  CTBOPUTH  TaKy
cuctemy 30yIKEHHS, IO Ji€ Ha MEXax,
mo0 BIAMOBIMHI KOJMBAHHS TIPYHTOBUX

where ymaxt IS the maximum value of the
shear deformation in the soil layer in the
free-field during the seismic action
considered.

(8) If the finite elements modelling method
for is used for the soil, the criteria for
determining the location of the bottom
boundary and the side boundary of the
region modelled should be justified. In
general, the forcing functions to simulate
the earthquake motion are applied at these
boundaries. In such cases, it is required to
generate an excitation system acting at
boundaries such that the response motion of
the soil media at the surface free field is
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Cepe/IOBUII HA TOBEPXHI BUIBHOT TEPUTOPIl

Oynmu  IGHTUYHI KOJMBAHHSAM  IPYHTY
BHACIIIOK  CEHCMIYHOTO  BIUIMBY, IO
posrmsimaerbes.  [lpouemypu 1 Teopii
CTBOPEHHSI TakKOl CHCTEMH 30yKEHHS
MOBHHHI OYTH MPECTaBIICHI.

9) Skumo  BHUKOPUCTOBYETbCS  METOJ
MIBIPOCTOPOBOTO  MOJICNIOBAHHS  (METOJ
30CepeKEHNX TapaMeTpiB), IMapaMeTpH,
AKi ~ BUKOPHUCTOBYIOTHCSI ~IpH  aHaji3l
nepopMOBaHOCTI IPYHTY, MTOBUHHI
BpaxoBYBaTH pO3TanTyBaHHS IapiB.

MIiHIMBICTh MOJYNIB IPYHTY 1 BIIaCTUBOCTI,
oo 3ajnexarb Bix Jedopmallii, TaKoX
MTOBUHH1 OyTH BpaxoBaHi.

(10) Bymp-ski iHIII METOAM MOJICITIOBAHHS,
BUKOPUCTOBYBaH1 [UIsl aHAI3y B3aeMOIl
«TPYHT-KOHCTPYKI[i1» MOBHUHHI MaTH 4YITKE
MOSICHEHHS.

(11) BigmoBa Bix 00Ky B3a€MOJIIT «IPYHT-
KOHCTPYKIIsS» NpHU aHalli3l MOBUHHA OyTH
0oOrpyHTOBaHa.

identical to the ground motion due to the
seismic action considered. The procedures
and theories for generation of such
excitation system should be presented.

(9) If the half-space (lumped parameters)
modelling method is used, the parameters
used in the analysis for the soil
deformability should account for the
layering. The variability of soil moduli, and
strain-dependent properties should also be
taken into

account.

(10) Any other modelling methods used for
soil-structure interaction analysis should be
clearly explained.

(11) The decision not to take into account
soil-structure interaction in the analysis
should be justified.



JOJJATOK D
(moBigKOBHIA)

KIUVIBKICTB CTYIIEHIB CBOBOIH 1
MO/l KOJIMBAHb

(1) Avnamiunuit aHami3 (HapUKIai, METO/
CIIEKTpa BiAMOBiAI a00 JWHAMIKH 3MIiHH B
qaci) BHKOPHUCTOBYETHCS, SIKIIO
BUKOPHUCTAHHS METOJy MOTIEPEYHUX 3yCHIIb
HE BBKAETHCS BUITPABIAHHM.

(2) Ananiz moBuHEH:

- BpaxOBYBaTH KOJUBAJIbHY 1 MOCTYMNAJIbHY
BI/IMOB1/Ib PYHIAMEHTY;

- MICTUTH JIOCTAaTHIO KUIBKICTh Mac 1
CTyMEHIB CcBOOOMM 11  BU3HAYEHHS
BIAMOBIMI OYyJb-IKOTO KOHCTPYKTHBHOTO
€JIEMEHTY 1 yCTaTKyBaHHS;

MICTUTH JOCTATHIO KIUIBKICTH MOJ, IIOO
3a0€3MeYNTH Y9acTh yCiX 3HAYHUX MO,

3a0e3meuyBaTd MaKCHUMaJlbHE BiIHOCHE
MEepPEMIITIEHHsT MDK OIropamMu OOJaJHaHHS
a6o0 wmammH (IS JUMOBOI  Tpyom -
B3aEMOJIS MK BHYTPIIIHHOIO 1
30BHIIIHBOIO TPYOaMK);

BpaxOBYBaTH Taki 3Ha4H1 e(eKTH, 5K
B3a€EMOJIIT TpyOOIIpOBOIY, 330BHI
NMPUKIAACHI  KOHCTPYKIIIMHI  3B'SI3KH,
TiApOAMHAMIYHI HaBaHTaXeHHS (edeKTH
Macd Ta OJKOPCTKOCTI) 1  MOXIJIHBY
HeNHIAHY MOBEIHKY;

3a0e3reyyBaTi  «CIEKTPU  BiIMOBiAL
MIJIOTH», SKIIO KOHCTPYKINSI MiATPUMYE
BaXKJIMBE JIETKE oOnagHaHHA abo
MPHUCTOCYBAHHSI.

(3) EdexruBna momanbHa Maca, Mi, B Moji
i, sragana B 4.3.3.2(2), BU3HAYa€ThCS TAKHM
YUHOM
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ANNEX D
(informative)

NUMBER OF DEGREES OF
FREEDOM AND OF MODES OF
VIBRATION

(1) A dynamic analysis (e.g. response
spectrum or time-history method) is used
when the use of the lateral force method is
not considered justified.

(2) The analysis should:

- take into account the rocking and
translation response of the foundation;

- include a sufficient number of masses and
degrees of freedom, to determine the
response of any structural element and
plant equipment;

- include a sufficient number of modes to
ensure participation of all significant modes;

- provide the maximum relative
displacement  between  supports  of
equipment or machinery (for a chimney,
the interaction between internal and
external tubes);

- take into account significant effects, such
as piping interactions, externally applied
structural restraints, hydrodynamic loads
(both mass and stiffness effects) and
possible nonlinear behaviour;

- provide "floor response spectra”, when the
structure  supports  important  light
equipment or appendices.

(3) The effective modal mass, Mi, in mode i,
mentioned in 4.3.3.2(2), is defined as:

Mi = [{¢} MK} ¢} IMI{ g}, (D.1)
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{¢#} i-it MoanbHMIT BEKTOD;

{i} Bekrop-croBmenp 3 wieHnamu, pisaumu 1 ado {i}
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0, sxuéi TpencTaBisEe  MEPEMIIICHHS,
BUKJIIMKAHE Yy BIIMOBIZHOMY CTYIICHIO
cBoboaM, KouM 1 OCHOBA IMIJANAETHLCS

OJIMHUYHOMY TIEPEMIIIEHHIO B HAMPsAMKY
AHAJII30BAHOT  CKJIAJ0BOI  CEMCMIYHOIO
BIUJIVBY.

(4) Kpurepiii, 3a3nauenuii B 4.3.3.2(2), He
3a0e3mneuye aJeKBaTHOI AUCKpPETH3AIlil MacH,
SKIIO PO3IJISJIAEThCS JeTKe o0aHaHHs abo
KOHCTPYKTHUBHE TIPUCTOCYBaHHS. B 1pomy
BUIAJIKy BHWIIE3a3HAY€HA YMOBa Moryia 0
OyTn BUKOHAHa, aje MaTeMaTHYHa MOJEIh
KOHCTpYKIIi Moryia 6 OyTu He aJeKBaTHOIO
JUIsl  OTMHUCY BiAmoBimi oOnagHaHHS abo
MPUCTOCYBAaHHS. SIKIIO HEOOXITHHMM aHami3
oOnanHaHHsA ab0 MPHUCTOCYBaHHS, MOBUHEH
OyTH  pO3pOOJICHUN  «CIEKTp  BIAMOBIII
MIJIOTH», KWW MOKHA 3aCTOCOBYBATH IS
BHUCOTH MJIOTH, e BCTaHOBJICHO
obnmamHaHHs/mpucTtocyBanHsa. lLlel miaxin
TaKOX PEKOMEHJIYeThCS, SKIIO YacTHUHA
KOHCTPYKIlIi BHUMara€ OKpPEMOTO aHali3y,
HalpuKIaJ, BHYTPIHIA KaMm'SHUN KaHal
JTUMOBOT  TpyOHM,  MIATPUMYBaHWH  Ha
OKpPEeMHX KPOHIITEIHAX HeCcy40i 000TOHKH.

where:

{¢#} is the i-th modal vector;

Is a column vector, with terms equal to 1 or
0, which represents the displacement
induced in the associated degree of freedom
when its base is subjected to a unit
displacement in the direction of the seismic
action component considered.

(4) The criterion indicated in 4.3.3.2(2) does
not ensure the adequacy of the mass
discretisation if light equipment or a
structural appendix is concerned. In that case
the above condition might be fulfilled, but
the mathematical model of the structure
could be inadequate to describe the response
of the equipment or appendix. When the
analysis of the equipment or appendix is
necessary, a "floor response spectrum”,
applicable for the floor elevation where the
equipment/appendix is supported, should be
developed. This approach is also
recommended when a portion of the
structure  needs to be  analysed
independently, for instance, an internal
masonry flue of a chimney, supported on
individual brackets of the structural shell.



JTOJATOK E
(moBigKOBHIA)

KAM'SAHI IUMOBI TPYBH
E.1 Beryn

(1) Kam'sma mumoBa TpyOa - ILie AMMOBa
TpyOa, Copy/pKeHa 3 LErid Ta IEMEHTHOTO
pO3UnHy, sfKa Jajll IMEHYIOTHCS KaM'SHOIO
KJIJKOIO. Cropyna, aHKEpYBaHHS,
oOmnupaHHs 1 apMyBaHHS KaM'sSTHUX JTUMOBUX
Tpy0 Mae BIANOBIATH BHUMOTaM IbOTO
Honatky.

E.2 IlinomBu i pynramenTu

(1) ®dynnameHTH Kam'SHUX TUMOBUX TPyO
MOBUHHI CIOPYAXKyBaTucs 3 OeToHy abo
CYIUTbHOI KaM'SHOT KJIQJKA TOBIIMHOIO HE
Menie 300 MM 1 MOBHHHI BHUCTYNAaTH He
MeHm HDK Ha 150 MM 3a TIOBEpXHIO
TUMOBO1 TpyOM abo OMOpHOi CTIHM 3 yCIX
cropid. IlimomBu MOBWHHI ONMMpaTHCS Ha
MPUPOJTHUN  HEMOPYIICHWH TPyHT abo
CHOPY/DKEHY 3aCUIKy HWX4Ye TJIMOMHU
npoMep3anHs. B o6nactsx, He CXUIBHUX JI0
3amMep3aHHs, MHIIOIIBA [IOBUHHI
3HAXOoaUTHUCS Ha rnouHi He MeHire 300 MM
HUKY€ MMOBEPXHI IPYHTY.

E.3 Iloka3HUK NOBeaiHKH
(1) TMoka3HMK MOBEMIHKHM ( CIIiA MPUAHATH
pPIBHUM 1,5, BIJIIOBIIHO bi (o)

HU3LKOMCUIATUBHOI IOBENIHKH.

E4 MinimaJjnHe
apMyBaHHS

BepTHKAJIbHE

(1) Ans qumoBUX TpYO 3 FOPH30HTAIBHUM
posmipom 10 | M yChOro HOTHUpPH
0e3NepepBHUX  BEPTHKAIBHUX  CTPHUXKHS
niamerpoM 12 MM, 3aaHKEpOBaHUX Y
¢yHIaMeHT, TOBHMHHI OyTH BMIllleHI B
O0eTOH MDK psilaMd  CYLUIBHOT KaM'sHOT
KIaakd a0 BMIIEH] 1 3aIMTI [EMEHTHUM
PO3UMHOM B YapyHKH MOPOXKHIX HETJIHH.
HeoOxigHo 3ano6irtu 34YEIJICHHIO
LEMEHTHOTO  PO3YMHY 3  (YTEpOBKOIO
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ANNEX E
(informative)

MASONRY CHIMNEYS
E.1 Introduction

(1) A masonry chimney is a chimney
constructed of masonry units and mortar,
hereinafter referred to as masonry. Masonry
chimneys should be constructed, anchored,
supported and reinforced as required in this
Annex.

E.2 Footings and foundations

(1) Foundations for masonry chimneys
should be constructed of concrete or solid
masonry at least 300 mm thick and should
extend at least 150 mm beyond the face of
the chimney or support wall on all sides.
Footings should be founded on natural
undisturbed ground or engineered fill below
frost depth. In areas not subjected to
freezing, footings should be at least 300 mm
below the ground surface.

E.3 Behaviour factor

(1) The behaviour factor g should be taken
as equal to 1,5 -corresponding to low
dissipative behaviour.

E.4 Minimum vertical reinforcement

(1) For chimneys with a horizontal
dimension up to 1 m, a total of four 12 mm
diameter continuous vertical bars anchored
in the foundation should be placed in
concrete between leaves of solid masonry or
placed and grouted within the cells of
hollow masonry units. Grout should be
prevented from bonding with the flue liner,
to avoid restricting its thermal expansion.
For chimneys with a horizontal dimension
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YHUKHYTH OOMEXCHHS
WOro  TEIIOBOro  po3wmupeHHs. s
IMMOBUX  TPYyO0 3  TOPU3OHTAJIBHUM
po3mipoM  Ouiblme 1M  HEOOXigHO
3a0e3MeunTH JiBa JIOJTATKOBUX
Oe3lepepBHUX  BEPTHKAIBHUX  CTPHIKHS
niamerpoM 12 MM Ha KOKEH JOJATKOBHIMA
METp TOPU30HTAIBLHOTO PO3Mipy abo Horo
YaCTUHY.

TMMOXO0y, 1100

E.S MinimaJjanHe
apMyBaHHS

TOPU30HTAJBbHE

(1) BeprukanpHa apmaTypa MOBHHHA OyTH
VKJIaJleHa MDK B’S3€BOIO JlilaMeTpoM 6 MM
abo IHIIOI apMaTypor €KBIBaJEHTHOI'O
MOTNIEPEYHOro IMepepidy Ha BIICTaHl He
outbiie 400 MM.

E.6 MinimajbHe ceficMiuHe
aHKepyBaHHS

(1) Kam'ana numoBa TpyOa, 110 MPOXOAUTH
yepes MiAJIory 1 1ax OyAiBii, MOBUHHA OyTH
3aaHKEepOBaHa Ha KOXHOMY PIBHI MiJIOTH
abo Jaxy, Kl 3HaXOIATHCA OUTBII HDK Ha

2™ BUIIE 3eMIII, 3a BUHITKOM
CIOPY/IKCHHX  TOBHICTIO B MeXax
30BHIMMHIX CTiH. JIB1 cCTaleBi CTPIYKH

MEepEeTHHOM 5 MM Ha 25 MM TOBUHHI OyTH
MOMIIIEHI B IUMOBY TpyOy Ha MIHIMaJbHY
noBxuHy 300 mMM. CTpiuku TOBHHHI OyTH
3aaHKepOBaHI rakaMy HAaBKOJIO 30BHIIIHIX
CTPYDKHIB 1 MOBHHHI BUCTynatu Ha 150 Mm
3a BuruH Outa raka. KoxxHa crpiuka
NMOBUHHA OYyTH TpPHUKpIIJICHA MIHIMYM JI0
YOTUPBOX  OaJOK  TEPEeKPUTTS  JBOMA
6ontamu 12 mm.

E.7 KoncosbHuii BUCTYII

(1) Kam'sma numoBa TpyOa He MOBHHHA
BHUCTYIIATH Yy BUIJISIII KOHCOJI 31 CTIHU ab0
¢dbyHInaMeHTy OUIbII HDK Ha TIOJOBUHY
TOBIMHM CTIHKM JUMOBOiI TpyOu. JlumoBa
TpyOa He MOBMHHA BHUCTYNATH y BUIIAIL
KOHCONI 31 CTiHM abo  (yHIaMEHTy
3aBTOBIIKKM MeHme 300 MM, SKIIO TUIBKH
BOHa HE BHUCTYNA€ OJHAKOBO 3 KOXHOTO
00Ky cCTiHM. SIK BMHATOK, Ha JApYroMy
nosepci JIBOIIOBEPXOBUX OyniBenb

greater than 1 m, two additional 12 mm
diameter continuous vertical bars should be
provided for each additional metre in
horizontal dimension or fraction thereof.

E.5 Minimum horizontal reinforcement

(1) Vertical reinforcement should be
enclosed within 6mm diameter ties, or other
reinforcement of equivalent cross-sectional
area, at a spacing of not more than 400 mm.

E.6 Minimum seismic anchorage

(1) A masonry chimney passing through the
floors and roof of a building should be
anchored at each level of floor or roof
which is more than 2 m above the ground,
except where constructed completely within
the exterior walls. Two 5 mm by 25 mm
steel straps should be embedded into the
chimney over a minimum length of
300 mm. Straps should be anchored by
hooks around the outer bars, and should
extend by 150 mm beyond the bent at the
hook. Each strap should be fastened to a
minimum of four floor joists with two
12 mm bolts.

E.7 Cantilevering

(1) A masonry chimney should not project
as a corbel from a wall or foundation by
more than half of the chimney wall
thickness. A masonry chimney should not
project as a corbel from a wall or foundation
that is less than 300 mm in thickness unless
it projects equally on each side of the wall.
As an exception, at the second storey of
two-storey  buildings,  corbelling  of
chimneys outside the exterior walls may be



KOHCOJIbHUI BUCTYN TUMOBHX TpyO Ha30BHI
30BHIIIHIX  CTIH MOXE€  JIOPIBHIOBATH
TOBIIMHI CTiHU. BHUCTyn omgHOro psgy He
MIOBHHEH IEPEBUIIYBAaTH MOJOBUHU BUCOTH
1eryiyM abo oJHiET TPETUHU HOTO TOBIUHU B
3aJI©KHOCTI BiJ TOTO, IO BHSBHTHCS
MEHIIIE.

E.8 3minn po3mipiB

(1) Po3mip abo ¢opma CTIHKH JUMOBOI
Tpyou abo ¢GyTepoBKH JUMOXO]y TpyOu He
MOBUHHA 3MIHIOBaTHCS B Mexax 150 MM
BHIIlE a00 HIDKYE PIBHSA, J€ JTUMOBa TpyOa
MPOXOJUTH 4epe3 miyiory abo max abo ix
KOMITOHCHTH.

E.9 3cyB

(1) Sxmo kam'sHa gauMoBa  TpyOa
CHOpY/DKEHa 3 (YTEPOBKOIO JUMOXOAY 3
BOTHETPHUBKO1 TJMHH, OTOYEHOI OJIHUM
PAIOM KaM'SHOI KJIaJIKH, TO MaKCHMaJIbHE
3MIIIEHHS TOBWHHO OYTH TakuM, 1100
[IEHTpaIbHA BICh TUMOXO1y HAJl 3MIIIICHHSIM
HE BHCTyIaja 3a IMEHTP CTIHKKA JIUMOBOL
TpyOM miA 3MIMICHHSAM. SIKIIO 3MileHHS
JTUMOBO1 TPYOM MIATPUMYETHCS KaM'SHOIO
KJIaJKOK IIiJ 3MIIIEHHIM CIOCcoOOM, Ha
KWW AUMOBa TpyOa Oyrna po3paxoBaHa, TO
0OMEXEeHHS TI0 MaKCUMaJIbHOMY 3MIIIEHHIO
HE 3aCTOCOBYIOTBHCS.

E.10 JlopaTkoBi
HABaHTAKEHHS

BEePTUKAJbHI

(1) JdumoBi TpyOM He TMOBHHHI HECTH
BEPTUKAIbHUX HABAHTAXKEHb HA JI0JIATOK JIO
IXHBOI BJIACHOI Baru, SIKIIO BOHU Ha HUX HE
po3paxoBani. Kam'asHi aumoBi TpyOH
MOXYTb OyTH CHOpPY[KEHI $K 4YacTHHA
KaM'sHUX 200 OETOHHUX CTIH OyiBIIi.

E.11 ToBumHua cTinku

(1) Crinkn KaMm'sHUX JAMOBHX TpPYyO
MOBHHHI OYyTH CHOpY/DKEHI 3 CYLUIBHHUX

uermuH  abo  TOPOKHUCTHX  IIETJIUH,
3alIOBHEHUX LIEMEHTHUM PO3YHUHOM,
HOMIHAJBHOIO  TOBIIMHOIO HE  MEHIIE
100 mm.
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equal to the wall thickness. The projection
of a single course should not exceed one-
half of the height of the masonry unit, or
one-third of its bed depth, whichever is less.

E.8 Changes in dimension

(1) The chimney wall or chimney flue liner
should not change in size or shape within
150 mm above or below the level where the
chimney passes through a floor or a roof, or
their components.

E.9 Offsets

(1) Where a masonry chimney is
constructed with a fireclay flue liner
surrounded by one leaf of masonry, the
maximum offset should be such that the
centreline of the flue above the offset does
not extend beyond the centre of the chimney
wall below the offset. Where the chimney
offset is supported by masonry below the
offset in a manner for which the chimney
has been designed, the maximum offset
limitations do not apply.

E.10 Additional vertical loads

(1) Chimneys should not support vertical
loads in addition to their own weight unless
they are designed for them. Masonry
chimneys may be constructed as part of the
masonry walls or concrete walls of the
building.

E.11 Wall thickness
(1) Masonry chimney walls should be
constructed of solid masonry units, or

hollow masonry units grouted solid with not
less than 100 mm nominal thickness.
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JOJIATOK F
(moBigKOBHIA)

OIIOPH JITHIA EJIEKTPOIIEPE JAUI

(1) TIpoekryBaHHST  KOHCTPYKLIH  JUisi
nepenavi i po3mOJALTY EJNeKTPOEHeprii, a
TaKOX OIOp JJIsi TPOBOJMIB IIICTaHITIH,
3a3BUYail BHU3HAYAETHCS BITPOBUMH
HAaBaHTAXXCHHAMHM YacTO B TIOEAHAHHI 3
HaBaHTAKCHHSAMHU BiJ oOMep3aHHi abo
HEPIBHOMIPHUMU TO3/IOBXKHIMU
HaBaHTaXXEHHSIMHM BiJ npoBoJiiB. CelicMiuHa
MPOEKTHA CHUTYyaIlis, B IIUIOMY, HE PErysroe
iX TpPOEKTyBaHHS, 3a BUHATKOM BHUIAJKIB,
KOJIM € BeIWKl HaBaHTAXEHHS  Bif
oOMep3anHs. [loBemiHka UX KOHCTPYKIIN
Mpu  3eMJIETPYCl TMPOJAEMOHCTPYBAJIO, IO
CCHCMIYHUM  HABAaHTAKEHHSIM  MOYKHA
MPOTHCTOATH Ha TIACTaBl TPAAUIIHHOTO
HAaBAaHTAXXCHHS KOHCTPYKIIH Omop JuIs
MPOBOJIIB €JIEKTpOIIepeaayl, MIACTAHIIN 1
posnoAiTbHOT Mepexi. Baxkke oGmamHaHHs,
Take SK TpaHCPOPMATOPH B PO3MOIUIBHUX
Mepekax, MOX€  BHUKIMKAaTH  3Ha4Hl
CEHCMIYHI HABaHTAKCHHS 1 aBapiro.

(2) BuknukaHi 3eMJIETPYCOM ITOIIKOKEHHS
Omop IS TIPOBOJIB  €JEKTpoIepeaaul,
MIJCTaHIIH a00 PO3MOALTEHUX MEPEX 4acTO
MOB'I3aHI 3 BEJIMKUMHU IEPEMIIICHHIMH
(dhyHIaMEHTIB BHACIIIOK 3CYBIB, OCIIaHHS
a00 pO3pUDKEHHs TIpyHTy. Taki sBHIIA
3BUYAWHO TMPH3BOAATH JIO JIOKAJIHHOTO
pyHHYBaHHS abo ITOIITKO DKEHHS
KOHCTPYKIii 0€3 MOBHOT BTPATH LLTICHOCTI 1
MPAaLE3JaTHOCTI CIIOPY/IH.

(3) OcHoBHa wyacToTa IUX THUIIB CIOPY.
3a3BUYail 3HAXOIWUTHCA B [Jlama3oHl B
0,5Tu mo 6I'u. Cnopyma Tuny ojHiel
[IOIJIM MalOTh OCHOBHI MOJOBI YacCTOTH B
niamazoHi Bix 0,5 I'm o 1,5 I'm. Cnopyau 3
H-nonibnumu pamamMu  MaroTh  OCHOBHI
MOJIOBI yacTOoTH B jmiamasoHi Bixm 1Tt mo
3lm, npu 1UBOMY HIDKHI YacTOTH B
HampsIMKy, HOPMajabHOMY [0 IUIOUIHMHU
KOHCTPYKIIii, & BEpXHI 4YaCTOTH - B IJIONINHI
KOHCTpyKIii. ['paryacti cmnopyam Ha

ANNEX F
(informative)

ELECTRICAL TRANSMISSION
TOWERS

(1) The design of structures for electrical
power transmission and distribution, and of
substation wire supports is typically
controlled by wind loads, often combined
with ice loads or by unbalanced longitudinal
wire loads. The seismic design situation
generally does not control their design,
except when it includes high ice loads.
Earthquake performance of these structures
has demonstrated that seismic loads can be
resisted based on traditional electrical
transmission, substation and distribution
wire support structure loading. Heavy
equipment, such as transformers in
distribution  structures, may result in
significant seismic loadings and distress.

(2) Earthquake damage to electrical
transmission, substation wire support or
distribution structures is often due to large
displacements of the foundations due to
landslides, ground failure or liquefaction.
Such occurrences normally lead to local
structural failure or damage, without
complete loss of the integrity and the
function of the structure.

(3) The fundamental frequency of these
types of structure typically ranges from
0.5Hz to 6Hz Single-pole types of
structure  have  fundamental = mode
frequencies in the 0.5 Hz to 1.5 Hz range.
H-frame structures have fundamental mode
frequencies in the 1 Hz to 3 Hz ranges, with
the lower frequencies in the direction
normal to the plane of the structure and the
higher ones in-plane. Four-legged lattice
structures  have  fundamental = mode



JOTUPHOX OIMOPaX MAKTh OCHOBHI MOJOBI
gacToTd B JmiamazoHi Big 2 I 1o
6 'u. I'pargacti mpsiMi  KOHCTPYKIii
3a3BMYail MalOTh HUXK4Yi YaCTOTH B LIbOMY
Jiama3oHi; KyTOBI 1 TYMIKOBI CIOpYIH
MAalOTh BUII YaCTOTH B IIbOMY Jiana3oni. Lli
Jiara3oHu 9acTOT MOYKHA BUKOPUCTOBYBATH
IUIE BU3HAYEHHS MOXKIJIMBOCTI TOTO, IO
ceiicMiuHe HaBaHTAXCHHS Oyne
KOHTPOJTIOBATH KOHCTPYKTHBHE
MPOEKTYBaHHS oOmopu. SKmo me Tak, TO
HEOOXIZIHO  BUKOHATH  OUIBII  TOYHE
BU3HAYCHHS YacTOT KOJIMBAaHb CIIOPYIH 1
(hopM KOJTMBaHb.

np ACTY-H b EN 1998-6:201X

frequencies in the 2Hz to 6Hz range.
Lattice tangent structures typically have
lower frequencies in this range, angle and
dead end structures have higher frequencies
in the range. These frequency ranges can be
used to determine whether earthquake
loading is likely to control the structural
design of the tower. If it is, then a more
detailed evaluation of the structure vibration
frequencies and mode shapes should be
performed.
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JCTY-H b EN 1998-6:201X

JIOJATOK HA

(TOBIIKOBHIA)

NEPEJIK HAIIIOHAJIbBHUX CTAHJAPTIB YKPAIHU (JICTY),
IJEHTUYHUX MC, IOCUJIAHHS HA SKI € B EN 1998-6:2005

[lo3HaueHHs Ta Ha3Ba Cryninb [To3HaueHHs Ta Ha3Ba HAI[IOHAJILHOTO
€BPOINENCHKOTO CTAaHIAPTY BIJIOBITHOCTI cranaapty Ykpainu (ACTY)
EN 1990 Eurocode - Basis IDT JACTY-H B EN  1900:2008
of structural design "€Bpokoa. OCHOBM TPOCKTYBaHHS
koHcTpykiiil (EN 1990:2002, IDT)»
EN 1998-1 Eurocode 8 - IDT JNCTY-H B EN  1998-1:2010
Design of structures for «EBpoKO 8. [MpoekTyBaHHS
earthquake resistance - Part CEMCMOCTIHKUX KOHCTPYKITIH.
1. General rules, seismic Yactuna 1. 3aranpHi mpaBuia,
actions and rules for ceficmiuHi  fii, TmpaBWiaa 100
buildings cnopya (EN 1998-1:2004, IDT)»
EN 1998-2 Eurocode 8 - IDT JNACTY-H b EN 1998-2:201X
Design of structures for «EBpOKOSI 8. [TpoexTyBaHHS
earthquake resistance - Part CEHCMOCTIRKHX KOHCTPYKITIH.
2: Bridges Yactuna 2. Moctu
(EN 1998-2:2005, IDT)»
EN 1998-4 Eurocode 8 - IDT JNCTY-H b EN 1998-4:201X
Design of structures for «EBpOKOJT 8. [TpoekTyBaHHs
earthquake resistance - Part CEHCMOCTIRKHX KOHCTPYKITIH.
4: Silos, tanks and pipelines Yactuna 4. CugocHi  OamTw,
pe3epByapu  Ta  TpyOOmpoBOaH
(EN 1998-4:2006, IDT)»
EN 1998-5 Eurocode 8: IDT JNACTY-H B EN 1998-5:201X
Design of structures for «EBpOKOJT 8. [IpoexTyBanHs
earthquake resistance - Part CEHCMOCTINKUX KOHCTPYKIIiH.

5: Foundations, retaining
structures and geotechnical
aspects

Yactura 5. @yHaaMeHTH, MiANIpHI
KOHCTPYKIIIi Ta T€OTEXHIYHI aCIIEKTH

(EN 1998-5:2004, IDT)»
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np ACTY-H b EN 1998-6:201X

Kon YKH 91.120.25

KarwuoBi  ciaoBa:  3emieTpyc,  celicMOHEOE3MEeUHICTh,  €BPOKOH,
CEMCMOCTIMKICTh, TMpaBWiia MPOEKTYBaHHS, OaliTH, BEXIi, JIUMOBI TpyoOH,

CEelCMIUHI HABAHTAXKCHHS.

Ilepmmii 3actynauk aupexkropa 11 HAIBK
3 HayKkoBoi po6oTH, rososa TK 304
«3axuct OyaiBesb 1 CIOpyI» FO. HemuunoB

3aBigyBay BiIJIJIOM aBTOMAaTH3alli1l TOCII>KEHb
Ta CEMCMOCTIMKOCTI OyAiBENb 1 CIOPY/,
HAYKOBUM KEPIBHUK O. XagBkiH

3aBigyBad JtabopaTopii Teopii ceMCMOCTIHKOCTI

Ta JUHAMIYHUX BUIIPOOYBaHb,
BIAMOBIJAJILHUI BUKOHABELD M. Map’eHkoB
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