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HAIIIOHAJBHUM BCTYII

Lleii cranmapT € ToToxxuuit nmepekiaan EN 1998-2:2005 Eurocode 8 - Design of structures
for earthquake resistance - Part 2: Bridges (€Bpokop 8. [IpoekTyBaHHS CEHCMOCTIMKAX
koHcTpykuid. Yactura 2. Moctu ) pasom i3 3minamu EN 1998-2:2005/A1:2009, EN 1998-
2:2005/A2:2011 i texniunoro nonpaskoro EN 1998-2:2005/AC:2010.

EN 1998-2:2005 “Eurocode 8 - Design of structures for earthquake resistance - Part 2:
Bridges” ninrorosieno Texuiuaum komirerom CEN/TC 250 “Structural Eurocodes” (€spokoau
KOHCTPYKIii), cekperapiaTom sikoro kepye BSI (bpuTancbkuii IHCTUTYT CTaHIAPTIB).

J1o HaIiOHATBLHOTO CTAHAPTY MOJIY4EHO aHTJIOMOBHHI TEKCT.

Ha Tteputopii VYkpaiHu $K HallOHAIbHUM CTaHIApT Jl€ JiBa KOJIOHKA TEKCTY
JCTY-H B EN 1998-2:201X “E€Bpoxon 8. IIpoekTyBaHHS CEHCMOCTIMKHX KOHCTPYKIIIM.
Yactuna 2: Moctu (EN 1998-2:2005, IDT)”, BukiaaeHa yKpaiHChbKOO MOBOTO.

Bimmosigao mo JIBH A.1.1-1-2009 ”OcHoBHI TOJIOKEHHS” 1€l CTaHAAPT BITHOCHTHCS
710 KOMITJIEKCY HOPMAaTUBHUX JIOKYMEHTIB y rany3i OyniBHunTea B.2.6 “Konctpykuii OyanHKIB 1
criopyn’”.

CrangapT MICTUTh BUMOTH, SK1 BIIMOBIAIOTh YUHHOMY 3aKOHOJABCTBY YKpaiHHU.

TexHIUHMI KOMITET, BiANOBiTaIbHUHN 3a 1ei cranmaapt — TK 304 “3axuct OymiBenb i
criopyn’.

Jlo cTanmapTy BHECEHO TaKi peIaKI[iitHi 3MI1HH:

- cIoBa “ned €BPONEHCHKHIA CTaHIapT 3aMIHEHO Ha “led ctaHmapt”;

- CTpYKTypHi1 eneMeHTH craHmapty: “OOkmamunka”, “Ilepeamona”, “HarioHanpHUI
Beryn”, ‘“3mict” Ta “bibmiorpadivuni maHi”’- ogopMIIEHO 3TiTHO 3 BUMOTaMH HAI[IOHAJIBHOL
cTaHAapTU3allii YKpainu;

- Kpamky 3aMiHEHO Ha KOMY SIK BKa3iBHUK JIECATKOBUX 3HAKIB.

[Tepenik namionanpHuX ctanaaptie Ykpainu (JACTY), inenTnuanx MC, mocuimaHHs Ha
siki € B EN 1998-2:2005, pazom i3 3minamu EN 1998-2:2005/A1:2009, EN 1998-2:2005/A2:2011
Ta TexHiuHo0 momnpaskoro EN 1998-2:2005/AC:2010, naseaeno B ogarky HA.

Komii MC, mo HenpuiHATI SK HaI[lOHAIbHI CTaHIAPTH, ajiec Ha SKI € TIOCHJIAHHS B
EN 1998-2:2005, moxHa orpumatd B [omoBHOMY GOHII HOPMATUBHUX JOKYMEHTIB
HIT «YkpHIHL».
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OTIOp, PpO3TAIllOBAaHUX HWXKYE 3a pIBEHb
BOJIH

JNonmarok G

Po3paxyHOK TOMyCTUMUX HaBaHTaXEHb
Jomarok H

VIl

118

119

123

125
125

125
125

125
127

129
129
131

132

133

135

137

139

149

155

157

159

7.5.3  Conditions for application of
analysis methods

7.5.4  Fundamental mode spectrum
analysis

7.5.5  Multi-mode Spectrum Analysis

7.5.6  Time history analysis

7.5.7  Vertical component of seismic

action
7.6 Verifications
7.6.1

Seismic design situation

7.6.2 Isolating system

7.6.3  Substructures and
superstructure

7.7 Special requirements for the
isolating system

7.7.1  Lateral restoring capability

7.7.2  Lateral restraint at the isolation
interface

7.7.3  Inspection and Maintenance

Annex A

Probabilities related to the reference
seismic action. Guidance for the selection
of design seismic action during the
construction phase

Annex B

Relationship between displacement
ductility and curvature ductility factors of
plastic hinges in concrete piers

Annex C

Estimation of the effective stiffness of
reinforced concrete ductile members
Annex D

Spatial variabiality of earthquake ground
motion: model and methods of analysis

Annex E

Probable material properties and plastic
hinge deformation capacities for non
linear analyses

Annex F

Added mass of entrained water for
immersed piers

Annex G
Calculation of capacity design effects
Annex H

118

119

123

125
125

125
125

125
127

129
129
131

132

133

135

137

139

149

155

157

159



CratuyHuii  HEMHIMHMA  pO3paxyHOK
(po3paxyHOK 110 HeCy4ild 3[aTHOCT1)
Honatoxk J

3miHa MIPOEKTHUX XapaKTEePUCTUK
CEMCMIYHUX 130JITOPIB

HonaTtox JJ

KoedimienTn A a1 ceficMOi30TOPIB
3arajbHOTO THITY

Honatox K

BumnpoOyBanus TUIst nepeBipKu
PO3paxyHKOBHX XapaKTePUCTUK
CeCMOI30JIATOPIB

Honarox HA

[lepenik HaI[IOHAJIbHUX CTaH/apTIB
Vkpainn  (JACTY), igentuunux MC,

MOCUJIAaHHS Ha SIK1 € B

EN 1998-2:2005, pazom i3 3MiHaM#u

EN 1998-2:2005/A1:2009, EN 1998-
2:2005/A2:2011

1 TEXHIYHOIO MOMPABKOIO

EN 1998-2:2005/AC:2010

163

166

168

174

np ACTY-H b EN 1998-2:201X

Static non-linear analysis (pushover)

Annex J

Variation of design properties of seismic
isolator units

Annex JJ

) — factors for common isolator types

Annex K
Tests for validation of design properties
of seismic isolator units

Annex NA

List of National Standards of Ukraine
(SSV), identical MS, which are
referenced in

EN 1998-2:2005, together with changes
EN 1998-2:2005 / Al: 2009, EN 1998-
2:2005/ A2: 2011

and technical amendment

EN 1998-2:2005/ AC: 2010

163

166

168

174



mp ACTY-H b EN 1998-2:201X

Beryn

Leit €Bponeiicbkuii Ctanmapt  EN 1998-2,
€Bpokoa 8. IlpoekryBaHHS CEHCMOCTIHKHX

KoHCTpykIid. YactuHa 2. Mocrtu, OyB
IIATOTOBJIEHUI TexuiuauMm  KomireToMm
CEN/TC 250 "€Bpokomum B  Tamysi

OymiBHUIITBA", CEKpeTapiaT SKOro TIPAIOE
mig  kepiBHunTBOM  BSI. Cekperapiat
Texuiunoro xomireHty 250 BigmoBimae 3a Bci
€BpOKOIM KOHCTPYKIIIH.

et Epomneiicbkuit  CraHgapT NOBUHEH
OTpUMATH CTaTyC HAI[IOHAJbHOTO CTaHAApPTY,
abo muIIXoM OmnyONIKyBaHHS 1JEHTHYHOTO
TEKCTy, a00 CXBaJIeHHS, HE MI3HIIIE TpPaBHS
2006 poxy. HamionanpHi cTaHgapTd, LIO
cymepeyaTtb  JaHOMY,  TIOBUHHI  OyTH
BiKJIMKaH1 He mizHime 0epe3ns 2010 poky.

Ie#t moxymeHT 3aminioe coboro ENV 1998-2:
1994.

3rigHo peryiaMenTy CEN-CENELEC,
Opranizamii  HamionanpbHUX ~ cTaHIapTiB
HaCTYyMHUX KpaiH 3000B'si3aHi 3aCTOCOBYBATH
ne €Bpomeiicekuii  Cranmapt: ABCTpif,
benpris, Kinp, Yecpka PecnyOmika, [lanis,
Ecronis, ®ianannis, ®pannis, Himeuuuna,

I'pemis, VYropumna, Icnmanmis, Ipnanmis,
ITamis, Jlatsisa, JIutea, JltokcemOypr, ManbTa,
Hinepmannu, Hopsgeris, ITonpmma,

[Topryramis, CnoBauunna, CrnoBenis, Icnanis,
[Bemis, Ileetimapin  ta  Croosydene
KopouicTBo.

Foreword

This European Standard EN 1998-2,
Eurocode 8: Design of structures for
earthquake resistance: Bridges, has been
prepared by  Technical Committee
CEN/TC250 «Structural FEurocodes», the
Secretariat of which is held by BSI.

CEN/TC250 is responsible for all Structural
Eurocodes.

This European Standard shall be given the
status of a National Standard, either by
publication of an identical text or by
endorsement, at the latest by May 2006, and
conflicting national standards shall be
withdrawn at latest by March 2010.

This ENV 1998-

2:1994.

document  supersedes

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.



OcHoBu nporpamu €Bpokoay

B 1975 pomui, komicieto €BponencrKkoro
CniBToBapucTBa OyllO0 MPHHHATO pIlICHHS
po mporpamy il B 061acTi OyAiBHALITBA, HA
migcraBi  crarti 95  JloroBopy. Meroro
nporpamMu  Oyll0  YCYHEHHS  TEXHIYHHUX
MEPEeIKOJl JUIsi TOPriBIi Ta TrapMoOHi3amii
TEXHIYHHUX CIIEIU(iKaIii.

Y pamkax 1iei nporpamu aid, Kowmicisa
yXBajlwia  IHINIAaTUBY IOJO  CTBOPEHHS
Ha0Opy TapMOHI30BAaHUX TEXHIUHUX MPaBUI
JUI TIPOEKTYBaHHS OyAIBENIbHUX pOOIT, SKI,
Ha MepuioMy etani OyayTh CIYXKUTH B SKOCTI
albTEpHATUBU JUISI HALIOHAJIBHUX HOPM,
YUHHUX B JIep’KaBax - UneHax a, B KIHIEBOMY
paxyHKy, 3aMIHHUTH iX.

[Ipotarom n'ITHaIUATH pPOKIB, KOMicid, 3a
JIOIIOMOT' OO KepiBHoro KOMITETY 3
[IpencraBHukamMu nepkas - UmeHiB, mpoBena
po3poOKy mporpamu €BpPOKOMIB , fKa
MpuBeIa bi (o) MEepILIOTro MOKOJIIHHS
eBporneichkux KoaiB y 1980-x pokax.

B 1989 pori, komicis 1 nepxasu - wiean €C 1
€Bponeiicbka acouianiss BiJIbHOI TOPTiBJIi
(EABT) Bupimuau, Ha migcTasi srogm’ Mix
komiciero 1 CEN, mepegatu miATOTOBKY 1
nyonikarito €Bpokoaie g0 CEN depes psn
MangatiB, 3 THUM 1100 3a0e3leunTd IM
(€Bpokogam) MaiOyTHIH cTaTyc
€porneticekoro Cranmapty (EN). Lle 3B's13ye
Gaxkmuyno €BPOKOIU 3 TOJIOKESHHSIMH BCIX
mupekTuB  Pamm  i/abo  pimieHb  KOMICII,
MOB'SI3aHUX 3 €BPOINCHCHKUMH CTaHIApTaAMH
(ranpuxnao, nupextuBa Pagu  89/106/EEC
po OyaniBenbHy mnpoxaykuiro - CPD - 1
mupektuBu Pamun 93/37/EEC, 92/50/EEC 1
89/440/EEC  mpo rpomaiceki  po0oTw,
MOCIYr'M a TaKOX BiMOBiIHUX JUpeKTuB
€BpOTENChKOT acowianii BUIBHOI TOPriBIIi
€ABT, iHiilloBaHUX 3 LU0 CTBOPEHHS

1Vrona mix xomiciero €pponeiicbkux CHiBTOBAPUCTB i
€pporeiickkoro komitery 3 Cranmaprusanii (CEN)

BIJTHOCHO pobotu 3 EBPOKOJAMUM IS
NIPOEKTYBaHHA OyniBens Ta OynmiBeNbHHX poOOT
(BC/CEN/03/89).

np ACTY-H b EN 1998-2:201X

Background of the Eurocode programme

In 1975, the Commission of the European
Community decided on an action programme
in the field of construction, based on article
95 of the Treaty. The objective of the
programme was the elimination of technical
obstacles to trade and the harmonisation of
technical specifications.

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

For fifteen years, the Commission, with the
help of a Steering Committee with
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

! 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).

Xl
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BHYTPIIIHBOTO PHHKY.

CtpykTypHO nporpama byniBensHUX
€BpOKOIB BKIIIOYa€ B cebe Taki CTaHIAPTH,
sIKi, SIK TPaBHJIO, CKIAJAIOThCS 3 JCKUTBKOX
YaCTUH:

EN 1990 €Bpokon : OcHOBU IPOEKTYBaHHS
KOHCTPYKIIift

EN 1991 €Bpokog 1: [lii Ha KOHCTpYKITii

EN 1992 €Bpoxon 2: IlpoexkTtyBaHHs
3a11300€TOHHUX KOHCTPYKIIIN

EN 1993 €Bpoxon 3: IIpoekryBaHHs
CTaJIEBUX KOHCTPYKIIIH

EN 1994 €spokonx 4: IlpoexkTyBaHH:A

CTasIe3a11300€TOHHUX KOHCTPYKI[iH

EN 1995 €spokox 5: IlpoekryBaHHS
JIepeB'SHUX KOHCTPYKITIH

EN 1996 €sBpokox 6: IlpoexryBaHHS
KaM'sSTHUX KOHCTPYKIIIH

EN 1997 €Bpokon 7: T'eorexHiune
MIPOEKTYBaHHS

EN 1998 €Bpokox &: IIpoekryBaHHS
CEHCMOCTIMKUX CIIOPY/T

EN 1999 €spoxonx 9: IlpoekryBaHHS
AITFOMIH1€EBUX KOHCTPYKITIH

€BpOKOJIM  BU3HAYAIOTHh  BIAMOBIJAIBHICTH

pPO3MOPSAIYMX OpraHiB JIEpP)KaB-wiICHIB Ta
3aXMINAIOTh iX MPAaBO BH3HAYATH BEIWYMHH,
0 CTOCYIOThCSl IUTaHb peryatoBaHHs
0e3leKu Ha HAI[IOHALHOMY piBHI, SKIIO IIi
BEJIMYMHU BIAPIZHAIOTHCS VI BICIX JeprKaB-
YJIEHIB .

Craryc i cdepa 3acrocyBanHs €BpokoaiB

Hepxasu-Unenn €C 1 €ABT BusHamm, 1o
€BpOKO/M CIIy)KaTh B SIKOCTiI JIOBITKOBOTO
MaTepiany JUis TaKuX Iiiei:

Xl

up the internal market).

The  Structural  Eurocode  programme
comprises the following standards generally
consisting of a number of Parts:

EN 1990 Eurocode :
Design

Basis of Structural

EN 1991 Eurocode 1: Actions on structures

EN 1992 Eurocode 2: Design of concrete
structures

EN 1993 Eurocode 3: Design of steel
structures

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

EN 1995 Eurocode 5: Design of timber
structures

EN 1996 Eurocode 6: Design of masonry
structures

EN 1997 Eurocode 7: Geotechnical design

EN 1998 Eurocode 8: Design of structures for
earthquake resistance

EN 1999 Eurocode 9: Design of aluminium
structures

Eurocode standards recognise the
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

Eurocodes

application of

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



- SIK CTOCI0 JT0Ka3y BIAMOBIMHOCTI OyaiBemb i
CIIOpYJT OCHOBHUM BUMOTaM JTUPEKTHBHU Pann
89/106/EEC, ocobmuBo BaxkianBa Bumora N°
1 - Mexaniyga CTIMKICTH 1 CTaOUIBHICTD - 1
BaxxmBa Bumora N° 2 - besneka y pasi
MTOKEXKI,

- SK OCHOBA JUIs BH3HAUCHHsS KOHTPAKTIB Ha
OyniBenbHI poOOOTH 1 CYMDKHI I1HXKEHEpHI
HOCIYTH;

- SIK OCHOBA JUISI PO3POOKH TapMOHI30BaHMUX
TEXHIUHUX crneuudikanii Ha  OyIiBEIbHY
npoaykifito  (eBpomeiicbki  HOpMu-EN i
€BpOTIEHCHKI TexHI4YHI gonmycku —ETA).

EBpokomu, B T Mipi, B fAKiii BOHHU
CTOCYIOThCSI ~came  OyIiBEeIbHUX  POOIT,
MaTUMYTh MPSAMHUN 3B'130K 3
[TosicHIOBanbHUMU JloxymMeHTaMu?,

nepenoadenumu B Crarri 12, CPD, xoua
BOHM  MalwTh  IHOIYy  OpPUPOAY  BiX
rapMOHI30BaHKX TIPOIYKTIB CTaHAapTH3AIi.
TakuM YMHOM, TEXHIYHI AacIeKTH, IIOo
BUIUIMBAIOTh Tpu poboti 3 EBpokomamu,
MMOBUHHI OyTH HaJCKHUM YHHOM PO3TIISHYTI
Texuiyaumu  Komiteramu  CEN  1/abo
Po6ounmu ['pynamu EOTA, mo npariroroTs 3
CTaHJapTaMHU MPOAYKI(Ii 3 METOIO TOCSITHEHHS
IMOBHOI CYMICHOCTI X TEXHIYHUX
cnenudikaiii 3 €Bpokogamu.

€BpOKOJM  HAJAKTh 3arajbHi CTPYKTYpHI
MpaBHja MPOSKTYBAHHS ISl TOBCSAKICHHOTO
BUKOPHUCTAHHS TPH MPOCKTYBaHHI OyaiBenb 1
OKpEMHUX KOHCTPYKIIIH SK TPATUIIIHHOTO TaK
1 1HHOBaliHOTO Xapaktepy. He3BuuaiiHi
dbopMH  KOHCTPYKIiH ab0 MPOEKTYBaHHS
YMOB, SIKIi HE MiANAIar0Th IO JOJAaTKOBOTO
EKCIIEPTHOTO POy, noTpeOyTh
0COOJIMBOTO MIIXOAY B TAKMX BHUITAIKAX.

2 3rigHo cr. 3.3 CPD, ocHoBHuM BuMoram (ER-am),
MMOBHHHA OyTH JaHa KOHKpeTHa (hopMa B TIIyMadeHHi
JOKYMEHTIB JJISl CTBOPEHHA HEOOXIAHHUX 3B'S3KIB MiXK
OCHOBHUM BHMOTaM 1 MaHIaTaMH JUIsl TaApMOHI30BaHUX
EN-ui ETAG-wETA-n

3 Brigno cr. 12 CPD mnosicHIOBaIbHI JOKYMEHTH
TIOBUHHI:

a) IaTH KOHKpeTHY (opMy HEOOXiTHMM BHMOTaM IIO
rapMOHi3amii TEpMIHOJNOTrIT 1 TEXHIYHUM OCHOBaM 1
3a3HAYEHHSM KJIaciB 1 PiBHIB 110 KOXKHiI BUMO31 B pasi

np ACTY-H b EN 1998-2:201X

— as a means to prove compliance of building
and civil engineering works with the essential

requirements of  Council Directive
89/106/EEC, particularly Essential
Requirement N°1 Mechanical resistance

and stability — and Essential Requirement N°2
— Safety in case of fire ;

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

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

The Eurocodes, as far as they concern the
construction works themselves, have a direct
relationship ~ with  the Interpretative
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

X1
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moTpeowu;

b) Bkazatu criocobu 3B'sI3Ky IIMX KJIAciB 1 piBHIB BUMOT
3 TEXHIYHUMHU XapaKTEPUCTUKAMH, HANPUKIA0, METOAN
0OYHMCIICHHS 1 I0Ka3H, TEXHIYHI TpaBwiIa ISl pO3pOOKH
IPOEKTY TOLIO;

C)  CIOYXKHTH  KEpIBHHITBOM U1  PO3pOOKH
rapMOHI30BaHMX CTaHAAPTIB 1 KEPIBHUX HPHUHIHIIIB
JUISl €BPONEHCHKHUX TEXHIYHUX CXBaJIEHb.

€Bpokoau, gpakmuuno, TParOTh aHAJOTiYHy poib y ER
1, Ta, vactkoBo, y ER 2.

X1V

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 Cranaapru, 10
BIPOBAKYIOTH €BpoOKOaU

HamionanbHi craHaapTd, mo BIPOBAIKYIOTh
€BpOKOJIM, MICTSITh HOBUU TEKCT €BpOKOIY
(BKJIFOUHO 3 yciMa J0JaTKamu), 10 BUIAHUN
CEN, 1m0 Mmoxe monoBHIoBaTH HamioHaabHUH
TUTYJIbHUH apkym Ta HamioHansHIM BeTyn Ha
MOYaTKy, a TakoX HarioHanbHUH J10aTOK
BKIHIII.

HamioHanmeHMii  0OJATOK  MOXKE  MICTHTH
TUIBKK 1H(GOpPMAILI0 TPO Ti MapameTpH, sKi
3QJIUINAIOTHCS BIIKPUTUMH B €BpOKOAaX IS
HaIlIOHAJTFHOTO BUBUKOPUCTAHHS, BIIOMUMN SIK
HaI[lOHAJILHO BCTAHOBJIEHI MapaMeTpH, sKi
OynyTh BHKOPHUCTOBYBATHUCS JUIS
MPOEKTYBaHHS Ta OyJIIBHUIITBA Y KOHKPETHIN
KpiiHi, a came:

- 3HadyeHHs Ta/abo Kiac,
HaBeJIeH1 B €BpOKOIi,

Je BapiaHTu

- 3HAYCHHS, SKI MOYHA BHKOPHUCTOBYBATH
TaM, JIe CHMBOJI JIaHO TUTBKH B €BPOKO/I,

- KOHKpeTHI mJaHl Kpainu (reorpadivHi,

KJIIMaTUYHI ~ TOIIO), HANmpHKIadA, KapTy
CHITOBOT'O TIOKPOBY,

- MpoLeaypa, sKa IIOBHUHHA
BHKOPUCTOBYBATHCS  SIK  aJlbTCPHATHBHA
nporeaypi, HaBeAeHo1 B €BpOKOIi.

Bin Takox MOKe MICTUTH:

- pillIeHHS {010 3aCTOCYBaHHS

iH(pOpMaIIHUX JTOTIOBHEHD,

- MOCWJIAHHS Ha HECYIEPEWIMBY JIOJIATKOBY
iHpopMallito, oo TOTOMOITH KOPUCTYBAUEB1
3aCTOCOBYBaTH €BPOKOI.

3B'130K MIK €Bpoxonamu i
TapMOHI30BAHMMHM TEXHIYHUMH YMOBAMH
(EN-u i ETA-u) 115 BUpoGiB

Icnye HEOOXIIHICTh 3a0e3neueHHs

np ACTY-H b EN 1998-2:201X

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
climatic, etc.), e.g. snow map,

(geographical,

— the procedure to be used where alternative
procedures are given in the Eurocode.

It may also contain:

— decisions on the application of informative
annexes,

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

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

There is a need for consistency between the

XV
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MOCIIIOBHOCTI MDK rapMOHI3YBaHHIM
TEeXHIYHUX crenidikanidi Ha OyaiBenbHi
BUPOOM 1 TEXHIYHMMH TpPAaBWIAMHU UL
pobotu*. Kpim Toro, Bcsa iHpopmanis, sxa
CYIPOBOIKYE

CE-mapkupoBKy Ha OyAiBeNbHY MPOIYKIIIO,
sKa BITHOCHUTBCS 10 €BPOKOJIB, TOBHHHA
YiTKO BKa3yBaTH, sSKi IMapaMeTpH, BU3HAYCHI
Ha HallOHAJILHOMY DiBHi, OyJ0 MPHIHATO 110

yBaru.

HonaTrkoBa indopmaiisi, Mo BiTHOCHTbCS
no EN 1998-2

O6c¢sr ganoi yactunu EN 1998 Buznauenuii y
1.1. 3a BUHATKOM BHUITAJIKIB, 3a3HAYCHUX Y 1111
YacTHHI, CEHWCMIYHI BIIUBH BH3HAYAIOTHCS
BignoBiHO 70 EN 1998-1:2004, po3min 3.

Y 3BW3Ky 3 OCOOJMBOCTSMHU  OIOPHOI
MOCTOBOi ~ @HTHCEUCMIYHOI  CHUCTEMH, Y
MOPIBHSIHHI 3 TUMHU OyIIBISIMU Ta IHIIUMHU
CIIOpY/aMH, BCl 1HII PO3JAUIH I[I€] YAaCTHHU B
3aralbHOMY BHUIAAKy O€3MOCepeHbO He
noB'sizani 3 iHmmMMH B EN 1998-1:2004.
Omnak psan  monoxens EN 1998-1:2004
BUKOPUCTOBYIOThCS B IIPSIMUX NTOCUIIAHHSX.

Tak sk ceicMiYHa it B OCHOBHOMY [li€ Ha
MpUYaAIA 1 OCTaHHI, SIK MPaBWIJIO, TOOYI0BaHI
13 3amiBoberoHy, OuIbIIy yBary OyJo
MPUIUICHO TAaKUM MPHYATIaM.

KartkoBi omopu y Oaratb0X BHUIAJKAX €
BOKJIUBILIOIO YaCTHHOIO cercMIYHOT
CHCTEMH OMOPH MOCTA i, 0TKE, PO3TIISIAETHCS
BIJMOBITHUM YMHOM. T€ 5K came CTOCYEThCs
CUCTEM IPUCTPOIB CEUCMOI30JIAIIII.

Hanionansuuii nogarox 1o EN 1998-2

Lleit CTaHIapT nae aNTbTCPHATHBHI
MpoLeaypr, BHUMOTH Ta pEeKOMEHnalii 3
MPUMITKaMH, 110 BKa3ylOTbh, JI¢ HAI[IOHAIBHI
yTOUYHEHHs MOBUHHI OyTu 3poOneHi. Tomy
Hanionansuuit Crannapt, peanizytounii EN
1998-2, nmoBuHen Matu  HamioHanbHy
mporpamy, [0 MICTUTh BCI BCTaHOBJIEHI

4 nus. po3n..3.3 i po3n. 12 3 CPD, a takox 4.2, 4.3.1,
432i521ID1.
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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 information specific to
EN 1998-2

The scope of this Part of EN 1998 is defined
in 1.1. Except where otherwise specified in
this Part, the seismic actions are as defined in
EN 1998-1:2004, Section 3.

Due to the peculiarities of the bridge seismic
resisting systems, in comparison to those of
buildings and other structures, all other
sections of this Part are in general not directly
related to those of EN 1998-1:2004. However
several provisions of EN 1998-1:2004 are
used by direct reference.

Since the seismic action is mainly resisted by
the piers and the latter are usually constructed
of reinforced concrete, a greater emphasis has
been given to such piers.

Bearings are in many cases important parts of
the seismic resisting system of a bridge and
are therefore treated accordingly. The same
holds for seismic isolation devices.

National annex for EN 1998-2

This standard gives alternative procedures,
values and recommendations for classes, with
notes indicating where national choices may
have to be made. Therefore the National
Standard implementing EN 1998-2 should
have a National annex containing all

4 see Art.3.3 and Art.12 of the CPD, as well as 4.2,
43.1,4.3.2and 5.2 of ID 1.



JEpKaBOI  IapaMeTpH, AKi OyayTh
BUKOPHCTOBYBATUCS  JJISl  NPOCKTYBaHHS
OyxiBenb 1 OymiBeNbHUX pPOOIT, SIKI TOBUHHI
OyTy BUKOHAHI y BiINOBIIHIN KpaiHi.

HamionaneHuii  BUOIp  JOMycKaeTbcs B
EN 1998-2:2005 yepe3 myHKTH:

np ACTY-H b EN 1998-2:201X

Nationally Determined Parameters to be used
for the design of buildings and civil
engineering works to be constructed in the
relevant country.

National choice is allowed in EN 1998-
2:2005 through clauses:

1.1.1(8) [adpopmaniitai Jonatku A, B, C, D, E, F,H1JJ
Informative Annexes A, B, C, D, E, F, Hand JJ
2.13)P BusnayeHHs mepiogy MOBTOPIOBAHOCTI MOBEPHEHHS TNCR CEHCMIYHOT il
JUId OTped po3paxyHKYy ceHMMOCTIHKOCTI MOCTIB (abo0, 1110 €KBIBAJIEHTHO,
BU3HAYCHHS HMOBIPHOCTI niepeBHIeHHs B 50 pokiB, Pncr).
Reference return period Tncr Of seismic action for the no-collapse
requirement of the bridge (or, equivalently, reference probability of
exceedance in 50 years, Pncr).
2.1(4)P Knacu BaxIJIMBOCTI /17151 MOCTIB
Importance classes for bridges
2.1(6) dakTopu BXXITUBOCTI TSI MOCTIB
Importance factors for bridges
2.2.2(5) YMOBH, NpU SKUX CEMCMIYHUHN BIUIMB MOKHA PO3IJISIIaTH SIK BHIIQJIKOBY
airo, i Bumoru 2.2.2(3) i 2.2.2(4) MoxyTh OyTH moca0IeHi.
Conditions under which the seismic action may be considered as accidental
action, and the requirements of 2.2.2(3) and 2.2.2(4) may be relaxed.
2.3.5.3(2) Bupas m1st TOBKUHE TIETII ricTepesica
Expression for the length of plastic hinges
2.3.6.3 (5) YacTuHM MpOEKTYBaHHS 3MIMICHHS [UISI HEKPUTHYHHX CTPYKTYPHHX
€JICMEHTIB
Fractions of design displacements for non-critical structural elements
2.3.7(1) Burmnaaku 3 HU3bKOI0 CEHCMIYHICTIO
Cases of low seismicity
2.3.7 (1) CrporeHi kputepii Uil MPOEKTYBaHHS MOCTIB y BHUITaJKaX  HHU3BKOI
CEHCMIYHOCTI
Simplified criteria for the design of bridges in cases of low seismicity
3.2.2.3 BuzHaueHHs aKTMBHOT MOXUOKH
Definition of active fault
33(HP JloB)kMHA CYIUIBHOTO HACTHIIy MOCTY, IO Ma€ BpaxOBYyBaTHUCA IS
MPOCTOPOBOT MIHJIMBOCTI CEHCMIUHOT il
Length of continuous deck beyond which the spatial variability of seismic
action may have to be taken into account
3.3(6) Bincranp, 3a $KOIO CEHCMIUYHI KOJHMBAHHS TPYHTY MOXYTh OyTH
po3riraaaTrucCA AK IIOBHICTIO HeKOpeJ'IBOBaHi
Distance beyond which the seismic ground motions may be considered as
completely uncorrelated
3.3(6) [TapameTp po3paxyHKOBOi BEITMYMHHU 3CYBY OCHOBHM, LIO BiAOyBAa€eThCS B
IPOTUIISKHOMY HANPSMKY B CYCITHIX OTmOpax
Factor accounting for the magnitude of ground displacements occurring in
opposite direction at adjacent supports
412 (4)P W21 3HAYEHHSI JUIsl TPAHCIIOPTHOTO HAaBAHTA)KEHHSI BPAXOBYETHCS OJHOYACHO
3 IPOCKTYBAHHAM CENCMIYHOTO BIINIUBY
w21 Values for traffic loads assumed concurrent with the design seismic
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action

4.1.8 (2) Bepxust Mexa ansi 3Ha4eHHsI B JiBii CTOpOHI Bupa3y (4.4) BBaKaeThCs
HEPETYISPHOIO JUISl CEHCMIYHOT TOBEIIHKH MOCTIB
Upper limit for the value in the left-hand-side of expression (4.4) for the
seismic behavior of a bridge to be considered irregular

5.3(4) 3HavyeHHs1 Koe(illieHTy HaAMIHOCTI Yo
Value of ovestrength factor y,

5.4 (1) CropormieHi MeToAaM Uil BU3HAYCHHS BTOPUHHUX €(EKTiB B JIHIHHOMY
aHaisi
Simplified methods for second order effects in linear analysis

56.2(2)Pb 3Ha4YeHHs JOAATKOBOTO KOCPILI€HTY YBd1 3CYBY Y OCHOBI
Value of additional safety factor ysq41 On shear resistance

56.3.3(1) Pb ANbTepHATHBY Il BU3HAYCHHS KoeillieHTa JOJAATKOBOI OE3MEKU yBd HA
OTip 3CYBY IUTACTUYHUX €JIEMEHTIB 3a MEKaMHU METJ1 TicTepesicy
Alternatives for determination of additional safety factor yeq on shear
resistance of ductile members outside plastic hinges

6.214 (1) P Turm nepudepiitnoi apmaTypu
Type of confinement reinforcement

6.5.1(1)P CropormieHi mpaBuia TEPEBIPKH ISl MOCTIB 3 0OMEXKEHOI TPaHUYHOIO
IUTACTHYHICTIO JIJIS BUTIAJKIB 3 HU3BKOT CEHCMITHICTI
Simplified verification rules for bridges of limited ductile behavior in low
seismicity cases

6.6.2.3 (3) JlomycTMa CTYNiHB TMOLIKO/KEHHS €JaCTOMEPHHMX ONOp B MOCTax, 1€
CEHCMIYHUN BIUIUB PO3TIIAAETHCS SK BHIAQJKOBA i, aje HE IMOBHICTIO
MPOTHIIE €TACTOMEPHUM OTIOPaM
Allowable extent of damage of elastomeric bearings in bridges where the
seismic action is considered as accidental action, but is not resisted entirely
by elastomeric bearings

6.6.32(1)P BincoTtok cTucHeHHs (3BepXy BHHU3) pEaKIlii B 3B'I3KYy 3 MOCTIHHUMHU
HaBaHT)XCHHSMH, SKI MEPEBUINYIOTh 3arajlbHy BEPTUKAIbHY PEaKIlilo Ha
JOTIOMDKH1 ~ 3B'I3KM  TPOEKTHOI celcMiuHOl aii, HeoOXimHO1 s
TIEPEBEICHHS TPUCTPOIB BHU3.
Percentage of the compressive (downward) reaction due to the permanent
load that is exceeded by the total vertical reaction on a support due to the
design seismic action, for holding-down devices to be required.

6.7.3 (7) Bepxue 3HaueHHS MPOEKTHOTO CEHCMIYHOTO MEPEMIIIEHHS, KE 0OMEXEHO
MONIKO/PKEHHSIM TPYHTY a00 aMOu IS BUIIAJKY JKOPCTKO IOB'S3aHUX 3
HAaCTHUJIOM MOCTY.
Upper value of design seismic displacement to limit damage of the soil or
embankment behind abutments rigidly connected to the deck

741(1)P 3HaueHHS! KOHTPOJBHOTO Tepioay Tp A MPOEKTHOTO CIEKTPY MOCTIB 3
CEHMCMOI30JIALIIEI0
Value of control period Tp for the design spectrum of bridges with seismic
isolation

76.2()P 3HayeHHs1 KOeQIIEHTY MOCHJICHHS Yis 3 HMPOEKTHOTO MEepEeMIlleHHs JUIs
130J511TOpA
Value of amplication factor yis on design displacement of isolator units

7.6.2 (5) 3HaueHHS ym AJIs €1aCTOMEPHUX MiIITUITHUKIB
Value of ym for elastomeric bearings

7.7.1(2) 3HaueHHs KOedilieHTIB Jdw 1 Jdp ISl MOOIYHOT 3JaTHOCTI BiAHOBICHHS

CUCTEMHU 130JIAIIIH
Values of factors Jow and op for the lateral restoring capability of the
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isolation system

J1(2) 3Ha4yeHHs1 MIHIMaIbHOI TeMIepaTypH i30J9TOpa B MPOCKTHUX CEHCMIYHUX
CUTYAITIsSX
Values of minimum isolator temperature in the seismic design situation
J2(1) 3HaueHHs KOe(IieHTy A [UTsl 130JIATOPIB, IO YaCTO BUKOPUCTOBYIOTHCS.

Values of A-factors for commonly used isolators
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HALIOHAJILHU CTAHJIAPT YKPATHU

G;BPOKOII § _
IMPOEKTYBAHHS CEUCMOCTIMKUX KOHCTPYKIIN
YacTuna 2. Moctu

EBPOKO/I 8.
ITPOEKTUPOBAHUWE CEUCMOCTOMKHUX KOHCTPYKIMA
Yactb 2. MocThl

EUROCODE 8
DESIGN OF STRUCTURES FOR EARTHQUAKE RESISTANCE
Part 2: Bridges

1 3AT'AJIBHI TOJIOKEHHSA
1.1 Cdepa 3acTocyBaHHs
1.1.1 Cepa 3acrocyBannsi EN 1998-2

(1) Cdepa 3acrocyBanns €Bpokoy 8 nmpuBeIcHA B
cragmapti  EN 1998-1:2004, 1.1.1, a cdepa
3aCTOCYBaHHS JIaHOTO CTaHAapTy BkazaHa B 1.1.1.
JlomatkoBi YacTMHU €BpPOKOAY 8 TPHUBOIATHCA B
EN 1998-1:2004, 1.1.3.

2 B pamkax Kkoma mil  cTaHmapry
EN 1998-1:2004 nana yacTuHa CTaHAAPTY MICTUTH
OITHC eKCIUTyaTaIlfHIX BHMOT, KpUTEpiiB
BUIMOBIIHOCTI 1 TpaBWJI  3aCTOCYBAaHHS, IO
MPEA'SBISIOTECS 10 MPOCKTYBaHHS CEMCMOCTIMKHX
MOCTIB.

3 B naniit yacTuHi1 po3riasaal0ThCcst KOHCTPYKIIIT
MOCTIB, B SKHX CTIHKICTh [0 TOPHU3OHTAJIBHOI
BEPTUKAIBHUX a00 MoXuiaux omop. JlaHa yacTmHa
CTOCYETbCS TAKOX CEHCMIYHOTO MPOEKTYBaHHS
BAHTOBHUX 1 apOYHHMX MOCTIB, ajle HE OXOIUIIOE AaHi
00'eKTH B TOBHOMY 0OCSI31 .

4 Jlana yacTWHa HE PO3MOBCIOKYETHCS  Ha
MiABICHI, IepeB'sHI, KaM'siH1 1 HaMJIaBH1 MOCTH.

(5) VY naniii yaCTHUHI MICTATHCS TUTBKH YMOBH, SIKi

Yuuuaui Big 201X - XX - XX

1 INTRODUCTION
1.1 Scope
1.1.1 Scope of EN 1998-2

(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 1.1.1. Additional parts of
Eurocode 8 are indicated in EN 1998-1:2004, 1.1.3.

(2)  Within the framework of the scope set forth
in EN 1998-1:2004, this part of the Standard
contains the particular Performance Requirements,
Compliance Criteria and  Application Rules
applicable to the design of earthquake resistant
bridges.

(3) This Part primarily covers the seismic design
of bridges in which the horizontal seismic actions are
mainly resisted through bending of the piers or at the
abutments; i.e. of bridges composed of vertical or
nearly vertical pier systems supporting the traffic
deck superstructure. It is also applicable to the
seismic design of cable-stayed and arched bridges,
although its provisions should not be considered as
fully covering these cases.

4) Suspension bridges, timber and masonry
bridges, moveable bridges and floating bridges are
not included in the scope of this Part.

(5) This Part contains only those provisions that,

1
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€ JIOTIOBHEHHSM 70 iHImMX €BpoKOIiB a0 YacTuH

EN 1998, mnoBuHHI AOTpUMYBaTHUCS  BiTHOCHO
MIPOEKTYBAaHHS MOCTIB B ceHCMIYHMX paiioHax. B
yMOBax HU3bKOT ceficMiYHOCTI MOX€E
BUKOPHUCTOBYBATHUCS CHPOIIEHUI KpHUTEpil

npoekryBanHs (auB. 2.3.7(1)).

(6) VY naniii YacTMHI PO3TJSNAIOTHCS HACTYIHI
TEMU:

- OCHOBHI BUMOTH 1 KpUTEPil BIAMTOBITHOCTI;

- ceiicMiuHa JIis;

- PO3PaXyHOK;

nepeBipKa CTINKOCTI;

KOHCTPYIOBaHHS.

VY nmaHiifi 4acTHHI € TaKOX CHEIIAIbHUN PO3.LT,
NPUCBIYEHUH CEHCMIUHIA  130Lil, B SKOMY
PO3IIIAJAI0THCS TAKOK YMOBH 3aCTOCYBAaHHSI IaHOTO
METO/1y CEHCMIYHOTO 3aXUCTYy MOCTIB.

(7) 'V JHomatky G po3risgaroThes —IpaBHiIa
PO3paxyHKy JOMYCTUMHX HABAHTAKEHD.

(8) V Jlomatky J po3rnsgaroThCsA BIIXHICHHS
MPOEKTHUX  XapaKTEPUCTUK  aMOpPTU3ATOpPIB 1
ypaxyBaHHS JIaHUX BIIXWUJICHb MPHU MTPOCKTYBAHHI.

[MPUMITKA 1 V nosinkoBomy Jlonatky A HaBOASTHCS OIKC
BIPOTiZIHUX CEHCMIYHMX [iif 1 pekoMeHpamii mo BUOOpY
MIPOEKTHOT CeHCMIYHOCTI Ha cTaii OyIiBHUITBA.

[MPUMITKA 2 V noBinkoBomy [lonatky B HaBomsiThes aaHi
PO B3a€EMO3B'130K MK 3CYBHOIO 1 3rHHAJILHOIO TTO/IATIUBICTIO
IUIACTUYHUX IIAPHIPIB 32113006 TOHHHUX OTIOP.

[MPUMITKA 3 VYV nosinkoBomy [omatky C HaBoIsAThCS
PO3paxyHOK e(peKTUBHOI JKOPCTKOCTI MOJATINBUX
3a1i300€ TOHHUX €JIEMEHTIB.

[MPUMITKA 4 V nosinkoBomy [omatky D HaBOmATBCS maHi
JUISL MOJICTIIOBAHHS 1 PO3PaxyHKY KOJIMBaHb TPYHTY IMiJ 4ac
3eMIIETPYCY.

[MPUMITKA 5 V noBigkoBomy Jomatky E HaBomsaThCs ommc
XapaKTepUCTHK  MarepiamiB 1 mgomyctumi  aedopmarii
IUTACTUYHUX MIAPHIPIB IS HETIHIHHOTO pO3PaXyHKY.

[NPUMITKA 6 Y nosimkoBomy [onmatky F HaBomsaThcs maHi
JUTSL PO3PaxXyHKY JIOJIAaHOT MacH BOJIM JIJIsl IOTPYXKHUXOTIOP.

[NPUMITKA 7 VYV nosinkoBomy [omatky H HaBOmaThCS maHi
JUTS CTATUYIHOTO HEIiHIHHOTO pO3PaxyHKY.

[NPUMITKA 8 VY nosigkoBomy Jlomatky J MicTHTBCS
iHpopmamis mpo koedimienTn X AT aMOPTU3ATOPIB

in addition to other relevant Eurocodes or relevant
Parts of EN 1998, should be observed for the design
of bridges in seismic regions. In cases of low
seismicity, simplified design criteria may be
established (see 2.3.7(1)).

(6) The following topics are dealt with in the text
of this Part:

- Basic requirements and Compliance Criteria,

- Seismic Action,

- Analysis,

- Strength Verification,

- Detailing.

This Part also includes a special section on seismic
isolation with provisions covering the application of
this method of seismic protection to bridges.

(7)  Annex G contains rules for the calculation of
capacity design effects.

(8) Annex J contains rules regarding the
variation of design properties of seismic isolator
units and how such variation may be taken into
account in design.

NOTE 1 Informative Annex A provides information for the
probabilities of the reference seismic event and
recommendations for the selection of the design seismic action
during the constructionphase.

NOTE 2 Informative Annex B provides information on the
relationship between the displacement ductility and the
curvature ductility of plastic hinges in concrete piers.

NOTE 3 Informative Annex C provides information for the
estimation of the effective stiffness of reinforced concrete
ductile members.

NOTE 4 Informative Annex D provides information for
modelling and analysis for the spatial variability of earthquake
ground motion.

NOTE 5 Informative Annex E gives information on probable
material properties and plastic hinge deformation capacities for
non-linear analyses.

NOTE 6 Informative Annex F gives information and guidance
for the added mass of entrained water in immersed piers.

NOTE 7 Informative Annex H provides guidance and
information for static non-linear analysis (pushover).

NOTE 8 Informative Annex JJ provides information on X-
factors for common isolator types.



3arajJibHOI'o THUITY.

[MPUMITKA 9 VY noBigkoBomy [Jomatky K HaBOmsAThCS maHi
Ipo BUNpOOYBaHHS, HAIIPABJIEH] HA MiATBEPKECHHS TPOSKTHUX
XapaKTEePUCTUK CEHCMIYHUX 130JISTOPIB.

1.1.2 Pemrra yactun EN1998

Cwm. EN 1998-1:2004.

1.2 TIlocunaHHA HA HOPMATHBHI JOKYMEHTH
1.2.1 3acrocyBaHH#A

(1) HacrymHi HOpMaTHBHI JOKYMEHTH MICTSTh
YMOBH, §KI Yepe3 TMOCWUJIaHHS B JaHOMY TEKCTI
CKJIaJal0Th ~ YMOBM  JAaHOTO  €BPOIENWCHKOIO
crangapty. Jlyiss maToBaHWUX TOCHWJIAHb TOMAJBII
3MIHM a0o0 TIOMpaBKH [0 JaHUX MyONiKaiiid He
3aCTOCOBYIOThCA. IIpm  1mbOMy  CTOpPOHHM, IIO
CHIBpOOITHMYAIOTh Ha ©0a3l JaHOro cTaHAapTy,
3aMpoIyIOTHCSI BUBYUTH MOKJIMBOCTI 3aCTOCYBaHHS
OCTaHHIX peJaklii HOPMATUBHUX JOKYMEHTIB,
BkazaHux Hmx4de. Illo crocyeTbcss HemaToBaHUX
MOCWJIaHb, JI0 HHUX 3aCTOCOBYETbCS  OCTAHHS
penaxilisi BKa3aHOTO HOPMATHUBHOTO JOKyMEHTa (3
MOTIPaBKaMM).

1.2.2 IlocnjiaHHA HA 3arajibHi CTaHIAPTH
3actocoByethest EN 1998-1:2004, 1.2.1.
1.2.3 IlocujiaHHA HA KOJM i CTAHAAPTH

3actocoByethess EN 1998-1:2004, 1.2.2.

1.2.4 IlocuaaHHA HA JOJATKOBI 3arajbHi i innomi
CTAHJAAPTH JJIS MOCTIB

EN 1990: Jlomatrok A2 OcHOBM MpPOEKTyBaHHS
KOHCTPYKI[il: CTOCOBHO MOCTIB.

EN 1991-2:2003 /Iii Ha KOHCTPYKIIii: HABAHTAXECHHS
Ha MOCTH Bij] TPAHCIIOPTHHUX 3ac00iB.

EN 1992-2:2005 [TpoexTyBaHHS 3aJ11300€TOHHUX
KOHCTpyKLii. YacTuHa 2 - MocTu.

EN 1993-2:2005 IIpoexTyBaHHs cCTaneBUX
KOHCTpyKLii. YacTuHa 2 - MocTu.

EN 1994-2:2005 [IpoexryBanHs
CTaje3a1i300eTOHHUX KOHCTpyKUid. YactuHa 2 -

np ACTY-H b EN 1998-2:201X

NOTE 9 Informative Annex K contains tests requirements for
validation of design properties of seismic isolator units.

1.1.2 Further parts of EN 1998
See EN 1998-1:2004.

1.2 Normative References
1.2.1 Use

(1)P The following normative documents contain
provisions, which through references in this text,
constitute provisions of this European standard. For
dated references, subsequent amendments to or
revisions of any of these publications do not apply.
However, parties to agreements based on this
European standard are encouraged to investigate the
possibility of applying the most recent editions of the
normative documents indicated below. For undated
references the latest edition of the normative
document  referred to  applies  (including
amendments).

1.2.2 General reference standards
EN 1998-1:2004, 1.2.1 applies.
1.2.3 Reference Codes and Standards

EN 1998-1:2004, 1.2.2 applies.

1.2.4  Additional general and other reference
standards for bridges

EN 1990: Annex A2 Basis of structural design:
Application for bridges

EN 1991-2:2003
loads on bridges

Actions on structures: Traffic

EN 1992-2:2005
Part 2 — Bridges

Design of concrete structures.

EN 1993-2:2005
2 — Bridges

Design of steel structures. Part

EN 1994-2:2005 Design of composite (steel-
concrete) structures. Part 2 — Bridges
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MocTtu.

EN 1998-1:2004 IlpoexTyBaHHS KOHCTPYKLiH Ha
CeMCMOCTIHKICTb. 3aranpHi IIpaBuUiIa,
CEMICMOAKTHBHICTb 1 ITpaBuia U1t Oy/IiBelb.

EN 1998-5:2004 IlpoekTyBaHHS KOHCTPYKLIH 3
ypaxyBaHHSIM  cedcMmoctiidkocTi.  DyHIaMeHTH,
CTOINOPHI KOHCTPYKII{ 1 TEOTEXHIYH1 aCTIEKTH.

EN 1337-2:2000

EnemMenTH KOB3aHHS.

Omnopni yactunu. Yactuna 2:

EN 1337-3:2005 Omnopni yactuH -YactuHa 3:
EnacromepHi onopHi YaCTUHU.

pr EN 15129:200X CelicMocCTiiiKi IPUCTPOT.

1.3 IMosoxenus

@ Ha momatok g0 3araibHUX MPHUIYIIEHb
cragmapry EN 1990:2002, 1.3 3acTocoByeThCs
HACTYITHE TIPUITYIICHHS.

(2)P Ilepenbauaerbest, MO HISIKUX 3MIH KOHCTPYKIIIL
He BimOyzaerbcss Ha cramii OymiBHUIITBA abo B
MOJANIBININA eKCIUTyaTallii, Ko He Oyae TOBEIeHO
iHIIe. 3rigHo cnenudigHoOMy XapakTepy CeMcMIqHOT
peaxirii e 3aIuIIaeTbCsl JIMCHIM HaBITh Y pa3i 3MiH,

O BEAyTh JIO TMIABHIICHHS KOHCTPYKTHBHOL
CTIAKOCTI €JIEMEHTIB.

1.4 BigMiHHOCTI MK NpUHUMNIAMM i NPaBWJIAMM
3aCTOCYBAHHS

(1) 3acrocopyrothcs mpasuiaa EN 1990:2002, 1.4.
1.5 BusHaveHHs
1.5.1 3arauabHi nojoxeHHsI

(1) [Jns uineit 7aHOTO CTaHAAPTY 3aCTOCOBYIOTHCS
HACTYITHI BU3HAYCHHSI.

1.5.2 3arauabui Tepminn 1is Beix €BpokoaiB

(1) 3aCTOCOBYIOTBCSI TEPMIHM 1 BU3HAUEHHS
cragnapty EN 1990:2002, 1.5.

1.5.3 Inom
EN 1998-2

TepMiHH, BHKOPHCTOBYBaHi B

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

EN 1998-5:2004 Design of structures for earthquake
resistance. Foundations, retaining structures and
geotechnical aspects.

EN 1337-2:2000
Sliding elements

Structural bearings - Part 2:

EN 1337-3:2005
Elastomeric bearings

Structural bearings - Part 3:

prEN 15129:200X Antiseismic Devices
1.3 Assumptions

(1) In addition to the general assumptions of
EN 1990:2002, 1.3 the following assumption applies.

(2)P It is assumed that no change of the structure
will take place during the construction phase or
during the subsequent life of the structure, unless
proper justification and verification is provided. Due
to the specific nature of the seismic response this
applies even in the case of changes that lead to an
increase of the structural resistance of members.

1.4 Distinction between principles and

application rules

(1) The rules of EN 1990:2002, 1.4 apply.
1.5 Definitions

1.5.1 General

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

1.5.2 Terms common to all Eurocodes

(1) The terms and definitions of EN 1990:2002,
1.5 apply.

1.5.3 Further terms used in EN 1998-2



PO3pPaxyHOK AOMYCTHMHUX HABAHTaKeHb
mporenypa po3paxyHKy KOHCTPYKIII 3 METOlo
BU3HAYEHHS iepapxii CTIMKOCTI pi3HHX
KOHCTPYKTUBHUX €JIEMEHTIB, IO 3a0e3MedyoTh
YTBOPEHHS IUIACTHYHUX INApHIpiB mependadyBaHOi
KOH(Irypariii i 3aro06iraHHs KPUXKUM PYHHYBaHHSIM

NJIACTUYHI eJIeMeHTH
€IIEMEHTH, 3/aTHI  pO3CifoBaTHM  €HEprito  3a
JOTIOMOTOI0 YTBOPEHHS TUIACTHYHUX IIAPHIPIB.

MJIACTUYHA KOHCTPYKUist
KOHCTPYKIS, SIKA M1 CHJIBHOIO CEHCMIYHOIO JI€I0
MO>KE€ PO3CIIOBATH ICTOTHI 00'eMM BX1AHOI €HEpPrii 3a

paxyHOK  YTBOPEHHA  IUIACTUYHUX  IIApHIPIB
nepenbauyBaHoi  koH@irypamii  abo THIITNX
MEXaHI3MIB.

00MeKeHNH pPeKUM NMOAATINBOCTI

PeXHM TMOBEAIHKM MOCTIB MpPH PO3PaxXyHKOBIH
ceiicMiuHii i1 6€3 ICTOTHOTO PO3CiIOBaHHS €Heprii B
IUIACTUYHUX HIapHIpax.

NO3UTHBHUMH 3B'I30K
3'eIHAHHA, 3a0e3I1eueHe CEHCMIYHUMH B'SI3IMU.

celicMivHa i30/15111is1

MOCTOBI KOHCTPYKIIIT 13 CIIeMiaIbHUMH 130JIF0F0YNMHU
MPUCTPOSIMHM,  MPHU3HAYEHWMH I 3MEHIICHHS
cercMigHOT peakilii (cvm i 1/ab0 3CyBIB).

NMPOCTOPOBA MIHJIMBICTH (CEHCMIYHOT /TiT)

CUTYaIlisl, TP SAKIH pyX TPYHTY PI3HUX OMOP MOCTa
Ma€ pi3HE 3HAYCHHS 1 CEWCMIYHA i1 HE MOXE
0azyBaTHCS Ha XapaKTEPUCTHKAX PYXY OJHIET TOUKH.

CeCMIYHUI pexumM

MOBEAIHKAa MOCTa IMPHU PO3PAXyHKOBIN cercMmiuHii
Iii, sSKa 3aJIeKHO B BEIWYUHU TEPEMIIICHHS
KOHCTPYKIIi MpH Aii BCiX HaBaHTaXEHb, MOXKE OyTH
MOATJIMBUM, OOMEKEHO MOJAATIUBUM 1 MPY)KHUM.

ceiicmMiuHi 3'eqHAHHA

oOMexyBaui, depe3 sKi MepelacTbcs YacTUHA abo
Bcs ceiicMiuHa fAis. Y xomOiHalii 3 omopamMu BOHU
MOXXYTh MaTH TEBHHI 3amac, SKUH aKTHUBYETHCS
TUIBKM Yy pa3l TEepeBHUINECHHS PO3pPaxyHKOBOI
CeHCMIYHOT Ail.

MiHIMAJIbHA 10BKHHA ONIMPAHHS

np ACTY-H b EN 1998-2:201X

capacity design

design procedure used when designing structures of
ductile behaviour to ensure the hierarchy of strengths
of the various structural components necessary for
leading to the intended configuration of plastic
hinges and for avoiding brittle failure modes.

ductile members
members able to dissipate energy through the
formation of plastic hinges

ductile structure

structure that under strong seismic motions can
dissipate significant amounts of input energy through
the formation of an intended configuration of plastic
hinges or by other mechanisms

limited ductile behaviour

seismic behaviour of bridges, without significant
dissipation of energy in plastic hinges under the
design seismic action

positive linkage
connection implemented by seismic links

seismic isolation

provision of bridge structures with special isolating
devices for the purpose of reducing the seismic
response (forces and/or displacements)

spatial variability (of seismic action)

situation in which the ground motion at different
supports of the bridge differs and, hence, the seismic
action cannot be based on the characterisation of the
motion at a single point

seismic behaviour

behaviour of the bridge under the design seismic
event which, depending on the characteristics of the
global force-displacement relationship of the
structure, can be ductile or limited ductile/essentially
elastic

seismic links

restrainers through which part or all of the seismic
action may be transmitted. Used in combination with
bearings, they may be provided with appropriate
slack, so as to be activated only in the case when the
design seismic displacement is exceeded

minimum overlap length
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3axucHa Mipa y (opmi MiHIMambHOI BiAcTaHi MiX
IpaHHIO €JIEMEHTY, Ha SKUH ONUPaIOTh, 1 TPaHHIO
€JIEMEHTY, 110 OIMPAETHCSL. MinimanbHe
HaXJIbOCTYBAaHHS TOBHHHE 3a0€3MEYNUTH HAJICKHE
OMMPAHHS B MOMEHTH EKCTPEMaJbHHX CEHCMIYHHX
i,

Po3paxynkoBa ceiicmiuHa neopmanis
nedopmartis, BUKJIMKaHA PO3PaxyHKOBOIO
CEMCMIYHOIO JTIETO.

3arajibHi po3paxyHkKoBi jAedopmanii B 3agaHux
yMoBax ceiicMidHOCTI -edopmallii sIKi BU3HAYaIOTh
JOCTaTHI 3a30pU 3 METOI0 3aXUCTY BIANOBIIATbHUX
KOHCTPYKTUBHUX €JleMeHTIB. BoHH BK/IIOYalOThH
pO3paxyHKOB1 celicMiuHl AedopMallii, aepopmartii,
BUKJIMKaHI TPUBAIUMH MOCTIHHUMU abo
KBa3IMOCTIMHUMHU JIiIMHU, @ TaKOX IE€BHY YacCTKy
negopmMariiil Biff TeMrepaTypHUX MepeMIlIeHb.

1.6 CumBoJ I
1.6.1 3arajbHi M0J0KEHHA

(1) 3acrocoBylOTbCS ~ CHMBOJM,  BKazaHi B
EN 1990:2002, 1.6. Jlist cuMBOJIIB, IO BITHOCSATHCS
JI0 MaTepiajliB, a TAaKOX JJIsI CAMBOJIIB, 110 HE MAaIOTh
cnenu(iuHOTO  BIMHONIEHHS JO0  3E€MJIETPYCIB,
3aCTOCOBYIOTHCS YMOBH BiZIITOBITHUX €BPOKOIIB.

(2) Pemrra cHMBONIB, BHKOPHCTOBYBAaHHX B
paMKax CceWcMIvHOi Jii, BUBHAYAEThCA B TEKCTI, e
BOHH  3yCTpiyamoThcs. [Ipy  1bOMy  CHMBOJH
EN 1998-2, mo yacTo 3ycTpiyaroThCs, YKa3yrThCS 1
XapaKTEePU3YIOTHCS B TOJAIBINNX MiPO3/IUIax.

1.6.2 Inmi cuMBOJIM, 110 BUKOPHUCTAHI B
po3aiiax 2 i 3 crangapry EN 1998-2

de  po3paxyHKOBi CeliCMiuHi mepeMimieHHs (TUTbKU
B MEKaxX IMPOEKTHOT CeHCMIUHOT iT)

dee  ceificMiuHi mepeMillleHHs, BU3HAYCHI B paMKax
JHIHOTO PO3pPaxyHKY

dec TpuBaii mepemilleHHs, BUKINKaHI MOCTIHHOIO i
KBa3IMOCTIHHOIO JI1€10

dg PO3pPaxyHKOBI MepeMillleHHs] TPYHTY 3TiJHO
EN 1998-1:2004, 3.2.2.4

di  mepewmiuieHHs rpyHTy TUITy B Ha omopi i

dri NEepeMIllleHHs] TPYHTY Ha Omopi 1 BIAHOCHO
HYJIbOBOI TOYKHU
dr NEepeMIIIeHHs, BUKIMKAaHI TEIIOBUMHU

safety measure in the form of a minimum distance
between the inner edge of the supported and the
outer edge of the supporting member. The minimum
overlap is intended to ensure that the function of the
support is maintained under extreme seismic
displacements

design seismic displacement
displacement induced by the design seismic actions.

total design displacement in the seismic design
situation

displacement used to determine adequate clearances
for the protection of critical or major structural
members. It includes the design seismic
displacement, the displacement due to the long term
effect of the permanent and quasi-permanent actions
and an appropriate fraction of the displacement due
to thermal movements.

1.6 Symbols
1.6.1 General

(1) The symbols indicated in EN 1990:2002, 1.6
apply. For the material-dependent symbols, as well
as for symbols not specifically related to
earthquakes, the provisions of the relevant
Eurocodes apply.

(2) Further symbols, used in connection with the
seismic actions, are defined in the text where they
occur, for ease of use. However, in addition, the
most frequently occurring symbols in EN 1998-2 are
listed and defined in the following subsections.

1.6.2 Further symbols used in Sections 2 and 3
of EN 1998-2

de design seismic displacement (due only to the
design seismic action)

dee  seismic displacement determined from linear
analysis

de long term displacement due to the permanent
and quasi-permanent actions

dg design ground displacement in accordance
with EN 1998-1:2004, 3.2.2.4

di ground displacement of set B at support i

di ground displacement at support i relative to
reference support 0

dr displacement due to thermal movements



3pYyIIEHHSAMUA
du rpaHHMYHI IepeMilICHHS

dy mepemilieHHs TEKYy4OCTi

Aeq  po3paxyHKOBa ceiicMiuHa s
Frd po3paxyHkoBe  3HAUYEHHS
ceficMIvuHii il

Ly BigcTamb, 3a MEXaMH SKOTO TIEPEMIIICHHS
TPYHTY MOXYTh PO3TIISIATHCS, SK TOBHICTIO
HEKOPEIbOBaH1

Li -BimcTaHb 0 OMOPH 1 BiJ] HYJIbOBOI TOYKH

Li-1;i BiICTaHb MDK MOCIIIOBHUMH OoTiopamu I-1 i

Ri peaxiist y OCHOBi omopH i

Sa peaxisi, ycepeaHeHa 3a TUIOMICIO

Si  peakiisi, 3aJI€KHA BiJ TUTOTII

Tetf ehekTUBHUI TTEpio ceHCMOI30ISAIIHHOT
CHUCTEMU

Adi  xoedirieHT BiAMOBIAaIbHOCTI

Api 1edopMariii rpyHTY MPOMDKHOT OMTOPH | 11010
cymbkHEX omop i-11 i+1

CTIMKOCTI  TIpHU

[d KOe(]ilIeHT MIaCTHYHUX Aedopmartiii
¥,  KxoeQIIEHT MEpeTHHY s KBa3lMOCTIHHOTO
3HAYEHHS TEMIIEPaTypHOT Jii.

1.6.3 Inmi cUMBOJIM, BHKOPHUCTOBYBaHIi B
po3aini 4 crangapTu EN 1998-2

da CepelHE 3HAYCHHS TIEPEMIlCHHS B
MOTNIEPEYHOMY HANPSIMKY BCIX BEPXHIX YaCTHH OTIOP
miI CeUcMIYHOK fAicr0 abo  Imig  BIUIMBOM
MOTIEPEYHOTO HaBaHTAXCHHS aHAJIOTTYHOTO
po3noaiTy

di mepemimieHHs i-0¥ By3JI0BOT TOUKH

dm acuMOTOTHYHA BEIMYUHA JUIS M -0r0 Jiarna3oHy

TPUBAIMX TMEPIOJiB, BHpPaKeHa B  3HAYCHHAX
nedopmarii

e €at €4

€a BunaakoBui ekcueHrpucurer (=0,03 L abo
0,03B)

ed JIOIATKOBHI1 EKCLICHTPHCHTET, 110
BioOpaxkae OJIHOYACHY JUHAMIYHY Jif0
MOCTYNAJIIbHUX KPYTHIBbHUX KoyiuBaHb  (€4=0,05 L
a6o0 0,05B)

eo TEOPETUYHHH EKCLIIEHTPUCHUTET

g  NPHUCKOPEHHS BUIBHOTO MaJiHHSA

h  BHcOoTa MOMEPEYHOro MEPETHHY IUIACTHYHOTO
HIapHipa y Hanpsimi 3TUHy

Km pe3yibTaT M -0ro He3aJIeKHOTO PyXy

i 000B'I3KOBUI KOE(]ILIEHT 3HMKEHHS MICIIEBOTO
3YCWILIS B TJIACTUYHOMY €JIEMEHT1

min MiHIMaJIbHE 3HAYEHHS [

lmax MAaKCUMaJIbHE 3HAYCHHS [

np ACTY-H b EN 1998-2:201X

du ultimate displacement

dy  yield displacement

Aeq  design seismic action

Fra  design value of resisting force
earthquake action

Lg distance beyond which the ground motion

to the

may be considered completely
uncorrelated

Li distance of support i from reference support 0
Lia;i distance between consecutive supports i-1
and

Ri reaction force at the base of pier i

Sa site-averaged response spectrum

Si site-dependent response spectrum

Terr  effective period of the isolation system

Adi  importance factor

api ground displacement of intermediate support i
relative to adjacent supports i-1
and i+1

Hd displacement ductility factor

¥  combination factor for the quasi-permanent
value of thermal action

1.6.3 Further symbols used in Section 4 of
EN 1998-2

d. average of the displacements in the transverse
direction of all pier tops under the transverse seismic
action, or under the action of a transverse load of
similar distribution

di  displacement of the i-th nodal point

dm asymptotic value of the spectrum for the m-th
motion for long periods, expressed in terms of
displacements

e €a t+ €d
€a accidental mass eccentricity (= 0,03L, or
0,03B)

eq additional eccentricity reflecting the dynamic
effect of simultaneous translational and torsional
vibration (eq= 0,05L or 0,055B)

€o theoretical eccentricity

g acceleration of gravity

h depth of the cross-section in the direction of
flexure of the plastic hinge

km  effect of the m-th independent motion

ri required local force reduction factor at ductile
member i

Fmin ~ Minimum value of r;

'max  Maximum value of r;
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Agd po3paxyHKOBa ceiicMiuHa st

Agx celicMivHa i y HanpsMi X

Agy celicMivHa /i B HANIPsAMi y

Ag; celicmiuHa JIisl y HanpsMi z

B mupuna MOCTOBOIO IOJIOTHA

E moximBe MakcUMaibHE 3HAUEHHS Pe3yabTary Iil
Ei peakuis y ¢popmi KOJUBAHB |

F ropusoHTasbHe 3ycWIIIS, BU3HAYCHE
METO/1y r'0JIOBHOT ()OPMH KOJIMBaHb

G cymapna QaxkThuHa Bara KOHCTPYKUIi, piBHa
cyMapHiil Ba3i mpoJiiTHOT Oy10BH 1 0TIOp

3TIIHO

Gi  Bara, CKOHIIGHTPOBaHA B 1 -0O¥ BY3JIOBil TOYII
K KOpCTKICTh CUCTEMHU

L 3arajbHa JJOBJKHMHA IIPOJIITHOT Oy10BU

Ls  BiAcTaHp BiJ IUIACTUYHOIO LIAPHIpa 10 TOUYKU
HYJIBOBOTO MOMEHTY

M 3aranpHa mMaca

MEedg;i  MakcUMallbHE 3HAYEHHS PO3PaXyHKOBOTO
MOMEHTY PO3PaxyHKOBOT CEMCMIYHOT [Tii B HAMIYEHI1H
TOYIII JTACTUYHOTO MIApHIpa MOJaTINBOTO EJIEMEHTY

MRg;i  pO3paxyHKOBMI OMip BUTHHY IJIACTUYHOTO
HIapHipa MoJaTiuBOro eIeMEHTY

Mt €KBIBAJICHTHUN CTAaTUYHUIA MOMEHT II[OJI0
BEPTUKAIbHOI OCI dYepe3 IEHTP Macu MpPOJITHOI
OynoBu

Q1 HOpMAaTHBHE 3HAYEHHS TPaHCIOPTHOIO
HaBaHTAXECHHS

Rd po3paxyHKOBa BeTWYMHA MIITHOCTI

S¢(T) croekTpanbHe TPUCKOPEHHS PO3PAaXyHKOBOI'O
CIIEKTPY

T nepioa ToJ0BHOT (OPMU KOJHMBAHHS IS
JAHOTO HAIPSIMY

X TOpU3OHTAaJIbHA MOJOBXKHS BiCh MOCTa

YV ropu3oHTaJbHA NONEPEYHA BiCh MOCTA

Z  BepTUKaJIbHA BIiCh

0s  Koe(ilieHT 3pyIICHHS OTIOpH

Ad MaKCUMajbHa PI3HULS TEepEeMillleHb B
MOTIEPEYHOMY HAmMpsIMi BCIX OIMOP, Ha SKI BIUIMBAE
morepevyHa  cedicMiyHa  gis abo  momepeyHe
HABaHTAXXCHHS aHAJIOTIYHOTO PO3IIOJILTY

nk  npuBenene ocboBe 3ycuiuist (=Ned/(Ac fck))
Gpd pPO3paxyHKOBE 3HAYCHHS  IUIACTHYHOTO
I'PAaHUYHOTO KyTa IIOBOPOTY MEPETUHY
OpE HeoOXiJJHE 3HAUeHHSI KyTa
TUTACTUYHOTO MIApHipa

¢ Koe(Dilli€eHT BS3KOCTHOTO 3MEHIIECHHS
aMILTITY/I1 KOJIMBaHb

w2 KOeQIlieHT KBa3iMOCTIHHOI BEIMYMHMU 3MIHHOL
T 1.

HIOBOPOTY

Aeq  design seismic action

Aex  seismic action in direction x

Agy  seismic action in direction y

Ag;  seismic action in direction z

B width of the deck

E probable maximum value of an action effect
Ei response in mode i

F horizontal force determined
with the fundamental mode method
G total effective weight of the structure, equal to the
weight of the deck plus the weight of the top half of
the piers

Gi weight concentrated at the i-th nodal point

K stiffness of the system

L total length of the continuous deck

Ls distance from the plastic hinge to the point of
zero moment

M total mass

Megi maximum value of design moment in the
seismic  design situation at the intended
location of plastic hinge of ductile member i

Mrai design flexural resistance of the plastic hinge
section of ductile member i

M; equivalent static moment about the vertical axis
through the centre of mass of the deck

in accordance

Q1 characteristic value of traffic load

Rd design value of resistance
Sd(T) spectral acceleration of the design spectrum

T period of the fundamental mode of vibration
for the direction under consideration
X horizontal longitudinal axis of the bridge

\% horizontal transverse axis of the bridge

Z vertical axis

Os shear span ratio of the pier

Ad maximum difference of the displacements in
the  transverse direction of all pier
tops under the transverse seismic action, or under the
action of a transverse load
of similar distribution

1k normalized axial force (= Ned/(Ac/fck))

Op,q design value of plastic rotation capacity

Ope  plastic hinge rotation demand
é viscous damping ratio

w2;  factor for quasi-permanent value of variable
action i



1.6.4 Inmi cuMBOJIM, BUKOPUCTOBYBaHI B po3aiii
5 cranpapty EN 1998-2

ded BiTHOCHE MOTIEpEYHE MEPEMIIICHHSI KIHI[IB
JAHOTO IMJIACTUYHOIO E€JIEMEHTY

fck HOpMaTHUBHE 3HAUCHHS MIITHOCTI OETOHY

fctd - pO3paxyHKOBE 3HAYCHHSI MIIIHOCTI OETOHY Ha
PO3TSTyBaHHS

fss 3MeHIIEeHa  Hampyra  apMaTypw,
00OMeXeHHS TPIIIMHOYTBOPEHb

fsy po3paxyHKOBE 3HAYCHHS MEXi TEKY4OCTi
COCTBIKOBOW apMaTypH

Zp IJleye BHYTPIIHBOI Mapu CHJI KIHIIEBHX
MEPETUHIB OaJIKU

Zc  TUleYe BHYTPINIHBOI TApU CHJI  TEPETHHY
TUTACTUYHOTO IapHipa KOJIOHU

Ac (Vc, Mc, Nc) po3paxyHKOBE 3HAUEHHSI PEaKIIiid;
A mroia GETOHHOTO MEPEeTUHY

Aed  po3paxyHKOBa  celcMIuHa  Jis
ceiicMiuHa fist)

Asd 7151 B pO3paxyHKOBIN ceicMIuHIN CUTYaIlii;

PINI |

(TUTBKH

AsX IJIOMIA TOPU3OHTAIBHOT 3ICTHKOBAHOI
apMarypu

ASz oA BEpTUKAIBHOT 31CTUKOBAHOT apMaTypH;
Ed pPO3paxyHKOBE 3HAYCHHS PE3yJIbTaTy Mii B
MPOEKTHIN CEHCMIUHIN cUTYyaIll

Gk HOpPMAaTUBHE 3HAYCHHsI IMOCTIHOTO
HaBaHTaXCHHS

Mo  MOMEHT rpaHUYHHM

Meqd PO3paxyHKOBHH MOMEHT B MIPOCKTHIH
CEHUCMIYHIN cuTyarlii

MRd pPO3paxyHKOBE 3HA4YEHHS MIITHOCTI
MEPETUHY HAa BUTUH

Neds ocbOBe 3yCWJUII B TIPOCKTHIM CeHCMIYHIN
cuTyarii

Nec  OChOBE 3ycHILIS B KOJIOHI, IO 3HAXOAUTHCS i
BIUIMBOM TMOCTIHHOI 1 KBa3IOCTIMHOI CcHIM B
MPOEKTHIN ceiicMIuHIN cUTyaIii

Nj; BepTUKaJIbHE OChOBE 3yCHILISI B CTUKY

Qik HOPMATHBHE 3HAYCHHS  TPAHCIOPTHOI'O
HaBaHTAKEHHS

Q2 TpuBaze KBa3iMoOCTiifHEe 3HAUCHHS il

Px HOpPMAaTHBHE
Hamnpyra Micyis BCIX BTpaT
Rd po3paxyHKOBe 3HaUE€HHS MILHOCTI IEPETUHY

Rdf  po3paxyHKOBE 3HaYEHHS MaKCHUMAaJIbHOI CHIIM
TEPTS KOB3aHHs OTIOPHOT YaCTUHU

fRe  pPE3YJIbTyIOUA CHJIa PO3TATHYTOI apMmaTypu

3HAYCHHA HOHCpGI{HBOi

np ACTY-H b EN 1998-2:201X

1.6.4 Further symbols used in Section 5 of
EN 1998-2

ded  relative transverse displacement of the ends
of the ductile member under consideration

fo characteristic value of concrete strength

fetd design value of tensile strength of concrete

fsd reduced stress of
limitation of cracking

fsy design value of yield strength of the joint
reinforcement

Zv internal lever arm of the beam end sections

reinforcement, for

Zc internal lever arm of the plastic hinge section
of the column

Ac (Vc, Mc, Nc)  capacity design effects

Ac area of the concrete section

Agq design seismic action (seismic action alone)

Asq action in the seismic design situation
Asx area of horizontal joint reinforcement

Asz area of vertical joint reinforcement

Eq design value of action effect of in the seismic
design situation

Gk characteristic value of permanent load

Mo overstrength moment
Meq design moment in the seismic design situation

Mrq design value of flexural strength of the section
Neqs axial force in the seismic design situation

N axial force in the column under the permanent
and the quasi-permanent actions in the seismic
design situation

Nj;  vertical axial force in a joint

Qik  characteristic value of the traffic load

Q2  quasi-permanent value of actions of long
duration

Pk characteristic value of prestressing after all
losses

Rd design value of the resistance of the section
Rer  design value of the maximum friction force
of sliding bearing

rre  resultant force of the tensile reinforcement of
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KOJIOHU
VEd po3paxyHKOBE 3HAUEHHS IIONEPEYHOI CHIIN
Vix PO3paxyHKOBE 3HAYEHHS TOPU30HTAJIBHOT
IIOIIEPEYHOI CUJIU B CTUKY
Viz PO3paxyHKOBE 3HAYEHHsS BEPTUKAIBHOI
[IOIIEPEYHO] CUJIU B CTUKY

Vibe norepeyHa cuia B Oanii, CyMDKHIA 3
PO3TATHYTOIO IPAHHIO KOJIOHU

JM YacHU KoedilieHT Oe3neku 1is Marepiany

o KOe(IIIEHT HAMIITHOCTI

Jof ~ MacIITaOHHUU Koe(ilieHT 1y1st TepTs 3
ypaxyBaHHSIM Jiii CTapiHHS

JBd, JBdl JOJATKOBUH KOe(IiEHT OE3MeKu s
3arno0iraHHs KPUXKOMY pyHHYBaHHIO

Dx KOe(]IIIEHT apMyBaHHS JJIsi TOPU30HTAIBHOT
apMarTypu B CTUKY
Py Koe(IilieHT apMyBaHHA JUISI 3aMKHYTHX

apMaTypHOTO XOMYTIB B IONEPEYHOMY HaIpsMi
CTUKY (OPTOTOHAIBHO JI0 TUIOCKOCTI 1)

Pz Koe(illieHT apMyBaHHS AJI BEPTHKAIbHOI
apMaTypu B CTHKY

W21 KOEQILIEHT MOETHAHHS

AAsx IJI0IAa TOPU30HTAIBHOT apMaTypu CTHUKY,
10 3HAXOIUTHCS 32 MEXKAMHUCTUKY

AAs;  TIIOIIA BEPTUKAJIBHOI apMaTypu CTHKY, IO
3HAaXOJMUTHCS 32 MEKAMHUCTUKY

1.6.5 Inumii cUMBOJIM, BUKOPHCTOBYBaHI B Po3aiJi
6 cranpapty EN 1998-2

dg PO3paxyHKOBE MPHUCKOPEHHS IPYHTY JUISI TPYHTY
tuny A (muB. EN 1998-1:2004, 3.2.2.2);

b Io1a sapa MEPETUHY oerony,
MEPICHIUKYIIIPHOTO JIO HAIpsSMYy JaHOi HEempsMoi
apMarypu;

Pmin  HaliMeHIIUE pO3Mip OETOHHOIO TEPETHHY;
dbL ZiamMeTp MO3I0BKHBOTO CTPHIKHSI

deg dakTHUHE  TICpEMIllICHHS,  BHUKJIMKAHE
MPOCTOPOBUMH CEHCMIYHHMHU KOJIMBaHHSIMH TPYHTY;
es JifiCHE CcelcMiuHe TEepeMIlleHHs] OTIOpPH,
BHKJIMKaHE Jie(hopMaIli€ro KOHCTPYKITii

dg PO3paxyHKOBE MIKOBE MEPEMIllIEHHS] TPYHTY
srizao EN 1998-1:2004 3.2.2.4

ft  Mexa MIIHOCTI Ha PO3TATYBaHHS

fy mMexa TexydocTi

fys Meka TEKy4OCTi MOJOBKHBOT apMaTypH

fyt Mexa TexkydocTi myuka

Im MiHIManBHA TOBXKUHA TOTO, IO CIIUPAETHCS, 110
3abe3neuye Oe3NeyHy rnepesauy BepTHKAIbHOT
peaxirii

10

the column
Ves  design value of shear force
Vix  design value of horizontal shear of the joint

Vj:  design value of vertical shear of the joint

Vic  shear force of the beam adjacent to the tensile
face of the column

m  material partial factor

% overstrength factor

¥wf  magnification factor for friction due to ageing
effects

J8d, JBd1
failure modes
Px ratio of horizontal reinforcement in joint

additional safety factor against brittle

Dy reinforcement ratio of closed stirrups in the
transverse direction of the joint
panel (orthogonal to the plane of action)
pz ratio of vertical reinforcement in joint

w21-combination factor
AAsx area of horizontal joint reinforcement placed
outside joint body
AAs area of vertical joint reinforcement placed
outside joint body

1.6.5
1.6.6

Further symbols used in Section 6 of
EN 1998-2

ag design ground acceleration on type A ground
(see EN 1998-1:2004, 3.2.2.2).

b cross-sectional dimension of the concrete core
perpendicular to the direction of the confinement
under consideration, measured to the centre line of
the perimeter hoop

bmin  smallest dimension of the concrete core

dor  diameter of longitudinal bar

deg effective displacement due to the spatial variation
of the seismic ground displacement

des  effective seismic displacement of the support
due to the deformation of the structure

dg design peak ground displacement as specified
by EN 1998-1:2004, 3.2.2.4

fi tensile strength
fy yield strength
fys yield strength of the longitudinal

reinforcement

fyt yield strength of the tie

Im minimum support length securing the safe
transmission of the vertical reaction



lov MiHIMaJbHA TOBXWHA HAXJILOCTYBAHH;

S BiACTaHb MK LIEHTPaMH OTIOP

SL  MakcUMabHHH (TIOJJOBXKHIN) KPOK

ST KpOK XOMYTiB 200 10AaTKOBUX Hiadparm

St KpOK IONEepeyHuX Oanok
Vg PpO3paxyHKOBA IIBUAKICTH TPYHTY
Vs  IIBHIKICTh CABHIOBOi XBWJII B TPYHTI TIpH
MaJIAX 3pYIIyBATBHUX JIe(hOopMaIisax
Ac mrolia nepeTuHy 0eToHy OpyTTO
Ace TIIOIIA TONEPEYHOIo IMEepeTUHY OeToHy 3
HENPSMUM apMyBaHHIM

Asp IJIOIIA MOMEPEYHOr0 MEPETHHY CHIPATbHUX
a00 KUIbIIEBUX CTPUKHIB

3arajbHa IUIOIIA IONEPEYHOIo MEpPETUHY
apMaTypHuUX  Kulenb  abo  XOMYTIB B
MONEPEYHOMY  HaIpsimi
At TuIOIIa MOTIEPEYHOT0 NEPETUHY OJHIET CTINKY;
Di BHyTpiwHii AlameTp
Dsp miamerp cripanbHOTo ab0 KUTBLEBOTO CTPUKHS;
Eq 3araspHuii THCK TpyHTY, 110 BIUIMBaE Ha
OTIOPY B yMOBaxX CEHCMHYHOI aKTUBHOCTI 3T1IHO
EN 1998-5:2004
Frd po3paxyHKOBa CTIHKICTh
Lh po3paxyHKoBa AOBKMHA MJIACTUYHUX IIAPHIPIB
Lest pob6oua JOBXKHHA MPOJTITHOT OYI0BH
Qu Bara cekimii TmpoJitHOi  OyJOoBH,
CIOJY4€HOI 3 ONoporo, abo HaliMeHblIa Bara JBOX
CeKII TpoJiTHOT OymoBU 3 Oyab-sKOTO OOKY
MPOMDKHOTO CTHKY

Asw

S Koe(]ilieHT T TPYHTY 3T1IHO
EN 1998-1:2004, 3.2.2.2
Tc nepioJi Kyra MPYKHOTO —CIEKTPY

sriggo EN 1998-1:2004, 3.2.2.2
dg  PO3paxyHKOBE MIPUCKOPEHHS IPYHTY THIY A
V1 Koe(]ilieHT BaXKJIMBOCTI

Vs cericMiuHi nedopmarii BUIbHOT MOBEPXHI
IpyHTY

0 Tmapamerp, SKUii 3al1eKUTh Bi BigHowreHHs fi/fy;
U KoediieHT HeoOXiTHOT MIACTUYHOCTI TPH
3THUHI;

2As cymMa IUIONI TIONEPEYHOrO  TEPETHHY

MOJIOBXKHBOI apMaTypH, 00'€JTHaHOT B ITy4OK;
pL KOEIIIEHT MOJAOBKHBOTO ApMYBaHHS;
pw  KOeQIlieHT MONEepPEeYHOTo apMyBaHHS;
®Wwd ~ KOHCTPYKTHUBHHUH KOe(IIiEHT HEeNnpsMoro
apMyBaHHS.

1.6.6 Inmi cuMBO/IM, BUKOPUCTOBYBaHI B po3aiii
7 i B Joaarkax J, JJ ta K cranpapry EN 1998-2

dg  PO3PaxyHKOBE NPUCKOPEHHS Ul TPYHTY THUILY

np ACTY-H b EN 1998-2:201X

lov  minimum overlap length

S spacing of tie legs on centres

SL maximum (longitudinal) spacing
ST spacing of between hoop
supplementary cross ties on centres

St transverse spacing

Vg design ground velocity

Vs shear wave velocity in the soil at small shear
strains

Ac area of the gross concrete section

Acc  cross-sectional area of the confined concrete
core of the section

Asp  cross-sectional area of the spiral or hoop bar

legs or

Asw  total cross-sectional area of hoops or ties in
the one transverse direction of
confinement

A cross-sectional area of one tie leg

Di inside diameter

Dsp  diameter of the spiral or hoop bar

Eq  total earth pressure acting on the abutment
under seismic conditions as per EN1998-5: 2004

Fra  design resistance

Ln design length of plastic hinges

Lest  effective length of deck

Q4  weight of the section of the deck linked to a
pier or abutment, or the least of the weights of the
two deck sections on either side of an intermediate
separation joint

S soil factor specified
3.2.2.2

Tc  corner period of elastic spectrum as specified
in EN 1998-1:2004, 3.2.2.2

ag  design ground acceleration on type A ground
V1 importance factor

Vs free-field seismic shear deformation of the soil

in EN 1998-1:2004,

) parameter depending on the ratio fi/fy
ue  required curvature ductility factor
Y>As sum of the cross-sectional areas of the
longitudinal bars restrained by the tie

pL ratio of the longitudinal reinforcement

pw  transverse reinforcement ratio
®wwd Mmechanical ratio of
reinforcement

confinement

1.6.6 Further symbols used in Section 7 and
Annexes J, JJ and K of EN 1998-2

ay design ground acceleration on type A ground

11
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A;
agr 0a30Be MIKOBE MPUCKOPEHHS TPYHTY THUITY A

d PO3paxyHKOBI IIEPEMILIICHHSI

dp  mepemimieHHs i30J5TOpA

(o[ PO3paxyHKOBI  IMEpEeMIlIeHHsT  130JIATOpAa,
BIIMOBiTHE PO3PAaXyHKOBUM  IEPEMILICHHIM

CEUCMOI30IIAINHOT cCTEMH Ueq

dvi  mepemiieHHs i30JATOpA
dbia MIBUILEHI  PO3paxyHKOBI
i3oJATOpA 1

dbi,d po3paxyHKOBI IIEpEMIIIIEHHS 130J1TOPa

ded PO3paxyHKOBI  MEpEMIIICHHS
celcMOBOIALIIHOT cucTeMU

det po3paxyHKOBI MEPEMIIIEHHST CEHCMOI30IAIIIHOT
CHCTEMH, BHUBEJCHE IO METOJY OCHOBHOTO THITY
KOJINBaHb

dim  mepemillieHHS IEHTPY MacH, BHBEICHE Ha
OCHOBI PO3PaxyHKY

div  mepeMmimieHHs TPOJITHOT OYAOBM B TOHII
MPUMHUKAHHS JI0 130J15TOpA |

dm 34i0HICTE CEHCMOI30IALIAHOI CUCTEMU 110
TepeMIIeHHS

dmax MakCHMaJbHE MEePEMIlICHHS

dn, dp MiHIMaJIbHI HEraTWBHI 1 IIO3WUTHUBHI
TIePEMIITICHHS TTPU BUMTPOOYBAHHSX, BIATOBIIHO

dm 3QJIMIIKOBI MEPEMIIIEHHS CEHCMOI30JIAIHHOT
CHCTEMU

dy  mepemimeHHs TEKy4OCTi

ex EKCIICHTPHCUTET B TIOJIOB)KHBOMY HampsMi
MocCTa

r paziyc KpydeHHsS MacH MpoJIiTHOI OymaoBH
HABKOJIO BEPTHKAILHOI OCI 4epe3 IEHTP Macu
sign(dy+) 3HaK BeKTOpA MIBHIKOCTI Op*

t.  3aragpHa TOBHIMHA e1acToMepa

V  mBHIAKICTh pyXy IPYXKHOTO 130J19TOpA

nepeMilieHHs

Vmax ~ MakcHMallbHa IIBHUJKICTH PyXY MPYKHOTO
130J151TOpA

Xi, Yi KOOpAMHATH OMOPH | y IUTaHi

Ap poboua TUIOIIA MOMEPEYHOrO MEPEeTUHY
€71aCTOMEPHO1 OMIOPHOT YaCTUHU

Ep po3cisiHa eHepris 3a OAWH LMK IPH

PO3paxXyHKOBOMY IEpEMIIIeHH] CeHCMOi30JIALiHHOT
cucteMu ded

Epi poscisiHa eHepris 3a OJMH LUKI 130J5TOpA | TIPH
PO3paxyHKOBOMY IMEPEMIIIEHH] CeHCMOI30ISIIIIOHHOT
cucteMu ded

Ee po3paxyHKOBi ceicMiuHi cHIIH

Eea  celicMiuHI BHYTpIIIHI 3yCHUJUIS, BU3HAYCH] HA
OCHOBI PO3PaxyHKY
Fmax MakKCHUMalIbHa cua, BIAIIOBITHA

PO3paxyHKOBOMY MEPEMILICHHIO
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agr reference peak ground acceleration on type A
ground reference

d design displacement

do displacement of isolator

dog  design displacement of isolator corresponding
to the design displacement of  the
isolating system dcd

dvi  displacement of isolator i

dvia increased design displacement of isolator i

dvia  design displacement of isolator i
dea  design displacement of the isolating system

dese  design displacement of the isolating system
resulting from the fundamental
mode method

dam displacement of the stiffness centre derived
from the analysis

dia  displacement of the superstructure at the
location of substructure and isolator i

dn  displacement capacity of the isolating system

dmax  maximum displacement

dn, dp minimum negative and positive displacement
in test respectively

dn  residual displacement of the isolating system

dy yield displacement

Ex eccentricity in the longitudinal bridge
direction
r radius of gyration of the deck mass about

vertical axis through its centre of mass
sign(dy+) sign of the velocity vector dy=

tc total elastomer thickness

\Y velocity of motion of a viscous isolator

Vmax maximum velocity of motion of a viscous
isolator
Xi, Yi coordinates of pier i in plan

Ap effective cross-sectional area of elastomeric
bearing

Ep  dissipated energy per cycle at the design
displacement of isolating system dcq

Epi dissipated energy per cycle of isolator unit i, at
the design displacement of isolating system dcq

Ee  design seismic forces

Eea seismic internal forces derived from the
analysis
Fmax max force corresponding to the design

displacement



Fn, Fp MIHIMaJIbHI HETraTHBHI 1 MaKCUMAaJbHI
MO3UTHUBHI CWJIM TpU BHUNPOOYBAHHSIX, BiIMOBITHO,
JUISL TIPUCTPOIB 3 TICTEPE3UCHUMHE a00 PPUKIIHHUMH
XapaKTepUCTUKaMH, a00 HETaTHBHI 1 MO3UTHUBHI CHIIH
npu BUIPOOYBaHHAX, BIINOBimHI 3 T 1 3 D,

BIJMOBITHO, JUISI TPHUCTPOIB 3 B'S3KONPYKHUMHU
XapaKTepUCTHKAMHU

Fy cmma  TekydocTti mpu  pIBHOMIpHOMY
HaBaHTaXEHHI

Fo cuna mpu HynpoBiit aedopmartii mpu MUKITIHOMY
HaBaHTaXEHHI
Gb wmomynb
YaCTUHU

Gy yMOBHHMI MOMAYJdh 3PYIICHHS €IacTOMEPHOI
omopHoi yactuau 3rigHo EN 1337-3:2005

3pYLIEHHS €JIACTOMEPHOI  OIIOPHOIL

HDRB
JacTUHA
Hi BucoTa omnopu i;

Kbi (hakTHyHA )KOPCTKICTD 130J15TOpa 1 ;

BHCOKOaAMOPTHU3YyIO4Ya T'yMOBa OIIOpHA

Ke Mpy’KHa KOPCTKICTh OuTiHIHOTO
TICTEPE3UCHOTO 130JIATOpa Mpu  PIBHOMIPHOMY
HaBaHTa)KECHHI,

KL JKOpPCTKICTh METaJIeBOTO CEpJIeYHUKAa TyMOBO-
METAJIEBOI OIIOPHOT YaCTUHU;

K, xopcTkicTh OUTIHIHHOTO  TICTEPE3UCHOTO
130J15ITOpa 32 MEKaMHU YIIPYTOCTi,

Keff akTuuHa IKOPCTKICTh  CEHCMOIZOJALIHHOL
CHCTEMHU B TJABHOMY TOPWU30HTAIBHOMY HANPSMKY
Mpu  TEPEMIMICHHSAX, PIBHUX PO3PaXyHKOBOMY
nepeMitieHHio ded ;

Kett.i CKJIaJIeHa KOPCTKICTh 130JIATOpPIB 1

B1JIMTOB1THOT OTIOPH 1

Kfi KpyTHIbJIbHAS KOPCTKICTh (PYHIAMEHTY OTOPH 1
Kr KOpCTKICTh TyMH pE3WHO-METANIEBOI OMOPHOL
YaCTUHH;

Kri KpyTHIIbHA )KOPCTKICTh (PYHIAMEHTY OTIOPH i;

Ksi caBuroasi >)KOPCTKICTh KOJIOHHU OIIOPH 1,

Kt mpuBeneHa >KOpCTKICTh GyHIaMEHTY OTIOPH 1

Kxi, Kyi ¢axtuuna CKJIaZIeHa YKOPCTKICTh
130JITOPIB Ta MaJb

LRB pe3uHo-meTaneBa ornmopHa 4YacTHHA,;

Mg Mmaca npositHOT Oy10BH;

Nsd ocChOBeE 3yCHILIS HA 130JIATOD;

PTFE mnomnirerpadtoperunen (IITPE);

Qe ochOBe MOCTiiHE HAaBaHTAXEHHS Ha 130JI5TOD;

Rp paniyc chepudHOi MOBEpXHI KOB3aHHS;
S KoeQillieHT MPYXKHOCTI TPYHTY
EN 1998-1:2004, 3.2.2.2;

Tc, Tp KyToBI mepiofu NPYXHOTO CIEKTPY 3TiAHO
7.4.1(1)P i EN 1998-1:2004

Tetf hakTuHU TIEpio CEHCMOI30IIAIIIOHOT CUCTEMU;

3T1IHO

np ACTY-H b EN 1998-2:201X

Fn, Fp minimum negative and maximum positive
forces of test, respectively, for units with hysteretic
or frictional behaviour, or negative and positive
forces of test respectively corresponding to dn and dp,
respectively, for units with viscoelastic behaviour

Fy  vyield force under monotonic loading
Fo force at zero displacement under cyclic
loading

Gp  shear modulus of elastomeric bearing

modulus of
with

shear
accordance

Gy apparent conventional
elastomeric bearing in
EN 1337-3:2005

HDRB High Damping Rubber Bearing

Hi  height of pier i

Koi  effective stiffness of isolator unit i

Ke elastic stiffness of bilinear hysteretic isolator
under monotonic loading

KL  stiffness of lead core of lead-rubber bearing

Kp post elastic stiffness of bilinear hysteretic
isolator

Kesr effective stiffness of the isolation system in the
principal horizontal direction under consideration, at
a displacement equal to the design displacement dcq

Ketri composite stiffness of isolator units and the
corresponding pier i

Kri  rotation stiffness of foundation of pier i

Kr  stiffness of rubber of lead-rubber bearing

Kii  rotation stiffness of foundation of pier i

Ksi  displacement stiffness of shaft of pier i

Ki  translation stiffness of foundation of pier i

Kxi, Kyi effective composite stiffness of isolator unit
and pier i

LRB Lead Rubber Bearing

Mg  mass of the superstructure

Nsq  axial force through the isolator

PTFE polytetrafluorethylene

Qs permanent axial load of isolator

Rp  radius of spherical sliding surface

S soil factor of elastic spectrum in accordance
with EN 1998-1:2004, 3.2.2.2

Tc, To corner periods of the elastic spectrum in
accordance with 7.4.1(1)P and EN 1998-1:2004,

Tert  effective period of the isolating system

13
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Tminb ~ MiHIMambHA — TeMIEparypa
PO3paxyHKy Ha CEUCMIYHICTB;

V¢ MakcumalibHa IOTIepeyHa CHiia, IepeiaHa yepes
130J15ITOD;

V¢ MakcumanbHa IONEpevyHa CuJa,
METOJIOM TOJIOBHOTO THITY

UBDP BepxHi rpaHuuHi po3paxyHKOBI BIACTUBOCTI

omopu IS

BU3HA4YCHaA

130JIATOPIB;

LBDP HumxHI rpaHn4Hi po3paxyHKOBI BJIaCTUBOCTI
130JIATOPIB;

0p TIOKa3HHK CTYyMEHS IIBUAKOCTI MPYKHOTO
aMOPTHU3aTOPa;

i KOeILIE€HT BIANOBIIATbHOCTI MOCTA;

AFEgq momatkoBe — BepTHUKalIbHE  HAaBaHTA)KCHHS,

BHUKJIMKaHE e(eKTaMH CEHCMIYHOTO MEePEKHIaHHS;

AFm  migBUIIEHHS 3yCcHUIUIS MDK HEpeMILICHHSIMU
dm/2 1 dm;

Ud KOe(DIIIEHT JUHAMIYHOTO TEPTS;

¢ Koe(illieHT  eKBIBAJIEHTHOTO  MPYKHOTO
nemrgyBaHHS;

¢b  BHECOK 130JIATOPIB B poboye nemMinyBaHHS;
Ceff (daxkTuHe neMr@yBaHHSI CEHCMOI30AIIOHO1
CHCTEMU;

Y5  xoedIIlieHT MOo€eTHAHHS.
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Tmin,0 Minimum bearing temperature for seismic
design

A maximum shear force transferred through the
isolation interface

Vs maximum shear force estimated through the
fundamental mode method

UBDP Upper bound design properties of isolators

LBDP Lower bound design properties of isolators

b exponent of velocity of viscous damper

Vi importance factor of the bridge

AFgq additional vertical load due to seismic
overturning effects

AFm force increase between displacements
dm/2 and dm

Ud dynamic friction coefficient

é equivalent viscous damping ratio

o contribution of isolators to effective damping
Gt effective damping of the isolation system

i combination factor



2 OCHOBHI KPUTEPII

BLIOBIJIHOCTI

BUMOI'N 1

2.1 Po3paxyHkoBa ceiicMiYHa aKTHBHICTb

(1)P Crpareriss mpoeKkTyBaHHS B paMKax [JaHOIO
CTaHIApTy TOJSIrae B  po3poOLi  HATIMHOTO
BUpILNICHHS HEpYWHYBaHHS 3TigHO 2.2.2 CTaHIApTy
EN 19981:2004, 2.1(1)P BimHOCHO pPO3paxyHKOBOI
cericMiuHO1 11ii (Agd).

(2)P Slkmo B nmaHiii yacTHI He OOYMOBJICHE IHIIIE,
3aCTOCOBYETBCS PO3PAXyHOK TMPYKHOTO CIIEKTPY
cericmiunoi mii 3riggo EN 1998-1:2004, 3.2.2.2,
3.2.2.313.2.2.4. ]Insa 3acToCcyBaHHS €KBIBaJICHTHOTO
JHIMHOTO  METOoay 416 (3 BUKOPUCTAHHSIM
KoepiieHTa poboTtu q), K Jiarna3oH

BUKOPUCTOBYBAaTUMETHCSI PO3PaXyHKOBHH [iama3oH
sromHe EN 1998-1:2004, 3.2.2.5.

(3)P  PospaxynkoBa  ceiicmiuna i,  Aegd,
BHpaXkaeTbCsl uepe3 TepMiHu: (a) 6a3oBa celcMiuHa
misg, Aek, BigmoBigHe — 0a30Bif  MOXKIIMBOCTI

nepeBuIeHHs, Pncr, mpotsrom 50 pokiB abo B
0a30BUI TIepio/I MOBTOPEHHS, Tncr, (muB. EN 1998-
1:2004, 2.1(MP i 3.2.1(3)) i (b) i xoeoimienta
BianosinansHOCTI i (muB. EN 1990:2002 1 EN 1998-
1:2004, 2.1(2)P, 2.1(3)P i (4)) 3 ypaxyBaHHIM
mudepeHItiaiii HaIiHOCTI:

Acq =7 A

[MPUMITKA 1 3HadeHHs, WO NPHUBIACHIOEThCS 0a30BOMY
nepiofly TOBTOPEHHS, TNCR, BIAMOBiAHE 0a30Bill celcMiuHIN
Jil, BXKMBAaHUM B KpaiHi, MOXXHa 3HAWUTH B HAI[IOHAJIHLHOMY
3actocyBaHHi. PexoMmeH0BaHe 3HaueHHs: Tncr = 475 POKIB;

[MPUMITKA 2 V noBiIKoBOMY 3acTOCYyBaHHI A HaBOASTHCS
JaHi, IO CTOCYIOThCS 0a30Boi ceiicMiuHOi naii i BUOOpY
PO3paxyHKOBOI ceficMivHOI Iii Ha cTaii OyaiBHUIITBA.

(4)P MocTtu moBuHHI KiacudikyBaTucs IO Kjacax
BIIOBIIAJIBHOCT] 3aJIEKHO BiJ TSHKKOCTI HACHIIKIB
JUIA KUTTA JIIoed y pas3i iX pyillHyBaHHS, MO iX
KOMYHIKAI[IHIH BaKJIMBOCTI, 30KpeMa,
0e3mocepelHbO MICHs 3eMIIETPYCY, a TaKOX IO
€KOHOMIYHHMX HaCliKax iX pyHHyBaHHS.

TTIPUMITKA BusnaueHns kimaciB  BIANOBIZAIBHOCTI  IUIS
MOCTiB B KpaiHi MO)KHa B HAIIOHaJbHOMY  3aCTOCYBaHHI.
Knacudixaris, 1110 PEKOMEHITY€ThCH, nepenbadae

TPUHACTYITHUX KJIACH BiIIOBIAaIBHOCTI:

ABTOMOOUITBHI 1 3aJi3HWYHI MOCTH HaJeXaTh JO KJIacy

np ACTY-H b EN 1998-2:201X

2 BASIC REQUIREMENTS AND

COMPLIANCE CRITERIA
2.1 Design seismic action

(1)P The design philosophy of this Standard is to
achieve with appropriate reliability the non-collapse
requirement of 2.2.2 and of EN 1998-1:2004,
2.1(1)P, for the design seismic action (Aeq).

(2)P Unless otherwise specified in this part, the
elastic spectrum of the design seismic action in
accordance with EN 1998-1:2004, 3.2.2.2, 3.2.2.3
and 3.2.2.4 applies. For application of the equivalent
linear method of 4.1.6 (using the behaviour factor q)
the spectrum shall be the design spectrum in
accordance with EN 1998-1:2004, 3.2.2.5.

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

(2.1)

NOTE 1 The value to be ascribed to the reference return period,
Tner, associated with the reference seismic action for use in a
country, may be found in its National Annex. The
recommended value is: Tncr = 475 years.

NOTE 2 Informative Annex A gives information on the
reference seismic action and on the selection of the design
seismic action during the construction phase.

(4)P Bridges shall be classified in importance
classes, depending on the consequences of their
failure for human life, on their importance for
maintaining communications, especially in the
immediate post-earthquake period, and on the
economic consequences of collapse.

NOTE The definitions of the importance classes for bridges in
a country may be found in its National Annex. The
recommended classification is in three importance classes, as
follows:

In general road and railway bridges are considered to

15
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pigmoBimanpHocTi I 3
BKa3aHUMU HIKYE.

JCAKUMUA BUKIIOYCHHAMMU,

Jo xnacy BignosimampHOCcTi III BimHOCATBCS MoOCTH
KPUTUYHOTO 3HAYEHHSA, IO BHKOHYIOTb (YHKIIIO
KOMYHIKalliifHOrO  3aco0y, 30KpeMa, B  Mepiox
0e3MmocepeHbOro0 MicHs 3eMJIETPYCY, MOCTH, PYHHYBaHHS
SIKHX 3arpOKy€ YHCICHHUMH JKEPTBAMH, a TAKOK MOCTH,
PO3pPaxyHKOBHH TEPMiH CIYyKOM SKHUX [EpPEeBUIIYE
CTaHIapTHUI Mepio.

MicT MOKHA BiTHECTH IO KJacy BiamoBimanbHOCTI [ 3a
HAasIBHOCTI JIBOX HACTYITHUX YMOB:

- MICT HE € KpUTHYHHM KOMYHIKalliiHAM 3aCO00M;

- yXBaJIeHHS 0a30BOi MOXIIMBOCTI TepeBUIICHHS, Pncr,
nporsaroM 50 pOKiB JUIsi PO3paxyHKOBOI CeHCMidHOT il
a00 CTaHJApPTHOrO PO3PaXyHKOBOI'O TEPMIHY CIyKOH B
50 poKiB HE BUIPABIOBYETHCS EKOHOMIYHO.

Knacu BignosigansaocTi I, 11 1 I1I 3aramom BigmoBigaroTh
ximacam CC1, CC2 i CC3 srigao EN 1990:2002, B3.1.

(5)P Krnacu BigmoBianbHOCTI XapaKTepU3YIOTHCS
pi3HUMU KOe(IIIEHTAMH BIAMOBINATBLHOCTI Yi 3T1IHO
2.1(3)P 1 EN 1998-1:2004, 2.1(3)P.

(6) Koedimienr BimmoBimamsHocTi yi = 1,0
BIIMOBiae ceiicMiuHiA  Aii, ©0a3oBUN Tepion
noBTopeHHs sikoi Bkasanuii B 2.1(3)P 1 EN 1998-
1:2004, 3.2.1(3).

[MPUMITKA 3HauenHs1, 10 TPUBIACHIOIOTHCS BEIUYMHI Yi JUIS
3aCTOCYBaHHS B KpaiHi MOXXHAa 3HAalWTH B HaIlOHAJIHLHOMY
3aCTOCYBaHHI. 3HAYCHHSI Yi MOXKYTh OyTH PI3HUMH JUIsl Pi3HUX
CeCMIYHMX 30H B KpalHi 3aJIe)KHO Bifl ceiicMi4HOi HeOe3MeKH i
NPUIHATHX HOPM cycriibHOI Oe3niekn  (nuB. [Ipumitka 1o
EN 1998-1:2004, 2.1(4)). 3HaueHHs i, IO
PEeKOMEHAYIOThCS, Ut kiaciB BaxuBocTi 1 1 111 nopiBHIOIOTH
0,85 1 1,3BiamnoBigHo.

2.2 OcHOBHI BUMOI'H
2.2.1 3arajbHi H0J0XKeHHSA

(1)P IlpoexktyBanHs Mae OyTH HampaBleHE Ha
3aJI0BOJICHHS IBOX HACTYITHUX BUMOT.

2.2.2 be3 pyiiHyBaHHsl (TPAHMYHUH CTaH IO
BTPAaTi HeCy4o0i 34aTHOCTI)

(1)P Ilicas po3paxyHKOBOI ceHCMIYHOI [ii MICT

MIOBHHEH 30€perTé CBOI0 KOHCTPYKTUBHY LILTICHICTh
1 aJIeKBaTHY 3JIMIIKOBY MIIHICTh, X04a JIesKi HOro
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belong to importance class Il (average importance), with
the exceptions noted below.

Importance class 11l comprises bridges of critical
importance for maintaining communications, especially
in the immediate post-earthquake period, bridges the
failure of which is associated with a large number of
probable fatalities and major bridges where a design life
greater than normal is required.

A bridge may be classified to importance class | (less
than average importance) when both of the following
conditions are met.

- the bridge is not critical for communications, and

- the adoption of either the reference probability of
exceedance, Pncr, in 50 years for the design seismic
action, or of the standard bridge design life of 50 years is
not economically justified.

Importance classes I, 1l and 1l correspond roughly to
consequences classes CCI, CC2 and CC3, respectively,
defined in EN 1990:2002, B3.1.

(5)P The importance classes are characterised by
different importance factors yi as described in
2.1(3)P and in EN 1998-1:2004, 2.1(3)P.

(6) The importance factor yi = 1,0 is associated with
a seismic action having the reference return period
indicated in 2.1(3)P and in EN 1998-1:2004,
3.2.1(3).

NOTE The values to be ascribed to y; for use in a country may
be found in its National Annex. The values of yi 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;i for importance classes I, and 111
are equal to 0,85, and 1,3, respectively.

2.2 Basic requirements
2.2.1 General

(1)P The design shall aim at fulfilling the
following two basic requirements.

2.2.2 No-collapse (ultimate limit state)

(1)P After occurrence of the design seismic action,
the bridge shall retain its structural integrity and
adequate residual resistance, although at some parts
of the bridge considerable damage may occur.



YaCTHUHU MOXYTb BUABUTHUCA IMOIIKOIKCHHUMMU.

(2) Y omopax momyckaeThCs MIacTU4HI aedopMarltii
NESKUX 3TUHAIBHUX TEPEeTUHIB (TOOTO YTBOPEHHS
IUTACTUYHUX IIApHIpiB). SKImo ceficMiyHa i30JA1is
BIJICYTHSI, TaKi 3TMHAJIBHI TIACTUYHI nedopmarrii, SK
MPaBHUJIO, TEpen0avaroThcss B PETIOHAX 3 BUCOKOIO
CEMCMIYHICTIO 3 TUM, 100 MOHU3UTH PO3PAXYHKOBY
CEMCMIYHY MIif0 10 PIBHS, BIAMOBIAHOTO PO3yMHOMY
30UTBIICHHIO JTOJTATKOBHX BUTpPAT Ha OyIiBHUIITBO
MOCTa MOPIBHIHO 3 3BHYAHHIMH HE
CEHCMOCTINKMMU MOCTaMH.

(3) TIlpomitHa OymoBa MOCTa TaKOX MOBHHHA
MPOEKTYBATHUCS 3 METOIO 3anoOiranHs
MTOIITKOIKCHHSIM, OKpIM MICIIEBHX, TaKUX
JOPYrOpsIIHUX KOMIIOHEHTIB, SIK TEMIIEpPAaTypHI ILIBH,
cyuinbHi mTH (muB. 2.3.2.2(4)) abo maparer.

(4) Skmo po3paxyHKOBa CeHCMiYHA it Mae
ICTOTHY  BIPOTIIHICTh TEPEBHILEHHS MPOTATOM
PO3paxyHKOBOTO TePMIHY CITYy KON MOCTa,
MPOCKTYBaHHS Mae OyTH HaIlpaBJICHE Ha CTBOPCHHS
KOHCTPYKIlii, CTIMKOi 10 TMONIKO/KEeHb. YacTuHU
MOCTa, CIPUHHSTINBI IO TOMIKO/KEHb 32 PaxXyHOK
y4acTi B pO3CIIOBaHHS  €Heprii B  yMOBax
pPO3paxyHKOBOT cercMiuHOT T, MMOBHHHI
MPOEKTYBaTUCS TakK, W00 MICT MIr IIBHUIKO
pEMOHTYBaTHCSI 1  BUKOPHUCTOBYBAaTHUCA  JUIS
€KCTPEHOI0 PyXYy MICIIs 3eMIIETPYCY.

(5) Skmo po3paxyHKOBa cedcMiuHa i Mae
HU3BKY BIPOTINHICTh TIEPEBHUIICHHS  IPOTATOM
pO3paxyHKOBOTO TEpMIHY CIykOu, ceiicMiuHa
aKTHBHICTh MOJKE pO3IIIAATUCS SK BUIAJKOBE
spumie 3rizno EN 1990:2002, 1.5.3.514.1.1(2). B
nanomy Bumnaaky Bumoru (3) i (4) Moxyre OyTH
MTOM'SIKIIICHI.

[NPUMITKA B HamionampHOMY JlomaTKy MOXYTh OyTH
BKaszaHi ymoBu 3actocyBanHs (5), a TakOoX CTYIIiHb
nom'sikiesst Bumor (3) 1 (4). (3) 1 (4) pexomeHmyeETHCS
3aCTOCOBYBATH B TOMY BHIIAQAKY, SKIIO ©0a30BUH Tepion
MTOBTOPEHHSI T NCR CKIIa/1a€ MpUOIH3HO 475 pOKiB.

2.2.3 Minimizanis 30MTKy (rpaHMYHHI CTaH
N0 MIIHOCTI i eKcruTyaTanii)

(1)P Ceiicmiyna [1is 3 BHCOKOI BIpOTIIHICTIO
MOBTOPEHHS MOXX€ TPUBECTH JI0 HEBEIHKHUX
MOIIKO/KEHb JPYTOPSIIHUX EJIEeMEHTIB, a TaKoX
YaCTUH MOCTa, CHPHSIIOYMX PO3CIFOBAHHIO EHEpTii.
Pemra BCiX yacTMH MOCTa TIOBHHHA 3allUIIATHUCS

np ACTY-H b EN 1998-2:201X

(2) Flexural yielding of specific sections (i.e. the
formation of plastic hinges) is allowed to occur in
the piers. When no seismic isolation is provided,
such flexural yielding is in general necessary in
regions of high seismicity, in order to reduce the
design seismic action to a level corresponding to a
reasonable increase of the additional construction
cost, compared to a bridge not designed for
earthquake resistance.

(3) The bridge deck should in general be
designed to avoid damage, other than locally to
secondary components such as expansion joints,
continuity slabs (see 2.3.2.2(4)) or parapets.

(4)  When the design seismic action has a
substantial probability of exceedance within the
design life of the bridge, the design should aim at a
damage tolerant structure. Parts of the bridge
susceptible to damage by their contribution to energy
dissipation under the design seismic action should be
designed to enable the bridge to be used by
emergency traffic, following the design seismic
action, and to be easily repairable.

(5)  When the design seismic action has a low
probability of being exceeded within the design life
of the bridge, the seismic action may be considered
as an accidental action, in accordance with
EN 1990:2002, 1.5.3.5 and 4.1.1(2). In such a case
the requirements of (3) and (4) may be relaxed.

NOTE The National Annex may specify the conditions under
which (5) will be applied, as well as the extent of the relevant
relaxations of (3) and (4). It is recommended that (3) and (4)
are applicable when the reference return period Tncr IS
approximately equal to 475 years.

2.2.3  Minimisation of damage (serviceability
limit state)

(1)P A seismic action with a high probability of
occurrence may cause only minor damage to
secondary components and to those parts of the
bridge intended to contribute to energy dissipation.
All other parts of the bridge should remain

17
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HEMOIIKO IKEHOIO.
2.3 Kpurepiii BinnoBigHocri
2.3.1 3arajnHi N0JI0KeHHS

(1)P Illo6 3am0BOJILHUTH OCHOBHI BHUMOTH 3TiTHO
2.2, KOHCTpPYKIisI MOCTa TIOBHHHA BIAMOBIIATH
KPUTEPI0, ONUC SKOTO TPHBOJUTHCA HIK4Ye. B
[UIOMY, KpUTEpid HaANpaBIICHUH Ha BUKOHAHHS
BUMOTH «0e3 pyiiHyBaHH:» ( 2.2.2), nepeadadarodn
IIPU IBOMY 1 MIHIMI3aI[il0 MOYKJIMBUX MOIITKO/KEHD (

2.2.3).

(2) BBakaerbcsi, 110 BIANOBIOHICTH 3 KpUTEPIEM,
PO3IJISHYTUM B JAaHOMY CTaHJApPTi, 3aJ0BOJBHHUTH
BCi OCHOBHI BUMOTH pO3ALTY 2.2.

(3)P  Kpurepiii  BiZMOBIZHOCTI  3aJICKUTHh  BIJ
MOBEJIIHKK MOCTa, pPO3PAXOBAHOTO Ha TIEBHY
CelCMIYHYy aKTHBHICTh. JlaHa TIOBemIHKa MOXKeE
BuOHMpaTHcs 3rimHo 2.3.2.

2.3.2 IlependavyBaHi ceiicMiYHI XapaKTEePUCTHKHU
2.3.2.1 3arajbHi 10J10KeHHS

(1)P Mict Mae Oyt CIpOEKTOBAaHMH TaK, 00 HOTO
MOBEJIIHKA B YMOBAaxX PO3paxyHKOBOI CeMCMIYHOT il
Oyna TOAATIMBOIO, OOMEXKEHO TOJATIMBUM ado
MPY>KHUM 3aJIe)KHO BiJl CEHCMIYHOCTI MaiilaHYnKa, a
TaKOX BIJ] TOTO YM BUKOPHUCTOBYETHCS CeHCMiyHA
130711111 a00 sAKI-HEOyap 1HIIT oOMexeHHs. Taka
noBeJliHKa (rmomaTiimBa ab0 OOMEXKEHO IO0JaTIuBa)
XapaKTepU3yeTbCsA  3arajlbHUM  CIIBBIIHOIICHHAM
CHJIM 1 TIEpEMIIIEHHS KOHCTPYKIlIi, CXeMaTHYHHI
MEXaHI3M SKO1 MMpeJCTaBICHUN Ha pUCYHKY 2.1 (auB.
Takok Tabsumo 4.1).
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undamaged.
2.3 Compliance criteria
2.3.1 General

(1)P To conform to the basic requirements set forth
in 2.2, the design shall comply with the criteria
outlined in the following Clauses. In general the
criteria, while aiming explicitly at satisfying the no-
collapse requirement (2.2.2), implicitly cover the
damage minimisation requirement (2.2.3) as well.

(2) Compliance with the criteria set forth in this
standard is deemed to satisfy all basic requirements
of 2.2.

(3)P The compliance criteria depend on the
behaviour which is intended for the bridge under the
design seismic action. This behaviour may be
selected in accordance with 2.3.2.

2.3.2 Intended seismic behaviour

2.3.2.1 General

(1)P The bridge shall be designed so that its
behaviour under the design seismic action is either
ductile, or limited ductile/essentially elastic,
depending on the seismicity of the site, on whether
seismic isolation is adopted for its design, or any
other constraints which may prevail. This behaviour
(ductile or limited ductile) is characterised by the
global force-displacement relationship of the
structure, shown schematically in Figure 2.1 (see
also Table 4.1).
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YMoBHI mo3HAYEHHS

g - xoeodimient pobotu; |IE - imeanbHa npyxHa
nmoBeninka; E - TOMOBHMM YMHOM  TIpYyKHA
noBeinka; LD - oOMekeHo mogaTianuBa IOBEIIHKA;

D - nmogatiBa noBemiHKa

Pucynok 2.1: CeiicMiyHa MOBeIHKA

2.3.2.2 Ilonat/iuBa NoBeaiHKA

(1) ¥ paitfonax 3 MOMIPHOIO 1 BUCOKOIO CEHCMIUHOIO
AKTUBHICTIO 3a3BUYal BiIa€ThCA (1 10 EKOHOMIYHUX
MpUYMHAX, 13 MIpKyBaHb O€3MEKH) TIepeBara MocTam
3 MOJIATIIMBOIO MOBEIIHKOI, TOOTO MICT Mae OyTH B
3MO31 pO3CIFOBaTH 3HAYHY KUIBKICTh BXIJHOT €HEpTil
B YMOBax cepiio3Hux 3emieTpyciB. Lle BinOyBaeTbcst
3a paxyHOK (OpMyBaHHS TI€BHUX KOHQIryparii

3STMHAJIBHUX  IUIACTUYHUX  IIapHipiB  abo  3a
JOTIOMOTO0 ~ BUKOPUCTaHHS  CEHCMOI30JIALIHIX
npucTpoiB  3rimHo po3ainy 7. Hmwkue Oyne

PO3IJISIHYTO TOJATIMBY TOBEIIHKY MOCTa, IO
JOCATAETHCSL 32 PAXYHOK YTBOPEHHS IUIACTUYHUX
3THHAJIBHUX IIApHIPIB.

(2)P MocTt 3 MOJATIMBOIO IOBEIIHKOIO IOBUHHI
NPOEKTYBATHCA TaKUM YHHOM, LI00 KOHCTPYKIIis
Majla 4acTKOBY a00 MOBHY CTIMKICTh 3a paxXyHOK
YTBOPEHHS 3TMHAIBHUX MJIACTUYHUX IIApHIpiB. JlaHi
HIapHIpY 3a3BHYail yTBOPIOIOTBCS B oOmopax 1
BUKOHYIOTh  (DYHKI[IFO  OCHOBHHUX  €JIEMEHTIB,
PO3CIIOIOUUX EHEPTilo.

(3) Hackinpku 1€ MOXJIHMBO, IMJIACTUYHI IIAPHIPH
MOBHHHI PO3MILIIyBATUCS B TOYKAaX, JOCTYIHUX IJIs

q
______ 1.0
LD
___________ 1.5 _31_
—,—— 30 _D
-

Key

g - Behaviour factor IE - Ideal elastic E - Essentially
elastic

LD - Limited ductile

D - Ductile

Figure 2.1: Seismic behaviour

2.3.2.2 Ductile behaviour

(1) In regions of moderate to high seismicity it is
usually preferable, both for economic and safety
reasons, to design a bridge for ductile behaviour, i.e.
to provide it with reliable means to dissipate a
significant amount of the input energy under severe
earthquakes. This is accomplished by providing for
the formation of an intended configuration of
flexural plastic hinges or by using isolating devices
in accordance with Section 7. The part of this sub-
clause that follows refers to ductile behaviour
achieved by flexural plastic hinges.

(2)P Bridges of ductile behaviour shall be designed
so that a dependably stable partial or full mechanism
can develop in the structure through the formation of
flexural plastic hinges. These hinges normally form
in the piers and act as the primary energy dissipating
components.

(3) As far as is reasonably practicable, the location
of plastic hinges should be selected at points

19
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OTJIAY 1 PEMOHTY.

(4)P IIponitHa OymoBa MOCTa MOBUHHA 3aJIMIIATUCS
B MeXax MpYXKHOro mianaszony. llpm wmpomy
JIOMYCKAEThCS YTBOPEHHS IUJIACTUYHUX INAPHIPIB
(mpu 3ruHI HABKOJIO TOMEPEYHOi OCi) B IUIMTAX
MPOi3/ly MK TOJIOBHUMHU OaJIKaMH.

(5)P IlmactuyHi mapHipu HE yTBOPIOBATUMYTHCS B
3a1i300€TOHHUX MEpeTHHAxX, /¢ HOpMalbHAa OChOBA
cuia ly, Bu3HaueHa B 5.3(4), nepesuriye 0,6.

(6)P B nmanoMmy craHmapTi HE PO3TIISAIAIOTHCS
MpaBUjia YTBOPEHHS TOJATIMBOCTI B 3a3aalieriib
HalmpyKeHHX eJeMeHTax abo B eJeMeHTax 3
MOJANIBIIIOK0 HATPYroto. BinmoBinHO, Taki eJIeMEHTH
MaroTh OyTH 3axMILEHI BiJl YTBOPEHHS IJIACTUYHUX
HIapHIPIB B yMOBaX pO3paxyHKOBOI CEMCMIUHOT [ii.

(7)  3ruHaNBHI MIACTUYHI MAPHIPH HEOOOB'SI3KOBO
MOBUHHI YTBOPIOBATHCS Y BCIX MOCTOBHX OIOpax.
[IpoTe onTumanpHa ceiicMiuHa TOBEIIHKA MOCTa 3a
MEXKaMH TIPYXHOCTI JOCSTAEThCS TUIBKH B TOMY
BUIAJKY, SIKIIO IUIACTUYHI IIAPHIPU YTBOPIOIOTHCS
NpUOJIM3HO  OJTHOYACHO B  MaKCHMAaJbHIA IO
MOXJTMBOCTI, KUTBKOCTI OTIOP.

(8) 3marHICTH KOHCTPYKIIii yTBOPIOBATH THYYKI
mapHipu MOTpiOHA AJIA TOro, MO0 3a0e3MeunuTH

pO3CitOBaHHS €HEpTii 1 MOJATIMBY MOBEMIHKY (IUB.
4.1.6(2)).

MMPUMITKA [edopmariisi MOCTIB, MATPUMYBAHUX BHKIFOYHO
3a JIOMOMOTOI0 MPOCTHX CI1a00aMOPTH3YIOYHMX €TaCTOMEPHHX
OIOPHUX YaCTHH, Ma€, B OCHOBHOMY, MIPYKHHH Xapakrtep i He
Beae a0 (opMyBaHHS ~IOJATIMBOI  TMOBEAIHKH  (AMB.
4.1.6(11)P).

(9) B3aeMo03B'I30K CHIIM i1 IIEpEMIIIEHHs IOBUHEH
3a0e3neyyBaTd 3HAYHE 3yCWUISI MpPH OCIIaHHI 1
TiCTEpe3uCHE PO3CITHHA C€Heprii, NMpUHAWMHI, 3a
I'Th [UKIIB HEMPYXHOT AedopMaltii (IMB. pUCYHOK
2.1,2.212.3).

[MPUMITKA EnacromepHi OMOpHI YaCTHHU, BUKOPUCTOBYBaHI
Ha JESIKUX Omopax B KOMOIHAIl 3 CYIUIBHUMH OIIOPHUMH
YacCTHHAaMH Ha IHIOIMX ONOpaxX, MOXYThb HPUBECTH JO
T IBUIIEHHS CHIIU OMOPY i3 30UIBIICHHAM TEePEMIIIeHHS TiCIIs
IUTACTUYHUX TMIAPHIPIB CHOPMOBAHMX B IHIIMX OIMOPHHUX
eneMeHTax. [Ipu 1bOMy MIBUJKICTH TaKOTO INiJBHIICHHS CHIIN
ormopy MO)ke OYTH IOCTAaTHBO TIOHIDKEHA IIICIS YTBOPEHHS
IUTACTUYHUX IAPHipPiB.

20

accessible for inspection and repair.

(4)P The bridge deck shall remain within the elastic
range. However, formation of plastic hinges (in
bending about the transverse axis) is allowed in
flexible ductile concrete slabs providing top slab
continuity  between adjacent simply-supported
precast concrete girder spans.

(5)P Plastic hinges shall not be formed in reinforced
concrete sections where the normalised axial force rg
defined in 5.3(4) exceeds 0,6.

(6)P This standard does not contain rules for
provision of ductility in prestressed or post-tensioned
members. Consequently such members should be
protected from formation of plastic hinges under the
design seismic action.

(7) Flexural plastic hinges need not necessarily
form in all piers. However the optimum post-elastic
seismic behaviour of a bridge is achieved if plastic
hinges develop approximately simultaneously in as
many piers as possible.

(8)  The capability of the structure to form
flexural hinges is necessary, in order to ensure
energy dissipation and consequently ductile
behaviour (see 4.1.6(2)).

NOTE The deformation of bridges supported exclusively by
simple low damping elastomeric bearings is predominantly
elastic and does not lead in general to ductile behaviour (see
4.1.6(11)P).

(9) The global force-displacement relationship
should exhibit a significant force plateau at yield and
should ensure hysteretic energy dissipation over at
least five inelastic deformation cycles (see Figures
2.1,2.2and 2.3).

NOTE Elastomeric bearings used over some supports in
combination with monolithic support on other piers, may cause
the resisting force to increase with increasing displacements,
after plastic hinges have formed in the other supporting
members. However, the rate of increase of the resisting force
should be appreciably reduced after the formation of plastic
hinges.



(10)Omopu MOCTIB, CHOJIyd€HI 3  MPOJITHOIO
OymoBOIO uepe3 KoB3aoui abo THYYKi OIOpHI
eneMeHTH (KoB3aroui a00 THYYKI eJacToOMepHi

OTIOPHI YaCTHHH) TIOBHHHI, B IUIOMY, 3aJIUIIATHCS B
MeXax MPYKHOTO Jliala30Hy.

2.3.2.3 O0MeskeHa MOAATINBA MOBEIIHKA

(1)Y KOHCTpYKIiSIX 3 OOMEXKECHOH MOJATINBOO
MOBEJIIHKOK ~ 00JacTh  TEKy4oCTi 3  3HAYHUM
3MEHIICHHSIM YOPCTKOCTI MOYE HE BUSBISTHCS B
yYMOBaX pPO3paxyHKOBOiI ceiicMiuHOl nii. B pamkax
XapaKTePUCTUK «CHJIA-TIEPEMIIICHHS» YTBOPEHHS
CWJIOBOTO Iato He moTpidHo. Ilpu wnpomy
BIAXWJIEHHS BIJ 1l€aJ]bHOI MPYKHOI TOBEIIHKU
3a0e3neyye Jesike TICTEPE3UCHE PO3CITHHS EHEepTii.
Taka moBeniHKa BIANOBIIA€E 3HAYEHHIO KoedillieHTa
po6otu < 1,5 1 MOBMHHO HAa3WBaTHUCA B paMKax
JTAHOTO CTaHAAPTY «OOMEXEHOTO TIOIATIUBICTION.

[MPUMITKA 3nauenHs BenuuumHu ( B mianazoni 1<0<l,5
BIZIHOCSTBCS, TOJIOBHUM YHHOM, HAa PaxyHOK pI3HHII MIX
NPOEKTHOIO 1 BIPOTiJJHOI MIIHICTIO B yMOBaxX pO3paxyHKOBOI
CeMCMIYHOI mil.

(2) dns mocTiB, A€ celicMiYHAa peakilis MOXKe
MOTJIMHATUACS e(eKTaMu OUIBII BUCOKOTO PEKUMY
(Hanmpukiaa, BaHTOBI MoOCTH) abo e JeTallbHi
PO3paxyHKH TJIACTUYHHUX MIAPHIPIB HA MOJATIMBICTh
MOX€E BHUSBUTHCS HEHAAIMHUM (HAIpPHKIQd, dYepe3
BHCOKE OCbOBE 3YyCHJUISI a00 HU3bKE BIIHOIICHHS
MEePEMIIIEHHST [0  TPOJIbOTY), PEKOMEHIYEThCS
koedimieHT podboTn ( = 1 BIAMOBITHO 10 MPYXKHOI
[IOBEIHKU.

2.3.3 IlepeBipka minHoCTi

()P B wMocrax, po3paxoBaHHX Ha IMOJATIMBY
MOBEAIHKY,  HEOOXiIHO  TepeBIpUTH  JUISTHKH
IJIACTUYHUX IIApHIpIB 1 TEpEeKOHATHCS, IO BOHU
BOJIOJIFOTH JOCTAaTHHOK MIHICTIO HA 3TUH IS

CHOPUMHATTA PO3PaxyHKOBOI celcMiyHOI ii 3rigHO
5.5. Omip 3cyBy IUIACTUYHUX IIAPHIPIB, a TaKOX
MIIHICTh PEIITH AUISHOK Ha 3CYB 1 3TUH MalOTh OyTH
po3paxoBaHi Tak, 00 BUTPUMATH TNPOCSKTHI
HaBaHTaXeHH 3riigHo 2.3.4 (muB. Takoxk 5.3).

(2) YV wMocrax, po3paxoBaHHUX Ha OOMEXEHY
MOJIATIIMBY TOBEAIHKY, HEOOXIJHO NepeBIpUTH BCI
NEpeTUHU 1 TEepeKOHATHUCs, II0 BOHU BOJIOJIIOTh
JOCTaTHbOK MIIHICTIO 1 3MOXYTb BUTPUMAaTu
pPO3paxyHKOBY ceWcMmiuHy ai0 3rimHo 5.5 (mnus.
5.6.2).
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(10) Supporting members (piers or abutments)
connected to the deck through sliding or flexible
mountings (sliding bearings or flexible elastomeric
bearings) should, in general, remain within the
elastic range.

2.3.2.3 Limited ductile behaviour

(1) In structures with limited ductile behaviour, a
yielding region with significant reduction in secant
stiffness need not appear under the design seismic
action. In terms of  force-displacement
characteristics, the formation of a force plateau is not
required, while deviation from the ideal elastic
behaviour provides some hysteretic energy
dissipation. Such behaviour corresponds to a value
of the behaviour factor g < 1,5 and shall be referred
to, in this Standard, as "limited ductile™.

NOTE Values of g in the range 1 < q < 1,5 are mainly
attributed to the inherent margin between design and probable
strength in the seismic design situation.

(2) For bridges where the seismic response may be
dominated by higher mode effects (e.g cable-stayed
bridges), or where the detailing of plastic hinges for
ductility may not be reliable (e.g. due to a high axial
force or a low shear-span ratio), a behaviour factor
of g = 1 is recommended, corresponding to elastic
behaviour.

2.3.3 Resistance verifications

(1)P In bridges designed for ductile behaviour the
regions of plastic hinges shall be verified to have
adequate flexural strength to resist the design seismic
action effects as specified in 5.5. The shear
resistance of the plastic hinges, as well as both the
shear and flexural resistances of all other regions,
shall be designed to resist the "capacity design
effects” specified in 2.3.4 (see also 5.3).

(2) In bridges designed for limited ductile
behaviour, all sections should be verified
to have adequate strength to resist the design seismic
action effects of 5.5 (see 5.6.2).
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2.3.4 Po3paxyHOK Hecy4oi 31aTHOCTI

(1)P [yst MOCTIB TIOIATJIMBOT MTOBEIHKU PO3PAXYHOK
HECy4ol 3JaTHOCT TIOBHHEH 3a0e3MeuuTH TIEBHY

iepapxifo  MIIHOCTI  pI3HUX  KOHCTPYKTHBHHX
enemeHTiB. Lle moBMHHO TapaHTyBaTé (GOpMYBaHHS
IIJJACTUYHUX HIapHIpiB nependavyBaHo1
KOHGirypamii 1 BHUKIIOYEHHS YMOB KPHUXKOTO
pyVHYBaHHS.

(2)P Bukonanns (1)P Oyme pnocsarmyre 3a

JIOTIOMOTOI0 TPOEKTYBAaHHS BCIX €JEMEHTIB, SKi
MOBUHHI 3aJMIIATUCA MPYKHUMH 3a BCIX YMOB
KPUXKOTO  pyHHYBaHHS, 3  BHUKOPUCTAHHSAM
po3paxyHKy Hecydoi 3maTHOCTI. Jlo Takux edekTiB
MPUBOJATh YMOBU PpIBHOBarM, KOJU Y BCIX
3THHAJIbHUX  IIAPHIPIB  PO3BUBAETHCS  BEPXHIN
KBAaHTHJIb MIITHOCTI Ha 3TUH (HAAMIIHICTH) 3TiTHO

5.3.

(3) Hns wmoctiB 3 OOMEKEHOI TMOJATIUBOIO
MOBEJIIHKOKO 3aCTOCYBaHHSI MPOLEAYPH PO3PaxXyHKY
HeCcydoi 3/1aTHOCTI HE TTOTpiOHE.

2.3.5 3a0e3neuyeHHs MOAATINBOCTI
2.3.5.1 3arajanHi BUMOru

()P TIlmactuuyHi 1IapHIpM TIOBHHHI  BOJIOJITH
OCTAaTHLROI0 MONATIMBICTIO 100 3a0e3meuuTy
HEOOXIIHY 3araJibHy MOJATIUBICTh KOHCTPYKIIIT

[MPUMITKA Tepminu 3araipHOl i MICIIEBOI THOAATIUBOCTI,
npuBeneni B 2.3.5.2 1 2.3.5.3, BUKOPUCTOBYIOTbCS [UIsi
CTBOPEHHS TEOPETHYHOI 0a3M MOJATINBOI MOBEIiHKA. BoHN He
MOTPIOHI Ui TMPAaKTUYHOI TEPEeBIipKM TOJATIMBOCTI, sKa
MIPOBOAUTHCS BiATOBIAHO 10 2.3.5.4.

2.3.5.2 3arajpHa nogaTJuBIiCcTL

(1) B pamkax cucrteMu 3 OJHI€I0 CTYIIEHBIO CBOOOAN
3 iIealibHO MPYKHO-TJIACTHYHUM CIIBBiIHOIICHHIM
3YCHJUIA JIO MEPEMIIICHHS, SIK MOKa3aHO Ha PHCYHKY
2.2,  po3paxyHKOBE  3HA4eHHS  KoedilieHTa
MOJATIAMBOCTI  KOHCTPYKIii  BHM3HAYa€ThCS  SIK
BiJTHOIIIEHHS MEPEeMIllIeHb, BIMOBIIHUX TPAHUYHOMY
crany mirHOcTi (dy) 10 mepemimieHb Teky4ocTi (dy);
MepeMillieHHs] BUMIPIOIOTHCS 10 LEHTPY Mach: TOOTO
Md = du /dy
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2.3.4 Capacity design

(1)P For bridges of ductile behaviour, capacity
design shall be wused to ensure that an
appropriatehierarchy of resistance exists within the
various structural components. This is to ensure that
the intended configuration of plastic hinges will form
and that brittle failure modes are avoided.

(2P Fulfilment of (1)P shall be achieved by
designing all members intended to remain elastic
against all brittle modes of failure, using "capacity
design effects". Such effects result from equilibrium
conditions at the intended plastic mechanism, when
all flexural hinges have developed an upper fractile
of their flexural resistance (overstrength), as
specified in 5.3.

(3) For bridges of limited ductile behaviour the
application of the capacity design
procedure is not required.

2.3.5 Provisions for ductility
2.3.5.1 General requirement

(1)P The intended plastic hinges shall be provided
with adequate ductility, to ensure the required
overall global ductility of the structure.

NOTE The definitions of global and local ductilities, given in
2.3.5.2 and 2.3.5.3, are intended to provide the theoretical basis
of ductile behaviour. In general they are not required for
practical verification of ductility, which is effected in
accordance with 2.3.5.4.

2.3.5.2 Global ductility

(1) Referring to an equivalent one-degree-of-
freedom system with an idealised elastic-perfectly
plastic force-displacement relationship, as shown in
Figure 2.2, the design value of the ductility factor of
the structure (available displacement ductility factor)
is defined as the ratio of the ultimate limit state
displacement (dy) to the yield displacement (dy), both
measured at the centre of mass: i.e. uq=du /dy.
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YMoOBHI no3HaYeHHs

A - po3paxyHKOBa KpHBa;

B - kpuBa npyXHOIJIACTUYHOCTI

Pucynox 2.2: KpuBa 3aranpHa CHJIa-TIepEMIIICHHS
(pIBHOMIpHE BaHTAXKCHH)

(2) Ilpum mnpoBeneHHI €KBIBAJEHTHOTO JIHINMHOTO
pPO3paxyHKy BBa)Xae€TbCs, IO CHUJIa TEKY4OCTl B

3QJIe)KHOCTI  3arajilbHOTO  MPYXXHO-TUIACTHYHOTO
3yCHILIS bi (o) MepeMIIICHHS JIOPIBHIOE
pPO3paxXyHKOBOMY 3HAQUEHHIO CHJIM oOmopy, Frd.

Jedbopmarris TEKydoCTi, IO BHU3HAYA€E ACIEKT
MPY)KHOCTI, BHOUpAEThCA Tak, 00 3a0e3MeuuTH
ONTUMAJIBHY alPOKCHUMAIIII0 PO3PaXyHKOBOI KPHUBOT
3QJIGKHOCTI  TepeMimieHHss  Bim  cwid (s
MOHITOPUHTY HAaBAaHTAXXEHHS).

(3) I'pannune mnepemimends dy BH3HAYAETHCS SIK
MaKkCUMaJlbHE TEePEMIlICHHs, 10  3aJI0BOJIbHSE
HacTymHUM ymoBaMm. KoHcTpykiii maroTe OytH B
3MO31 BUTPUMATH, IPUHANMHI, IT'ATh MOBHUX IIUKIIIB
MEPEMIIIeHb JI0 TPAHUYHOTO MEePEMIIICHHS:

- 0e3 O3HaK pYHHYBaHHsS MOIEPEUYHOI apMaTypu
3113006 TOHHUX MIePETUHIB abo MICLIEBOT'O
BUITyYyBaCHHsI CTAJICBUX CEKIIiH;

- 0€3 3HWKEHHS TPAHUYHOTO 3yCHJLIS JIUISl CTAICBUX
MOJATIIMBUX €JIEMEHTIB a00 0e3 3HIKEHHS, OUIBII

HDK Ha 20%  rpaHM4YHOrO  3yCWUIsd, A
3a1300€TOHHUX ~ TMOJATIMBUX  €JIEMEHTIB  (JIUB.
PHUCYHOK 2.3).

Key

A — Design,

B - Elastoplastic

Figure 2.2: Global force-displacement diagram
(Monotonic loading)

(2) When an equivalent linear analysis is performed,
the yield force of the global elastic-perfectly plastic
force-displacement is assumed equal to the design
value of the resisting force, Fra. The vyield
displacement defining the elastic branch is selected
so as to best approximate the design force-
displacement curve (for monotonic loading).

(2)  The ultimate displacement dy is defined as
the maximum displacement satisfying the following
condition. The structure should be capable of
sustaining at least 5 full cycles of deformation to the
ultimate displacement:

©)

- without initiation of failure of the confining
reinforcement for reinforced concrete sections, or
local buckling effects for steel sections; and

- without a drop of the resisting force for steel
ductile members or without a drop exceeding 20% of
the ultimate resisting force for reinforced concrete
ductile members (see Figure 2.3).
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YMoOBHI no3HaYeHHs

A - pIBHOMIpHE BaHTaXXCHHS;
B - 5-if mukn
Pucynox
(3a1m300€TOH)

2.3: Huknn CHJIa-TIEPEMIIICHHS

2.3.5.3 MicueBa noaarjJMBIiCTh IJIACTHYHHUX
HIApHipIB

(1) 3arasbHa MOJNATIIMBICTE KOHCTPYKIIIi 3aJ€KUTh
BiJI HagBHOCTI MICIIEBOI HOMATIMBOCTI IUIACTUYHUX
mapHipiB (quB. pucyHok 2.4). lle MoxHa BUpa3UTH
yepe3  KOoediIli€eHT TMOJATIMBOCTI  MOTEPEUYHOTO
MepETUHY Ha KPUBIii:

Uo=D uldy

a00 uepe3 kKoe(illieHT MOJATIIMBOCTI KyTa MTOBOPOTY
B 30HI, JIe YTBOPIOETHCS IUIACTUYHUHN MIAPHIP, KUK
3aJIOKUTh  Bil TPaHUYHOTO  KyTa  IIOBOPOTY
TUTACTUYHOTO TIEPETHHY,

IJIACTUYHOTO IIApHipa:

Uy =0, /6y :1+(6u _ey)/ey :1+ep-u /63’

Kyt moBopoTy BHUMIpIO€ThCS MO JOBXKHMHI L Mix
KIHIEBUM I[E€PETUHOM IIJJACTUYHOTO IIapHipa 1
MEPETUHOM HYJIBOBOTO MOMEHTY, SIK IOKa3aHO Ha

PUCYHKY 2.4.
IMPUMITKA 1 st 3ami300€TOHHUX €JIEMEHTIB BiTHOMICHHS
Mik @y, @Dy, L i L, Bupaxaerscs piBusaasaim (E16b) B E.3.2

JOBigKOBOTO MomaTky E.

[MPUMITKA 2  JloBkMHa IDIaCTHYHUX MIapHipiB L, ms
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i
B
i
d, g
Key
A - Monotonic loading
B -5th cycle

Figure 2.3: Force-displacement cycles (Reinforced
concrete)

2.3.5.3 Local ductility at the plastic hinges

(1) The global ductility of the structure depends on
the available local ductility at the plastic hinges (see
Figure 2.4). This can be expressed in terms of the
curvature ductility factor of the cross-section:

(2.2)

or, in terms of the chord rotation ductility factor at
the end where the plastic hinge forms, that depends
on the plastic rotation capacity,

of the plastic hinge:

(2.3)

The chord rotation is measured over the length L,
between the end section of the plastic hinge and the
section of zero moment, as shown in Figure 2.4.

NOTE 1 For concrete members the relationship between @,
@,, L and L, is given by equation (E16b) in E.3.2 of
Informative Annex E.

NOTE 2 The length of plastic hinges Lp for concrete members



3411300 TOHHUX €JICMEHTIB MOJXKE BKa3yBaTHCS B
HaIllOHATGHOMY  JIOJAaTKy K  (QYHKmis  reomerpii i
XapaKTEepUCTHK eleMeHTa. PEKOMEHI0BaHUI BUpa3 HABOJAUTHCS
B nonatky E.

np ACTY-H b EN 1998-2:201X

may be specified in the National Annex, as a function of the
geometry and other characteristics of the member. The
recommended expression is that given in Annex E.

-+
3

L, PH

I
7

L
Pucynoxk 2.4: Kyt moBopoty 6 = ij@xdx
0

(2) v TaHUX BHpa3ax
TepeMIIeHHS MMOBHUHHI
Bu3HauYeHHIM B 2.3.5.2(3).

M

YMOBHI MO3HAYECHHSA

IpaHUYH1
BIANOBIAATH

TIPUMITKA BigHomieHHs: MiX TOAATIMBICTIO  KPUBOI
IUIACTUYHOrO  IIapHipa 1  KOe(I[iEHTOM  IMOJATIMBOCTI
3arajibHOrO MEPEMiLEHHs AJIs IPOCTOr0 BUMAIKY IPUBOJHTHCS
B noaaTky B. Jlana 3anexxHiCTh HE MPU3HAYEHA JUIS TIEPEBIpPKU
MOZATIIUBOCTI.

2.3.5.4 IlepeBipka nmoaaTJIMBOCTI

(1)P BBakaerbcs, 1m0 BIAMOBIAHICTH CIEIIAILHUM
MpaBWJIaM, IPEACTABICHUM B PO3JLTI 6, rapaHTye
HasBHICTh BIANOBIDHOI MicHeBOI 1 3arajibHOI
IO IaTIIUBOCTI.

(2)P Ilpu mpoBeneHHI HENHIMHOTO CTaTUYHOTO abo
JMHAMIYHOTO PO3pPaxyHKY, YMOBH KyTa IOBOPOTY
MAaroTh OyTH nepeBipeHi 1010 HasABHUX
MOXJIMBOCTEH IJIACTUYHMX IIAPHIPIB 0 OoOepTaHHS
(muB. 4.2.4.4).

3) Jlnss MOCTIB 3 PEKUMOM OOMEKEHOT
MOIATIMBOCTI 3aCTOCOBYIOTHCSI YMOBH 6.5.

2.3.6 3'exHanns.
KoncrpyroBanns

KonTpoas  mnepemiieHs.

2.3.6.1 ®akTnuHa xopcTKicTb. PospaxyHkose
ceiicMiYHe nepeMileHHs

Key
PH - Plastic hingel L

L
Figure 2.4: Chord rotation 6 = “dbxdx
0

(2) In the above expressions the ultimate
deformations should conform to the definitions in
2.3.5.2(3).

NOTE The relationship between curvature ductility of a plastic
hinge and the global displacement ductility factor for a simple
case is given in Annex B. That relationship is not intended for
ductility verification.

2.3.5.4 Ductility verification

(1)P Conformance to the Specific Rules specified in
Section 6 is deemed to ensure the availability of
adequate local and global ductility.

(2)P When non-linear static or dynamic analysis is
performed, chord rotation demands shall be checked
against available rotation capacities of the plastic
hinges (see 4.2.4.4).

(3) For bridges of limited ductile behaviour the
provisions of 6.5 should be applied.

2.3.6  Connections. Control of displacements.
Detailing
2.3.6.1  Effective stiffness - Design seismic

displacement

25
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(1)P  SIkmo  BHUKOPUCTOBYIOTBCS  CKBIBAJICHTHI
METOOM  JIHIMHOTO  PO3paxyHKy, >KOPCTKICTh
KO)KHOTO  €JIEMEHTy  [OBHHHAa  NIpUHAMATHCS
BIIMOBIIHO J10 KOeQIilieHTa TPYKHOCTI CIYHOIO B
TOYII MaKCUMaJIbHOTO PO3PaXyHKOBOTO
HaTNpY)KEHHsI TPH PO3PaXyHKOBIM ceHcMiuHiil ii.
JIJIs eJIeMEeHTIB, M0 MICTATH IUIACTHYHI MAPHIPH, I1e
BIJINIOBIIa€ KOPCTKOCTI CIYHOT B TEOPETUYHIN TOYII

TEKYJOCTI (IUB. PUCYHOK 2.5).

Pucynok 2.5: KpuBi MOMEHT - TmepeMilIeHHS B
MJIACTUYHUX MIapHipax

2 Jlns  3a7mi300€TOHHUX — €IEMEHTIB B
MOCTax, PO3paxoBaHUX Ha TIOATIINBY
MOBEJIIHKY, 32 BIZICYTHOCT1 TOYHIIIOTO METOIY HOTO
PO3paxyHKYy, poboua 3rUHAJIbHA
KOPCTKICTh, = BHKOPHUCTOBYBaHa B  JIIHIHHOMY
pO3paxyHKy (CTaTHYHOMY a0 IWHAMIYHOMY) ISt
PO3PaxyHKOBOTO CEUCMIYHOTO  HABAaHTAXCHHS
MO’KE€ BU3HAYATHCS TAKUM YHHOM.

- Jnst  3a1i300€TOHHUX OIOp: 3HAYCHHS,
po3paxoBaHe Ha OCHOBI CIYHOi JKOpPCTKOCTI B
TEOPETUYHIN TOYIIl TEKY4OCTi.

- s 3a3paierigb HampyXeHux  abo
3a1i300€TOHHUX TMPOJIITHUX OyJiBEIb: MKOPCTKICTh
OETOHHUX MEPETUHIB OpYTTO O€3 TPIlIHH.

[NPUMITKA B momatky C mnpuBOASTBCS IHCTPYKIi 3a
OIIHKOIO (haKTHIHOI KOPCTKOCTI 3a1i3006TOHHNX €IEMEHTIB.

(3) Hns ™ocTiB, NOpPU3HAYCHHUX IS PEKUMY
o0OMexeHo1 M0IATJINBOCTI, MOXYTh
BUKOPHUCTOBYBaTHCs TpaBuia (2) abo 3ruHaIbHA
KOPCTKICTh 3a1i300eTOHHUX MEPEeTHHIB OpyTTO 0€3
TPIIMH  MOE  3aCTOCOBYBaTHCS  JI0  BCi€i
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(1)P When equivalent linear analysis methods are
used, the stiffness of each member shall be chosen
corresponding to its secant stiffness under the
maximum calculated stresses under the design
seismic action. For members containing plastic
hinges this corresponds to the secant stiffness at the
theoretical yield point (See Figure 2.5).

Left: Moment-rotation relationship of plastic hinge
for structural steel; Right: Moment-curvature
relationship of cross-section for reinforced concrete.

T

e

L%
Eal

Figure 2.5: Moment - deformation diagrams at
plastic hinges

(2) For reinforced concrete members in bridges
designed for ductile behaviour, and unless a more
accurate method is used for its estimation, the
effective flexural stiffness to be used in linear
analysis (static or dynamic) for the design seismic
action may be estimated as follows.

- For reinforced concrete piers, a value calculated
on the basis of the secant stiffness at the theoretical
yield point.

- For prestressed or reinforced concrete decks, the
stiffness of the uncracked gross concrete sections.

NOTE Annex C gives guidance for the estimation of the
effective stiffness of reinforced concrete members.

(3) In bridges designed for limited ductile
behaviour, either the rules of (2) may be applied or
the flexural stiffness of the uncracked gross concrete
sections may be used for the entire structure.



KOHCTPYKIIii.

(4) 1 pmns momaTaMBUX MOCTIB, 1 JUIS MOCTIB 3
00MEXEHO0 MOJATINBICTIO HEOOX1THO BpaXOBYBAaTH
ICTOTHE  3HWKEHHS  KPYTHJIBHOI  YKOPCTKOCTI
3aJ11300€TOHHUX MPOJIITHUX OYIOB 1010 KPYTUIBHOT
KOPCTKOCTI POITHUX OyiBenb 6e3 TpimuH. Ko
BIJICYTHI TOYHIIMKA METOA pPO3paxyHKy, MOXKHA
BUKOPHUCTOBYBATH HACTYIHI YaCTHHH KPYTHIJIBHOI
KOPCTKOCTI MepeTUuHIB OpyTTO 6€3 TPIlIHH:

- JUI1 BIAKPUTHX TIEPETHHIB ab0 IUTUT KPYyTHIIbHA
KOPCTKICTh MOKE€ ITHOPYBATHCS;

- JUIsl  3a3/4ajeriyib  HalmpyXeHHX  KopoOuyaThx
nepeTuHiB: 50% XKopcTKocTel nepeTuHiB OpyTTo 03
TPIIIUH;

- JUIst 3a11300€TOHHUX KopoOuaTux mepetuHiB: 30%
KOPCTKOCTEH MepeTHHIB OpyTTO O€3 TPIIIMH;

(5) I mns momatnMBHX MOCTIB, 1 JJIE MOCTIB 3
00OMEXEHOI0 MOJATIUBICTIO MEPEMILLIEHHS, OTPUMaHI1
B pe3ynbTaTi po3paxyHKy 3rigHo (2) i (3), HeoOXigHO
MTOMHOKUTH Ha BIAHOLIEHHS 3TMHAIBHOT )KOPCTKOCTI
€JIEMEHTY, BUKOPUCTAHOTO TpU PO3paxyHKy (a), A0
3HAQYECHHS BUTHHHUCTOI KOPCTKOCTI, SIKa BIIMOBiIa€

pPIBHIO  Hampyr", OTpPUMaHOi B  pe3yibTaTi
po3paxyHky (b).
[MPUMITKA Criin 3a3Ha4yuMTH, 10 TP BUKOPUCTAHHI

eKBIBaJICHTHOTO JIiHiWHOTO po3paxyHky (muB.  4.1.6(1)P),
nepeorinka (aKkTHYHOI JKOPCTKOCTI Bele J0 HaIiiHUX
pe3ynbTaTiB mpu celicMmiuHii aii. B npomy Bumanky micns
PO3paxyHKy MOTPiOHO BiAKOPETryBaTH TUIBKU MEPEMIILCHHS Ha
MIICTaBi 3TMHAIBHOT KOPCTKOCTI, SIKa BIAMOBIA€ OTPUMAHOMY
PIBHIO MOMEHTIB. 3 IHIIOrO OOKY, SIKIIIO MOYAaTKOBO MPHUHHSTA
(dakTHYHA OKOPCTKICTh 3HAYHO HIXKYA 32 IKOPCTKICTB,
BIJMIOBIIHY HANpy3i pO3paxyHKy, pO3paxyHOK HEOOXiITHO
MOBTOPUTH 3 BUKOPHCTAHHSIM KPAIIOi alpOKCHMAIIii (akTUIHOT
JKOPCTKOCTI.

(6)P SIk1io BUKOPUCTOBYETHCS JIIHIHHUN CECMIUHUN
pPO3paxyHOK, 3acCHOBaHUM Ha PO3PaXyHKOBOMY
miama3o”i 3rimHo EN 1998-1:2004, 3.2.2.5,
PO3paxyHKOBI ceiicMiuHi mepemimieHts, dg, MOXHA
BUBECTH 3 TepeMimieHb, Oee, , BH3HAYCHHUX 3a
JOTIOMOTOI0 PO3PAXYHKY TAKUM YHHOM:

de =+nu,dg,

Ie M - I MONpaBOYHHM KOe(IIlieHT 3aracaHHs,
Bkazanuii B EN 1998-1:2004 3.2223) i
BU3HAYCHUU 13 3HA4YCHHSAMHU ¢, BKa3aHUMH JUIS
3aracanns B 4.1.3(1).

np ACTY-H b EN 1998-2:201X

4) For both ductile and limited ductile bridges,
the significant reduction of the torsional stiffness of
concrete decks, in relation to the torsional stiffness
of the uncracked deck, should be accounted for.
Unless a more accurate calculation is made, the
following fractions of the torsional stiffness of the
uncracked gross section may be used:

- for open sections or slabs, the torsional stiffness
may be ignored;

- for prestressed box sections,
uncracked gross section stiffness;

50% of the

- for reinforced concrete box sections, 30% of the
uncracked gross section stiffness.

(5) For both ductile and limited ductile bridges,
displacements obtained from an
analysis in accordance with (2) and (3) should be

multiplied by the ratio of (a) the
flexural stiffness of the member used in the analysis
to (b) the wvalue of flexural stiffness

that corresponds to the level of stresses resulting
from the analysis.

NOTE It is noted that in the case of equivalent linear analysis
(see 4.1.6(1)P) an overestimation of the effective stiffness leads
to results which are on the safe side regarding the seismic
action effects. In such a case, only the displacements need be
corrected after the analysis, on the basis of the flexural stiffness
that corresponds to the resulting level of moments. On the other
hand, if the effective stiffness initially assumed is significantly
lower than that corresponding to the stresses from the analysis,
the analysis should be repeated using a better approximation of
the effective stiffness.

(6)P If linear seismic analysis based on the design
spectrum in accordance with EN 1998-1:2004,
3.2.2.5 is used, the design seismic displacements, dE,
shall be derived from the displacements, dee,
determined from such an analysis as follows:

(2.4)

where np is the damping correction factor specified
in EN 1998-1:2004, 3.2.2.2(3) determined with the &
values specified for damping in 4.1.3(1).
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(7 Skuo nepemimerass dee BHBOISATHCSA 3
pO3paxyHKy JIHIHHOI TPYKHOCTI Ha TiAcTaBi
npyxHoro cnektpy 3rimHo EN 1998-1:2004, 3.2.2.2
(g = 1.0), po3paxyHkoBe nepeminieHHs, dg, MOBHHHA
npuiiMaTucs piBHIA Benn4nHi dee.

(8)P KoediieHT mNOOATAMBOCTI BH3HAYAETHCS
TaKUM YUHOM:

SKII0O  OCHOBHMH mepiox 7 B  JaHOMY
TOPU3OHTAIILHOMY HAmpsIMKy CKJIamae [>T, =
1,25T¢, ne Tc - ue KyTOBUU MepioJi, BU3HAYCHUU
srigao EN 1998-1:2004, 3.2.2.2, Toxi:

I
o

Hy

ko 1 < To, Toni:

o =(0-1) 2 +1<59 -4

koedimieata poboTH,
OTPUMAHOIO B

3HAYCHHS
Ui pO3PaxyHKY,

ne q - me
MIPUHHATOTO
3HaueHH] Jge.

[MPUMITKA Bupa3 (2.6) 3a0e3nedye IIaBHUAN nepexia Mix
MIPaBUIIOM «PIBHOTO MEPEMILIIEHHs», 3aCTOCOBHOTrO yisi 1>To, i
Jllarna3oHOM KOPOTKHX IepiofiB (HETHIIOBO Ui MOCTIB), J€
JIOLTBHO JOMYCTHTH HHU3bKE 3HaueHHs (. [l myxe mammx
nepioziB (7<0,033 ¢) HeoOXigHO mpuiiHATH = 1 (IUB. TAKOXK
4.1.6(9)), o mae: g =1.

(9)P Sxmo 3aCTOCOBYETHCS HENHIMHUN PO3PaxyHOK
JTUHAMIKK 3MiHH, JedopMalliiiHi XapaKTepUCTUKH
IUTACTUYHUX CJIEMCHTIB TIOBHHHI allpOKCUMYBaTH
CBOIO JIICHY TOBEIIHKY 3a MeEXaMH IPYXKHOCTI
BIJHOCHO  HaBaHTaXEHb 1 pPO3BAHTAXKYBAIHHUX
aCIEeKTIB TMeTJl TiCTepe3ncy, a TaKOXX MOTCHIIMHOT
nerpanamii (nus. 4.2.4.4).

2.3.6.23'¢eqnanns

(1)P 3'eaqnanHga MK TIATPUMYIOUMMH 1 ONEPTUMHU
eIeMEHTaMU TOBMHHI NPOEKTYBAaTUCS Tak, I00
3a0e3MeYNTH KOHCTPYKTUBHY IUTICHICTh 1 3al00IrTH
3IITOBXYBAaHHIO 3 MICIsI B yMOBaxX CHJIBHHMX
CeMCMIYHUX 3CYBIB.

(2)  Skmio B maHiii yacTUHI He 0OYMOBIIEHE iHIIIE,

Omopu,  CHOJYYHI  elJeMeHTH 1  (ikcaropw,
BHUKOPHCTOBYBaHI JuIs 3a0e3neueHHs
KOHCTPYKTHUBHO1 IUTICHOCTI, MOBUHHI
NPOEKTYBAaTUCS 3  ypaxyBaHHSAM  INPOEKTHHUX

MoskauBocTei (quB. 5.3, 6.6.2.1, 6.6.3.116.6.3.2).
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(7) When the displacements dee are derived from a
linear elastic analysis based on the elastic spectrum
in accordance with EN 1998-1:2004, 3.2.2.2 (q =
1.0), the design displacement, dg, shall be taken as
equal to dee.

(8)P The displacement ductility factor shall be
assumed as follows:

when the fundamental period T in the considered
horizontal direction is T>T, = 1,25 Tc, where Tc is
the corner period defined in accordance with
EN 1998-1:2004, 3.2.2.2, then

(2.5)

if T <To, then

(2.6)

where q is the value of the behaviour factor assumed
in the analysis that results in the value of dee.

NOTE Expression (2.6) provides a smooth transition between
the "equal displacement" rule that is applicable for 7>T;, and
the short period range (not typical to bridges) where the
assumption of a low g-value is expedient. For very small
periods (T < 0,033 sec), q = 1 should be assumed (see also
4.1.6(9)), giving: uq = 1.

(9)P When non-linear time-history analysis is used,
the deformation characteristics of the yielding
members shall approximate their actual post-elastic
behaviour, both as far as the loading and unloading
branches of the hysteresis loops are concerned, as
well as potential degradation effects (see 4.2.4.4).

2.3.6.2 Connections

(1)P Connections between supporting and supported
members shall be designed in order to ensure
structural integrity and avoid unseating under
extreme seismic displacements.

(2) Unless otherwise specified in this Part,
bearings, links and holding-down devices used for
securing structural integrity, should be designed
using capacity design effects (see 5.3, 6.6.2.1,
6.6.3.1 and 6.6.3.2).



(3) VYV wHoBHX MoOCTax HEOOXiqHO TNepeadadyuTH
BIIMOBIIHY  JOBXHHY  HAXJIbOCTYBaHHS  MiXK
NIATPUMYIOYMMH 1 ONEPTUMH €JIEeMEHTaMU B TOYKaX
PYXOMUX 3'€THAHb 3 METOIO 3aM00IraHHs 3PYIIEHHIO
3 micus (quB. 6.6.4).

(4) TIlpu pexOHCTPYKIii MOCTiB, WO IilOTh, SIK
albTEpHATHBA  JOBXKHHI  ONUPAaHHS  MOJKHA
BUKOPHUCTOBYBATH HaiMH1 3'eTHaAHHSI MDK
MIATPUMYIOYMMH 1 ONEPTHMH €JIeMEHTaMH (IMB.

6.6.1(3) P i6.6.3.1(1)).

2.3.6.3 KoHTpoJib 3a nepemMilieHHAMHU —
KoncrpyroBanus

()P Oxpim 3abe3rneueHHs 3arajibHOi MOJATIMBOCTI
CUCTEMM, HEOOX1IHO TPOBECTH KOHCTPYIOBaHHS
€JIEMEHTIB MOCTa 1 HOro KOMIIOHEHTIB, 1[0 HECYTh 1
HE HECyTh, 3 THUM, 100 BpaxyBaTH MOXJIHMBI
MepeMIlIeHHs Y pa3l po3paxyHKOBOT CEHCMIYHOT Aii.

(2)P JIns BaxknuBuX a00 BENTUKUX KOHCTPYKTHBHHX
€IeMEHTIB HEOOXiTHO TependauuTH BIAMOBIAHI
3a30pu, SKI MaloOTh OyTH HE MEHII 3arajbHuX

MPOEKTHUX  TEPEeMIleHb  BiJl  PO3PaxyHKOBOIi
ceficMiynoi mii, Ogd, $AKI BHU3HAYAIOTHCA TAKHM
YHHOM:

degg =dg +dg +V,d;

JIe HACTYITHI MepeMillieHHs OyayTh TMOEIHYBATUCS 3

HaWOUIBII  HEOJIATONIPUEMHHUM  CITOJTYy9aTHCS 3
HAaWOUIBIII HEBUTOJIHUM 3HAKOM:

de - pO3paxyHKOBI CEHCMIYHI MepeMIilllCHHS
sriggo 2.3.6.1;

de - TepeMileHHs, II0 BHKJIMKAIOTHCS
MOCTIHOKO i KBA3UIIOCTIMHOO HI€IO
(HampuKJIaJ, TOJNAJIbIIE HATATHEHHS, Yycajaka |1
MOB3YUiCTh MPOJITHUX OYI0B);

dr - MepeMillleHHS, W0 BUKIUKAIOTHCS

TEMIepaTyPHUMH TIEPEMILICHHIMU;

W2 - KOC(QIIIEHT TOEIHAHHS I KBA3HUIIOCTIHHOTO
3HaueHHs TemmeparypHoi aii 3rigao EN 1990:2002,
tabmumi A2.1, A2.2 a6o A2.3.

IIpn po3paxyHKy 3arajibHOi INPOEKTHOI BEIUYUHU
NepeMillleHb Bil PO3paxyHKOBOi celcMiuHOl ii,
MIOBHHHI BpPaxOBYBATUCS TAaKOX 1 €(EeKTH Ipyroro
MOPAIKY, SIKIIO BOHU MalOTh TIEBHY 3HAYYIIICTb.

celicMiuHI1

3) BinnocHi PO3paxyHKOBIi
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(3) In new bridges appropriate overlap lengths
should be provided between supporting and
supported members at moveable connections, in
order to avoid unseating (see 6.6.4).

4) In retrofitting existing bridges as an
alternative to the provision of overlap length,
positive linkage between supporting and supported
members may be used (see 6.6.1(3)P and 6.6.3.1(1)).

2.3.6.3 Control of displacements - Detailing

(1)P In addition to ensuring the required overall
ductility, structural and non-structural detailing of
the bridge and its components shall be provided to
accommodate the displacements in the seismic
design situation.

(2)P Clearances shall be provided for protection of
critical or major structural members. Such clearances
shall accommodate the total design value of the
displacement in the seismic design situation, deq,
determined as follows:

(2.7)

where the following displacements shall be

combined with the most unfavourable sign:

de is the design seismic displacement in
accordance with 2.3.6.1;
de is the long term displacement due to the

permanent and quasi-permanent actions (e.g. post-
tensioning, shrinkage and creep for concrete decks);

dr  isthe displacement due to thermal movements;
w2 is the combination factor for the quasi-permanent
value of thermal action, in accordance with
EN 1990:2002, Tables A2.1, A2.2 or A2.3.

Second order effects shall be taken into account in
the calculation of the total design value of the
displacement in the seismic design situation, when
such effects are significant.

(3) The relative design seismic displacement, de,
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nepemimieHHs, O, MDK JBOMa HE3aJICKHUMHU
CEeKI[IIMM MOCTa MOJKHa BHU3HAYaTH SK KOPIHb
KBQJIpaTHWA 3  CYMH  KBaJpaTiB  3HA4YCHb
PO3paxyHKOBHUX CeHCMIUHUX nepeMileHb,

BU3HAYEHUX JUIA KOXKHOI cexuii 3rigHo 2.3.6.1.

(4)P il BenuKMX IUHAMIYHMX CHJI B PE3YNIbTaTi
Herepen0ayyBaHoTO 3ITKHEHHSI OCHOBHHX
KOHCTPYKTUBHUX €IIEMEHTIB 3amolirae 3aBIsSKd
BHKOPHUCTAHHIO TIOJIATJIMBHX/YIIPYTUX €IIEMEHTIB 200
CHCMIAIbHUX  CHEPrONOTIMHAIOYAX  HPUCTPOIB
(O0ydepiB). Taki emeMeHTH IMOBHHHI MaTu THOPT,
PIBHHI 3araJlbHUM TPOEKTHUM TMEPEMIIICHHSIM BiJl
PO3paxyHKOBOI ceicMivHOT ii, deq.

(5) KowncTtpyroBaHHS  OpYrOpsAIHUX  €JIEMEHTIB
(HampuKkaa, MIApHIPHI CTUKU TMPOJITHOT OyIiBil 1
3aJIHIX CTIHOK OIOp), SIKI MOXYTb OTpPUMAaTH
MOILKOJKEHHS B YMOBAX PO3PaxyHKOBOi c€HCMIYHOL
nii, TOBHHHE TIepeadadyaTd MOXKIUBUN CTYIIHb
MOIIKO/DKeHh 1 3acobm s iX pemMoHTy. 3azopu
MaroTh OyTH HE MEHUI BIATOBIIHUX PO3PaxXyHKOBHUX
CeCMIUHMX  MepeMillleHb 1  TeMIepaTypHHX
MepeMIIleHb, PE Ta PT, , BUIMOBIIHO, 3 YpaxXyBaHHIM
JOBTOTpUBaNUX €(EeKTiB MOB3Y4OCTI 1 YyCaaKH, IIO
J03BOJIMTh YHUKHYTU IOIIKOJKEHb B YMOBAax
gacTux  3ewmuietpyciB.  CTymiHb  COpHAHATTS
HaBaHTAXXCHb MOBUHEH BUOMPATUCS 3 YypaxXyBaHHSIM
MaTepiaTbHUX BUTPAT, HEOOXITHUX /IS 3a1100IraHHs
MOILIKO/IKEHHSIM.

MMPUMITKA 1 3HaveHHs, pg 1 pr Ui 3aCTOCYBaHHS B KpaiHi B
YMOBax BIJICYTHOCTI SIBHOI ONTHUMi3allii, MOXXHa 3HAWTH B
HAIIOHAILHOMY 3aCTOCYBaHHi. PeKOMEHAYIOThCS HACTYIHI
s3HaueHHs: pg = 0,4 (@0 pO3paxyHKOBUX CEHCMIYHUX
nepeminiensb); pr = 0,5 (1 TeMnepaTypHUX HepeMillieHb);

I[MPUMITKA 2 Tlo nedopmaniiiHux mBax 3agi3HUYHUX MOCTIB,
nonepeyHux Aedopmainii MOXHa YHUKaTH B3arami abo
0OMEXHUTH iX 0 PiBHS, IO TO3BOJISE 3aMO0ITTH CXOTY 3 PEHOK.

2.3.7 Cnpouienunii Kpurepii

(1) B ymoBax HH3bKOI CEHCMIYHOCTI JOMYCKA€ETHCS
BUKOPHCTAHHS CIIPOIIEHOTO KPUTEPIito
MPOEKTYBaHHS.

[NPUMITKA 1 Bubip kareropii Mocra, THIly TpPYHTY i
CeiCMiYHOI 30HM B KpaiHi, IUIS SIKOI 3aCTOCOBYIOTHCS YMOBH
HU3BKOI CEWCMIYHOCTI, MOXXHa 3HAalTH B HaIllOHAJTHHOMY
3acTocyBaHHI. PexoMeHayeThcsi, mo00 BUMAIKA HHU3BKOI
ceiicMigHOCTI (200 BiZ MOMIpHOI 110 BHCOKOi CEHCMIiYHOCTI)
BU3Havaucs 3rizano npumitii B EN 1998-1:2004, 3.2.1(4).

[MPUMITKA 2 Knacudikamis MOCTIB 1 CIPOIIEHUH KpHTEpPin
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between two independent sections of a bridge may
be estimated as the square root of the sum of squares
of the values of the design seismic displacement
calculated for each section in accordance with
2.3.6.1.

(4)P Large shock forces, caused by unpredictable
impact between major structural members, shall be
prevented by means of ductile/resilient members or
special energy absorbing devices (buffers). Such
members shall possess a slack at least equal to the
total design value of the displacement in the seismic
design situation, deq.

(5) The detailing of non-critical structural
components (e.g. deck movement joints and
abutment back-walls), expected to be damaged due
to the design seismic action, should cater for a
predictable mode of damage, and provide for the
possibility of permanent repair. Clearances should
accommodate appropriate fractions of the design
seismic displacement and of the thermal movement,
pe and pr, respectively, after allowing for any long
term creep and shrinkage effects, so that damage
under frequent earthquakes is avoided. The
appropriate values of such fractions may be chosen,
based on a judgement of the cost-effectiveness of the
measures taken to prevent damage.

NOTE 1 The value ascribed to pe and pr for use in a country in
the absence of an explicit optimisation may be found in its
National Annex. The recommended values are as follows: pe =
0,4 (for the design seismic displacement); pr = 0,5 (for the
thermal movement).

NOTE 2 At joints of railway bridges, transverse differential
displacement may have to be either avoided or limited to values
appropriate for preventing derailment.

2.3.7 Simplified criteria

(1) In cases of low seismicity, simplified design
criteria may be established.

NOTE 1: The selection of the categories of bridge, ground type
and seismic zone in a country for which the provisions of low
seismicity apply may be found in its National Annex. It is
recommended that cases of low seismicity (and by consequence
those of moderate to high seismicity) should be defined as
recommended in the Note in EN 1998-1:2004, 3.2.1(4).

NOTE 2: Classification of bridges and simplified criteria for



PO3paxyHKy CEWCMIYHOCTI OKpEeMHX KIAciB MOCTIB Yy pasi
HU3BKOI CEHCMOAKTHBHOCTI MoOXe Oyru po3pobineHa B
HallioOHATBHOMY 3acTtocyBaHHI. [Ipyn 1IbOMy peKoMeHIyeThCs,
mo0 JaHWi  CHOpPONICHWH  KpUTEpi TpyHTYBaBCs  Ha
BJIACTHBOCTSIX OOMEXEHOi ITONATIMBOCTH/CYTTEBO MPY>KHOI

CElCMIYHOI IOBEHIHKM MOCTa, JUIS SKOrO  CIelliajbHa
MTOJIATIIUBICTH HE MOTPiOHA.

2.4 Ecki3He IpOeKTYBaHHS

(1) Baxmugo, o6 MOJKITUBI HACJTIJIKH
CecMIUHOT il po3risgalivucs BXKE Ha  CTafii

€CKI3HOTO TPOCKTYBaHHS, HAaBiTh B YMOBAax Bif
HU3bKOI JI0 MOMIPHOT CEMCMIYHOCTI.

(2) B ymoBax HH3bKOi CEHCMIYHOCTI HEOOXITHO
BUOpATH TUI PEXKUMY CEHCMOCTIHKOCTI MOCTa (JIMB.
2.3.2). Slxmo BHOMpAETbCS pPEXUM OOMEKEHOT
noaaTiMBOCTI (200 ICTOTHA TMpYy)KHA TOBEIIHKA),
JIOITYCKAEThCS 3aCTOCYBAHHSI CITPOIICHOTO KPUTEPIIO
3rigHo 2.3.7.

(3 B ymoBax Bigm mOMIpHOI 0 BHCOKOI
CeMCMIUHOCT1 3a3BU4Yail BUOWpAETbCAd MOJATIWMBUIN
pexum. [ns Horo peanizaimii nepeadaydaeTbcst abo
BUKOPUCTAHHSI HE3QJIEKHUX T'HYYKHMX MEXaHI3MIB,
a00 BUKOPHCTAHHS MPHUCTPOIB CEHCMIUHOT 130111 1
po3citoBaHHsI eHeprii. SIKII0 BUOMPAETHCS PEKUM
I0IATJINBOCTI, MOTPiOHE HoTpuMaHHs yMOB (4) - (8).

(4) HeoOximHO BH3HAYUTH KIIBKICTH OIOP, SIKi
BHUKOPHUCTOBYBATUMYThCS IS OTIOPY il CEHCMIYHUX
CHJI B TOJIOBKHBOMY 1 TOIEPEYHOMY Harpsimax.
3arajoM, B yMOBax ceHcMiuyHOi 1ii MOCTH 3
HEPO3PI3HOIO 0araTompoJIITHOIO O0yI10BOIO
MOBOJSITECS  Kpalle, HDK MOCTH 3 JIeKUIbKOMa
PO3pI3HUMH TIPOJITHUMU OymoBamu. OnTUMaIbHUN
CCHCMIYHMH  peXHM 33 MeXaMH NPYXKHOCTI
JOCSATAETBCSl 'y TOMY BHUIMAIKY, KOJHW IIACTUYHI
[IAPHIPH YTBOPIOKOTHCS MPHOIM3HO OJHOYACHO B
MaKCUMaJbHO MOXKJIMBIN KUTbKOCTI MOCTOBHUX OTIOP.
[Ipy 1BOMY KUIBKICTH OMNOp, IO YHHSITH OMIp
ceiicMiuHid i, Moxe OyTH MeEHIIe 3arajibHOi
KUIBKOCTI OIOp 32 paXyHOK BUKOPHCTaHHS OTIOPHUX
YacTUH  KOB3aHHSI  ab0  eJacTOMEpHUX,  SKi
3MEHIIYIOTh HaTPYTY, 11(0) BUKIIUKAETHCS
NEepEMIIIEHHsIM TpOJITHOI OyJOBHM B pe3yibTari
TeMIepaTypHoi 1ii, yCaJku 1 IHIIUX HeCeMCMIYHHMX
SIBHIIL.

(5) TleBumii OanaHC TOBHHEH MiATPUMYBATHUCS
IpU TNpU3HAUYEHHI JAe()OpPMaTUBHOCTH  ONOPHUX
YacTUH. 3HAYHA THYYKICTh 3HMXKYE BEIMYUHY
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the seismic design pertaining to individual bridge classes in
cases of low seismicity may be established by the National
Annex. It is recommended that these simplified criteria are
based on a limited ductile/essentially elastic seismic behaviour
of the bridge, for which no special ductility requirements are
necessary.

2.4 Conceptual design

(1)  Consideration of the implications of the
seismic action at the conceptual stage of the design
of bridges is important, even in cases of low to
moderate seismicity.

(2) In cases of low seismicity the type of
intended seismic behaviour of the bridge (see 2.3.2)
should be decided. If a limited ductile (or essentially
elastic) behaviour is selected, simplified criteria, in
accordance with 2.3.7 may be applied.

(3) In cases of moderate or high seismicity, the
selection of ductile behaviour is generally expedient.
Its implementation, either by providing for the
formation of a dependable plastic mechanism or by
using seismic isolation and energy dissipation
devices, should be decided. When a ductile
behaviour is selected, (4) to (8) should be observed.

4) The number of supporting members (piers
and abutments) that will be used to resist the seismic
forces in the longitudinal and transverse directions
should be decided. In general bridges with
continuous deck behave better under seismic
conditions than those with many movement joints.
The optimum post-elastic seismic behaviour is
achieved if plastic hinges develop approximately
simultaneously in as many piers as possible.
However, the number of the piers that resist the
seismic action may have to be less than the total
number of piers, by using sliding or flexible
mountings between the deck and some piers in the
longitudinal direction, to reduce the stresses arising
from imposed deck deformations due to thermal
actions, shrinkage and other non-seismic actions.

(5) A balance should be maintained between the
strength and the flexibility requirements of the
horizontal supports. High flexibility reduces the
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MONIEPEYHUX CHJI, [0 BHUHUKAIOTH B PE3yibTari
pO3paxyHKOBOi  CeHCMIYHOi  fii, ayie crpuse
30UTBIICHHIO TIEPEMIIICHHSI, 1[0 MOXKE MPUBECTU IO
YTBOPEHHS BUCOKUX €(EKTIB IPYroro NOPsIKy.

(6) MHns ™MoCTiB 3 HEPO3PI3HUMH HPOJIITHUMHU
OymoBamMH 1 3 OmOpaMH, KOPCTKICTh SKUX B
MOTIEPEYHOMY HAmNpsMi 3HAYHO BiAPI3HAETHCS (IO
MOXK€ MAaTH MICIE B JOJMHAX 3 KPYTUMHU CXUJIAMH),
Ha HEBUCOKHX OIOPaX MOXYTh BUKOPHUCTOBYBATHCS
rorepeyHi KOB3aroui abo eJacToMepHi  OTOpHi
YaCTUHM 3 METOI0 3amoOiraHHs
pO3MOAUTY TOMepeyHoi cercmiuHol  mii
MOCTOBHUX OIIOp, SIK [TOKA3aHO HA PUCYHKY 2.6.

HeOaKaHOMY
cepen

magnitude of lateral forces induced by the design
seismic action but increases the movement at the
joints and moveable bearings and may lead to high
second order effects.

(6) In the case of bridges with a continuous deck
and with transverse stiffness of the abutments and of
the adjacent piers which is very high compared to
that of the other piers (as may occur in steep-sided
valleys), it may be preferable to use transversally
sliding or elastomeric bearings over the short piers or
the abutments to avoid unfavourable distribution of
the transverse seismic action among the piers and the
abutments such as that exemplified in Figure 2.6.

l '

YMoBHI mo3HAYeHHS

A - BUTIIS7 300KY;

B - nnan

Pucynok 2.6: HebGaxanuii po3moail TMOTEPEUHUX
CEMCMIUHHUX CHUJI

(7) Micus  posciroBaHHS ~ eHeprii  MMOBHHHI
BUOMpaTHCA Tak, o0 10 HUX OyB HOpPMaJIbHUUN
JOCTYI JuIsl OTJisiay 1 peMoHTy. Taki MicIsi MaroTh
OyTH YITKO TO3HAYCHI y BIAMOBIAHIA NPOEKTHIN
JOKyMEHTAIlIi.

(8) Micus mnoreHuifiHux abo mepexdadyyBaHUX
CEHUCMIYHMX TOIIKOKEHb, OKpiM (7), MalTh OyTH
YiTKO 1AeHTU(]IKOBaHI, a TPYAHOUI iX PEMOHTY
3BE/ICH1 A0 MIHIMyMY.

(9) Kinpkicte aedopmaniiiHux IIBiB HEOOXiTHO
npuiMaTH  MIHIM@JIBHUM 1 1O  MOXJIMBOCTI
BUKITIOYHO ISl IOBTUX MOCTIB a00 Il MOCTIB, IO
NEPEeTUHAIOTh HEOJHOPIIHI IPYHTOBI (popmaltii.

(10) MHns mocTiB, M0 MEPETUHAIOTH MOTEHIHHHO
AKTHUBHI TEKTOHIYHI 30HH, HEOOXIZHO BH3HAYUTHU
MOXJIMBI PO3JIOMM TpPYHTIB 1 BpaxyBaTu ILie
3a0e3neueHHs BiJMOBIAHOI THYYKOCTI KOHCTPYKIi
a00 CTBOPEHHS BIAMOBITHUX PYXOMHUX 3'€THAHb.
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Key

A - Elevation

B - Plan

Figure 2.6: Unfavourable distribution of transverse
seismic action

(7) The locations selected for energy dissipation
should be chosen so as to ensure accessibility for
inspection and repair. Such locations should be
clearly indicated in the appropriate design
documents.

(8) The location of areas of potential or expected
seismic damage other than those in (7) should be
identified and the difficulty of repairs should be
minimised.

9) In exceptionally long bridges, or in bridges
crossing non-homogeneous soil formations, the
number and location of intermediate movement

joints should be decided.

(10) In bridges crossing potentially active tectonic
faults, the probable discontinuity of the ground
displacement  should be estimated and
accommodated either by adequate flexibility of the
structure or by provision of suitable movement
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joints.

(11) MoxnuBicte  yrBopeHHs  tumByHiB B (11)

OCHOBI Mae OyTn mpoaHamizoBaHa 3TiIHO
BiamoBigaum BumoraMm EN 1998-5:2004.

The liquefaction potential of the foundation
soil should be investigated in accordance with the
relevant provisions of EN 1998-5:2004.
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3 CEUCMIYHA AKTUBHICTb
3.1 BusHadyeHnus ceiicMiuyHOI AKTHUBHOCTI
3.1.1 3araJjbHi H0JOKEHHS

()P CrimagHicte MogeNmi, BHOpaHOI IS OMUCY
CelcMIUHOT [Iii, MOBHHHA BIAMOBITATH XapakTepy
3eMJIETPYCY 1 BXKJIMBOCTI CIIOPYAM; IPH IbOMY BOHA
MOBHHHA TaKOX PO3MIPSATHUCS 3 CKJIQAHICTIO MOJENI,
10 BUKOPUCTOBYETHCS ISl PO3PAXyHKY MOCTA.

(2)P B pmanomy po3aiii B paMKax KUIbKICHOTO
pPO3paxyHKy CEMCMIYHOT il  PO3MIISIaTUMYThCS
TUIBKM BiOpallii, 110 MepelalTbCsi TPYHTOM Ha
KoHCTpykUito.  Ilpore  3emmerpycm  MOXYTh
BUKJIMKATH TIEPEMILIEHHS TPYHTY B pe3yibTari
YTBOpeHHs1  mpoBayiB  abo  posnomiB.  Taki
MEePEMIIIIEHHST MOXXYTh TIPUBECTH JIO YTBOPEHHS
cepiio3nux Aedopmariii 3 TSHKKUMHU HACTIIKAMH TSI
MocTiB. Jlaamii THm HEOE3MEKH CJIiJ BUBUYHATH
okpemo. Hacmigku momiOHMX TOIIKOKEHb MOXHA
MIHIMI3yBaTH, HAMpPUKIaa, BUOOPOM BiIMOBITHOL
KOHCTPYKTHUBHOI cucteMu. [li1 myHami B JaHOMY
CTaHIAPT1 HE PO3IIISIIAETHCA.

3.1.2 3acrocyBaHHsI KOMIIOHEHTIB PyXy

()P Ilpm mpoexkTyBaHHI MOCTIB B pO3paxyHKY
JIOCUTh B3SATH J0 yBaru TPU JIHIHHUX CKIIAJIOBUX
cercMiyHOT Aii. SIKIIO BHUKOPHUCTOBYETHCS METOJT
CHEKTPYy peaKIlii, po3paxyHOK MOCTa MOXKE
MIPOBOIUTHCS OKpPEMO IS KOMIIOHEHTIB
MOCTYMAJILHOI CEHCMIYHOT JAii B IOJOBXKHBOMY,
MOMEPEYHOMY 1 BEpPTHUKAJILHOMY HampsiMax. B
JAHOMY BHUIIQJIKy CEHCMIYHA i IPEIACTaBISIETHCS
TppOMa OJHOKOMIIOHCHTHHMH JISIMH, TIOOJUHIII JIJISt
KOXXHOTO HampsiMy, KUIbKICHO BHUP&KEHUMH 3TiTHO
3.2. Pesynbpratu BIUIMBIB MOBHHHI MO€JHYBAaTUCS
srigao 4.2.1.4.

(2)P Slkmo mpoBOAWUTHCA HENIHIMHHI PO3paxyHOK
OUHAMIKH 3MiH, KOHCTPYKIiS MOCTa TOBUHHA
OILIIHIOBAaTHCS ~ MpPH  OJHOYACHIM  Jii  pI3HHX
CKJIQJIOBUX.

(3) CeiicmiuHa Jis BUKJIUKAE AOJATKOBI 3yCHILIA
Ha TpaHMYHIA TMOBEpPXHI MDK KOHCTPYKLIEK 1
TPYHTOM. SIKIO IS TIPECTaBJICHHSI KOPCTKOCTI
TPpYHTY y (yHAaMEHTaxX Ha MPUPOJIHIA OCHOBI ab0 3
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3 SEISMIC ACTION
3.1 Definition of the seismic action
3.1.1 General

(1)P The complexity of the model selected to
describe the seismic action shall be appropriate to
the relevant earthquake motion to be described and
the importance of the structure and commensurate
with the sophistication of the model used in the
analysis of the bridge.

(2)P In this Section only the shaking transmitted by
the ground to the structure is considered in the
quantification of the seismic action. However,
earthquakes can induce permanent displacements in
soils arising from ground failure or fault rupture.
These displacements may result in imposed
deformations with severe consequences for bridges.
This type of hazard shall be evaluated through
specific studies. Its consequences shall be minimised
by appropriate measures, such as selecting a suitable
structural system. Tsunami effects are not treated in
this Standard.

3.1.2 Application of the components of the
motion
(1)P In general only the three translational

components of the seismic action need to be taken
into account for the design of bridges. When the
response spectrum method is applied, the bridge may
be analysed separately for the translational
components of the seismic action in the longitudinal,
transverse and vertical directions. In this case the
seismic action is represented by three one-
component actions, one for each direction, quantified
in accordance with 3.2. The action effects shall be
combined in accordance with 4.2.1.4.

(2P When non-linear time-history analysis is
performed, the bridge shall be analysed under the
simultaneous action of the different components.

(3) The seismic action is applied at the interface
between the structure and the ground. If springs are
used to represent the soil stiffness either in
connection with spread footings or with deep
foundations, such as piles, shafts (caissons), etc. (see



¢byHgamMeHTOM TIMOOKOTrO 3ayIAraHHs, HaNpPUKIAL,
nai, KOJIOHH (keconHi) 1 Tak  jgami
BHUKOPHUCTOBYIOTBCS €IEMEHTH KIHIIEBOI )KOPCTKOCTI
(muB. EN 1998-5:2004), nis mnpukIagaeTbcs 10

TpaHUII TPYHTY.
3.2 KinbkicHUi1 BUpa3 KOMIIOHEHTIB
3.2.1 3araabHi noJI0KeHHS

(1)P Koxen KOMINOHEHT a0 CKJIaJ0Ba CEHCMIYHOTO
VSIBIIGHHS Ma€ CBili KUIBKICHMM BHpa3 B paMKax
CHEKTpY peakilii abo AWHAMIKK 3MIHU 3TiTHO
EN 1998-1:2004, pozain 3, B SIKOMY NPHBOJISATHCS
TaK0’X OCHOBHI BU3HAYCHHSI.

3.2.2 CnexkTp NpYy:KHOI peakuii, 3ajeXHUH Bijg
HANPSIMKY

3.2.2.1 T opu30oHTAIBHA CKJIAI0BA

(HP I'opuzoHTanpHa CKJIaJI0Ba IIOBUHHA
Bigmosigatu BumoraMm EN 1998-1:2004, 3.2.2.2
BIJIOBIAHO /10 TUILy IPYHTY y OCHOB1 ONOp MOCTA.
k1o nekubKa TUMIB TPYHTY MIAXOIUTh IS TAaHUX
OTIOP, 3aCTOCOBYIOTHCSI YMOBHU 3.3.

3.2.2.2 BepTuKajIbHA CKJIA0Ba

()P Sxmo BpaxoByeTbcsi BEpTUKAIbHA CKJIaJ0Ba
ceficMiyuoi  mii (muB. 4.1.7), HeoOX1IHO
3aCTOCOBYBAaTH PpeakIlii JaHOI CKJIagoBO1 3TiIHO
EN 1998-1:2004, 3.2.2.3.

3.2.2.3 [list A0OBKOJMIIHBOTO JKepesia

(1)P Jlis mOBKOJIMIITHBOTO JHKEpesia, 3aCTOCOBYETHCS
B TOMY BHIIaJIKy, SIKIIIO MICT PO3TAalIOBAHUI B MEXax
10 kM. 1O TOPH30HTaANI BiIl BiIOMOTO AKTHBHOTO
CCMCMOTEKTOHIYHOTO TOPYIICHHS, 3/IaTHOTO BUIATH
MOMEHTHY MarHityay, o nepeBuurye 6,5.

[MPUMITKA SIxmo B HaIiOHAJIGHOMY 3aCTOCYBaHHI He
BH3HAYCHE IHINE, PEKOMEHIYETHCS, MO0 CEHCMOTEKTOHIYHE
MOpYLICHHS BBAaXKAJOCS 334 aKTUBHE B PaMKax JaHOI BHMOTH,
SIKIIIO ICTOPWYHA MIBHAKICTH 3PYIICHHS CKIAAae, MpUHAWMHI, |
MM/pik 1 € TomorpadiuHi TIATBEpHKEHHS CceiicMivHOl
aKTUBHOCTI B mepiox ronoueny (octanni 11000 pokis).

3.2.3 IlpeacraBjieHHS TMHAMIKHU 3MiH

()P Skmo mNpPOBOAUTHCS HENMHIMHMIA  aHaTI3

np ACTY-H b EN 1998-2:201X

EN 1998-5:2004), the motion is applied at the soil
end of the springs.

3.2 Quantification of the components
3.2.1 General

(1)P Each component of the earthquake motion shall
be quantified in terms of a response spectrum, or a
time-history representation (mutually consistent) as
set out in EN 1998-1:2004, Section 3, which also
provides the basic definitions.

3.2.2 Site dependent elastic response spectrum
3.2.2.1 Horizontal component

(1)P The horizontal component shall be in
accordance  with EN 1998-1:2004, 3.2.2.2,
depending on the ground type at the foundation of
the supports of the bridge. When more than one
ground types correspond to these supports, then 3.3
applies.

3.2.2.2 Vertical component

(1)P When the vertical component of the seismic
motion needs to be taken into account (see 4.1.7), the
site-dependent response spectrum of this component
shall be taken in accordance with EN 1998-1:2004,
3.2.2.3.

3.2.2.3 Near source effects

(1)P Site-specific spectra considering near source
effects shall be used, when the site is located within
10 km horizontally of a known active seismotectonic
fault that may produce an event of Moment
Magnitude higher than 6,5.

NOTE Unless the National Annex defines otherwise, it is
recommended that a seismotectonic fault be considered to be
active for the purposes of this requirement when there is an
average historic slip rate of at least 1 mm/year and topographic
evidence of seismic activity within the Holocene times (past
11000 years).

3.2.3 Time-history representation

()P When a non-linear time-history analysis is
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TMHAMIKA 3MiH, TIOBUHHI BUKOPHCTOBYBATHCH,
pUHANMHI, TpH napu KOMIIOHEHTIB
TOPU30HTAIBHOTO MEPEMIIIeHHS TPYHTY B 4Yaci. Jlani
napy MOBUHHI BUOUPATHCS 3 YUCIIA 3apEECTPOBAHUX
MOJIii 3 BKa3iBKOIO MAarHiTy/, BiJICTaHi J0 JpKepena i
MEXaHI3MIB, CYMICHHX 3 THMH, SIKIi BH3HAYalOTh

PO3pPaxyHKOBY CEHCMIUHY IifO.

(2) V pasi BiICyTHOCTI JOCTaTHBOI KUTBKOCTI Tap
3apeECTpOBAHUX  IEPEMILEHb TPYHTY  MOXHaA
BUKOPHCTOBYBATH BiJIOBIAHI MOIM(IKOBaHI 3a1nuch
a00 3MO/IeNTbOBaHI CEHCMOTPAMU PUCKOPEHBD.

(3)P V3romkeHicTe 3 BLANOBITHUMHU 5% cCHEKTpy

neMrngoBaHOi OpPYXKHOI peakuii po3paxyHKOBOL
ceficMIYHOT aif MO’XHA BCTAHOBHUTH 3a JTOIIOMOIOFO
HAaCTYITHOTO MaciTadyBaHHs aMILTITY AU
MepEeMIILEHb.

a. Jns  KOXHOro  3emJIeTpycy, IO
CKJIaJIa€ThCS 3 napu TOPU3OHTAIBHUX

nepeMiiieHb, HeoOXimHo Bu3HauuTH crektp BKP
(BUMYILIEHOTO KOMOIHAIIHHOTO PO3CIIOBaHHS), IS
4oro MOTpiOHO PO3paxyBaTH KOPiHb KBaApaTHUH 3

cyMu KkBajpaTiB 5%- naeMndoBaHOTO CHEKTpY
KOKHOTO KOMITOHEHTY.
b. Buznaunutn crektp Oe3nivi 3eMIIETPYCiB

3a IOMOMOTOI0 CepeIHbOro 3HaueHusi cnekrpa BKP
JUTSI OKPEMUX 3€MJICTPYCIB (JIUB. BHUIIIE).

C. [IpoBectn macmraOyBaHHS CHEKTPY JAHOT
MHOKHMHH Tak, 1100 BiH BHUSIBHMBCS He MeHIIe B 1,3
pa3y 5%-aeMn@oBaHOro CeKTpy NPYKHHUX peakIlii
B quana3oHi nepioais Bix 0,271 no 1,571, ne 1,571 -
1€ Tepio/1 BJIACHUX OCHOBHUX KOJIMBaHb KOHCTPYKIIii
JUIsl TIOAATIIMBOTO MOCTY a0o0 e(EeKTUBHMI Tepiof
(Teff) CEHCMOMBOINALIINHOT CHCTEMH IS MOCTY 3
CEMCMIYHOIO i30JIAIi€r0 (auB. 7.2).

d. Macmrabuuii koedilieHT, BHBEICHHH Ha
MOTICPEIHIM CTaii, MOBUHEH 3aCTOCOBYBATHCS 0O
BCiX OKpEMUX KOMIIOHCHTIB CEHCMIYHOTO
MepEMIIICHHSI.

(4) Sxmo cnextp BKP kommoHeHTIB 3amucaHoi
celficMOorpaMu TOKa3ye MPUCKOPEHHS, BiJTHOLICHHS
SKMX JI0 BIANOBIIHMX 3HAu€Hb CIEKTPY MNPYXKHOI
peakiii po3paxyHKOBOi CeHCMIUHOT il 1eMOHCTpYE
BENUKE BiAXWIEHHs B miama3oni nepioais B (3)Pc,
MOXHAa  TIpoBecTH  MojauQiKalilo  3amucaHoi
ceiicMorpaMu TMpHUCKOpEeHb Tak, 100 crektp BKP
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carried-out, at least three pairs of horizontal ground
motion time-history components shall be used. The
pairs should be selected from recorded events with
magnitudes, source distances, and mechanisms
consistent with those that define the design seismic
action.

(2) When the required number of pairs of appropriate
recorded ground motions is not available,
appropriate  modified recordings or simulated
accelerograms may replace the missing recorded
motions.

(3)P Consistency to the relevant 5% damped elastic
response spectrum of the design seismic action shall
be established by scaling the amplitude of motions as
follows.

a. For each earthquake consisting of a pair of
horizontal  motions, the @ SRSS  spectrum
shall be established by taking the square root of the
sum of squares of the 5%- damped spectra of each
component.

b. The spectrum of the ensemble of earthquakes
shall be formed by taking the average
value of the SRSS spectra of the individual
earthquakes of the previous step.

c. The ensemble spectrum shall be scaled so that it
is not lower than 1,3 times the 5%- damped elastic
response spectrum of the design seismic action, in
the period range between 0,271 and 1,577, where T
is the natural period of the fundamental mode of the
structure in the case of a ductile bridge, or the
effective period (Terr) of the isolation system in the
case of a bridge with seismic isolation (see 7.2).

d. The scaling factor derived from the previous step
shall be applied to all individual seismic motion
components.

(4) When the SRSS spectrum of the components of a
recorded accelerogram gives accelerations the ratio
of which to the corresponding values of the elastic
response spectrum of the design seismic action
shows large variation in the period range in (3)Pc,
modification of the recorded accelerogram may be
carried out, so that the SRSS spectrum of the



MOAU(IKOBAHIX KOMIIOHEHTIB OMWHUBCS B TICHIIIIN

Y3TO/DKEHOCTI 13  CIEKTPOM  TPYXKHOI  peakiii
PO3paxyHKOBOI CEHCMIYHOT Jii.
(5)P  KommoHeHTHM  KOXXHOi  THapu  3amucCiB

3eMJIETPYCIiB IIOBUHHI 3aCTOCOBYBATHUCS OHOYACHO.

(6) SIKmo TPUKOMIIOHEHTHI 3alMCU 3EMIJIETPYCIB 1
MEpEeMIlIeHHs] TPYHTY BHUKOPUCTOBYIOTBCS  JUIS
HENTHIITHOTO pO3paxyHKy  JOWHAMIKH  3MiH,
MaciTaOyBaHHS TOPU30HTAIBHUX Iap KOMIIOHEHTIB
MoOke 3ailicHioBatucs 3rimHo (3)P He3anexxHO Bix
MaciTaOyBaHHS BEPTUKATIHHUX CKJIaJIOBHX.
OctanHe macimiTabOyBaHHsS Mae OyTH BHUKOHAaHE Tak,
mo0 cepeHe 3HAY€HHS BIANOBIAHOIO CIEKTPY
MHOXMHU He Oyno Hmwkye Outbin HDK Ha 10%
I'ITUIPOLIEHTHOTO JeMII(OBAHOTO CHEKTPY MPYKHOL
peaxiii BepTUKaJIbHOT pO3paxyHKOBO1 CEMCMIUHOT /il
B niana3oHi nepioxis Bix 0,2Ty mo 1,5Ty, ne Tv - e
Mepiol HANMMEHIIOTO pPEeXHMY, KOJH peakilis Ha
BEPTUKAJIBHY CKJIAJIOBY MPEBATIOE HAJI PEAKIIICI0 Ha
TOPU30HTANIbHI CKJIAZ0B1 (HampuKiIaa, y BHIJISLII
Macu, 1o 0epe yJacTh).

(7) JlomyckaeTbcs TaKOX BHKOPHCTAHHS —Tap
TOPU3OHTAIBHUX 3alKCIB TEpPEeMIlllEeHHS TPYHTY B
KOMOIHaIil 3 BEPTUKAJLHUMH 3allMCaMH PI3HUX
CEHCMIYHUX TEPEeMIllleHb, CYMICHHX 3 BHUMOTaMH
(1)P. Hezanexne MacmTaOyBaHHS nap
TOPU30OHTAIBHUX 1 BEPTUKAIBHUX 3aIMCIB TTOBUHHE
BHUKOHYBaTHCS 5K B (6).

(8) Moaudikamis  3amMcaHOl  BEPTHKAIBLHOT
ckmagoBoi B (6) i (7)) Bupimyerbcs mpu
BHUKOPHUCTaHHI METO/1Y, BKa3aHoro B (4).

3.2.4 Bu3HayeHHsI TIPOEKTHOI0 CIEKTPy NpH
JIHIHHUX PO3pPaxXyHKaxX

(1)P IlpoexkTyBaHHd TOJATIMBUX 1 OOMEXEHO-
MOJIATIIMBUX KOHCTPYKI[ii TOBUHHO MPOBOJUTHCS 32
JOTIOMOT OO0 THIHHOTO PO3paxXyHKY 3
BUKOPUCTAHHSM CIIPOLICHOTO CIEKTPY Ppeakiiii,

Ha3BaHOTO «PO3PaxXyHKOBUM Jialla30HOM» 3T1AHO
EN 1998-1:2004 3.2.2.5.

3.3 IIpocTropoBa MiHJIMBiCTH ceificMiuHOT il

(1)P JInst cexiiii MOCTY 3 HEPO3pI3HOIO MPOTITHOIO
OyIOBOIO TIOBHHHA BPaxOBYBAaTUCS IPOCTOPOBA
MIHJIMBICTH 32 HABHOCTI 0JJHOT 200 000X HACTYITHUX
YMOB.

np ACTY-H b EN 1998-2:201X

modified components is in closer agreement with the
elastic response spectrum of the design seismic
action.

(5)P  The components of each pair of time-histories
shall be applied simultaneously.

(6) When three component ground motion time-
history recordings are used for nonlinear time-
history analysis, scaling of the horizontal pairs of
components may be carried out in accordance with
(3)P, independently from the scaling of the vertical
components. The latter shall be effected so that the
average of the relevant spectra of the ensemble is not
lower by more than 10% of the 5% damped elastic
response spectrum of the vertical design seismic
action in the period range between 0,2T, and 1,5T,,
where Ty is the period of the lowest mode where the
response to the vertical component prevails over the
response to the horizontal components (e.g, in terms
of participating mass).

(7)  The use of pairs of horizontal ground motion
recordings in combination with vertical recordings of
different seismic motions, consistent with the
requirements of (1)P above, is also allowed. The
independent scaling of the pairs of horizontal
recordings and of the vertical recordings shall be
carried out as in (6).

(8) Modification of the recorded vertical
component in (6) and (7) is permitted using the
method specified in (4).

3.2.4 Site dependent design spectrum for linear
analysis

(1)P Both ductile and limited ductile structures shall
be designed by performing linear analysis using a
reduced response spectrum, called design spectrum,
as specified by EN 1998-1:2004, 3.2.2.5.

3.3 Spatial variability of the seismic action
(1)P For bridge sections with a continuous deck the

spatial variability shall be considered when one or
both of the following two conditions hold.
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-B  Mexax Hepo3pi3HOT MpoJdiTHOI  OynoBH
3yCTpIi4aroThCsl OUTBII 32 OAMH THIl TPYHTY (3TigHO
EN 1998-1:2004, 3.1.1).

- XapakTepUCTUKH TPYHTY VY3IOBXK MOCTYy €
pUOJIM3HO OJHOPITHUMHU, aJie TIOBKHHA HEPO3PI3HOT
npoiiTHOI OyJOBH TEPEBUINYE TE€BHY JOBKUHY
oOMexeHHs , Liim.

[MPUMITKA 3HaueHHs, npuBiacHeHe BenuuuHi  Lim s
3aCTOCYBaHHS B KpaiHi, MOXXHa 3HalWTH B HalliOHAILHOMY
3acTocyBaHHI. 3HauyeHHs, 110 pekomeHayeTbes: Llim=Lg/1.5,
ne nowxuna Lg npusenena B (6) Hikue.

(2)P Mojenb, 10 onucye NpoCTOPOBY MIHIUBICTb,
MTOBUHHA BPAaxOBYBaTH XapaKTep PO3IMOBCIOKEHHS
CEMCMIUHUX XBWJIb, a TaKOXX IPOTPECYIoUy BTpATy
Kopenslii MDK pBBHUMH  TOYKaMu y  pasi
HEOJTHOpIAHOCTI TpyHTiB. JlaHa Momens TOBWUHHA
BpPaxOBYBaTH TaKOX, MOJAJBIIY BTpPaTy KOPEJALii,
MOB'I3aHy 3 PI3HUMU MEXaHIYHMMH BJIACTUBOCTSIMHU

TPYHTY Y3/I0BXK MOCTY.

[MPUMITKA Mogeni npocTopoBoi MIHIMBOCTI CEHCMIYHUX
3CYBIB 1 BIANOBIJHI METOIM pPO3PAaxXyHKYy IIpPHBEICHI B
JIOBiIKOBOMY nonatky D.

(3) Axmo He BU3HAYCHHMHA TOYHIIIMK METOJI OIIHKH,
MO>KE€ BHKOPHUCTOBYBATHCS CIIPOIIECHUN METOJ, OIIHC
SIKOT'O TIPUBOIUTHCS B maparpadax (4) - (7).

(4)  Tuepriiiina XapaKTepHUCTHUKA MOBUHHA
PO3paxoByBAaTUCS OJIHUM 3 METOJIB, IEPEPaXxOBaHUX

B po3auni 4 (awus. 421, 423 i1 4.24), 3
BUKOPHUCTAHHAM OJHIET GopMHU cercMiuHOT mil 1st
Bciel KOHCTPYKIIIi, BIIIOBIIHOT HAWOLIBIII

HECTPUATIMBOMY TUILy TPYHTY B OCHOBI MOCTY.

(5)  Jlns ouiHKM MPOCTOPOBOT MIHIIUBOCTI, MOKYTh
BUKOPHUCTOBYBATUCS MICEB/IOCTATUYHI aii
BIIMOBIAHUX TMEpPEeMIillleHb, [0 BIUIUBAIOTh Ha
¢bynnamenta omop. JlaHi mepeMmillleHHS TOBHMHHI
BpaxoByBaTHM  MOXJIMBI  (OpPMH  HPOCTOPOBOI
MIHJIUBOCTI CEHCMIYHMX MepeMilleHb Yy BUIbHIN
o0macTi 1 MOBUHHI BUOMpATHUCS TaK, MO0 BUKJIMKATU
MaKCHUMAaJILHI 3HAYEHHS aHOT il
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- Soil properties along the bridge vary to the extent
that more than one ground types (as specified in
EN 1998-1:2004, 3.1.1) correspond to the supports
of the bridge deck.

- Soil properties along the bridge are
approximately uniform, but the length of the
continuous deck exceeds an appropriate limiting
length, Liim.

NOTE The value ascribed to Ljim for use in a country may be
found in its National Annex. The recommended value is: Llim
= Lg/1.5 where the length Lg is defined in (6) below.

(2)P The model describing spatial variability should
account, even if only in a simplified way, for the
propagative character of the seismic waves, as well
as for the progressive loss of correlation between
motions at different locations due to the random non
homogeneity of the soil, involving complex
reflections and refractions of the waves. The model
should also account, even if only in a simplified way,
for the further increase in loss of correlation due to
differences in the mechanical properties of the soil
along the bridge, which also modify the frequency
content from one support to the other.

NOTE Models of the spatial variability of the earthquake
motions and appropriate methods of analysis are presented in
informative Annex D.

(3) Unless a more accurate evaluation is made,
the simplified method specified in the paragraphs (4)
to (7) may be used.

4) The inertia response should be accounted for
by one of the methods specified in Section 4 (see
4.2.1, 4.2.3 and 4.2.4) using a single input seismic
action for the entire structure (e.g. a single response
spectrum or corresponding accelerogram sets),
corresponding to the most severe ground type
underneath the bridge supports.

(5) The spatial variation of the seismic action
may be estimated by pseudo-static effects of
appropriate displacement sets, imposed at the
foundation of the supports of the bridge deck. These
sets should reflect probable configurations of the
spatial variability of the seismic motion at free field
and should be selected so as to induce maximum
values of the seismic action effect under



(6) Bumoru (5) OyayTh 3a10BOJICHI, SIKIIO KOKEH
3 JBOX HW)XYEHABEIEHUX THUIIIB TOPH30HTAIBHUX
nepemimens Oyle BpaxoBaHUM B  PO3paxyHKY
OKpeMO, MNUIAXOM pO3PaxyHKy /il Ha BiOMOBiTHI
¢bynnamenta omop abo Ha BIANOBIAHI OCHOBH.
Pesynpratn 3acTocyBaHHS IBOX THIIB MOXYTh HE
KOMOiHyBaTHUCS.

a. Tuo A

Tun A ckinagaeTbest 3 BITHOCHUX MEPEMIIIEHb:

np ACTY-H b EN 1998-2:201X

investigation.

(6) The requirements in (5) are deemed to be
satisfied, by imposing each of the following two sets
of horizontal displacements, applied separately, in
each horizontal direction of the analysis, on the
relevant support foundations or on the soil end of the
relevant spring representing the soil stiffness. The
effects of the two sets need not be combined.

a. SetA

Set A consists of relative displacements:

d,.2

dri = SrLi Sdgx/i, Sr:T

3aCTOCOBYITHCS 3 OJJTHUM 3HAKOM (+ Of -) y BCIX
omopax Mocty (1 t0 n) B TOPU3OHTAIBLHOMY
HampsIMKY, 010 po3risaaerses (auB. Pucynok 3.1)

9

applied simultaneously with the same sign (+ or -) to
all supports of the bridge (1 to n) in the horizontal
direction considered (see Figure 3.1).

f!r*
dgﬁ P~ e ———
4 §
dg Fa B YR
' _.____,:. ........ ..E I it
e il N i) !
0 ‘ ! & 1 —— )
L‘.-| Lj Li+] “ ‘t

Pucynok 3.1: Tun gedopmariii A

ne:
dg - po3paxyHKOBE MEpEMIIICHHS TPYHTY 3aJICKHO
Bia Ty TpyHTY omopu I, 3rizHo EN 1998-1:2004,
3.2.2.4;

Li - BiICTaHb (IPOEKIis HA TOPU30HTAIBHY
IUTOIIMHY) BiJl OTTOPH i 10 HYIbOBOT TOUKH | = 0;

Lg - Bimctanp, 3a MEKaMU SIKOTO TEpeMilIeHHS
TPYHTY MOXYTh PO3IJISIIATUCS SIK TOBHICTIO
HEKOPEJIbOBaHi.

Figure 3.1 Displacement Set A

where:

dg is the design ground displacement
corresponding to the ground type of support i, in
accordance with EN 1998-1:2004, 3.2.2.4;

Li is the distance (projection on the horizontal
plane) of support i from a reference support i = 0,
that may be conveniently selected at one of the end

supports;
Lg is the distance beyond which the ground
motions may be considered as completely

uncorrelated.
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[MPUMITKA | 3nHayenHs, mpuBiacHeHe BenwumHi LQg st
3aCTOCYBaHHS B KpaiHi, MOXXHa 3HAalTH B HaIlOHAJHLHOMY
3aCTOCYBaHHI. 3HaUEHHS, 10 PEKOMEHIYEThCS, IPUBOANTHCS B
tabmuwi 3.1N 3a1eHo BiJ THITY TPYHTY:

Taoauus 3.1 N - Bigcranb, 3a MexaMH SKOI0
nepeMillleHHsI TPYHTY MOKYTh PO3IJIAJATHCH SK
HEKOpeJbOBaHi

NOTE 1: The value ascribed to Lg for use in a country may be
found in its National Annex. The recommended value is given
in Table 3.1N, depending on the ground type:

Table 3.1N: distance beyond which ground
motions may be considered uncorrelated

Tun rpyHty
Ground Type

A |B |[C [D |E

Lg (M)

600 [500 [400 [300 |500

b. Tur B

Tun B BUKOpPHCTOBYeTbCS Ui BHMBYEHHS Jii
MepeMillieHb IPYHTY, Y BUIAJAKY SKIIO BOHU MaroTh
MPOTUJIEKHI HANpPSMU B 30HI CYMDKHMX MOCTOBHUX
omop. Jns Toro, mo6 BpaxyBath JaHUil (akT,
HEeoOXinHO momyctuTh TepeMimieHHs Adi Oymb-sKoi
NPOMDKHOT omopH | (>1) wmomo HepyxoMHX
cymbkHEX onop i-1 Ta i+1 (auB. pucyHok 3.1)

b. Set B

Set B covers the influence of ground displacements
occurring in opposite directions at adjacent piers.
This is accounted for by assuming displacements Adi;
of any intermediate support i (>1) relative to its
adjacent supports i-1 and i+1 considered undisplaced
(see Figure 3.1).

Adg :iﬂr Er Lav,i

Ie:

Lavii cepeaHe 3HA4YeHHS BimcraHen Lia:i Ta Lij+1
BiJl MPOMDKHOT OrmopH 1 10 ii cyMbkHHX omop i-1 Ta
i+1BigmoBiguo. Jlns kpaiinix omop (0 i n) Lavo=Lo1 Ta
Lavn= Ln-1,n;

pr KoedimieHT, SKWAW BIANOBiNAE€ 3a BEIUYUHY
MepeMillieHb  TPYHTY, 10  BigOyBamThCA B
MPOTHJISKHUX HANPsSMaX B 30HI CyMDKHHX OTIOP.

IMPUMITKA 2 3nauennst, npusiacHene Benuuusi fir - mms
3aCTOCYBaHHS B KpaiHi, MO)KHa 3HAalTH B HaI[lOHAJHHOMY
3aCTOCYBaHHi. 3HAYCHHS, 10 PEKOMCHIYEThCSL:

pr = 0.5, K0 y BCIiX TPHOX OMOpax 3yCTPIiYaeThCS OJHH
1 TOI1 7K€ T TPYHTY.

Sr = 1.0, AKII0 TUT TPYHTY ONHIET 3 OMOP BiAPI3HIETHCS
BiJI THITYy TPYHTY JBa PEIITH OIOP.

& Taka X BEJIMYMHA, sIK 1 JUist Tuiy A Buie. SKio
BiIOyBa€eThCs 3MiHA THUIYy TPYHTY MDK JBOMa
omopamMH, HEOOXigHO Ha0yBaTH MaKCUMAIbHOTO
3HAYCHHS &.

Tun B ckmagaeTrbca 3 HACTYIIHUX a0COIIOTHUX

MepeMilieHb 3 MPOTUJICKHUM 3HAKOM Ha JUISHKaX
CyMDKHUX omop 1 Ta ans Bigx i =0 g0 n - 1 (aus.
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where:

Lavi is the average of the distances Li-1;i and Li:i+1
of intermediate support i to its adjacent supports i-1
and i+1 respectively. For the end supports (0 and n)
Lavo=Lo1 and Lavn= Ln-1,n;

Br is a factor accounting for the magnitude of
ground displacements occurring in opposite direction
at adjacent supports.

NOTE 2: The value ascribed to fi, for use in a country may be
found in its National Annex. The recommended value is:

pr = 0.5 when all three supports have the same ground
type

Sr = 1.0 when the ground type at one of the supports is
different than at the other two.

er is as defined for set A above. If a change of ground
type appears between two supports, the maximum
value of s should be used.

Set B consists of the following configuration of
imposed absolute displacements with opposed sign
at adjacent supports i and for i = 0 to n-1 (see
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pHUCYHOK 3.2). Figure 3.2).
d, =tAd, /2
di+l = iAdi+l/2

Pucynox 3.2 Tun nepemimiens B

(7)P B koXHOMY TOpPHU30HTAJIBHOMY HaIpsMi
MaKCUMaJlbHI  pe3yJbTaTh TICEB/IOCTATUYHOT O
pospaxynky (5) i (6) moBuHHI TOemHyBaTHCSA 3
BIAMOBIAHMMHK  iHepuidHuMu  mismua (4) 3
BUKOpHCTaHHSM TpaBmia SSRS (kopiHbk KBagpaTHHHA
3 CyMH KBajpaTiB). Pe3ynbraT maHOTO MOETHAHHS
CKJIaJia€ pe3yIbTaTH PO3PaxXyHKY B JAHOMY HarmpsiMi.
Jlnst moeaHAHHS PI3HUX CKIAJOBUX CEUCMIUHOT il
3aCTOCOBYIOThCS mpaBmia 4.2.1.4.

(8) Tlpu mpoBeneHHI pPO3pPaxyHKy AWHAMIKH 3MiHH,
CEHCMIYHI TIepeMileHHsT B 00JIacTi KOXHOI OMOpH
MOBUHHI BiOOpaXkaTh 3 JOCTAaTHIM CTYyNEHEM
HAJIfHOCTI MOJJIUBY TPOCTOPOBY MIHJIUBICTh
cericMIYHOT il.

MMPUMITKA Iuctpykuii mo BuOopy ceiicmiunHoi Jii, M0
BiJI0Opakae MOXJIUBY MPOCTOPOBY MIiHJIMBICTb, IPUBOAATHCS B
D.2 nomatok D.

Figure 3.2 : Displacement Set B

(7)P In each horizontal direction the most severe
effects resulting from the pseudo static analyses of
(5) and (6) shall be combined with the relevant
effects of the inertia response of (4), by using the
SSRS rule (square root of the sum of squares). The
result of this combination constitutes the effects of
the analysis in the direction considered. For the
combination of the effects of the different
components of seismic action, the rules of 4.2.1.4 are
applicable.

(8) When time-history analysis is performed the
seismic motions applied at each support should
reflect with sufficient reliability the probable spatial
variability of the seismic action.

NOTE Guidance for generating samples of seismic motion
reflecting the probable spatial variability is given in D.2 of
Informative Annex D.
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4 PO3PAXYHOK
4.1 MoaearoBaHHA
4.1.1 Innamiuni cTynedi cBodoaun

(1)P Mogens Mocta i BHOpaHi DWHAMIYHI CTYIEHI
cBOOOIM  TIOBMHHI  BpPaxoOBYBaTH  PO3MOJIUTH
KOPCTKOCTeH 1 Mac Tak, 100 BHKJIHKATH
MaKCUMaJIbHI TEepeMilleHHs 1 iHepUidHI CHJI Bif
PO3paxyHKOBOI CEHCMIUHOT Jii.

(2) ¥V meBHHMX BUNaAKax JUIsl PO3PaxyHKY IOCHUTH
BUKOPUCTOBYBaTH [BI OKpeMI MOJEJi: OJHY Jid
MOJIENIIOBAHHS peakllli B IOJOBXKHbOMY HampsMi
MOCTa 1 OJHY JAJIsl MOINEPEYHOro HampsMy. YMOBH
BH3HAYEHHS BEPTUKAIBHOT CKJIaJ0BO1 CEMCMIUHOT il
npuBeneHi B 4.1.7.

4.1.2 Macu

(1)P BpaxoByBaTucsi MOBUHHI ycepeaHEH1 3HAYEHHS
MOCTIMHAX HAaBAHTAXEHBL 1 KBA31IIOCTIMHI 3HAYEHHS
Mac, BIAMOBIAHUX 3MIHHHAM JIISIM.

(2) Posmoaiieni Macu MOKYTh KOHIIGHTPYBATHCS Y
BY3JIax BiMOBITHO JI0 BUOPAHUX CTYMEHIB CBOOOIH.

(3)P Ilpu mpoekTyBaHHI PUIMAIOTHCS HOPMATHBHI
3HA4YCHHS OCTIMHUX HAaBAaHTAXKEHb.

(4P Kgasi-mocriiini 3HAYCHHS 3MIHHUX
HaBaHTaXeHb NpuiiMaroThes piBHUMH W, Q, ., 1e

Qk;l € HOPMAaTUBHHUM 3HAQYCHHAM TPaHCIIOPTHOI'O
HaBaHTaXCHH:I.

[MPUMITKA 3nHaueHHs, MpUBIacHEHE Y21 IS 3aCTOCYBAHHS B
KpaiHi, MO)XHAa 3HAWTH B HAIIOHAJHFHOMY 3aCTOCYBaHHI.
3Ha4YeHHs, [0 PEKOMEHIYIOThCS:

- Mocti 3 HOPMaJIBHHM pPYXOM 1 MIIOXiAHI MOCTH.
BimnmosimHo mo pexomenpamiii EN 1990:2002 (momaTox
AZ)Z I//21=0.

- Moctu 3 iHTEHCHBHUM pyxoM i mast cucremu (LM1)
moxeni 1 (1 M1):

- ABTOIIOpOXKHI MOCTH: 121=0,2;

- 3amizanuHi MoctH: w21=0,3

ABTOZOPOXXHI MOCTH 3 IHTEHCHUBHHM pPYXOM MOXYTh

po3rigaaTucCda SAK 4YaCTHHaAa aBTOCTpPan 1 IHIIAX ,Z[Opil"
ACP)KABHOI'O 3HAYUCHHH. 3ai3HUYHI MOCTH 3 IHTEHCUBHUM
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4  ANALYSIS
4.1 Modelling
4.1.1 Dynamic degrees of freedom

(1)P The model of the bridge and the selection of the
dynamic degrees of freedom shall represent the
distribution of stiffness and mass so that all
significant deformation modes and inertia forces are
activated under the design seismic excitation.

(2) It is sufficient, in certain cases, to use two
separate models in the analysis, one for modelling
the response in the longitudinal direction of the
bridge, and the other for the transverse direction. The
cases when it is necessary to consider the vertical
component of the seismic action are defined in 4.1.7.

4.1.2 Masses

(1)P The mean values of the permanent masses and
the quasi-permanent values of the masses
corresponding to the variable actions shall be
considered.

(2) Distributed masses may be lumped at nodes in
accordance with the selected degrees of freedom.

(3)P For design purposes the mean values of the
permanent actions shall be taken equal to their
characteristic values.

(4)P The quasi-permanent values of variable actions
shall be taken as equal ‘¥,,Q,,,where Qxa is the

characteristic value of traffic load.

NOTE The value ascribed to: vy for use in a country may be
found in its National Annex. The recommended values are:

Bridges with normal traffic and footbridges. In general
and in accordance with the recommendation of
EN 1990:2002, Annex A2, y=0.

Bridges with severe traffic and for the UDL system of
Model 1 (LM1)

Road bridges y21 = 0,2;

Railway bridges  w21=0,3.

Road bridges with severe traffic conditions may be
considered as applying to motorways and other roads of
national importance. Railway bridges with severe traffic
conditions may be considered as applying to inter-city rail



PYXOM MOXYTh PpO3TJISAIATHCS SIK YacTUHA CHCTEMU
MDKMICBKOTO 3aJIi3HUYHOT'O CHOJYYSHHS 1 IIBHUIKICHUX
3aJI13HALb.

MTOBUHHI BUKOPUCTOBYBATHUCS
ag ta dq 3rigro EN 1991-

[pu pobotri 3 Qu
MOMpPaBOYHi Koe(illieHTH
2:2003.

(5) Skmo omopu MocTa 3aHYpeHi y BOAY 1 SKIIO
BIJICYTHI TOYHIIII METOIM OLIHKU TiIPOJUHAMITHOL
B3aEMOJIII, JaHy Jil0 MOXKHA OIIHIOBATH MUISIXOM
oOmiKy momaHoi Mach BOJH, WIO 3aJIy4aeThes,
BILUTUBA€ B TOPU30HTAIILHOMY HANpsiMi Ha OJIUHUITIO
JIOBXWHH 3aHYPEHO1 MOCTOBOI OTIOPH.

[MPUMITKA B noBigxoBoMy momatky F mpuBoauThCs ormuc
ITOPUTMY PO3PAaXyHKY OJAHOI MacH BOJM, IO 3ay4aeThbCs,
BIUIMBA€ HA IOTPYXKHI MOCTOBI OINOPH y TOPH3OHTaIBHOMY
HAIpsIMi.

4.1.3 AmopTusymoui
eJICMEHTIB

NPHUCTPOI i KOPCTKIiCTH

(1) S0 BUKOPUCTOBYETHCS PO3PaxXyHOK CIIEKTPIB
peaKirii, IOMyCKAaeThCsl BUKOPUCTAHHS HACTYITHUX
3HaueHb Koe(QIli€HTa TPYKHOTO 3aracaHHs ¢
3QJIEKHO BiJ] Marepiaiy €JEeMEHTIB, B SKHX BEJIMKa
YacTHHA CHEPrii MepeMIleHHs] pO3CIBAEThCS MM Yac
peakmii Ha celicmiuny miro. lle BimOyBaeTbes, sk
MIPaBUJIO, B MOCTOBHX OTOpaXx.

Cranesi KOHCTpYKIii 13 3BapaHuME cTrKamu 0,02
Cranesi koHCTpyKIIii 3 60aTOBUMEU cTukamu 0,04
3anizoberon 0,05

3aznanerinp Hanpyxenuit 6eton 0,02

[MPUMITKA  SIKmio KOHCTPYKILSI CKITaqaeThesi 3 JEKLIBKOX
KOMIIOHEHTIB | 3 pi3HUMH Koe(illieHTaMH PYKHOTO 3aracaHHst
&,  PpO3paxyHKOBHH  KOE(IIIEHT TPYKHOrO  3aracaHHs
KOHCTPYKIIT Ceff MOXKHA OLIIHUTH SIK:

é:eff -

ne Eg - 1me eHepris mepeMmillieHHA, IO YTBOPHJIACS B
eJeMeHTi | B pe3ynbTatri ceiicMiuHol ail. PakTHIHUM
KOeQIIlieHTH 3aracaHHs pPO3pPaxOBYBAaTHCS Ul KOXHOI
BJIACHOI YaCTOTH IS BiAIIOBIIHOrO 3HAUeHHs Egi.

@) JKOpCTKICTh ~ €JIeMEHTIB  OIHIOETHCSI

srigao 2.3.6.1.

(3) HAns 3ami300eTOHHUX MPOJITHUX OyIOB, IO
CKJIaJIatoTheA 13 301pHUX OaJIOK M MOHOJIITHUX IUIUT,

np ACTY-H b EN 1998-2:201X

links and high speed railways.

When using Q1, the adjustment factors ag and a4 should
be applied in accordance with EN 1991-2:2003

(5) When the piers are immersed in water, and unless
a more accurate assessment of the hydrodynamic
interaction is made, this effect may be estimated by
taking into account an added mass of entrained water
acting in the horizontal directions per unit length of
the immersed pier. The hydrodynamic influence on
the vertical seismic action may be omitted.

NOTE Informative Annex F gives a procedure for the
calculation of the added mass of entrained water in the
horizontal directions, for immersed piers.

4.1.3 Damping of the structure and stiffness of
members

(1) When response spectrum analysis is used, the
following values of equivalent viscous damping ratio
¢ may be assumed, on the basis of the material of the
members where the larger part of the deformation
energy is dissipated during the seismic response. In
general this will occur in the piers.

Welded steel 0,02
Bolted steel 0,04
Reinforced concrete 0,05
Prestressed concrete 0,02

NOTE When the structure comprises several components i with
different viscous damping ratios, ¢ i, the effective viscous
damping of the structure & . may be estimated as:

_ ZgiEdi
ZEdi

where Eg is the deformation energy induced in
component i by the seismic action. Effective damping
ratios may be conveniently estimated separately for each
eigenmode, on the basis of the relevant value of Egi.

(2) Member stiffness may be estimated in
accordance with 2.3.6.1.

3) In concrete decks consisting of precast
concrete beams and cast in-situ slabs, continuity
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MOJIeIb  CEHCMIYHOTO  pO3paxyHKy  ITOBHHHA
BKIIOYATH CyluibHI mautu (auB.  2.3.2.2.(4)) 3
ypaxyBaHHAM IX KCHEHTPUCHUTETY MO0 OCi
OpOJITHOT  OYJOBM Ta  3HIDKCHOTO  3HAYCHHS
3TUHAIIBHOT )KOPCTKOCTI. SIKIIO JaHa >KOPCTKICTh HE
BH3HAYAETHCS HA ITJICTaBI OOCpTaHHS BIiMMOBITHUX
IUIACTUYHUX ILIApHIPIB, MOKHA BUKOPHUCTOBYBATU
3MeHlleHe Ha  25%  3HaueHHs  3TMHAJIBHOL
KOPCTKOCTI OETOHHOTO TMepeTuHy Opyrro 0Oe3
TPILIUH.

(4) dust edexTiB APYroro MOpsIKYy 3aCTOCOBYIOTHCS
ymoBu  2.4(5) i 5.4(1). IcrotHi edektn mpyroro
MOPSZIKY MOXKYTh MaTH MICIIE B MOCTax 3 TOHKUMHU
OTIOpaMH 1 B CHEIIaTbHUX MOCTaX, Taki K apoyHi,
MiABICHI 1 KAHATHI MOCTH.

4.1.4 MopenoBaHHS TPYHTIB

(1)P B pamkax ceHCMIYHOrO pO3paxyHKY BCIET
CUCTEMHM, OIOpHI eJNeMEHTH, $KI IepeaaloTh
CeiicMIUHy [il0 3 TPYHTOM Ha MpOJITHY OYIOBY,
MOBUHHI  PO3MJBIIATUCS,  AK  HEPYXOMi IO
BigHOMIeHH!O 10 ocHOBH (auB. 3.1.2(3)). [lito THCKY
IPYHTY JOIYCKA€ThCSl PO3IJSAATH BIIAMOBIAHO [0
EN 19985:2004 3 BUKOpPHCTaHHSM BIIMOBIIHHUX
XapaKTEPUCTHUK.

(2) [ir0o THCKYy TpPYHTYy Ha OIOPH, HEOOXiIHO
npUiiMaTH B TOMY BHWIIAJIKy, SIKIIO TMiJ BIUTHBOM
TOPU30HTAIILHOTO  HaBaHTaxeHHs Outbimie 20%
MepEeMIIICHHS BEPXHBOT YaCTUHU oropu
B1I0YBA€THCS 32 paxyHOK IMOJIATIIMBOCTI TPYHTY.

(3)  iro THCKY TpYyHTY i #Oro BIUIMB Ha maii abo
KOJIOHH (KECOHM) TIOBHMHHO PO3PaxoOBYBaTH 3T1IHO
EN 1998-5:2004, 5.4.2, 6epyun 10 yBaru i ymMoBHU
6.4.2.

(4) VY Bumamkax, KOJU JIOCTOBIPHA OIlIHKA
MEXaHIYHUX BIIACTMBOCTEH TPYHTY YTpYyIHCHA,
PO3paxyHOK MOKHa TPOBECTH 3 BHKOPHCTAHHIM
HaANBUIIMX 1 HAMHMKYKX 3HAYE€Hb. 3aBHILIEHA OIIHKA
KOPCTKOCTI TPYHTY IOBUHHA BHUKOPUCTOBYBATHUCS
JUIS PO3PaxXyHKY BHYTPIIIHIX CHUJ, a 3aHIKEeHa
OIlIHKA - JUI PO3PaxyHKY MepeMillleHb MOCTa.

4.1.5 lia kpy4eHHs
(1)P KpydeHHs MocTa HaBKOJIO BEPTHKAIBbHOI OCI

HEOOXIJJTHO BpPaxOBYBAaTH TUIBKU JUI KOCHX MOCTIB
(xyT ckocy ¢ > 20°) i MOCTIB 13 CHIBBiIHOIICHHSIM
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slabs (see 2.3.2.2(4)) should be included in the
model of seismic analysis, taking into account their
eccentricity relative to the deck axis and a reduced
value of their flexural stiffness. Unless this stiffness
Is estimated on the basis of the rotation of the
relevant plastic hinges, a value of 25% of the
flexural stiffness of the uncracked gross concrete
section may be used.

4) For second order effects 2.4(5) and 5.4(1)
apply. Significant second order effects may occur in
bridges with slender piers and in special bridges, like
arch and cable-stayed bridges.

4.1.4 Modelling of the soil

(1)P For the seismic analysis of the global system,
the supporting members which transmit the seismic
action from the soil to the deck shall, in general, be
assumed as fixed relative to the foundation soil (see
3.1.2(3)). Soil-structure interaction effects may be
considered in accordance with EN 1998-5:2004,
using appropriate impedances or appropriately
defined soil springs.

(2) Soil-structure interaction effects should always
be accounted for in piers where, under the action of a
unit horizontal load in a given direction at the top of
the pier, the soil flexibility contributes more than
20% of the total displacement at the top of the pier.

(3) Effects of soil-structure interaction on piles
or shafts (caissons) shall be determined in
accordance with EN 1998-5:2004, 5.4.2, taking into
account the provisions of 6.4.2.

4) In cases in which it is difficult to estimate
reliably the mechanical properties of the soil, the
analysis should be carried out using the estimated
probable highest and lowest values. High estimates
of soil stiffness should be used for calculating the
internal forces and low estimates for calculating the
displacements of the bridge.

4.1.5 Torsional effects
(1)P Torsional motions of the bridge about a vertical

axis shall be considered only in skewed bridges
(skew angle ¢ > 20° ) and bridges with a ratio



B/L >2,0.

[MPUMITKA [lani MoCTH NparHyTh A0 OOEpTaHHS HABKOJIO
BEPTUKAJIBHOI OCi, HaBiTh KONM IEHTP Mac TEOPETHIHO
30ira€Thes 3 MEHTPOM KOpCTKOCTi. (L - 1e 3arajibHa JOBKUHA
nposiTHOI OynoBH, a B - mmpuHa mposiTHOi Oy10BH).

np ACTY-H b EN 1998-2:201X

B/L>2,0.

NOTE Such bridges tend to rotate about the vertical axis, even
when the centre of mass theoretically coincides with the centre
of stiffness. (L is the total length of the continuous deck and B
is the width of the deck).

Pucynok 4.1: Kocuii mict

(2) He pexomeH1yeTbCS BUKOPUCTOBYBATH MOCTHU 3
nepekocom ¢ > 45° B pailloHaX 3 BHCOKOIO
CEMCMOAKTUBHICTIO. SIKIIO K LBOTO YHUKHYTHU
HEMOJXKJIUBO, @ MPOJITHI OYJOBH CHUPAIOTHCS depes
OMOpHI  YacTHUHHM,  (aKTUYHA  TOPU3OHTAJIbHA
KOPCTKICTh JTAHWX OIOPHUX YacTWH ITOBUHHA
MOJEIIOBATHCSA 3 OCOOJIMBOIO TOYHICTIO, 3BAXKAIOUH
Ha KOHIICHTpAIlII0 BEPTHUKAIBLHUX PEaKIii mopsn 3

TYOUMHA  KyTaMd. Sk ajgbTepHAaTHBY  MOJKHA
3aCTOCOBYBATH MMIABUIIEHUN BUITQIKOBUN
€KCIICHTPUCHUTET.

(3)P Sxmo s mpoeKTyBaHHS KOCHX MOCTIB
BHKOPUCTOBYETBCS ~ METOJT  TOJIOBHOT  (opMH
KOJIMBaHb  (JMB. 4.2.2), cnmig BBaxard, IO
HACTYITHUH HABKOJIO BEPTHUKAJIBHOI OCi B IICHTPI
TSDKKOCTI MPOJTITHOT OyTOBHU J1i€ MOMEHT:

M, =xFe

Ac,
F  1e ropusoHTajgbHa CHIIa, BH3HAYCHA 3TiIHO
Bupasy (4.12).

Figure 4.1: Skewed bridge

(2) Highly skewed bridges (p > 45°% should in
general be avoided in high seismicity regions. If this
is not possible, and the bridge is supported on the
abutments through bearings, the actual horizontal
stiffness of the bearings should be accurately
modelled, taking into account the concentration of
vertical reactions near the obtuse angles.
Alternatively, an increased accidental eccentricity
may be used.

(3)P When using the Fundamental Mode Method
(see 4.2.2) for the design of skewed bridges, the
following equivalent static moment shall be
considered to act about the vertical axis at the centre
of gravity of the deck:

(4.1)

where:
F is the horizontal force determined in
accordance with expression (4.12);

€=¢€at ey

ea = 0,03L a6o 0,03B - BUIaIKOBHI €KCIICHTPUCUTET
Mac.

ed = 0,05L abo 0,05B - npopaTkoBUWH
€KCIIEHTPUCHUTET, [I0 BpPaxoBYE€ AMHAMIYHY Jif0
OJIHOYACHO MOCTYNAIBHUX 1 KPYTHJIBHUX KOJIMBAHb.

Jl1st pO3paxyHKy e, 1 84 HE00X1JTHO BUKOPUCTOBYBATH
posmip L abo B B momepeyHOMY HampsiMi 10
HanpsAMy KOJIMBaHHS.

ea = 0,03L or 0,03B is the accidental eccentricity of
the mass; and

eqs = 0,05L or 0,055 B is an additional eccentricity
reflecting the dynamic effect of simultaneous
translational and torsional vibration.

For the calculation of e; and eq the dimension L or B
transverse to the direction of excitation shall be used.
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(4) Slxkmo BUKOPUCTOBYETHCS IMOBHOMACIITAOHA
IMHAMIYHA ~ MoJeldbh  (MPOCTOpOBa  MOJETh),
JMHAMIYHA YacTUHA KPYUYCHHSI BPAXOBYETHCS B TOMY
BUIIQJIKY, SIKIIO HEHTP Mac 3MILIy€eTHCS M1l BIULTMBOM
BUIIAJIKOBOTO EKCIIEHTPUCUTETY €a B HAHOUIBII
HecTpusATIMBOMY Hampsimi. [lpum  mpomy  miro
KPY4YCHHS TaKOX MOKHA OIIIHUTH Yepe3 MOMEHT
Kpy4Y€HHs B pamKax Bupasy (4.1).

(5)P Omip KOHCTpYKHii MOCTa KPY4YEHHIO HeE
MOBHHEH TMOKJIAJAaTUCS TUIBKM Ha KPYTWIbHY
XKOPCTKICTh MOCTOBHUX OMNOp. Y OJHONPOJITHUX
MOCTax OIOPHI YacCTHHHU TaK0oX MarlTh OyTH
pO3paxoBaHi Ha KPyUYECHHSI.

4.1.6 Koediuientu JiHilHOT 0

PO3paxyHKy

podoru s

(1)P IToyaTKOBOIO METOJIMKOIO JAHOTO CTAHIAPTY €
CHEKTPaIbHO-MOJIAIbHUNA METOJl peakiii 3rigHo
EN 1998-1:2004, 3.2.25 (mus. 3.2.4(2)).
KoeodiienT poboTu BU3HAYaeThCs TI00ANBHO IS

BCi€i KOHCTPYKIIi 1 BigoOpakae BeNIMYUHY il
MOJATJIIMBOCTI, TOOTO  3JATHICTH  ITOJATIUBUX
€JICMCHTIB BUTPUMYBATH, 3 OTPUMaHHIM

MOIIKO/KCHb, ajile 0e3 pyHHYBaHHS, CEUCMIYHY IO
B TPYXHO-TUIACTUYHINA oOmacti. Jlomyctumi piBHI
MOAaTINBOCTI BKas3aHl B 2.3.2. MoxnuBicTh
YTBOPEHHS B MOJATIMBUAX €JEMEHTaX IUIACTUYHUX
MIApHIPIB - 1€ Ba)XJIMBa BUMOTa ISl 3aCTOCYBaHHS
3Ha4YeHb KoedirieHTa poboTu q 3rigHo Tadmui 4.1
IUTSL TIOJIATITUBOTO PEXKHUMY.

[MPUMITKA Meron ~ niHIHOTO  pO3paxyHKY,  IIO
BUKOPDHCTOBYE  JIOCTATHHO  KOHCEPBAaTHBHI  KOe]ili€HTH
3MEHILICHHS 3aranbHoi CcHiaM (koedilieHTH pOOOTH 3TiITHO
Tabmuii  4.1), sK T[paBUIO, BBAKAETHCS 33 PO3YMHHUN
KOMIIpOMicC MIXK BHYTPIITHIMH HEBU3HAUYECHHOCTSIMHU
CeMCMIYHMX i 1 MOMIJIKAaMH, IO TOMYCKAIOTHCSA, 3 OITHOTO
00Ky, 1 HEOOXiTHIM PO3PAaXyHKOM 1 MMPOEKTYBAHHAM, 3 1HIIIOTO
OOKy.

(2) TIlpwiiMaerbcs, 1O JOTPUMAHHS  IMPABHI
KOHCTpYIOBaHHs (po3au1 6) 1 po3paxyHOK MPOEKTHUX
MOKJIMBOCTEH (5.3) rapaHTye OcBiTa B MOJATIMBUX
€JIEMEHTAaX 3TMHAIbHUX TUIACTUYHUX IIAPHIPIB.

(3)P MakcumanbHi 3Ha4eHHs KoedilieHTa poOboTH ¢,
AKI MOXYTh  BHKOPUCTOBYBAaTHCS IS  JIBOX
TOPU30HTAIBHUX CEHCMIYHMX CKJIaJ0BUX, BKa3aHi B
Tabmumi 4.1 BiAMOBIAHO O MOBEMIHKHA IOJATIHBUX
€JIEMEHTIB 3a MEXaMH IMpPYKHOCTI. SIKIo MicT
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(4) When using a Full Dynamic Model (space
model), the dynamic part of the torsional excitation
is taken into account if the centre of mass is
displaced by the accidental eccentricity ea in the
most unfavourable direction and sense. However, the
torsional effects may also be estimated using the
static torsional moment of expression (4.1).

(5)P The torsional resistance of a bridge structure
shall not rely on the torsional rigidity of a single pier.
In single span bridges the bearings shall be designed
to resist the torsional effects.

4.1.6 Behaviour factors for linear analysis

(1)P The reference procedure of the present standard
is a response spectrum analysis for the design
spectrum defined in EN 1998-1:2004, 3.2.2.5 (see
3.2.4(1)). The behaviour factor is defined globally
for the entire structure and reflects its ductility
capacity, i.e. the capability of the ductile members to
withstand, with acceptable damage but without
failure, seismic actions in the post-elastic range. The
available levels of ductility are specified in 2.3.2.
The capability of ductile members to develop
flexural plastic hinges is an essential requirement for
the application of the values of the behaviour factor
g specified in Table 4.1 for ductile behaviour.

NOTE The linear analysis method, using sufficiently
conservative global force reduction factors (behaviour factors
as defined by Table 4.1), is generally considered to be a
reasonable compromise between the uncertainties intrinsic to
the seismic problem and the relevant admissible errors on the
one hand and the required effort for the analysis and design on
the other.

(2) This required capability of ductile members to
develop flexural plastic hinges is deemed to be
ensured when the detailing rules of Section 6 are
followed and capacity design in accordance with 5.3
is performed.

(3)P The maximum values of the behaviour factor g
which may be used for the two horizontal seismic
components are specified in Table 4.1, depending on
the post-elastic behaviour of the ductile members
where the main energy dissipation takes place. If a



OCHAIICHUH  pIBHUMH  THUIAMHU  TOJATIMBHUX
€JIEMEHTIB, TpUHMaeTbes KoediluieHT poboTu (¢,
BIJIIOBIIHUI THITY, 110 BHOCHUTH OCHOBHHI BHECOK
1o cericMocriiikocti. Pi3HiI 3HadueHHs KoedirieHTa
poOOTH q MOXYTh BUKOPHUCTOBYBATHUCS B KOKHOMY 3
JIBOX TOPU30HTAIBHUX HANIPSMIB.

[MPUMITKA BukopucraHHs 3HaueHb KoedilieHTa poOOTH,
MEHIIe MaKCHMAJFHO JIOMyCTUMHX 3Ha4€Hb, BKa3aHUX B
Tabmuui 4.1, 3a3BU4aii Beie 10 3HIWKEHHSI BUMOT TIOAATINBOCTI,
0 O3HAYa€ 3MEHINEHHS! MOTEHIIIIHOro MOIMIKO/KeHHs. Bubip
TAaKUX 3HAa4YeHb BIJJIAE€THCA HA PO3CYH IPOCKTYBaJbHUKA 1
BJIACHUKA.

Taoauus 4.1: MakcumMajiabHi
koeginienra podotu q

SHAYCHHHA
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bridge has various types of ductile members, the
behaviour factor q corresponding to the type-group
with the major contribution to the seismic resistance
shall be used. Different values of the behaviour
factor g may be used in each of the two horizontal
directions.

NOTE Use of behaviour factor values less than the maximum
allowable specified in Table 4.1 will normally lead to reduced
ductility demands, implying in general a reduction of potential
damage. Such a use is therefore at the discretion of the designer
and the owner.

Table 4.1: Maximum values of the behaviour
factor g

Tun mogaTiIuBUX €JIEMEHTIB CelicMi4Ha ITOBEIIHKA
Type of Ductile Members Seismic Behaviour
OOMexeHa IoIaTInBICTh ITomarnuse
Limited Ductile Ductile
1.3ani3o0eToHHI onOpH:
Reinforced concrete piers:
- BeprukanbHi onopu 1,5 3,5 Mas)
Reinforced concrete piers
- [Toxwi omopu 1,2 2,1 Mas)
Inclined struts in bending
2. Cranesi oniopu:
Steel Piers:
- BepTukansHi onopu 1,5 3,5
Vertical piers in bending Inclined
- [Toxwuni omopu 1,2 2,0
Inclined struts in bending
- Onopu 3 HOpMaJIBHUMU PO3MiPKaAMU 15 2,5
Piers with normal bracing
- Onopu 3 eKCLEHTPUYHO PO3TAIIOBAHUMU PO3MOPKAMHU - 3,5
Piers with eccentric bracing
3. Omnopu, k0pcTKO 00'eHAH1 3 TPOJITHOIO OYI0BOIO:
Abutments rigidly connected to the deck:
- 3arajom 15 1,5
In general
- 3adikcoBani koHCTpyKIIii (cM. 4.1.6(9), (10)) 1,0 1,0
Locked-in structures (see. 4.1.6(9), (10))
4.Apku 1,2 2,0
Arches
* as= Ls/h - e koeodirieHt 3pizy onopwu, e LS - Bigctanp BiJl IIIACTHYHOTO MIAPHIPA 10 TOYKU HYJIbOBOTO
MOMEHTY, a h - BHCOTa MONEepeyHOro MepeTHHY y HAMpsMi BUTHHAHHS IIACTHYHOTO IIapHipa.
Z[J'IH Os > 3 j.(OCs) = 1,0
3>as>1,0  A(as) =(as) Z\/OE

[MPUMITKA B onopax mnpsMokyTHoi (opMH B yMOBax

NOTE In piers of rectangular shape, when under the seismic
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celicMiuHOI fii 3arajoM JaHOMY HampsMi 30Ha CTHCKYBaHHS
Mae TPUKYTHY dbopmy; pu BOMY TIOBUHHI
BHUKOPHCTOBYBATHCSI MiHIMaJIbHI 3HAYECHHS as, BIATIOBIHI BOM
CTOpOHaM IEPETUHY.

(4) st BCiX MOCTIB 13 CTaHAAPTHOK CEHCMIYHOIO
noBeiHKoo 3rinHo 4.1.8, 3HaueHHs koedimieHTa q,
BKazaHi B Tabmumi 4.1 s MOAATIMBOTO PEXUMY,
MOXYTh BHUKOPHCTOBYBaTHCA 0e3 sAKoi-HeOynab
CTeUIaTbHOT TEepPEeBIpKH HAsBHOI IMOAATIMBOCTI 3a
YMOBH, 1[0 BUKOHYIOTHCSI BUMOTH KOHCTPYIOBAHHS,
nepepaxoBaHi B po3aiuni 6. SKmio BUKOHYIOTHCS

TUIBKH ~ BUMOTH  maparpadga 6.5, 3HaueHHS
koepilieHTa g, BKa3aHi B Tabmumi 4.1 mis pexumy
oOMexeHOT MOAATINBOCTI, MOKYTb

BUKOPHCTOBYBAaTHCSI 0€3 sKOi-HeOy/b cleniaibHO1
MepPEeBIPKM HASBHOI TOJATIMBOCTI HE3AJIEKHO BIJ
CTaHJIapTHOCTI a00 HECTaHJAPTHOCTI MOCTA.

(5P Hns 3ami300€TOHHUX TOJATIMBUX E€JIEMEHTIB
3HaueHHS KOe(QIIieHTIB ¢, BKa3aHl B TabOnumi 4.1,
JIIICHI B TOMY BHIIAJIKy, SKIIO HOpPMajbHa OChOBA
cuna hk, BusHaueHa B 5.3(4), e mepeswuirye 0,3.
Axmo 0,30 < yx < 0,60 HaBiTb B OJUHOYHOMY
MOJATIMBOMY €JIEMEHTI, 3Ha4YeHHS KoedimieHTa
po6OTH MOKHA 3MEHIITUTH JI0:

3 _77k—0.3
a,=q " 03 (]

3HavueHHS A (r 1,0 (mpyxHa TMOBEIIHKA)
HEOOXITHO BUKOPHUCTOBYBATH IS MOCTIB Y CHCTEMI

CEHCMOCTIHKOCTI SKHUX MICTATLCS €JIEMEHTH 3
n>0,6.

(6) 3HauyeHHs  KoedimieHta (s
MOJATIMBOTO  PEXHMMY, BKa3aHi B TaOmuIl
4.1, HeoOXiTHO BHUKOPHUCTOBYBATH, SKIIO MICISI

po3TallyBaHHs BiAMOBIIHUX IMJIACTUYHUX IIAPHIPIB €
JOCTYIIHUMH JJs OISy 1 KOHTPOJIO. IHAKIIe
3gaueHHsa Taoiuul 4.1 HeoOXiOTHO ITIOMHOXXWUTU Ha
0,6; mpu UBOMY 3HAUEHHS (, NPUHAMAIOTHCA HE
menie 1,0.

[TPUMITKA TepMiH «IOCTYImHHMI?» B paMKax JaHOTO
maparpada oO3Hada€ JOCTYIHICTH HABiTh 3 TPYIHOIIAMH B
po3yMHEX Mexkax. Omopa, po3TamoBaHa B 3aCHIILI, BBAKAETHCS
3a JIOCTYITHY HaBiTh Ha 3HAYHIA rmOWHI. | HaBmaku, omopw,
3aHypeHi TIHOOKO y BoAy, ab0 BepxXHI YacCTHHH TWAllb,
OMOHONIUEHI B pHreli, HE TOBHHHI pO3TJLINATHCA SIK
«IIOCTYITHI.

(7) Sxmo po3cisHHS eHeprii IUIaHyeTbCS 3a
paxyHOK  IJIACTUYHMX  INApHIpIB B  HAJSX,
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action in the global direction under consideration, the
compression zone has triangular shape, the minimum of the
values of as, corresponding to the two sides of the section,
should be used.

(4) For all bridges with regular seismic behaviour as
specified in 4.1.8, the values of the g-factor specified
in Table 4.1 for Ductile Behaviour may be used
without any special verification of the available
ductility, provided that the detailing requirements
specified in Section 6 are met. When only the
requirements specified in 6.5 are met, the values of
the g-factor specified in Table 4.1 for Limited
Ductile Behaviour may be used without any special
verification of the available ductility, regardless of
the regularity or irregularity of the bridge.

(5)P For reinforced concrete ductile members the
values of g-factors specified in Table 4.1 are valid
when the normalised axial force r¢ defined in 5.3(4)
does not exceed 0,30. If 0,30 < nk < 0,60 even in a
single ductile member, the value of the behaviour
factor shall be reduced to:

(4.2)

~1)>1

A value for gr = 1,0 (elastic behaviour) should be
used for bridges in which the seismic force resisting
system contains members with i > 0,6.

(6) The values of the g-factor for Ductile
Behaviour specified in Table 4.1 may be used only if
the locations of all the relevant plastic hinges are
accessible for inspection and repair. Otherwise, the
values of Table 4.1 shall be multiplied by 0,6;
however, final g-values less than 1,0 need not be
used.

NOTE The term "accessible", as used in the paragraph above,
has the meaning of "accessible even with reasonable difficulty".
The foot of a pier shaft located in backfill, even at substantial
depth, is considered to be "accessible". On the contrary, the
foot of a pier shaft immersed in deep water, or the heads of
piles beneath a large pile cap, should not be considered as
"accessible".

@) When energy dissipation is intended to occur
at plastic hinges located in piles designed for ductile



pO3paxoBaHMX Ha TOJATIMBY TIOBEAIHKY, 1 B
HE/IOCTYIHUX TOYKaX, KIHIIEBE 3HAYCHHS  Ma€ OyTu
He HWx4e 2,1 ansg BepTHKaIbHUX manb 1 1,5 - mis
moxwimx mnank (auB. Takoxk EN 1998-5:2004,
5.4.2(5)).

(8) Iigmaparpad 2.3.2.2(4)P CTOCYETHCS
YTBOPEHHS IUIACTUYHUX WIAPHIPIB B  TMPOJITHIN
OymIoBI.

[MPUMITKA TIloreHuiiine yTBOpeHHs IUIACTUYHUX IIAPHIPIB B
JPYropsAHUX €JIeMEeHTaX IMPOJITHOI OymoBH (MOJHIX Oayiok)
JIOITYCKAa€ThCs, alle BOHO HE IMOBHHHE 3aJIeXaTH TUIBKH BiJl
3HA4YEHHS (.

(9) VYV MocTOBUX KOHCTPYKIIiSIX, MacH SIKHX B
OCHOBHOMY  CIIIyIOTb 33  TOPU30HTAJIbHUM
CEHUCMIYHUM TMEpPEMIIIEHHsAM TPYHTY («(IKCOBaH1»
KOHCTPYKIlii), HE BUHUKAE ICTOTHUX TEPEMIIICHb
npu 30UTbLIEHHI TOPU30HTAJIBHOTO MPUCKOPEHHS
rpyHTy. Taki KOHCTPYKIIIT XapaKTepU3YIOThCS JIyKe
HU3bKUM 3HAYEHHSIM IEpIOJy BIIACHUX KOJMBaHb B
ropusoHTanbHuX Hampsamax (7' < 0,03 c). [nepuiiiny
peaKuio JaHUX KOHCTPYKIIM B TOPU30HTAIBHUX
HampsiMax MOXHa BHU3HAUYUTH 3a JONOMOIOIO
pO3paxyHKy TOPHU30HTAJIBHUX IHEPIIMHUX CHJI Ha
OCHOBI TIPOCKTHUX CEHCMIYHUX MPHUCKOPEHHb TPYHTY
1 q = 1. Jlo maHoi kaTeropii HajeXaTh 1 3acajy, 110
MalOTh THYYKHH 3B'I30K 3 MIPOJIITHOIO OYI0BOIO.

(10) MocroBi cropyau, B SKHX MpOJIiTHa OyaoBa
KOPCTKO CroJiyueHa 3 oOoma omopamu (abo
MOHOJIITHO, 200 Yepe3 KOPCTKI OMOpHi 200 CIoTy4H1
YaCTUHU), BBAXKAIOTHCS 3a THX, L0 HAJIEXaTh [0
kareropii (9) He3aneKHO Big 3HAYCHHS IEPIOAY
BJIACHUX KOJIMBaHb 3a yMOBH, 110 He meHue 80 %
IJIONII OTOpH 3aKJAaJCHO B JKOPCTKI TPHPOIHI
rpyHToBi  Qopmamii. Skmo gaHi  yMOBH HE
BUKOHYIOTHCSI, TOJiI B3a€EMOJiS OMOP 3 TPYHTOM
HEOOXIZIHO BKJIIOYUTH B MOJEIb 3 BUKOPHCTAHHSIM
(bakTUYHUX MapaMeTpiB KOPCTKOCTI IPYHTY. SIKIIO
7> 0,03 c, Toai CeKTp poO3paxyHKiB, BUBHAYCHUH B
EN 1998-1:2004, 3.2.2.5, IIOBUHEH
BUKOpHUCTOBYBaTHcs 3 = 1,50.

(11) Skmo oOCHOBHa YacTHHA PO3PAXYHKOBOTO
CEMCMIYHOTO HaBaHTAXKEHHS CIpUHMAETHCS
€IaCTOMEPHUMHU  OMOPHMMHU  YacTHHAMH,  iX
THYYKICTh CTBOPIOE MPAKTUYHO MPYKHY MOBEIIHKY
cuctemu. [IpoeKTyBaHHS TaKUX MOCTIB TOBHHHE
MIPOBOJUTHCS BiIMOBIAHO J0 PO3ALTY 7.

MMPUMITKA IImactuuni mapHipn He (HOpMyBaTUMYTHCS B

np ACTY-H b EN 1998-2:201X

behaviour, and at points which are not accessible, the
final g-value to be used need not be less than 2,1 for
vertical piles and 1,5 for inclined piles (see also
EN 1998-5:2004, 5.4.2(5)).

(8) Subclause 2.3.2.2(4)P applies for plastic
hinge formation in the deck.

NOTE The potential formation of plastic hinges in secondary
deck members (continuity slabs) is allowed in this case, but
should not be relied upon to increase the value of g.

9) Bridge structures the mass of which
essentially follows the horizontal seismic motion of
the ground ("locked-in™ structures) do not experience
significant amplification of the horizontal ground
acceleration. Such structures are characterised by a
very low value of the natural period in the horizontal
directions (T < 0,03 s). The inertial response of these
structures in the horizontal directions may be
assessed by calculating the horizontal inertia forces
directly from the design seismic ground acceleration
and g =1. Abutments flexibly connected to the deck
belong to this category.

(10)  Bridge structures consisting of an essentially
horizontal deck rigidly connected to both abutments
(either monolithically or through fixed bearings or
links), may be considered to belong to the category
of (9) irrespective of the value of the natural period,
if the abutments are embedded in stiff natural soil
formations over at least 80 % of their lateral area. If
these conditions are not met, then the interaction
with the soil at the abutments should be included in
the model, using realistic soil stiffness parameters. If
T>0,03 s, then the design spectrum defined in
EN 1998-1:2004, 3.2.2.5 should be used with
q=1,50.

(11)P When the main part of the design seismic
action is resisted by elastomeric bearings, the
flexibility of the bearings leads to a practically
elastic behaviour of the system. Such bridges shall
be designed in accordance with Section 7.

NOTE: In general no plastic hinges will develop in piers which
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OIOpax, 10 MAlOTh THYYKHH 3B'S30K 3 MPONITHOIO OyJ0BOIO B
JTAHOMY HarpsiMi. AHAJIOTiYHa CUTYaIlisl Ma€ MiCIle B OKPEMHUX
OIopax 3 Jy)K€ HU3BKOIO >KOPCTKICTIO TOPIBHSHO 3 IHIIMMH
onopamu (muB. 2.3.2.2(7) i npumitka B (9)). Taki enemenTtu
BHOCSITH HE3HAYHWH BHECOK JI0 CEHCMOCTIMKOCTI CHCTeMH i
TOMY He BIUTUBAIOTh Ha KoedimieHt 11 (muB. 4.1.6(3)P).

(12)P  KoedimienT poboTH s PO3PaXxyHKY Y
BEPTUKAJIHHOMY TIOJIOKEHHI TOBHHEH  3aBXKIHU
npuitmarucs pisBHUM 1,0.

4.1.7 BepTuKajJbHa CKJIAJ0BA ceilcMiuHOI aii

(1)P BB BepTUKanbHOI CEHCMIUHOI CKIIaI0BOI Ha
OMOpPH MOXHa HE pO3MNIAJaTH s HU3bKOI 1
MOMIPHOT CEHCMIYHOCTI. Y  palioHaX BHCOKOI
CEMCMIUHOCTI JJaHUM BIIJIUB HEOOXI1JHO BPaxOBYBaTH
TUIBKA B TOMY BHUIAJKY, SIKIIO OMOPU MiJAAFOTHCS
BHCOKI Hampy3i, II0 BUTHHAE, SIKa BUKIUKAETHCS
MOCTIHHOIO BEPTUKATHHOIO JI€F0, a00 SKIO MICT
pO3TaloBaHW B MEXKax S5 KM. BT aKTHBHOTO
CEICMOTEKTOHIUHOTO JDKepeda 3 BEPTHKAIBHOIO
CEMCMIYHOIO Ii€I0, BU3HAYEHOTO 3rigHo 3.2.2.3.

(2)P Ilpum pospaxyHKy 3a3Jajieriip HampyKeHOi
MPOJTITHOT OYZOBHU 3aBKIW HEOOXITHO BPaxOBYBaTH
JIIF0 BEPTUKATHHOIO CEHCMIYHOIO CKIIAZ0BOIO.

(3)P Ilpu po3paxyHKy OMOpPHUX YAaCTUH 1 3'€THAHb
HEOOXI1THO 3aBXIM BPAaXOBYBATH JIIF0 BEPTUKAIHHOIO
CEHCMIYHOIO CKJIAOBOIO.

(4) Jii BepTUKAWIBHOK  CKIAJOBOI0  MOXE
PO3paxoByBAaTUCS 3a JTOIMOMOTOK METOIY TOJOBHOI
dbopMu KOJIMBaHb 1 MOAENI THYYKOi MPOJITHOT
Oynosu (auB. 4.2.2.4).

4.1.8 CrangapTHa i HeCTaHJAapTHA
CelCMOCTIHKICTL MOXATINBHUX MOCTIB

(1) Sxmo BukopuctoByBaTd Med:i A MO3HAYCHHS
MaKCUMAaJIbHOTO 3HAYCHHS PO3paxyHKOBOTO
MOMEHTY B THependadyyBaHOMY MICIi YTBOPEHHS
[UTACTUYHOTO IHApHipa MOJATIMBOTO EJIEMEHTY |,
BHBEJICHOT 3 pO3paxyHKy CeHCMIYHOI aii, a - MRa:i
JUIL TO3HAYEHHS PO3PaxyHKOBOTO OMNOPY 3THUHY
LIBOTO X MEPETUHY MPHU PO3PaXyHKOBIN cecMiuHIH 1
HECeUCMIUHIN JifX, TOJAl KOEQIi€eHT 3MEHIICHHS
MICIIEBOTO 3YCHJUIA [i, BIAMOBIAHOTO €JIeMEHTY | B
yMmoBax crnenudiuHoi cedcMmiyHOi i, MOXHa
BU3HAYUTH TAKUM YHUHOM:
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are flexibly connected to the deck in the direction considered. A
similar situation will occur in individual piers with very low
stiffness in comparison to the other piers (see 2.3.2.2(7) and
Note under (9)). Such members have negligible contribution in
resisting the seismic actions and therefore do not affect the
value of the g-factor (see 4.1.6(3)P).

(12)P The behaviour factor for the analysis in the
vertical direction shall always be taken as equal to
1,0.

4.1.7 Vertical component of the seismic action

(1) The effects of the vertical seismic component on
the piers may be omitted in cases of low and
moderate seismicity. In zones of high seismicity
these effects need only be taken into account if the
piers are subjected to high bending stresses due to
vertical permanent actions of the deck, or when the
bridge is located within 5 km of an active
seismotectonic fault, with the vertical seismic action
determined in accordance with 3.2.2.3.

(2)P The effects of the vertical seismic component
acting in the upward direction on prestressed
concrete decks, shall be always taken into account.

(3)P The effects of the vertical seismic component
on bearings and links shall always be taken into
account.

(4) The estimation of the effects of the vertical
component may be carried out using the
Fundamental Mode Method and the Flexible Deck
Model (see 4.2.2.4).

4.1.8 Regular and irregular seismic behaviour
of ductile bridges

(1) Designating by Meg;i the maximum value of
design moment at the intended plastic hinge location
of ductile member i as derived from the analysis for
the seismic design situation and by Mgg; the design
flexural resistance of the same section with its actual
reinforcement under the concurrent action of the
non-seismic action effects in the seismic design
situation, then the local force reduction factor r;
associated with member i, under the specific seismic
action is defined as:



M Ed,i

=g =
M Rd,i

MMPUMITKA 1 Ockinbkut Megi<MRggi, TIe 03Ha4ae, 1o fi < (

[MPUMITKA 2 Skmio MakcUManbHE 3HAYCHHS — Imax JUIA
CTaHIapTHOTO MOCTa 3 YWCJa BCiX MOJATIMBUX EIEMEHTIB, [i,
3HAYHO HIKYE, HDK (, B IPOEKTI He Oyne MOBHOI MipOIo
3alisHI JTO3BOJICHI MaKCUMaJIbHI 3HaueHHS (. SIKIO K Imax =
1,0, micT nparitoe B IpyXHil cTaii.

(2)P BBaxaerbcsi, MmO MICT Ma€ CTaHAAPTHY
CEHCMOCTIMKICTh B  JaHOMY T'OpPU30HTAIBHOMY
HampsiMi, K10 BUKOHYETHCSI HACTYITHA YMOBa:

ac:

I'min - MIHIMAJIBHE 3HAYCHHS JI;

Mmax - MaKCHMaJbHE 3HAYEHHS [i CEpe]l PEIITH BCiX
[IOJIaTJIUBUX E€JIEMEHTIB I;

Ppo TpaHWYHE 3HAYEHHS, [0 TapaHTye, IO
MOCJIIOBHE YTBOPEHHS TEKY4OCTI B IOJATIUBHX

€JeMEHTaX He TMpuBEAe 10  NPEeIsBICHHA
HCIIPHUITYCTUMO BHUCOKHX BUMOT J0 OaHOIr 0
€IIEMEHTY.

[MPUMITKA  3HaueHHsi, TpUBJIACHEHE BEIWYMHI Po VIS

3aCTOCYBaHHS B KpaiHi, MO)KHa 3HAlTH B HaI[lOHAJHHOMY
3aCTOCYBaHHI. 3HAYCHHS, 1110 PEKOMEHIYEThCS: p o = 2,0.

(3) Onin abo pnekiIbKa MOJATIMBUX EJIEMEHTIB
(ommop) MOXyTh OyTH BHUKIIIOUEHI 3 PO3PaxXyHKY
3HAYEHb Imin TA Mmax, AKIIO iX CyMapHi IEPEeMIIICHHS
He mepeBulnyioTh 20% BiI BENMYMHHM 3arajbHOTO
CEHCMIYHOTO MepEeMIIICHHS B JTAaHOMY
TOPU30HTAIILHOMY HAmpsMi.

(4)P BBaxkaeTbcs, M0 MOCTH, SIKI HE BIIIOBIZAIOThH
BHpa3y (4.4), MalOTh HECTAH/IAPTHY CEMCMOCTIIKICTD
B JAHOMY TOpH3OHTaJIbHOMY Hampsimi.  Jlis
MPOEKTYBAaHHS TAaKMX MOCTIB CJiJI 3aCTOCOBYBAaTH
a00 3MeHIIIeHe 3HAYCHHS (:

g, =021
e,

abo0 pe3ylnbTaTH HENIHIHHOTO PO3paxyHKy 3TiTHO
4.1.9.
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(4.3)

NOTE 1 Since Mggi < MRui , it follows that ri < q

NOTE 2 When in a regular bridge the maximum value of r;
among all ductile members, rmax, is substantially lower than g,
the design cannot fully exploit the allowable maximum g-
values. When rmax = 1,0 the bridge responds elastically to the
design earthquake considered.

(2)P A bridge shall be considered to have regular
seismic behaviour in the considered horizontal
direction, when the following condition is satisfied

(4.4)

where;

I'min IS the minimum value of ri and

max IS the maximum value of r; among all ductile
members i, and;

po IS a limit value selected so as to ensure that
sequential yielding of the ductile members will not
cause unacceptably high ductility demands on one
member.

NOTE The value ascribed to p, for use in a country may be in
found in its National Annex. The recommended value is p o =
2,0.

(3) One or more ductile members (piers) may be
exempted from the above calculation of rmin and rmax,
if their total shear contribution does not exceed 20%
of the total seismic shear in the considered horizontal
direction.

(4)P Bridges that do not conform to expression (4.4),
shall be considered to have irregular seismic
behaviour, in the considered horizontal direction.
Such bridges shall either be designed using a
reduced g-value:

(4.5)

or shall be designed based on results of non-linear
analysis in accordance with 4.1.9.
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4.1.9 HeuiniliHuil pPO3paxyHOK HeCTAaHJAPTHHUX
MOCTIB

Q) Y  Moctax 3 HECTaHJapTHOIO
CEMCMOCTIHKICTIO YTBOPEHHS MOCIIIOBHOT TEKYy4OCTi
B MOJATIMBUX €JIEMEHTax (0Iopax) MOKe MPUBECTU
70 3HAYHOTO BIIXWJICHHS PE3YJIbTaTiB JIHIHHOTO
pPO3paxyHKy, IPOBEICHOTO 3  BHKOPHCTAHHIM
KoedilieHTa 3MEHIIEHHS  3arajlbHOl CcWiIH  (
(koedimienTa poOOTH), BiA pe3yiabTaTiB HETIHIHHOL
peakmii KOHCTpYKIiA wmocta. Taki BiAXWUICHHS
MOSICHIOIOTHCS TAKUMH IPUYHHAMU:

- VY nnacTMYHUX IIApHIpAX, K1 3'SIBISIOTHCA
MEpIIMMHY, 3a3BHYail YTBOPIOIOTHCS MaKCHUMallbH1
MEepPEeMILIEHHSI 32 MEXaMU MPYXKHOCTI, SIKI MOXYTb
MPUBECTH [0 KOHIIEHTpallli HEMPUITYCTUMO BHUCOKOI
MOAATINBOCTI B JaHUX IIApHIpaXx;

- [Ticns yTBOpeHHS TEPmIUX TTACTUIHUX
mapHipiB  (3a3BUYaii B KOPCTKHX €JIEMEHTaXx),
PO3MOAUT KOPCTKOCTI 1, BIAMOBIAHO, 3YCHJIb MOXE
BIAXWIUTHCSA BIJ 3HAUCHb, BHBEICHUX B XOJIi
JiHIMHOrO po3paxyHKy. lle Moke mnpuBectu 10

3HaYyHOI 3MIHM THependayyBaHoi  KoHiryparii
MJIACTUYHUX MIAPHIPIB.
(2) PeamicthuHa ~ TOBEOiHKA  HECTAHAAPTHUX

MOCTIB BiJl PO3paxyHKOBOi CEMCMIYHOI Iii MO’KHa
BU3HAYUTH 3a JIOTIOMOT OO JMHAMIYHOTO
HEJIHIHHOTO PO3paxyHKy IWHAMIKH 3MIHH 3TiTHO
4.2.4.

(3) AmnpokcuMmariiro HENIHIAHOT peakiii MoKHA
TaKO)X BUBECTH 32  JIOIIOMOTOK  TO€THAHHS
€KBI1BaJIECHTHOTO JHIHHOTO 1 HEJIHIHHOTO
CTAaTUYHOTO PO3paxyHKiB 3rigHo 4.2.5.

4.2 MeToau po3paxyHKy

421 JlimiiHM#A  OUHAMIYHHRA
CrnekTpajibHO-MOAAJIbLHUI METO/

PO3PaxyHOK.

4.2.1.1 Bu3navenHns i cgepa 3acTocyBaHHs

(1) Po3paxyHOK 3a JOMOMOTOI CHEKTPaIbHO-
MOJANBHOTO METOMY - 1€ PO3PaxXyHOK MPYKHOCTI
MIKOBUX JMHAMIYHUX peakiii BCiX 3HAYYIIUX
PEKHUMIB KOHCTPYKIII 3 BUKOPUCTAHHSM OpPAWHAT
PO3paxyHKOBOTO CIIEKTPY, 3 ypaxyBaHHSIM
Maiimanunka OymiBHunTBa (muB. EN 1998-1:2004,
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4.1.9 Non-linear analysis of irregular bridges

(1) In bridges of irregular seismic behaviour, the
sequential yielding of the ductile members (piers)
may cause substantial deviations of the results of the
equivalent linear analysis performed with the
assumption of a global force reduction factor q
(behaviour factor) from those of the non-linear
response of the bridge structure. The deviations are
due mainly to the following effects.

- The plastic hinges which appear first usually
develop the maximum post-elastic strains, which
may lead to concentration of unacceptably high
ductility demands in these hinges;

- Following the formation of the first plastic hinges
(normally in the stiffer members), the distribution of
stiffnesses and hence of forces may change from that
predicted by the equivalent linear analysis. This may
lead to a substantial change in the assumed pattern of
plastic hinges.

(2) In general the realistic response of irregular
bridges under the design seismic action may be
estimated by means of a dynamic non-linear time-
history analysis, performed in accordance with 4.2.4.

(3)  An approximation of the non-linear response
may also be obtained by a combination of an
equivalent linear analysis with a non-linear static
analysis (pushover analysis) in accordance with
4.2.5.

4.2 Methods of analysis

4.2.1 Linear dynamic analysis - Response
spectrum method

4.2.1.1 Definition and field of application

(1) The Response Spectrum Analysis is an elastic
calculation of the peak dynamic responses of all
significant modes of the structure, using the
ordinates of the site-dependent design spectrum (see
EN 1998-1:2004, 3.2.2.5). The overall response is
obtained by statistical combination of the maximum



3.2.25). 3arampHa peakuii BHUBOAMTHCA 32
JIOIIOMOI'OO CTATUCTUYHOI'O 0o0'eHaHHSA
MaKCUMaJIbHUX MOJAJIbHUX BHECKIB. Taxwuit

pO3paxyHOK MOE BHKOPUCTOBYBATHCS Y BCIX
BHITAJIKaX, JIC I03BOJICHHUN JTIHIMHUNA PO3PAXyHOK.

(2)P [Hiro 3emiueTpycy HEOOXiIHO BH3HAYATH TI0
BIIMOBIAHIA JUCKPETHIN JiHIHHIA Moxaeni (TOBHA
IMHAMIYHAa MOJIENb), TEOPETUYHO PO3poOIeHii
BIIMOBIZTHO 10 3aKOHIB MEXaHIKH 1 TPHUHIIUIIIB
KOHCTPYKTUBHOTO PO3PaxyHKY B MOBHIA CyMiCHOCTI
3 imeamizamiero ceiicmiunoi aii. B mimomy, mana
MO/JIENb € IPOCTOPOBOIO MOAECILITIO.

4.2.1.2 3nauymi peskumMu

(1)P TloBuHHI BpaxoByBaTuUCS BCl PEXKHUMH, IO
BHOCATHh ICTOTHMM BHECOK [I0 3arajJibHOi peakilii
KOHCTPYKIIIi.

(2) Hns mocriB, B sSIKMX 3arajibHa Maca M Moxe
po3rIAAaThCs SIK cymMa «(haKTUIHUX MOJATbHUX
mac» Mi, BBaxkaerbcs, 1m0 kputepid (1)
BUKOHYETBCS, SKIIO CyMa (DaKTHUHHX MOJATBHHX
Mac Juis JaHuX pexuMis, (XMi)c, ckiiagae He MEHIIIe
90 % 3araibHOT Macu MOCTA.

(3) Skmo ymoBa (2) He BHKOHYETHCSA ITICIIS
00miky Bcix mac ipu T > 0,033 ¢, KUIBKICTh JaHUX
PSKUMIB MOYKE BHSBHTUCS NPUHHSATHOIO 32 YMOBH
BUKOHAHHS JIBOX HACTYITHUX YMOB:

np ACTY-H b EN 1998-2:201X

modal contributions. Such an analysis may be
applied in all cases in which a linear analysis is
allowed.

(2)P The earthquake action effects shall be
determined from an appropriate discrete linear model
(Full Dynamic Model), idealised in accordance with
the laws of mechanics and the principles of structural
analysis, and compatible with an associated
idealisation of the seismic action. In general this
model is a space model.

4.2.1.2 Significant modes

(1)P All modes making significant contribution to
the total structural response shall be taken into
account.

(2) For bridges in which the total mass M can be
considered as a sum of "effective modal masses” Mi,
the criterion (1) is deemed to be satisfied if the sum
of the effective modal masses for the modes
considered, (XMi)c, amounts to at least 90% of the
total mass of the bridge.

(3) If the condition (2) is not satisfied after
consideration of all modes with T > 0,033 sec, the
number of modes considered may be deemed
acceptable provided that both of the following
conditions are satisfied:

O.M;)./M =0.70

Kinuesi 3HaueHHS ceficMIYHOT a1 MHOKAaTHCSA Ha

The final values of the seismic action effects are
multiplied by

M (3 M),

4.2.1.3 TloenHaHHS MOAAJTBHUX peaKuiii

(1)P  MoxnuBoro  MakCHMaJbHOTO  3HAYCHHS
pesynbratry E  ceficmiunoi  mii  (3ycuiu,
nmepeMilieHHss 1 Tak Jani) HeoOXiqHO HalyBaTu
pPIBHUM KB3JpaTHOMY KOPHIO CYMH KBaJpaTiB
MoOJIeNbHUX peakuii, Ei (mpaBuio SRSS).

Jlana mist MOKe MaTH 3HaK IUTIOC a00 MIHYC.

4.2.1.3 Combination of modal responses

(1)P In general the probable maximum value E of a
seismic action effect (force, displacement etc.), shall
be taken as equal to the square root of the sum of
squares of the modal responses, Ei (SRSS-rule)

(4.6)

This action effect shall be assumed to act with plus
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(2)P  Sxkmo 1aBa peKUMH  MalOTh  OJHU3BKO
pO3TalIoBaHi MEpioAn BIACHUX KOJIMBaHb, MPABHUIIO
KBaJ[paTHOTO KOPEHs 3 CyMH KBajapariB (Bupa3s 4.6)
HE 3aCTOCOBYEThCA 1 HEOOXITHO 3aCTOCOBYBATH
TOYHIIII TpaBuia. BBakaerbcs, mo ABa mepioan
BJAaCHUX  KOJWBaHb, i, TJ, €  OJU3BKO
PO3TAllIOBAaHUMH TI€PiOIaMU 32 YMOBH, IIO BOHH

BUKOHYIOTh HACTYIIHY YMOBY:

0.1
01+ /&5,

ne &i 1 ¢ mpencTaBisioTh KOe(IIEHTH HPYKHOTO
3aracaHHs peXuMiB i Ta |, BinmosigHo (auB.(3)).

(4) Hna nBoX pexXHMIB, BIAMOBITHUX BHpa3y
(4.7), 3amicTh mpaBuiia KBaJPaTHOTO KOPEHS CyMHU
KBaJIpaTiB  3aCTOCOBYETbCS ~ METOJ|  TOETHAHHS
noBHux kBajaparis (CQC):

E= 2.2, EnE,

mpu:i=1..n,j=1..n

<p, =TT, <1410 [£¢,

and minus signs.

(2)P When two modes have closely spaced natural
periods the SRSS rule (expression (4.6)) is
unconservative and more accurate rules shall be
applied. Two natural periods, Ti Tj, may be
considered as closely spaced natural periods if they
satisfy the condition:

4.7)

where & and &  are the viscous damping ratios of
modes i and j respectively (see (3)).

(3) For any two modes satisfying expression (4.7),
the method of the Complete Quadratic Combination
(CQC) may be used instead of the SRSS rule:

(4.8)

with:i=1...n,j=1..n

Y Bupasi (4.8) rj mpencraBisge koedimient  In expression (4.8) rij is the correlation factor:
KOpeJISAIIii:
8«/§i§j (& +pij‘§jpi?/2)

i = (A= p§)° +458 0y L+ p) +4(E +E0) Py

je & 1 &;NpeACTaBlsioTh KOEDIIEHTH B'S3KOr0

3aracaHHs peKUMIB 1 1 j, BIIMTOBITHO.

IIPUMITKA: 3 Bupasy (4.9) Buamo, mo rij = Fji.
Komu T; = Tj, Toxmi é:i :é:j arj=1.

(1) 3Bakaroud Ha OJHOYACHY Jit0 CEHCMIYHUX
CKJIaJIOBUX B3/IOBJK T'OPHU30HTaIbHUX ocell X 1 VY 1
BEPTUKATIBHOI OCi Z MOXIMBUN MaKCUMalbHHUH
BIUIMB BH3HauacThes 3rimHo  EN 1998-1:2004,
4.3.3.5.2(4), To0TO 3ac00aMH 3aCTOCYBaHHS MpaBUIia
KBaJpaTHOTO  KOpEHs CyMH  KBajApariB  J0
MaKCUMaJIbHUX pe3yabTariB EX, Ey 1 E; HezanexHoi
celcMIuHOT M1ii y370BK KOXKHOT OCi:
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(4.9)

where: &, &; are the viscous damping ratios i
corresponding to modes i and j respectively.

NOTE Expression (4.9) gives rij = rj.
When Ti=Tj, then &; =&;~andrj=1.

4.2.1.4 Combination of the components of the
seismic action

(1)  The probable maximum action effect E, due
to the simultaneous occurrence of the components of
the seismic action along the horizontal axes X and Y
and the vertical axis Z, may be estimated in
accordance with EN 1998-1: 2004, 4.3.3.5.2(4), i.e.
through application of the SRSS rule to the
maximum action effects Ex, Ey and E; due to
independent seismic action along each axis:



E= Ef+EJ+E]

(2) I B upomy Bumanky BiamosigHo g0 EN 1998-
1:2004, 4.3.3.5.2(4) ™MoXMBHI MaKCHUMaJIbHUMN
pesymprar  nii  E = MokHa  mpuiiHATH 32
HANCTIPUATIUBIIINKN 3 YUCIa BCIX i, pO3paxoBaHUX

srimHo EN 1998-1:2004, Bupasu (4.18) -(4.22).
4.2.2 Metoa ronoBHUX (pOPM KOJIUBAHb
4.2.2.1 BuzHayeHHA

(1) Ilpu BUKOpPHCTaHHI METO/]Y T'OJOBHOTO THITY
KOJINBaHb, €KBIBAJIECHTHI CTAaTU4YHI CEUCMIYHI CHIIH
BUBOJISTHCS 3 CHUJI 1HEpLIl BIAMOBIAHO A0 PEXUMY
rOJIOBHOTO THIIy KOJIUBaHb 1 TMEpIOAY BIACHUX
KOJIMBaHb 3 BUKOPUCTAHHSM BiJMOBITHOT OpJAMHATH
MOJAJIBHOTO CIEKTPY. JJaHUI METO1 BKIIFOYAE TAKOXK
CHPOIICHHS BIAHOCHO ()OPMM KOJIMBAHHS MEPIIOrO
MOPSIIKY 1 OLIHKK T'OJIOBHOTO MEPIOAy.

(2) 3anexHO BiJ OKpEeMHX XapaKTEPHUCTHK MOCTa
aHWHI METOJI MOXe 3aCTOCOBYBATHCS 3
BUKOPHUCTAHHSIM HACTYIMHUX TPbOX IMIXOMIB [0
MOJIENI:

- Mopenb )KOpCTKOI MPOJTITHOT Oy/10BH;
- Mopenb THyYKO1 MPOIITHOT OyT0BH;
- Mozenb 0KkpemMoi onopu.

(3)P ns moemHaHHS CKIaJOBHX CEHCMIYHOT il
MMOBUHHI 3aCTOCOBYBaTtucs npaswia 4.2.1.4.

4.2.2.2 Cepa 3acTocyBaHHsA

(1) Hdanuii mMeTON MOXKE 3aCTOCOBYBATHCSA Y BCIX
BUIAJIKaX, KOJW  JHHAMIYHI  XapaKTEPUCTUKU
KOHCTPYKIIi{ MOJKHA B OCTaTHIN Mipi
alPOKCHMYBATH 3 JIONIOMOTOIO CHUCTEMHU 3 OJHIEI0
JMHAMIYHOK CTYIIEHHIO cBoOoau. Jlana ymoBa
BBKAETHCS 32 BAKOHAHY B HACTYITHUX BUIIAIKAX:

(@ Y nooBxHbOMY HampsMi MPSMOJIHIHHUX
MOCTIB 3 HEPO3PI3HOI MPOTITHOIO OYI0BOIO, KOJIU
CeMCMIUHI CHJIM CTIPUHMAIOTHCS OMOpPaMHU, 3arajibHa
Maca skux ckinagae menme 20% Macu MpoJiTHOT
OynoBu.

(b) Y nomepeuHomy HampsiMi BUIIAAKy (@), SIKIIO
KOHCTPYKTMBHA CHCTEMa CHMETpUYHA INOJO OCi
mpodiTHOi  OymoBH, TOOTO KOMM TEOPETUYHMIA

np ACTY-H b EN 1998-2:201X

(4.10)

(2 Again in accordance with EN 1998-1: 2004,
4.3.3.5.2(4), the probable maximum action effect E
may be taken as the most adverse of the effects
calculated from EN 1998-1: 2004, expressions
(4.18)-(4.22).

4.2.2 Fundamental mode method
4.2.2.1 Definition

(1) In the Fundamental mode method, equivalent
static seismic forces are derived from the inertia
forces corresponding to the fundamental mode and
natural period of the structure in the direction under
consideration, using the relevant ordinate of the site
dependent design spectrum. The method also
includes simplifications regarding the shape of the
first mode and the estimation of the fundamental
period.

(2) Depending on the particular characteristics of
the bridge, this method may be applied using three
different approaches for the model, namely:

- the Rigid Deck Model
- the Flexible Deck Model
- the Individual Pier Model

(3)P The rules of 4.2.1.4 for the combination of the
components of seismic action shall be applied.

4.2.2.2 Field of application

(1) The method may be applied in all cases in which
the dynamic behaviour of the structure can be
sufficiently approximated by a single dynamic
degree of freedom model. This condition is
considered to be satisfied in the following cases.

(@) In the longitudinal direction of approximately
straight bridges with continuous deck, when the
seismic forces are carried by piers the total mass of
which is less than 20% of the mass of the deck.

(b) In the transverse direction of case (a), if the
structural system is approximately symmetric about
the centre of the deck, i.e. when the theoretical
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eKCIICHTPUCUTET €0 MDK LEHTPOM JKOPCTKOCTI
OTIOPHUX YACTHH 1 IIEHTPOM MAaCH MPOJITHOI Oy10BH
He nepeBuiye 5% aoBxuH npostitHoi OymoBu (L).

(c) Hns omop, woO MNATPUMYIOTH PO3PI3HI
MPOJBOTH, SKIIO ICTOTHOI B3a€EMOJIl MK OHOpaMu
HE OYIKYEThCS, a 3araJibHa Maca KOXHOI OIopu
ckinagae meHe 20% macu mpoJiTHO1 OyI0BH.

4.2.2.3 MoaeJb KOpCTKOI NPOJIiTHOI 0y/10BH

(1) lana Mozmenb MOK€ 3aCTOCOBYBATHUCS TUIBKU B
TOMY BHNAJKYy, SKIIO B yMOBax ceWcMiuHOi mii
MepeMIleHHs] TPOIITHOT OyJOBU B TOPU30HTANIbHIN
TJIOLIUHI 3Ha4YHO MEHIIE HOPIBHSHO 3
TOPU30HTAIIBHUMU NEPEMIIIEHHSIMH BEPXHIX YaCTUH
omop. Jlama yMoBa 3aBXIM BHUKOHYETbCA B
MOJIOBKHBOMY HampsiMi MPSIMOJIIHIMHUX MOCTIB 3
HEPO3PI3HOI0 MPOJITHOIO OYA0BO0. Y MOMEPEYHOMY
HarpsiMi TPOJIITHA Oy/I0Ba BBAKAETHCS 32 JKOPCTKY,
sxmo L/B < 4,0 abo sKmo BUKOHYETHCS HACTyITHA

yMOBa:

ne:

L 3arajibHa JIOBXXKMHAa HEPO3PI3HOI MPOJITHOT
OynoBu;

B mmpuna npositHOi Oy10BH;

Ad Ta da MakCHMasbHA PI3HHUIA 1 CEpEIHE 3HAUCHHSI
MepeMIIeHb B MOIMEPEYHOMY HaIIpsiMi BCIX BEPXHIX
YaCTUH OIOP B YMOBAaXxX IOMEPEYHOi ceicMivHOi mil
abo B yMoOBax [ii TONEPEYHOr0 HABaHTAXCHHS
AQHAJIOTTYHOTO PO3MOILTY, BIIIOBITHO.

(2)P Hacnigku 3emieTpycy MOXKHA BU3HAYUTH 32
JOTIOMOTO0 JIOKJITaHHSIM TOPHU30HTAIBHOT
eKBIBaJICHTHOI cTaTuyHOi cuiaum F g0 mpodiTHOI
Oy/I0BH, 110 BUPAXKAETHCS HACTYITHUM PIBHSIHHSIM:

F=M S«(T)
ac:

M 3aranpHa (pakTMYHA Maca KOHCTPYKIi, piBHa
Maci MpoJiTHOI OyAOBHM IIIIOC Maca BEpXHbOI
MIOJIOBUHU OIIOP;

Sa(T) cmekTpanpHa XapaKTepHCTUKa HMPUCKOPESHHS
komuBanb (EN 1998-1:2004, 3.2.2.5), BimnosigHe
ocHOBHOMY mepiogy T MocTa, SKui BH3HAYAETHCS
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eccentricity e, between the centre of stiffness of the
supporting members and the centre of mass of the
deck does not exceed 5% of the length of the deck

(L).

(©) In the case of piers carrying simply-supported
spans, if no significant interaction between piers is
expected and the total mass of each pier is less than
20% of the tributary mass of the deck.

4.2.2.3 Rigid deck model

(1) This model may only be applied, when, under the
seismic action, the deformation of the deck within a
horizontal plane is negligible compared to the
horizontal displacements of the pier tops. This
condition is always met in the longitudinal direction
of approximately straight bridges with continuous
deck. In the transverse direction the deck may be
assumed rigid either if L/B < 4,0, or if the following
condition is satisfied:

where:
L s the total length of the continuous deck;

B is the width of the deck; and

Aq and da are respectively the maximum difference
and the average of the displacements in the
transverse direction of all pier tops under the
transverse seismic action, or under the action of a
transverse load of similar distribution.

(2)P The earthquake effects shall be determined by
applying a horizontal equivalent static force F at the
deck given by the expression:

(4.12)
where:

M is the total effective mass of the structure, equal to
the mass of the deck plus the mass of the upper half
of the piers;

S¢(T) is the spectral acceleration of the design
spectrum (EN 1998-1:2004, 3.2.2.5) corresponding
to the fundamental period T of the bridge, estimated



TAKAM YUHOM:
T=2x M
| K

K=ZKi - 1e J>KOpCTKICTb CHUCTEeMH, piBHa CyMi
KOPCTKOCTEH €JIEMEHTIB, 10 YHHATH OTIIp.

e

(3) VYV nonepeunomy Hampsmi cuwia F  Moxke
pO3NOJUISATHCS ~ Y3/IOBX  MPOJITHOI  OYyJOBH
MPOTOPIIIITHO PO3TOILTY Mac.

4.2.2.4 MojaeJb THY4YKOI NPOJIITHOI 0y/10BH
()P Mopgenp  TrHy4KOi  NPOJITHOI

BUKOPUCTOBYETHCS B TOMY BHIIAJIKY,
BUKOHY€ThCS BUpa3 (4.11).

OynoBu
SAKIIO HE

(2) Sxmo Hemae TOYHIMIOTO CHOCOO0Y PO3PaXyHKY,
OIlIHKa TOJIOBHOTO  TEpioJy  KOHCTPYKLii B
TOPU30HTAIEHOMY HAINpsMi MOKe IMPOBOJTUTHCS 3a
JOTIOMOTO¥0 BifHOIIECHHST Pesest 3 BHKOPUCTaHHIM
y3arajgbHEHO1 CHCTEMH 3 OJHIEI0 CTYITIHHIO CBOOOTH:

2
oo,y | 2Midd
gzMidi

Ie:

Mi Maca B i -0#i By3JI0Biii TOYII

di MepPeMIilllEcHHss B JIAaHOMY HampsiMi, KOJIH
KOHCTPYKIlisS 3HAXOAMUTHCSA I BIUIMBOM cuii gMi,
0 JIOTh Yy BCIX BY3JIOBHX TOYKaxX B JIAHOMY
TOPU30HTAILHOMY HAIPsMI.

(3)P [iro 3emierpycy MOXXKHAa BHU3HAYUTH 32
JOTIOMOTO0 3aCTOCYBaHHS TOPU30HTAILHUX cWil Fj y
BCIX BY3JIOBUX TOYKaX, W0 BHUPAXKAEThCI 32
JIOTIOMOTOO PIBHSHHSL:

4r?

Fi = g-|-728d (T)diMi

ac:

T mepioag TOJOBHOTO BUAY KOJHUBaHb B JTaHOMY
TOPU30HTAILHOMY HampsMi
Mi Maca, CKOHIIEHTpPOBaHa B i-iif TOYII1

np ACTY-H b EN 1998-2:201X

as:

(4.13)

where

K=ZK; is the stiffness of the system, equal to the sum
of the stiffnesses of the resisting members.

(3) In the transverse direction the force F may be
distributed along the deck proportionally to the
distribution of the effective masses.

4.2.2.4 Flexible deck model

(1)P  The Flexible Deck Model shall be used when
expression (4.11) is not satisfied.

(2) Unless a more accurate calculation is made, the
fundamental period of the structure in the horizontal
direction considered, may be estimated via the
Rayleigh quotient, using a generalised single-degree-
of-freedom system, as follows:

(4.14)

where:

Mi is the mass at the i-th nodal point

di is the displacement in the direction under
examination when the structure is acted upon by
forces gMi acting at all nodal points in the horizontal
direction considered.

(3)P The earthquake effects shall be determined by

applying horizontal forces Fi at all nodal points
given by:

(4.15)

where:
T is the period of the fundamental mode of vibration

for the horizontal direction considered,
Mi is the mass concentrated at the i-th point,
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di nepeMiieHHss i-i  BYy3J0BOT TOYKH IpH
anpokcumanii  GOpMH XBHJI MEPUIOTO MOPSAKY
(MOYe BBaKATHCS 3a PIBHY 3HAYCHHSM, BH3HAUCHUM
B (2) BuLIE)

S«(T) cmekrtpanbHa XapaKTepPUCTHKA HMPUCKOPEHHS
kosimBasb (EN 1998-1:2004 3.2.2.5);

g MPUCKOPEHHS BUIBHOTO Ta [IHHS.

4.2.25KpydyeHHsi B TONEPEYHOMY HAMPSIMKY
(o0epTaHHS HABKO0JIO BEPTHKAJIbHOI 0Ci)

(1) Komm wMomenb IKOpCTKOi ab0  THYYKOT
MPOJIITHOL OynoBH BUKOPHUCTOBYETHCS B
MONEPEYHOMY HANpPSIMKy MOCTa, M0 KpPYYEHHS
MOXXHa BHU3HAYUTH 3a JIOIOMOIOI0 HPUKIIAJCHHS
CTaTUYHOTO KPYTUIBHOTO MOMEHTY Mt , BIIIIOBIIHO
10 Bupazy  (4.1) naparpapa  4.1.5(3)P.
[IporHo3zoBaHuii E€KCHEHTPUCUTET PO3PAXOBYETHCA
TaKUM YHHOM:

e= eqte;
ne:
€o TCOPCTHYHHI eKCIEHTPUCHTET (auB. BHUanaok (D)
4222(1); ea = 005 L - me [momaTKOBHiA
eKCIICHTPUCUTET, M0 BPaxOBYE 3a BHUMAIKOBI 1

IUHAMIYHI 11l

2 Cuny F MOXHA BH3HAYHTH 0 BHpPasy
(4.12) a6o y Burisani XFi 3 Bupasy (4.15). MomeHT

Mt po3moauIsieThCS HAa  ONOPHI  €IeMEHTH 3
BUKOPDHUCTAaHHSIM  MOJIENiI  YKOPCTKOi  TPOJIITHOL
OyI0BH.

4.2.2.6 Moaeab okpeMoi onopu

(1) B neskux Bumagkax ceWcMiuHIA Aii B
MONEPEYHOMY HAmpsMi MOCTa MNPOTUJIIOTH TUIbKH
omnopu 0e3 ICTOTHOT B3aeMO/Iii MK CO00r0. Y TaKux
BUIAJKaX, CEUCMIYHICTh, IO BIUIMBAE Ha | -YIO
omopy, Moxe OyTH BH3HAU€Ha 3a JIOTIOMOTOIO
JOJIATKy 10 Hel eKBIBAJIEHTHOT CTATUYHOT CHIIH:

Fi=M; Sq(T)
ne M; - e gaxkTuyHa Maca, BiAMOBIAHA OTIOPI i, a

T =2rx M,
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di is the displacement of the i-th nodal point in an
approximation of the shape of the first mode (may be
taken as equal to the values determined in (2)
above),

Sa(T) is the spectral acceleration of the design
spectrum (EN 1998-1:2004, 3.2.2.5), and

g is the acceleration of gravity.

4.2.2.5 Torsional effects in the transverse
direction (rotation about the vertical axis)

(1)  When the Rigid or the Flexible Deck Model
is wused in the transverse direction of
a bridge, torsional effects may be estimated by
applying a static torsional moment M in accordance
with expression (4.1) of 4.1.5(3)P. The relevant
eccentricity shall be estimated as follows:

(4.16)
where;

€o is the theoretical eccentricity (see case (b) of
4.2.2.2(1)) ea = 0,05L is an additional eccentricity
accounting for accidental and dynamic amplification
effects

(2)  The force F may be determined either from
expression (4.12), or as XF; from expression (4.15).
The moment Mt may be distributed to the supporting
members using the Rigid Deck Model.

4.2.2.6 Individual pier model

(1) In some cases the seismic action in the transverse
direction of the bridge is resisted mainly by the piers,
without significant interaction between adjacent
piers. In such cases the seismic action effects acting
in the i-th pier may be approximated by applying on
it an equivalent static force:

(4.17)

where M; is the effective mass attributed to pier i and

(4.18)



[le OCHOBHHUH mepiog  JgaHOi  omopu,  WIO
PO3TJISINAETECA  HE3AIEKHO Bil PEHITH YaCTUHH
MOCTa.

(2) Jane chpomieHHsSI MO€ 3aCTOCOBYBATHCS SK
nepia anpoKCUMALIS TUIs NPOBEICHHS
MIONEPETHBOIO PO3PAXYHKY 32 YMOBH, 1[0 HACTYIIHA
yMOBa BUKOHY€ThCSI pe3yibraTamMu Bupasy (4.18)
ISl BCIX CyMDKHUX orop | Ta i+1

0.9<T, /T, <11

i+l

[nakme notpiOHuil nepepo3noAin (aKTUYHUX Mac
KO>KHO1 OIOpH, IO IPUBEAE IO 3aJ0BOJICHHS JaHOI

YMOBH.

4.2.3 AJIbTepHATHUBHI JiHiliHI MeTOAN

4.2.3.1 Po3paxyHOK TUM4YacOBHX PSIiB

()P B paMkax po3paxyHKy THUMYacOBHX ps/IiB
pO3paxyHKOBa CeWcMIiuyHA sl TPUUMAETBCS K
CepelHE 3HAUeHHs peakuii, po3paxoBaHOi MaJIs
KOXHOi ceficMOorpaMH TPUCKOpPeHb B  Habopi
JTUHAMIKH 3MiH, BUOIp SKUX TMPOBOJTUTHCSA 3TITHO
3.2.3.

4.2.4 Heniniiinnii 1MHAMIYHHHA PO3PaxXyHOK Ha
aKceJieporpamMmu

4.2.4.1 3araabHi MoJ1oKeHHA

()P 3anexxna Bim Yacy peakilisi KOHCTPYKIIIT
BHUBOJIUTHCS 33 JIOTIOMOTOK MPSIMOi  YHCEIbHOT
iHTEerpamnii HeMHIMHUX AudepeHIliaTbHUX PIBHSAHD
nepemimieHb. Sk BXiAHI JaHi BHKOPHCTOBYIOTHCS
TUMYacOBI 3aIUCH nepeMilIeHHs TPYHTY
(ceiicMorpamu mpuckopenb, 1uB. 3.2.3). [lpu ubomy
MOBHHHI BPaXxOBYBAaTHCSl HABAHTA)KCHHS Bijl BIACHOT
Bard, IHII HaBaHTa)XEHHS KBas3imocTiMHOl il B
pPO3paxyHKOBIA CEHCMIYHIA cuTyamii, a TaKoxX
e(EeKTH JPYroro MopsaKy.

(2)P Sxmo He oOymoOBIEHE iHIE, TaHUH METOJ
MOX€  BUKOPHUCTOBYBATHUCA Yy TO€JHAHHI 13
CHEKTPaTbHO-MOJALHUM METOJIOM JJIi BHBYEHHS
OPY)KHOT Ul TOCTa peakuii 1 NOpIBHIHHA
HEOOXIHUX 1 HAsIBHUX BIIACTUBOCTEN MOJATIUBOCTI.
PesynpTaTi HENMiHIMHOTO pO3paxyHKy HE IOBHMHHI
BUKOPUCTOBYBATHCS JJIsl 3MEHIICHHS Pe3yNbTaTiB,
OTPUMAHUX B  XOJlI  CIEKTPAIbHO-MOJAIHLHOTO
PO3paxyHKYy. [Tpote JUISt MOCTIB 3
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is the fundamental period of the same Dpier,
considered independently of the rest of the bridge.

(2) This simplification may be applied as a first
approximation for preliminary analyses, when the
following condition is met by the results of
expression (4.18) for all adjacent piers i and i+1

(4.19)

Otherwise a redistribution of the effective masses
attributed to each pier is required, leading to the
satisfaction of the above condition.

4.2.3 Alternative linear methods
4.2.3.1 Time series analysis

(1)P In a time series analysis, the design seismic
action shall be taken as the average of the extreme
response computed for each accelerogram in a set of
time-histories considered. Subclause 3.2.3 applies
for the choice of time-histories.

4.2.4 Non-linear dynamic time-history analysis

4.2.4.1 General

(1)P The time dependent response of the structure
shall be obtained through direct numerical
integration of its non-linear differential equations of
motion. The seismic input shall consist of ground
motion time-histories (accelerograms, see 3.2.3). The
effects of gravity loads and of the other quasi-
permanent actions in the seismic design situation, as
well as second order effects, shall be taken into
account.

(2)P Unless otherwise specified in this Part, this
method can be used only in combination with a
standard response spectrum analysis to provide
insight into the post -elastic response and
comparison between required and available local
ductility demands. Generally, the results of the non-
linear analysis shall not be wused to relax
requirements resulting from the response spectrum
analysis. However, in the cases of bridges with
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CeMCMOBONAIMHUMU TPUCTPOSMU (IMB. pO3ALT 7)
abo 1 HecTanmapTHux MoctiB (quB. 4.1.8) 3amicThb
pe3ybTATIB CHEKTPAIbHO-MOAAIBHOTO PO3PAXYHKY

MOXYTh BHUKOPHCTOBYBAaTHCS HIKYl 3HAYCHHS,
OTpUMaHI B  XOJi JKOPCTKIIIOTO  PO3pPaxyHKY
JIMHAMIKA 3MIHU.

4.2.4.2 Iepemimenns TPYHTY i

PO3PaxXyHKOBi CIIOJIy4YeHHS

(1)P 3acrocoByrotbcst ymoBu 3.2.3.

(2)P 3acrocoByrothest ymoBu 5.5(1) 14.1.2.
4.2.4.3 Po3paxyHKOBi 3HaYeHHSs nepeMillleHb

(1)P Skmo mpoBOAWUTHCS HENIHIMHUM JUHAMIYHHI
PO3paxyHOK IS, SIK MIHIMYM, CEMH HE3aJIeKHUX Tap
TOPU3OHTAILHUX TEPEeMIlleHb TPYHTY, CEpeaHE
3HAYCHHS OKpEMUX peaxiriif MOXeE
BUKOPHUCTOBYBATHCA SIK PO3PaXyHKOBE 3HAYCHHS
TaKUX MepeMillleHb (KO B JaHId 4YacTUHI He
notpiOHe  iHme).  SIKmo A BiAMOBITHHUX
HE3JICKHHUX Tap 3CYBIB MPOBOJUTHCS MEHIIE CEMU
HEMHIMHUX  JAMHAMIYHUX  pO3paxyHKIB, K
pO3paxyHKOBE 3HAa4eHHs TOBHUHHA BUOMpaATHCS
MaKCUMaJbHa PEaKIlis.

4244 IMopaTauBi KOHCTPYKILiT

(1) 3aBmanus

Hwxue nepepaxoBaHi OCHOBHI 3aBlIaHHS
HEJIHIHHOTO  JAWHAMIYHOTO  PO3PaxXyHKy IS
MOJIATIINBOTO MOCTA.

-BusnaueHHss  3arajgpbHOi  KapTUHU  yTBOPEHHS

IJIACTUYHUX MIAPHIPIB.

- OmiHKa 1 TepeBipKa MOXIJIMBUX TEpEeMillleHb B
IUTACTUYHUX IHApHIpax 3a MEXEKH TEeKy4docTi, a
TaKOX OI[IHKAa HEOOX1THUX MEPEMIIICHb.

- BusHaueHHsT BUMOr, M0 MPEISIBISIOTBECA JIO
MIIHOCTI, AJIsl 3ar00iraHHsl pyHHYBaHHIO MPOJITHUX
OyZIOB 1 Ui IEPEeBIPKHU TPYHTIB.

(2) Bumoru
Jna  momaTiMBUX — KOHCTPYKIIA,  J0  SIKUX
MpeI'IBISIOTHCS BUCOKI BUMOTH BiTHOCHO MiCIIEBO1

IJIACTUYHOCTi, /[ BUKOHAHHS 3aBJaHb (IUB.
BUIIUI) MOTPIOHE HACTYITHE:
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isolating devices (see Section 7) or irregular bridges
(see 4.1.8) lower values estimated from a rigorous
time-history analysis may be substituted for the
results of the response spectrum analysis.

4.2.4.2 Ground motions and design combination

(1)P  The provisions of 3.2.3 apply.
(2)P  The provisions of 5.5(1) and 4.1.2 apply.
4.2.4.3 Design action effects

(1)P When non-linear dynamic analysis is performed
for at least seven independent pairs of horizontal
ground motions, the average of the individual
responses may be used as the design value of the
action effects, except if otherwise required in this
part. When less than seven non-linear dynamic
analyses are performed for the corresponding
independent pairs of input motions, the maximum
responses of the ensemble should be used as design
action effects.

4.2.4.4 Ductile structures
(1) Objectives

The main objectives of a non-linear time-history
analysis of a ductile bridge are the following.

-The identification of the actual pattern of plastic
hinge formation

-The estimation and verification of the probable
post-yield deformation demands in plastic hinges
and the estimation of the displacement demands

-The determination of the strength requirements for
the prevention of non-ductile failure modes in the
superstructure and for the verification of the soil.

(2) Requirements
For a ductile structure subjected to high local

ductility demands, achievement of the above
objectives requires the following.



(@) BusHauenus (baKTHIHIX JIUISTHOK
KOHCTPYKIii, 110 30epiratoTh NpYy>KHICTb, 3aCHOBAaHE
Ha 3HAa4YCHHsAX Hampyrm 1 jgedopmarii, 3
ypaxyBaHHAM TEKy4OCTi MaTepiaty.

(b) VYV 30HI IUIACTUYHUX MIAPHIPIB  KPHBI
3aJIeKHOCTI edopmariii Big Hanpyru st OEToHy 1
apMaTypu ab0 KOHCTPYKIIHHOT cTayli TMOBHHHI
BpaxoByBaTH IMOBEAIHKY MaTepialliB 3a MeXaMu
TEKy4OCTi, 3BaKalOUM Ha HEMNpsMe apMyBaHHS
O0eToHy, a Takox nedopmalliiiHe 3MIIHEHHS 1/a00
MICIIeBy BTpary criiikocti crami. Ilpu npomy
HEOOXITHO  TPaBWUJIBHO  3MOJCNIOBATH  METII
TICTEPE3UCy 3 ypaxyBaHHSIM Jerpajaailii MIHOCTI 1
KOPCTKOCTI 1 TICTEPE3UCHOT0 3BYXKEHHS, SKIIO TakKi
sSBUIIA OyAyTh BUSBIEHI B X0J1 J1aDOpaTOPHUX
BUNPOOYBaHb.

(c) HeoOximHo mepeKOHATHCS, IO BHMOTH O
nedopmarii - HWKYE MOXKIMBOCTEH TIJIACTHYHHUX
MIAPHIPIB; I IBOTO MOTPIOHO TMOPIBHITH HEOOX1THI
KyTH oOepTaHHS IUIACTUYHHUX IIapHIpiB, Ope 3
PO3paxyHKOBUMH, O d:

Po3paxyHkoBi  3HaYeHHST  KYyTIB  IUIACTUYHOTO
obepranHs, 0,4, MOXHA BHUBECTH Ha MIJICTaBl
pe3ynbTaTiB  BIANOBIAHMX  BHUMNpPOOyBaHb, abo
po3paxyBaTd NO KPHBHX TPAHUYHUX 3HAYCHb, LIS
yoro nmnependadyBaHe 3Hau€HHS Opd MOTPIOHO

po3aUTUTH Ha Koe(diuieHT 6Opy, SKUH BpaxoBye

MiciieBl J1e(EKTH KOHCTPYKIIii, HEBU3HAYEHOCTI
Mojieni 1/a00 PpO3KWJ Pe3yJabTaTiB  BiIMOBIIHUX
BHUIPOOYBaHb:
0 ,= O
p.d —
VRr,p

Taxy »x nepeBipky HEOOX1HO TPOBOIUTH 1 BITHOCHO
HEOOXITHUX TEePEMIIEHb 1 MOJKJIMBOCTEH IHIIHUX

KOMIICHCYIOUMX  30H  CTaJEBUX  KOHCTPYKIIiH
(HampuKIa, [IOIOBYKEHHS PO3TATHYTHX
JiaroHalMbHUX  eleMeHTiB 1 Jedopmanii B

€KCLIEHTPUYHUX B'SI3X MaHee ).

ITPUMITKA B nosimkoBomy nomatky E mpuBomuThCs
1H(pOpMAIIS IS OLIHKH Gy d 1 JUTA ) re

(d) IlepeBipka MIIHOCTI €IEMEHTY Ha 3THH IIif
BIJIMBOM OCBOBOI CHJIM HE MOTPiOHA, OCKUTBKH BOHA
nepeadavaeTbes BHYTpIIIHIM MEXaHI3MOM
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@) A realistic identification of the extent of the
structure that remains elastic. Such an identification
should be based on probable values of the yield
stresses and strains of the materials.

(b) In the regions of plastic hinges, the stress-
strain diagrams for both concrete and reinforcement
or structural steel, should reflect the probable post-
yield behaviour, taking into account confinement of
concrete, when relevant, and strain hardening and/or
local buckling effects for steel. The shape of
hysteresis loops should be properly modelled, taking
into account strength and stiffness degradation and
hysteretic pinching, if indicated by appropriate
laboratory tests.

(©) The verification that deformation demands
are safely lower than the capacities of the plastic
hinges, should be performed by comparing plastic
hinge rotation demands, 6,g, to the relevant design
rotation capacities, Gy, as follows:

(4.20)

The design values of the plastic rotation capacities,
0,4, Should be derived from relevant test results or
calculated from ultimate curvatures, by dividing the
probable value 6,4 by a factor, 6,., that reflects local
defects of the structure, uncertainties of the model
and/or the dispersion of relevant test results, as
follows:

(4.21)

The same condition should be checked for other
deformation demands and capacities of dissipative
zones of steel structures (e.g. elongation of tensile
members in diagonals and shear deformation of
shear panels in eccentric bracings).

NOTE Informative Annex E gives information for the
estimation of 6,4 and for yge

(d) Member strength verification against bending
with axial force is not needed, as such a verification
is inherent in the non-linear analysis procedure
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HeNiHIfHOTO po3paxyHKy (a) Bume. [lpu mpomy,
poTe, HEOOXIJHO TMEPEeKOHATHCS Yy BiICYTHOCTI
TEKYy4OCTI B mpoJiiTHiH Oym0Bi ( 5.6.3.6(1)P i (2)).

(e) [lepeBipka eneMeHTIB Ha CTIHKICTH 10 XPYIKOTO
pyliHYBaHHS (3pi3 €JIEMEHTIB 1 3pi3 B 3'€JIHAHHSX,
CYMDKHUX 3 IUIACTUYHUMH UIapHIpaMH), a TaKOX
nepeBipka GpyHIAMEHTY Ha HEPIBHOMIPHE OCIIaHHS
MMOBUHHA  MPOBOJUTHCS  3TIAHO  BiAMOBIIHUM
npaBuiaaM po3ainy S. IIpu mpomy sSIK po3paxyHKOBi
3HA4YEHHS pe3yabTaTiB T MOBHHHI
BUKODHUCTOBYBATHUCS  pe3yJibTaTH  HENIHIHOTO
PO3paxyHKy, TOMHOEHI Ha Ygdi 3rifHO 5.6.2(2) Pb.
Jlani 3HaueHHs He TIOBUHHI IEPEBULIYBATH

PO3paxyHKOBI OTIOpH Ry(=R/7w)
MEPETUHIB, T.€.:

BIAMOBITHUAX

max E, <R,

4.2.4.5 MocTtH 3 ceiicMoi30/1i€I0

(1)  3aBgaHHs po3paxyHKy B JaHOMY BHIAJIKY

mojsrac B TOMYy, MO0 OIIHUTH  (aKTUUHI
MepeMILEeHHS 1 3yCUIIIS:
-BpaxoOBYIOUH MOKJIHB1 HACTIIKA 3MIHU

BJIACTUBOCTEH 130JIATOPIB;
-TIEPEKOHYBABIIINCH, IO 130JIbOBaHA KOHCTPYKIIIS
30epirae Npy>kHICTb.

2 3acTOCOBYIOTHCS YMOBH PO3IiTY 7.

4.2.5 CrtaTuyHuii HeJJiHiHHUA MeTO (PO3PaxXyHOK
10 Hecyyviil 31aTHOCTI)

()P Po3paxyHOK MmO Hecydil 34aTHOCTI - IIe
CTAaTUYHUN HETIHIMHUN PO3paxyHOK KOHCTPYKIII,
0  3HAXOJUTBCA  MiJ  BIUIMBOM  IOCTIHHUX
BEpTUKAIbHUX (TpaBiTal[liHUX) HaBaHTAKCHb 1
TOPU30HTAJILHUX HABaHTAXKEHb, W0 PIBHOMIPHO
MIABUINYIOTECS, SKI MPEACTaBIeHI TOPU30HTATIHHOIO
ceiicMiuHiO ckianoBo. [loBHHHI BpaxoByBaTuCs
TakoX e(eKTH ApPYyroro mnopsaky. [ opu3oHTaNbHI
HaBaHTAXXEHHs 30UTBIIYIOTHCS O THX Mip, TOKU B
KOHTPOJIBHIN TOYIll HE OyayTh JOCATHYTI IJIaHOBaHI
MepeMilleHHS.

(2 Hwxue nepepaxoBaHi OCHOBHI
3aB/IaHHS JJAHOTO PO3PAXYHKY.

- OuiHka MocHiIoBHOCTI (POpMYBaHHsS 1 KiHIIEBOTO

62

according to (a) above. However it should be
verified that no significant yield occurs in the deck
(5.6.3.6(1)P and (2)).

(e) Verification of members against non-ductile
failure modes (shear of members and shear in joints
adjacent to plastic hinges), as well as of foundation
failure, should be performed in accordance with the
relevant rules of Section 5. The capacity design
action effects should be taken as the action effects
resulting from the non-linear analysis multiplied by
vedi, in accordance with 5.6.2(2)Pb. These values
should not exceed the design resistances

Ry(=Ri/7w) of the corresponding sections, i.e.:

(4.22)

4.2.4.5 Bridges with seismic isolation

(1)  The objective of the analysis in this case is
the realistic assessment of the displacement and
force demands:

- properly taking into account the effect of the
variability of the properties of the isolators, and

- ensuring that the isolated structure remains
essentially elastic

(2) The provisions of Section 7 apply.

4.25
analysis)

Static non-linear analysis (pushover

(1)P Pushover analysis is a static non-linear analysis
of the structure under constant vertical (gravity)
loads and monotonically increased horizontal loads,
representing the effect of a horizontal seismic
component. Second order effects shall be accounted
for. The horizontal loads are increased until a target
displacement is reached at a reference point.

(2) The main objectives of the analysis are the
following.

- The estimation of the sequence and the final



MAaJIIOHKA TUTACTHYHUX MIAPHIPIB.

- OmiHka Mepepo3moaily CHI TICHS YTBOPECHHS
TUTACTUYHUX MIAPHIPIB.

- OTpuMaHHS KPUBOi 3CYBY OCHOBH-TIEPEMIIICHHS
(«kpuBa €MHOCTI»), a TakoX jaedopMariiftHuX
noTped IUIACTUYHUX MIApHIPIB 1O IJIAHOBAaHUX
NepeMilleHb.

(3) Jlammit MeTOa MOE 3aCTOCOBYBATHCS JI0 BCIET
KOHCTPYKITi{ MOCTa abo TUTBKU bi (4]

ii OKpeMUX KOMIIOHEHTIB.

(4) 3acrocoByroTbest BuMoru  4.2.4.4(2); BUHATOK

CTAaHOBUTH  BHMMOTA, 10 MPEI'SBISIETbCA 10
MOJENIOBaHHS  (opMHM  TETJl  TICTEpEe3Ucy B
4.2.4.4(2)b.

IMPUMITKA 1V noBigkoBomy nomatky H mpuBOauUTHCS Omuc
ANrOpUTMY, IO PEKOMEHIYETHCS, MO 3aCTOCYBAaHHIO JAaHOTO
METony.

ITPUMITKA 2 BigmiueHo, 1[0 CTaTHYHHUN HEIiHIHHUI
po3paxyHok (10 3IaTHOCTI, 1m0 Hece) (auB. momatok H) mae
peayicTUuHI pe3yNbTaTh Ui KOHCTPYKIIHM, peakiiio sKHX Ha
TOPH30HTAJbHY CEWCMIUHY [Mil0 B JaHOMY HampsiMi MOXKHa
PO3YMHO ampOKCHMYBATH 3a JIONIOMOrOK  y3araJbHEeHOT
CHCTEMH 3 OJIHIEIO CTYMIHIO CBOOOIM. SIKIIO TOMYCTHTH, IO
BIUIMB Mac OIOp HE3HA4YHWH, BUMOra, IpUBEICHA BHIIE,
3aBKIM BHUKOHYBATHUMETHCS B IOJOBXKHHOMY HampsMi s
NPSMOTIHIHHUX MOCTIB. J[aHa BUMOra BUKOHYETHCS TaKOX 1 B
MONEPEeYHOMY HANpsMi, SKIIO PO3MOJIII KOPCTKOCTEH Omnop
Y3II0BXK MOCTa 3a0e3Ieuye Te, 10 PIBHOMIPHE CIIUPAETHCS ISt
nponiTHoi OynoBu. lle HaiOLIbII 3arajnbHUil BUNANOK ISt
MOCTIB, y SIKMX BHCOTa OIOP 3HW)KYETbCS Y HANpsMI CTOSIKIB
a0o0 He Mae 3Ha4yHUX 3MiH. [IpoTe SIKIIO MICT Mae OfHY Iy)Ke
JKOPCTKY OIOpY, [0 HE Ja€ OCIJaHHS, PO3TAlIOBaHE MIX
3BHYAIIHUMU ONOpaMH, CUCTEMA He MOXKe OYTH alpOKCHMOBaHa
B IONEPEYHOMY HAmpsiMi 3a JOMOMOTOI0 METONY 3 OJIHI€I0
CTYIIEHHIO CBOOOJIM, a PO3PAaXyHOK IO HECydYii 3J]aTHOCTI, He
JIaCTh PEANiCTUYHUX Pe3yNbTariB. JlaHe BUKIIOYEHHS IilicHe
TaKOX U1l BEJIHMKONPOTSDKHHX MOCTIB, Y SIKHX OIOPH
MiJIBUIIEHOT ~ JKOPCTKOCTI  PO3TAalllOBaHi  MDK  TIpylaMu
3BHYAHHUX OMOp, 1 IISI MOCTIB, y SIKHX Maca JESKHX OIop
pOOHTH ICTOTHO BIUTUB HA AWHAMIYHI XapaKTEPUCTHKH B OyIb-
skoMy 3 aBox HampsamiB. II[o® ycyHyTm Taki HecTaHmapTHI
KoH(}irypamii, B cucTeMi MOXHa IepeadavnTH, HATPUKIA,
OMOpHI YaCTHMHM KOB3aHHA MDK TPONITHOIO OyaOBOIO 1
OrmopaMu, M0 BHUKIUKAIOTh TaKy HEpPIBHOMIpHICTH. Skmio me
BHUABIISIETECS HEIOUIIPHUM, BHKOPHUCTOBYETHCS HETIHINHHN
JMHAMIYHUH pO3paXyHOK Ha BIUTMBH aKCeJIeporpam.
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pattern of plastic hinge formation;

- The estimation of the redistribution of forces
following the formation of plastic hinges;

- The assessment of the force-displacement curve
of the structure ("capacity curve”) and of the
deformation demands of the plastic hinges up to the
target displacement.

(3) The method may be applied to the entire
bridge structure or to individual components.

4) The requirements of 4.2.4.4(2) apply, with
the exception of the requirement for modelling of the
hysteresis loop shape in 4.2.4.4(2)b.

NOTE 1 A recommended procedure for the application of this
method is given in Informative Annex H.

NOTE 2 It is noted that a static non-linear (pushover) analysis,
such as the one given in Annex H, leads to realistic results in
structures, the response of which to the horizontal seismic
action in the direction considered can be reasonably
approximated by a generalized one degree of freedom system.
Assuming the influence of the pier masses to be minor, the
above condition is always met in the longitudinal direction of
approximately straight bridges. The condition is also met in the
transverse direction, when the distribution of the stiffness of
piers along the bridge provides a more or less uniform lateral
support to a relatively stiff deck. This is the most common case
for bridges where the height of the piers decreases towards the
abutments or does not present intense variations. When,
however, the bridge has one exceptionally stiff and unyielding
pier, located between groups of regular piers, the system cannot
be approximated in the transverse direction by a single-degree-
of-freedom and the pushover analysis may not lead to realistic
results. A similar exception holds for long bridges, when very
stiff piers are located between groups of regular ones, or in
bridges in which the mass of some piers has a significant effect
on the dynamic behaviour, in either of the two directions. Such
irregular arrangements may be avoided, e.g. by providing
sliding connection between the deck and the pier(s) causing the
irregularity. If this is not possible or expedient, then non-linear
time history analysis should be used
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5 HEPEBIPKA MIIIHOCTI
5.1 3arajapHi HOJI0KEHH

(1)P YMoBH JaHOTO PO3JIUTY CTOCYIOTHCS CHUCTEMU
CEMCMOCTIHKOCTI ~ MOCTIB,  CIPOEKTOBaHMX  3a
JOTIOMOTOI0 €KBIBJIGHTHOTO JIIHIMHOTO METOAY 3
ypaxyBaHHSIM  MoJaTiuBoi  abo  oOMeXeHOo-
MOJATIAMBOT TMOBEAIHKH KOHCTpyKuii (muB. 4.1.6).
JIns  MOCTIB, OCHAICHHX CEHCMOI30JISIIIHHIMU
MPUCTPOSIMH, 3aCTOCOBYIOTHCS YMOBH PO3ZIUTY 7.
[lepeBipka Ha migcTaBi pe3ysbTATIB HETIHIMHOTO
pO3paxyHKy TpOBOIUTHCS 3rimHo 4.2.4. Y naBox
OCTaHHIX BHUIaIKaX 3aCTOCOBYIOThCS yMOBH 5.2.1.

5.2  Marepiaau i npoexkTHa Mil[HiCTH
5.2.1 Marepiaau

(1) Y Moctax, po3paxOBaHHX Ha IOJATIUBY
MOBEIHKY Tipu ( > 1,5, 3a11300€TOHHI €IEMEHTH, B
SKUX MOXIIMBE YTBOPEHHSI IUIACTUYHUX IIApHIPIB,
MOBUHHI apMyBaTucs crauio kiacy I3 3rigHo
EN 1992-1-1:2004, tabmums C.1.

2 3aniz00eToHHI CIIEMCHTH MOCTIB,
po3paxoBaHl Ha TMOJATIMBY  TMOBEIIHKY, JI€
YTBOPEHHS TUIACTMYHUX IIApHIPIB HEMOXXJIWBE (3a
HacHiIKaMU pO3paxyHKy HECydoi 3JaTHOCTi), a
TakoXX BCl 3a71i300€TOHHI €JEMEHTH MOCTIB,
pO3paxoBaHUX Ha OOMEXKEHO-TIOJATIINBY IMOBEIIHKY
(g < 1,5) abo Bci 3ami300€TOHHI €IEMEHTH MOCTIB 3
CEHUCMIZOJIAIIEI0  3TIAHO  po3aily 7  MOXYTh
apMyBaTUCS CTALTIO Kiacy Y BiOMOBITHO 10 yMOB
EN 1992-1-1:2004, Tabmauis C.4.

(3)P KoHCTpyKTHBHI CTajJeBi €IEMEHTH BCIX MOCTIB
noBuHHI Bianosigatu ymoam EN 1998-1: 2004, 6.2.

5.2.2 IIpoekTHa MiHiCTH

(1)P PozpaxyHkoBe 3Ha4eHHS OIOpPY EJIEMEHTIB
noBMHHEe Bu3Hauatucs 3rimgo EN 1998-1:2004,
5.2.4,6.1.3a60 7.1.3.

5.3  Po3paxyHOK A0IyCTHMHX HABAHTAKeHb
(1)P J1nst KOHCTpYKLIH, pO3paxOBaHUX Ha MOJATIUBY
MOBEJIIHKY, PO3PaXyHOK JIOMYCTHMUX HaBaHTa)KE€Hb

Fc (Vc, Mc, Nc) noBuHEH mNpOBOIMTUCS 3a
JIOTIOMOTO0 TUIACTHYHOTO PO3PaXyHKY B yMOBaX:
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5 STRENGTH VERIFICATION
5.1 General

(1)P The provisions of this Section apply to the
earthquake resisting system of bridges designed by
an equivalent linear method taking into account a
ductile or limited ductile behaviour of the structure
(see 4.1.6). For bridges provided with isolating
devices, Section 7 shall be applied. For verifications
on the basis of results of non-linear analysis, 4.2.4
applies. In both latter cases 5.2.1 applies.

5.2 Materials and design strength
5.2.1 Materials

(1)P In bridges designed for ductile behaviour with
g> 1,5, concrete members where plastic hinges may
form, shall be reinforced with steel of Class C in
accordance with EN 1992-1-1:2004, Table C.1.

(2) Concrete members of bridges designed for
ductile behaviour, where no plastic hinges may form
(as a consequence of capacity design), as well as all
concrete members of bridges designed for limited
ductile behaviour (q < 1,5) or all concrete members
of bridges with seismic isolation in accordance with
Section 7, may be reinforced using steel of Class B
in accordance with EN 1992-1-1:2004, Table C.4.

(3)P  Structural steel members of all bridges shall
conform to EN 1998-1: 2004, 6.2.

5.2.2 Design strength

(1)P The design value of member resistance shall be
determined in accordance with EN 1998-1:2004,
5.2.4,6.1.3 0or 7.1.3, as appropriate.

5.3 Capacity design

(1)P For structures designed for ductile behaviour,
capacity design effects Fc (Vc, Mc, Nc) shall be
calculated by analysing the intended plastic
mechanism under:



a) HeceHCMIYHOT  Zif B pPO3PaxyHKOBIi
ceicMIuHil cuTyartii
b) celicMiuyHOi aii B JaHOMY HampsiMi (IHB.

(6)),mpu sikoMy Yy BCIX IUIACTHMYHHX IIApHIpax
3'ABISIOTHCSL 3TMHAIOYM MOMEHTH, DIiBHI BEpXHIH
MeXi iX omopy, SKi ~ Ha3MBAIOTbCI MOMEHTOM
HaaMmimaocTi, Mo.

(2) Po3paxyHkoBux  3HauyeHb JOIIyCTUMUX
HaBaHTaX€Hb, 10 HaOyBalOTb, MOXYTb HE
[IEpEBUILYBaTH 3HAYEHHS, BUBEJICHI TUISt

pPO3paxyHKOBOi ceilcMiuHOi cuTyamii (auB. 5.5) B
JAHOMY HampsiMi; TOpU LbOMY CEHCMIYHA Jis
YMHOXAEThCS HAa  KOe(IIEHT TOBEIIHKA I,
BUKOPUCTOBYBAHUI MpPHU PO3PaxXyHKOBIN ceHCMIUHIN
Tii.

3P MoMEHT HaJAMIIHOCTI NEPETUHY IOBUHEH
pO3paxoByBaTUCs MO (Gopmyi:

Mo = yoMRg
ae:

yo Koe(iieHT HaIMIIHOCT1;
MRrd po3paxyHKOBa MIIHICTh MEPETUHY HA 3THH Yy

BHOpaHOMYy HampsiMi 1 3 BHOpaHUM 3HAKOM
BIMOBIIHO 70 JIHCHOI TEOMETpii TepeTuHy,
BKJIIOYAIOYM  BJIACTMBOCTI  apMarypu  (SIKIIO

BHUKOPHUCTOBYEThCS) 1 MarepianiB (i3 3HAYCHHSIMU
MRrd a7 OCHOBHHMX MNpPOEKTHHX cuTyauiid). [Ipu
BU3HAueHHI MRd, JBOBICHMII 3TMH  IOBUHEH
BpaxOBYyBaTHCS B yMOBax: (a) HecelcMI4HOI nii B
pO3paxyHKOBiii  cedicmiuniii  curyamii 1 (D)
cercMiyHOT  nii,  BIAMOBIMHOI  PO3PAXyHKOBIH
CEHCMIYHOCTI 3 BHOpAaHUM HAIIPSMOM 1 3HAKOM.

(4) KoedirieHT HaaMIIIHOCTI BPaxOBYe MiHJIUBICTh
XapaKTEPUCTHK MIIHOCTI MarepiamiB, a TaKOX
BITHOILIEHHS MEX1 MILIHOCTI 10O MEX1 TeKy4OCTi.

[MPUMITKA 3nadeHHs, IPUBIACHEHE Jo UISI 3aCTOCYBAHHS B
KpaiHi, MO)XHAa 3HAaWTH B HAMIOHAJHFHOMY 3aCTOCYBaHHI.
3Ha4YeHHS, 1[0 PEKOMEHIYIOThCS:

- 17151 3aJ1i300€TOHHUX eNleMEeHTIB: yo = 1,35
- IS CTAJIeBUX EIIEMEHTIB: yo = 1,25

Jlns  3ami300€TOHHUX E€JIEMEHTIB 13 CIeIialbHOK
JOJIATKOBOIO apMaTryporo 3rimHo 6.2.1, 3HaueHHS
HOPMAJIbHOT OCbOBOT CHJIH SIKOT

np ACTY-H b EN 1998-2:201X

a) the non-seismic actions in the design seismic
situation and

b) the level of seismic action in the direction under
consideration (see (6)) at which all intended flexural
hinges have developed bending moments equal to an
upper fractile of their flexural resistance, called the
overstrength moment, Mo.

(2) The capacity design effects need not be taken as
greater than those resulting at the seismic design
situation (see 5.5) in the direction under
consideration, with the seismic action effects
multiplied by the behaviour factor q used in the
analysis for the design seismic action.

(3)P  The overstrength moment of a section shall be
calculated as:

(5.1)
where;

yo isthe overstrength factor;

MRrq is the design flexural strength of the section, in
the selected direction and sign, based on the actual
section geometry, including reinforcement where
relevant, and material properties (with Mgrq values
for fundamental design situations). In determining
Mrg, biaxial bending shall be taken into account
under: (a) the action effects of the non-seismic
actions in the seismic design situation and (b) the
other seismic action effects corresponding to the
design seismic action with the selected direction and
sign.

(4) The value of the overstrength factor should
reflect the variability of material strength properties,
and the ratio of the ultimate strength to the yield
strength.

NOTE The value ascribed to y , for use in a country may be
found in its National Annex. The recommended values are:

For concrete members: y, = 1,35;
For steel members:  y, = 1,25.

In the case of reinforced concrete sections with

special confining reinforcement in accordance with
6.2.1, and with the value of the normalized axial
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7k = Ned/ (Actck)

nepesuinye 0,1, 3HadeHHs KoedilieHTa HAIMITHOCT1
HEOOX1THO TIOMHOXHTHU Ha

1+2(nk-0,1)?
Ac:

NEd 3HAUEHHS OCbOBOI CHJIM B IUIACTUYHOMY
IIapHIpl B PO3PAXyHKOBIM CceHCMIUHINA CHUTYyalii;
MO3UTHBHE TIPU CTUCKYBaHHI;

A TII01a IONEPEYHOro MEPETHHY;

fck HOpMaTHUBHA MIIHICTH OCTOHY.

(5P B Mexax JIOBXHHH €JICMEHTIB, B SKHX
YTBOPIOIOTHCS MJIACTHYHI IIAPHIPU, PO3PaXyHKOBUI
3TUHAJIBHUM MOMEHT, M. mopsia 3 MIapHIpoM (IUB.
pucyHok 5.1) He TIOBUHEH TIEPEBUIIYBATH
PO3paxyHKOBUI orip BUTUHY HaWOIMXIOTO
IapHipa po3paxoBaHuii 3rigHo 5.6.3.1.

force
(5.2

exceeding 0,1, the value of the overstrength factor
shall be multiplied by

where:

Neq is the value of the axial force at the plastic hinge
seismic design situation, positive if compressive;

Ac
fck

is the cross-sectional area of the section; and
is the characteristic concrete strength.

(5)P Within the length of members that develop
plastic hinge(s), the capacity design bending moment
M at the vicinity of the hinge (see Figure 5.1) shall
not be assumed to be greater than the relevant design
flexural resistance Mgrq oOf the nearest hinge
calculated in accordance with 5.6.3.1.

ME Miq PoMia — M,

PH o

Lh I ,/)

=

B

[P |

M: = M Rbn MI{,d M, E —
YMoOBHi MO3HAYEHHSI Key
A — IIponboTHa OyaiBis A - Deck
B - Onopa B - Pier
PH — ITnacTrynwuii mapHip PH - Plastic Hinge
PucyHok 5.1:  PospaxynkoBi  momentd  Figure 5.1: Capacity design moments Mc within the

AOIMYCTUMHUX HABAHTAKCHb Mc B Mexax JOBXHUHU
CIICMCHTA, 1110 Mae€ IUTIACTHYHHI malep

[NPUMITKA 1 [Hiarpamu Mgrg-, mOKa3aHi Ha PHUCYHKY 5.1,
BIMOBITAIOTH OMOPi i3 3MiIHHUM IOMIEPEYHUM MEPETHHOM (IO
301IBITYETHCS B HIKHBOMY HaTIpsIMi). Sxmmo
BHKOPHUCTOBYETHCS  TOCTIHHMN TONMEPEYHHHA TEpeTHH 3
MTOCTIHHOIO apMaTyporo, 3HaueHH MRpd TaKOX OyJie TIOCTIHHUM.

[MPUMITKA 2 Onwc Ly mpuBomutbes B 6.2.1.5.
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length of member containing plastic hinges

NOTE 1: The Mgg-diagrams shown in Figure 5.1 correspond to
a pier with variable cross-section (increasing downwards). In
the case of a constant cross-section with constant
reinforcement, Mggq is also constant.

NOTE 2: For Ly see 6.2.1.5.



(6) Po3paxyHOK MO JOMYCTUMUX HaBAHTAXKEHHIX
MMOBUHEH BUKOHYBATUCS OKPEMO ISl CEMCMIuHOT il
(i3 3HakOM + 1 -) B KOXXHOMY 3 TIOJOBXHIX 1
MOTIEPEYHUX  HAMpPSIMIB. Ormuc BIAIIOBIIHAX
MIPOLIEAYp 1 CIIPOIIEHb MPUBOAUTHCS B ToaTKy G.

(7)P Skmo B MexaHi3MI IUIACTUYHOCTI OepyTh
Y4acTh OTIOPHI YaCTUHHM KOB3aHHS, BBAKAETHCS, IO
iX MOTYXHICTh nopiBHIOE YofRgr e:

Yot MINBUIIYIOUHIA KOE(ILi€HT TEPTs, BUKIMKAHOTO
eeKToM CTapiHHs
Rdf MakcuMaibHa peakTHBHA CHJIa OTIOPHOT YAaCTHHHU.

(8)P B wMmocrax 3 e1acTOMEpPHUMHU OINOPHUMU
YaCTMHAMHU,  PO3PaxOBaHMMU  HA  TOJATIUBY
MOBEJIIHKY, €JIEMEHTH, B SIKUX HE TepeadadaeTbCs

YTBOPEHHS IUJIACTUYHUX INApHIPIB 1 B  SKHUX
3'ABIIAE€THCA 3HAYHA [ONEepeYHa Cuila, IOBHHHI
MPOEKTYBaTUCSI ~ TaKMM  YHHOM:  PO3pPaxyHOK

JOMYCTUMUX HABaHTAK€Hb IOBHHEH IPOBOIUTUCS
Ha MaKCHUMaJlbHI NEpeMilIeHHS OIOPHUX YacTUH
BIANOBIAHO 0 PO3PaxyHKOBOTO MEpPEMIIICHHS
MPOJTITHOT Oy/IOBH 1 )KOPCTKOCTI OTIOPH, 30UTBIIIEHOT
Ha 30%.

5.4 EdexTu Apyroro nopsiaKy

(1) B pamkax miHIHHOTO pO3paxyHKy MOXKYTh
BUKOPHUCTOBYBATHUCS METOIM  aIpPOKCHMAIll  IJIst
OIIHKY BIUTMBY JIPYTOPSIIHMX YNHHUKIB Ha KPUTHYHI
nepeTuHy (TUIACTHYHI IIMApHIPH) 3 ypaxyBaHHSIM
IUKJIIYHOTO XapaKTepy CEHUCMIYHOI [Iii TaM, Jie BOHO
Ma€ iICTOTHUH HeCHIPUSATIMBUAN BILIUB.

[MPUMITKA Meroau amnpokcuMaii Juisi 3aCTOCYBaHHs B
KpaiHi JUisi OIIHKK e]eKTiB ApPYroro MOPSOKY B yMOBax
ceiicMiuHOI [ii IPUBOIATHCA B HAIiIOHAJHFHOMY 3aCTOCYBAaHHI.
[ponenypa, MmO pPEeKOMEHIYETHCS, 3BOAUTHCSA 1O TOTO, IO
HEOOXiJHO IOIYCTHUTH, IO 301MBIICHHS 3THHATBHAX MOMEHTIB
IUTACTUYHUX [IApHIPIB B pe3yabTari Oii eQeKTiB ApPyroro
TIOPSIIKY TOPIBHIOE:

AM =1+2qudNEd

Ac

Neg IIe ochOBa cujia
ded BiZHOCHE TIONIEpPEYHE TICPEMILICHHS KIiHIIIB
MOJATIMBOTO EIEMEHTY B yMOBax pO3pPaxXyHKOBOI
celicMiuHO1 cuTyarrii.

np ACTY-H b EN 1998-2:201X

(6) In general capacity design effects should be
calculated separately for seismic action acting (with
+ and - sign) in each of the longitudinal and the
transverse directions. A relevant procedure and
simplifications are given in Annex G.

(7)P When sliding bearings participate in the plastic
mechanism, their capacity shall be assumed as equal
to YofRat , Where:

Yor = 1,30 is a magnification factor for friction
due to ageing effects and

Raf is the maximum design friction force
of the bearing.

(8)P In bridges with elastomeric bearings and
intended to have ductile behaviour, members where
no plastic hinges are intended to form and which
resist shear forces from the bearings shall be
designed as follows: the capacity design effects shall
be calculated on the basis of the maximum
deformation of the bearings corresponding to the
design displacement of the deck and a bearing
stiffness increased by 30%.

5.4 Second order effects

(1) For linear analysis, approximate methods may be
used for estimating the influence of second order
effects on the critical sections (plastic hinges), also
taking into account the cyclic character of the
seismic action wherever it has a significant
unfavourable effect.

NOTE: Approximate methods for use in a country to estimate
second order effects under seismic actions may be found in its
National Annex. The recommended procedure is to assume that
the increase of bending moments of the plastic hinge section
due to second order effects, is:

(5.3)

where

NEeq is the axial force and

deq is the relative transverse displacement of the ends
of the considered ductile member, both in the design
seismic situation.
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55 IMoennanna celicMiuHOi AKTHBHOCTI 3

iHIIMMU BMAaMH BILIUBIB

(1)P  PozpaxynkoBe 3HadenHs Ea gii B
PO3paxyHKOBI CEHCMIYHIN CHTYyaIlii BHU3HAYAETHCS
srimro EN 1990:2002, 6.4.3.4 i EN 1998-1:2004,
3.2.4(1):

Ed — Gk ll+llPk "+"AEd"+"\|]21Q1k I|+I| Q2

ac:

"+" o3Hauac «HEOOXITHO HOIATH)
Gk HOpPMAaTHWBHE 3HAUEHHS MOCTIHHOT A1l

P« HOpmaTHBHE 3HAa4YeHHS MONEPEAHbOI HANPYTH
Ticysl BCiX BTpaT

Aep po3paxyHKOBa ceiicMiuHa /s
Qk  HOpMATHBHE  3HAYCHHS
HaBaHTaXEHHS

W21 KOe(DIieHT NO€THAHHS [UIS TPAHCHOPTHHUX
HaBaHTaXeHb 3rigHo m.4.1.2(3) P

Q2 KBa3IMOCTIHHE 3HAYEHHS TpUBanoi  Ail
(HampuKiaA, TUCK TPYHTY, IJIaBY4iCTh, TeUidl 1 Tak
naui).

TPAHCIIOPTHOTO

[MPUMITKA TIlpuiimaerbcs, 0 TPUBAIl YMHHUKU BIUIUBAIOThH
napayienbHO PO3PaXyHKOBIH CEHCMIYHOCTI.

(2)P Ceticmiuna il HE MOBUHHA TOEIHYBATHUCS 3
nedopmaritHuMu BILUIUBaMH (TemneparypHi,
OCiZIaHHs or10p, yCaJIKH, 3aJTMITKOBUMH
MEePEMIIIEHHSMH TPYHTY B pe3yJbTaTi CEHCMIYHUX
PO3JIOMIB).

(3)P Bukmrouennsm go mpaBuiia (2)P € moctu, B
SIKUX CEHCMOCTIHKICTh 3a0e3mevyeThes
€IACTOMEPHUMHU  0araToliapoOBUMH  ONIOPHUMHU
yactuHamu (OuB. Takok 6.6.2.3(4)). YV rakux
BUIAJKaX  JIONYCKAETbCS  MpPYKHAa  IOBEIIHKA
CUCTEMH 3 ypaxyBaHHAM JieopMalliiiHoT ii.

[MPUMITKA YV pazi (3)P mepemimiens, BUKINKaHI TEKYJiCTIO,
HE BHOCATb HiSIKOI 1OJaTKOBOI HAIIPY)KEHHS 1O CUCTEMH 1 TOMY
MOXYTb IrHOpYBaTHcs. TeKydicTh 3HIKYE TaKOXK HAIPYKSHHS,
BUKIIMKaHY B KOHCTPYKIii medopMmalissMu TpuBamoi mil
(HampuKIad, B pe3yabTaTi yCaaKH).

(4)P Mist BITPY 1 CHIT'Y B pO3paxyHKOBOMY 3HAu€HHI1

Eb Big po3paxyHKOBOI celicMiyHOI i irHOPYIOThCS
(Bupas (5.4)).
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5.5 Combination of the seismic action with other
actions

(1)P The design value Eq of the effects of actions in
the seismic design situation shall be determined in
accordance with EN 1990:2002, 6.4.3.4 and
EN 1998-1:2004, 3.2.4(1) as:

(5.4)
where:

"+"  implies "to be combined with"

Gk are the permanent actions with their
characteristic values

Px is the characteristic value of prestressing after
all losses

Aep is the design seismic action;

Qi is the characteristic value of the traffic load;

w21 the combination factor for traffic loads in
accordance with 4.1.2(3)P; and

Q2 is the quasi-permanent value of actions of long
duration (e.g. earth pressure, buoyancy, currents etc.)

NOTE Actions of long duration are considered to be concurrent
with the design seismic action.

(2)P Seismic action effects need not be combined
with action effects due to imposed deformations
(caused by temperature, shrinkage, settlements of
supports, residual ground movements due to seismic
faulting).

(3)P An exception to the rule in (2)P is the case of
bridges in which the seismic action is resisted by
elastomeric laminated bearings (see also 6.6.2.3(4)).
In such a case elastic behaviour of the system shall
be assumed and the action effects due to imposed
deformations shall be accounted for.

NOTE In the case of (3)P the displacement due to creep does
not normally induce additional stresses to the system and can
therefore be neglected. Creep also reduces the effective stresses
induced in the structure by long-term imposed deformations
(e.g. by shrinkage).

(4)P Wind and snow actions shall be neglected in the
design value Ep of the effects of actions in the
seismic design situation (expression (5.4)).



5.6 IlepeBipka crilikocTi 3a/1i300€TOHHMX
nepeTnHiB

5.6.1 IlpoexTHA CTilKiCTH

(1) Tlpm OaraTokOMIOHEHTHIM Ail (HampHUKIaL
3TUHAJBHUM ~ MOMEHT, OJHOOCHAa a00 [BOBICHA
OChOBa CHJIA), TPAHUYHUN CTaH 0 MITHOCTI (ZIUB.
5.6.2 1 5.6.3) MoxHA po3paxoByBaTH 3a JOMOMOTOIO
PO3AUTBHOTO OOJIKYy KpaWHIX (MaKCHUMalbHUX 1
MIHIMaJIbHUX) 3HAUY€Hb KOXKHOI i 3 MapasielbHUMHU
3HAYEHHAMH 1HIIHUX 1.

5.6.2 CrTpykTrypu 3 O00MeKe€HHM NapaMeTpoM
NOAATIUBOCTI

(1)P dns MiltHOCTI IEpETUHY HA 3TUH MOBUHHA
BUKOHYBaTHCS HACTYyIHA YMOBA:

Ed<Rq
ne:

Eq po3paxyHkoBa is B TPOEKTHIM CeHCMIYHIN
CUTYaIIll, BKIIIOUaloun e(PeKTH APYroro mopsaKy

R4  po3paxyHKkoBa MIIHICTh TEPETUHY Ha 3TUH
srimHo EN 1992-1-1:2004, 6.1 1 5.6.1(1).

(2)P IlepeBipka MiITHOCTI 3a11300€TOHHUX €JIEMEHTIB
Ha TIONEPEYHY CHUJIy MOBUHHA MPOBOJUTHCS 3TiTHO
EN 1992-1-1:2004, 6.2 3 HaCTyITHUMH JTOAATKOBUMU
MPaBHJIAMH.

a) PospaxyHkoBa 1is HEOOXigHO BH3HAYATHCS
srimHo S.5(1)P, ne celicMiuny 1it0 Agd HEOOX1THO
MMOMHOXHTH Ha KoedimieHT podotm  (  SKUH
BUKOPUCTOBYETHCS JUIS JIHIMHOTO PO3PaXyHKY.

b) 3uayenus omopiB, Vrde, VRds 1 VRdmax
BuBeeHi 3rimno EN 1992-1-1:2004, 6.2, HeoOXimHO
PO3IIUIMTH Ha TOJAATKOBHMA KoediieHT Oe3rneku YBd1
BCI BiJI KpUXKOTO pyHHYBaHHS.

[NPUMITKA 3HaveHHs, NpHUBIACHEHE BEMWUYMHI Ypd1 IS
3aCTOCYBaHHSA B KpaiHi, MO)KHA 3HANTH B HAI[lOHAIEHOMY
3aCTOCYyBaHHI. 3HAYEHHS, 1[0 PEKOMEHIYETHCS:

YBd1 = 1,25.

np ACTY-H b EN 1998-2:201X

5.6 Resistance verification of concrete sections

5.6.1 Design resistance

(1) When the resistance of a section depends on
multi-component action effects (e.g. bending
moment, uniaxial or biaxial and axial force), the
Ultimate Limit State conditions specified in 5.6.2
and 5.6.3 may be satisfied by considering separately
the extreme (maximum or minimum) value of each
component of the action effect with the concurrent
values of all other components of the action effect.

5.6.2 Structures of limited ductile behaviour

(1P For flexural resistance of sections the
following condition shall be satisfied:

(5.5)
where;

Eq is the design action effect in the seismic design
situation including second order effects; and

Rq is the design flexural resistance of the section in
accordance with EN 1992-11:2004, 6.1 and with
5.6.1(2).

(2)P Verifications of shear resistance of concrete
members shall be carried out in accordance with
EN 1992-1-1:2004, 6.2, with the following
additional rules.

a)  The design action effects shall be calculated in
accordance with 5.5(1)P, where the seismic action
effect Aeq shall be multiplied by the behaviour factor
g used in the linear analysis.

b)  The resistance values, Vrdc, Vrds and Vrdmax
derived in accordance with EN 1992-1-1:2004, 6.2
shall be divided by an additional safety factor yBa:
against brittle failure.

NOTE The value ascribed to ygq1 fro use in a country may be
found in its National Annex. The recommended value is
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5.6.3 KoHcTpykKuii 3 00MekeHOW MOAATIUBICTIO

5.6.3.1 MinnicTs
IUIACTHYHUMU APHIpaMu

NnepeTHHiB 3

(1) P HeoOxinHe BUKOHAHHS HACTYITHOT YMOBH.
Med< Mrgd
ae:

Med po3paxyHKOBE 3HAUEHHSI MOMEHTY, OTPUMaHE B
pe3ynbTaTi  pO3paxyHKy Ul  pO3paxyHKOBOT
celcMIyHOT ii, BKJIIOYAlOuUd e€(QEeKTH JApyroro
MOPSIIKY

Mgrp pO3paxyHKOBa MIIHICTh MEPETUHY Ha 3TUH
3rimHo 5.6.1(1).

(2)P TlonoexkHs apMaTypa €JIE€MEHTY 3 IIapHIpOM
Mae OyTH MOCTIMHOIO MEPEeTUHY B MEXaxX JOBXKHHU
Lh (mmB. mamtoHOK 5.1) 3rigHo 6.2.1.5.

5.6.3.2 MinHicTh Ha 3rUH NMEPEeTHHIB, IO
3HAXOASITHCS 32 MeKAMM YYACTKANJIACTHYHHUX
HapHipiB

(1)P HeoOxinHe BUKOHAHHS HACTYITHOI YMOBH.

M <MRrd
ne:
M po3paxyHKOBUH MOMEHT 3TiHO 5.3

Mrpo poO3paxyHKOBa MIIHICTh MEPETUHY 3T1IHO
EN 1992-1-1:2004, 6.1 3 ypaxyBaHHsSIM IO€THAHHS
IHIIMX KOMIIOHEHTIB pO3paxyHKoBOi il (ocboBa
Cuia 1, SIKIIO 3aCTOCOBHO3TMHAIBHHIA MOMEHT, IO
i€ B MEPIECHAUKYIIIPHOMY HaIPsIMi).

[MPUMITKA Vuacmimok 5.3(5)P, momepeunmii mnepeTwH i
TIOIOBXKHS apMaTypa NEPEeTHHH 3 IUNIACTUYHUMH IIapHipaMu He
3a4iMaTUMYTHCS B 4ac MEPEBIPKU JIOIYCTHMHUX HAaBaHTa)KEHb.

5.6.3.3 MiunicTh npw aii nonepe4yHoi cuJiu
eJIEeMEHTiB, 10 3HAXOAATHCA 32 MeKaMH TIJISTHKHA
IUIACTHYHHX IIAPHIPiB

(1)P TIlepeBipka MIIHOCTI Ha TONEPEYHY CHILY
HeoOximHo mpoBoauTu 3rimHo EN 1992-1-1:2004,
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5.6.3 Structures of ductile behaviour

5.6.3.1 Flexural resistance of sections of plastic
hinges

(1)P The following condition shall be satisfied.
(5.6)
where:

Meq IS the design value of the moment as derived
from the analysis for the seismic design situation,
including second order effects; and

Mro IS the design flexural resistance of the section,
in accordance with 5.6.1(1).

(2)P The longitudinal reinforcement of the member
containing the hinge shall remain constant and fully
effective over the length Ly shown in Figure 5.1 and
specified in 6.2.1.5.

5.6.3.2 Flexural resistance of sections outside the
region of plastic hinges

(1)P  The following condition shall be satisfied.
(5.7)
where :

Mc is the capacity design moment as specified in
5.3; and

Mro is the design resistance of the section in
accordance with EN 1992-1-1:2004, 6.1 taking into
account the interaction of the other components of
the design action effect (axial force and, when
applicable, bending moment in the orthogonal
direction).

NOTE As a consequence of 5.3(5)P, the cross-section and the
longitudinal reinforcement of the plastic hinge section shall not
be affected by the capacity design verification.

5.6.3.3 Shear resistance of members outside the

region of plastic hinges

(1)P Verifications of shear resistance shall be carried
out in accordance with EN 1992-1-1:2004, 6.2, with



6.2 3 HACTYITHUMU TOJAATKOBHMH ITPABUIIAMH:

a) PospaxynkoBa  [ist NPUAMAETHCS
PIBHOIO PO3PAXYHKOBOMY 3HAYCHHIO 3T1HO 5.3;

b) 3uayeHHss onopiBVRp,c, VRo,s 1 VRd>max,
orpumani 3rigHo EN 1992-1-1:2004, 6.2, HeoOXigHO
PO3AUIATH Ha JOAATKOBUI KoedimieHT Ge3nexu Ygd
BiJl KpUXKOrO pyiiHyBaHHA. /[l 3HavyeHHs Ygd

np ACTY-H b EN 1998-2:201X

the following additional rules:

a) The design action effects shall be assumed
equal to the capacity design effects in accordance
with 5.3;

b)  The resistance values, Vro,c, Vro,s and VRrd>max
derived in accordance with EN 1992-1-1:2004, 6.2
shall be divided by an additional safety factor ;Ygq
against brittle failure. One of the following two

HeO6Xi[[}.IO BUKOpDHCTOBYBaTH omuH 3  nBox  alternatives shall be used for the value of
BapUaHTIB:
BapianT 1 Alternative 1:

1 <yBd = yBaL +1— qviEdS YBd1 (5.82)

C,0
Bapiant 2 Alternative 2
1< yBd = yBd1 (5.8b)

ae: where:
yBdi BiAMOBiOHO /10 5.6.2(2)P; yed1 IS in accordance with 5.6.2(2)P;

VEp MakcHMallbHE 3HAYCHHS MOTIEPEYHOI CHUIIM BiJl
pO3paxyHKoOBOI cericMiuHO1 il 3rigHo S5.5(1)P;
Vc,0  po3paxyHKOBa TOINEpEeYHa CHjla, BU3HAYCHA
3rigHo 5.3, 6e3 ypaxyBaHHs oOMexkeHb 5.3(2).

[MPUMITKA Sk mnokazaHo Ha pucyHKy 5.2N, Bapiant 2 €
KOHCepBaTHUBHIIMA. Bubip wmik AJjbrepHatuBoro 1 Ta
AJNBTEpHATHBOIO 2 Ui BUKOPHCTaHHS B KpaiHi Moxe OyTh
3HaiieHo B HallioHansHOMY JTOJaTKY.

YBa

YBdI
1,0

Vep IS the maximum value of the shear in seismic
design situation of 5.5(1)P; and

Vc,0 is the capacity design shear determined in
accordance with 5.3, without considering the
limitation of 5.3(2).

NOTE: As shown in Fig. 5.2N, Alternative 2 is more
conservative. The choice between Alternative 1 and Alternative
2 for use in a country may be found in its National Annex.

Pucynox 5.2N : Bapiantu 1 12 (5.8a), (5.8b)

(2) SIxuro BimcyTHIN TOUHINIMHA METOJ PO3PAXyHKY
JUISL KPYTJIMX 3a1i300€TOHHUX NEPETHHIB PaalycoM T
3 TMOJOBXHBOI apMaTypolo, pO3TAIlIOBAHOIO II0
KpYTy pajJiiycoM Is, poboda BHCOTA:

—>

yal  9VEs/ Vi

Figure 5.2N : Alternative expressions (5.8a), (5.8b)
(2) Unless a more accurate calculation is made, for
circular concrete sections of radius r where the

longitudinal reinforcement is distributed over a circle
with radius rs, the effective depth:
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2r
de=r+ —=
T

(5.9)

MO’K€ BUKOPUCTOBYBATHUCS 3aMicTh d y BIIIOBITHIX
BHpa3ax [pU PO3PAXyHKY IPAHUYHOI ITONIEPEYHOL
cunu. [Ipr boMy MOKHA IOIYCTUTH, 110 3HAYEHHS
BHYTPIIIHBOTO IJIeYa Z JOPIBHIOE:

may be used instead of d in the relevant expressions
for the shear resistance. The value of the internal
lever arm z may be assumed to be equal to:

= O,gde

5.6.34
Ha 3pi3

MinHicTh NJIACTHYHMX LIAPHIpIB

(1) P 3actocoByetncst maparpad 5.6.3.3(1)P.

(2)P HeoOxigHO JOMyCTUTH, MO KYT B MK
3a]11300€TOHHUM CTUCIMM IOSICOM 1 OCHOBHUM
PO3TATHYTUM IOSICOM pIBHUH 45°.

(3)P 3amicts po3mipiB mepetuHy bw i d HEOOXiTHO
BUKOPUCTOBYBaTH  3ali300€TOHHI  MEPETUHU 3
HETPSIMUM apMYBaHHSIM.

(4) BacrtocoByerbcs maparpad 5.6.3.3(2) 3
BUKOPHUCTAHHSM po3MipiB 3aJ11300€TOHHOTO
MIEPETHHY 3 HETIPSIMUM apMYyBaHHSIM.

(5) as emementiB 3 koedimieHToM 3pizy as< 2,0
(Bu3HAYeHHS O HaBeaeHO B Tabmwmili 4.1) mepeBipka
OTIOpPM Ha MIIHICTh TO TOXWIOMY TIEPETHHY 1
MOTIEPEYHIA CHJII TIOBHHHA TIPOBOJUTHUCS 3TITHO
EN 1998-1:2004, 5.5.3.4.3 1 5.5.3.4.4, Bignosigno. B
X0/l TaHO1 MEPEBIPKHU i TPAaHUYHUX HaBaHTAKCHBb
BHKOPHUCTOBYETBHCS K PO3PaXyHKOBA JIisl.

5.6.3.5 IlepeBipka 3'€1HAHBb, CYMiKHUX 3
MJIACTHYHUMH MIAPHipaMu

5.6.3.5.1 3arajbHi HOJIOKeHH A

(1)P byab-ske 3'emHaHHS, IO 3HAXOIUTHCS MK
BEPTUKAJIBHOIO TIOJATIMBOIO OMOPOI0 1 MPOJIITHOIO
OyZIoBOIO a00 OCHOBOIO, CyMDKHE 3 IUIACTHYHUM
IIApHIPOM B OMOpPi, HEOOXiTHO pPO3paxoBYBaTH Ha
MoTepeyHy CHIly Bi  poO3paxyHKoBoi jii y
BIJIMOBITHOMY HampsimMi. Y MoAajibIIuX Haparpadax
OTIOpH TO3Ha4YaroThcsl OykBOO «K» («koIOHay), a
IHIIWIA eNeMEHT IBOTO K 3'€JHAHHS TO3HAYaI0ThCS
OykBotO «b» («bamkay).

(2)P JIns BepTUKaIbHOT MAaCUBHOI OMOPH 3 BUCOTOIO
hc 1 mmpuHOIO D¢, MOMEpEUHOIO MO HampsiMy 3rHHY
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5.6.3.4 Shear resistance of plastic hinges

(1)P  Subclause 5.6.3.3(1)P applies.

(2)P The angle 6 between the concrete compression
strut and the main tension chord shall be assumed to
be equal to 45°.

(3)P The dimensions of the confined concrete core to
the centre line of the perimeter hoop shall be used in
lieu of the section dimensions bw and d.

4) Subclause 5.6.3.3(2) may be applied using
the dimensions of the confined concrete core.

(5) For members with shear span ratio as < 2,0
(see Table 4.1 for the definition of as), verification of
the pier against diagonal tension and sliding failure
should be carried out in accordance with
EN 1998-1:2004, 55.34.3 and 5.5.3.4.4,
respectively. In these verifications, the capacity
design effects should be used as design action
effects.

5.6.3.5 Verification of joints adjacent to plastic
hinges

5.6.3.5.1 General

(1)P Any joint between a vertical ductile pier and the
deck or a foundation element adjacent to a plastic
hinge in the pier, shall be designed in shear to resist
the capacity design effects of the plastic hinge in the
relevant direction. The pier is indexed in the
following paragraphs with "c" (for "column™), while
any other member framing into the same joint is
referred to as "beam™ and indexed with "b".

(2)P For a vertical solid pier of depth hc and of width
bc transverse to the direction of flexure of the plastic



IUIACTUYHOTO MIapHipa, poboya MUpHHA 3'€THAHHS
MMOBUHHA MPUHAMATHCS B HACTYITHOMY BHTJISIIL:

- SKILO OTIOPA KPIMUTHCS 10 IIIUTH a00
MOTIEPEYHOr0 pedpa IINTH:

bJ = bc + O,Shc

SIKIIIO OTIOPA KPIMUTHCS TPSIMO 0 TI0JOBKHBOT
CTiHKH mUpUHOIO by (bw mapanensua be)

bj = min(bw; bc + 0,5hc)

JUTSL KPYTJIHX OTIOP JlaMeTpoM d., JaH1 BUSHAUYCHHS
3aCTOCOBYIOTBCS 32 YMOBH, 1110

bc = hc :O.gdc
5.6.3.5.2 CymapHi 3ycuJuid i Hanpyra

(1)P Po3paxyHkoBa BepTUKajIbHa IMONEpPEYHa CHJIa B
3'eqHaHH], Vjz, MOBUHHA NPUIIMATHCS SK:

ij = YoTRc'Vblc

ae:
Tre pe3ynbpTyloua cuiia B PO3TATHYTIM apMarypi
OTIOpHW, BIANOBIIHA TPAaHUYHOMY MOMEHTY, IO

BHUTHMHAE, 10 MIIHOCTI, MpH, TJIaCTUYHOTO IIapHipa
3rigao 5.3(3)P;

Vo mne xoedinienT HamMminHocti 3rimHo S.3(3)P i1
5.3(4);
Vipe TomepedHa cuiaa B «Oanii», CyMDKHIN 3

PO3TATHYTOIO TOBEPXHEI0 KOJOHH, BINIOBiIHA il
IPAaHUYHOTO 3YCHIUIS B IUTACTUYHOMY HIAPHIpi.

(2) Po3paxyHkOBa TOpH30HTAJIbHA TIOTIEPEYHA CHJIA B
3'eHaHH1 Vjx MOYKHA pO3paxyBaTH K (IMB. PUCYHOK
5.3):

Vjx =Vjz Ze

Z

€ Zc 1 Zp TPEACTABIAIOTh BHYTPIIIHE IJIeue
IUTACTUYHOTO INapHipa 1 KIHIEBOTO IEPETUHY
«0ankuy, BIAMOBITHO; IPHU I[LOMY MO>KHa BBaXKaTw,
mo Zc 1 Zp jpopiBHO0TH 0,9 BinnoBinHiN pobouiit
BUCOTI nepetuHy (auB. 5.6.3.315.6.3.4).

Cunu, 1o 1ir0Th Ha 3'eiHaHHS  BHyTpilHi 3ycuiis

np ACTY-H b EN 1998-2:201X

hinge, the effective width of the joint shall be
assumed as follows:

- when the pier frames into a slab or a transverse
rib of a hollow slab:

(5.10)

when the pier frames directly into a longitudinal web
of width by (bw is parallel to be):

(5.11)

for circular piers of diameter d., the above definitions
are applied assuming

5.6.3.5.2 Joint forces and stresses

(1)P  The design vertical shear of the joint, Vj;, shall
be assumed as:

(5.12)
where:

Tre is the resultant force of the tensile reinforcement
of the pier corresponding to the design flexural
resistance, Mrq, Of the plastic hinge in accordance
with 5.3(3)P, and

Yo is the overstrength factor in accordance with
5.3(3)P and 5.3(4) (capacity design); and

Vinc is the shear force of the "beam™ adjacent to the
tensile face of the column, corresponding to the
capacity design effects of the plastic hinge.,

(2) The design horizontal shear of the joint Vjx may
be calculated as (see Figure 5.3):

(5.13)

where zc and z, are the internal lever arms of the
plastic hinge and the "beam" end sections,
respectively, and z. and z, may be assumed to be
equal to 0,9 times the relevant effective section
depths (see 5.6.3.3 and 5.6.3.4).

Forces on the joint Internal forces
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YMoBHI N0O3HAYEHHS
PH - nnactuunuii mapHip
Pucynoxk 5.3: CymapHi cuiu 3'eTHaHHS

(3) [IlepeBipka Ha TONEpPEUHY CHJIY TIOBHHHA
MIPOBOJUTHCS 10 LEHTPY 3'€IHAHHS, 1€, Ha JOJaTOK
1o aii Vjz 1 Vjx, , MOXKYTb BpaxOBYBaTHUCS 1 HACTYIHI
OCBOBI1 CHJIH:

- BepTHKaJIbHA 0ChOBa cymMapHa cuia Njz, piBHa:

Ie:

Nce 1€ ochoBa cujia KOJIOHHM Bij HecelcMiuHOT A1l B
PO3paxyHKOBIM CEMCMIYHIN CUTYaIIii,

ropusonTanbHa cuia Njx , piBHa 1ii po3paxyHKOBOT
OCBOBOI CHJIM B «Oammi», BKIOYAIOYM IO
ITOI0BXHBOT MOTIEPETHROT HAIIPYTH ITICIIsl BCIX BTpaT,
SKIIO Takl OChOBI CHJIM OINCHO IIIOTH B MeEXax
IMPUHHY D1 3'€THAHHS,

ropuszoHTanbHa cuia Njy B MONMEpEeYHOMY HAmpsiMi,
piBHA [ii momepeyHoi MONepeaHbOi HAMPYTH MIiCHs
BCIX BTpaT, IIO Ji€ B MEXax BUCOTH N,, KO Taka
MOTICPEIHS HAIIPYTa Ma€ MiCIIe.

(4) [ns mepeBipku 3'€THAHHS, BUKOPHCTOBYETHCS
HACTYITHE yCEePEIHCHE HOMIHAIbHE HAMPYKCHHSI.

JloTU4HE HaNpYKEHHS:

Hopmanbhe HanpyXeHHs:
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. bz,

Key
PH - Plastic Hinge
Figure 5.3: Joint forces

(3) The shear verification should be carried out at the
centre of the joint, where, in addition to Vj; and Vi,
the influence of following axial forces may be taken
into account:

- vertical axial joint force Nj; equal to:

(5.14)

where:

Ncs is the axial force of the column under the non-
seismic actions in the design seismic situation;

horizontal force Njx equal to the capacity design
axial force effects in the "beam”, including the
effects of longitudinal prestressing after all losses, if
such axial forces are actually effective throughout
the width bj of the joint;

horizontal force Njy in the transverse direction equal
to the effect of transverse prestressing after all
losses, effective within the depth he, if such
prestressing is

provided.

(4) For the joint verification the following average
nominal stresses are used.

Shear stresses:

I

j?

(5.15)

Axial stresses
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[MPUMITKA fx cka3ano 5.3(6), mpoekTyBaHHS TpaHUYHHUX
3yCWIb 1, BIJMOBIMHO, TIEpEBipKa BiMMOBITHOTO 3'€THAHHS
MOBHHHI MPOBOIUTHUCS 3 000Ma 3HaKamu (+ i -) celicMivHOT .
Haronomryerbest Takox, 110 B 3'€HAHHAX (HampUKIad, MO
BEpPXHI TpaHi KOJOHA OaraTOCTOBIYACTOI OMOpHU B
MOIIEPEYHOMY HampsiMi MocTa), Mrg 1 Fpic MOXYTH ONUHUTHCS
3 MPOTUIISKHUMHU 3HAaKaM, ITOKa3aHUM Ha pUCyHOK 5.3, a Nix
MOXE IPAIfOBATH Ha PO3TSTyBaHHSI.

5.6.3.5.3 IlepeBipku

(1) Sxmo cepeanst AOTUYHA Hampyra 3'€JHaHHS, Y,,
HE IIEpEeBUIIYyE TIPAHUYHOI [ONEPEYHOI CHIIU
s'eananns,, Vj,or, sSK mokasdye Bupa3 (5.19), tomi
MiHIMaJbHa apMarypa Mae OyTH 3abe3rneueHa 3riJHo
(6) P.

np ACTY-H b EN 1998-2:201X

(5.16)
(5.17)

(5.18)

NOTE: As pointed out in 5.3(6), the capacity design, and
therefore the relevant joint verification, should be carried out
with both signs of the seismic action, + and -. It is also noted
that at knee-joints (e.g. over the end column of a multi-column
bent in the transverse bridge direction), the sign of Mgrg and
Foic may be opposite to that shown in Figure 5.3 and Njx may
be tensile.

5.6.3.5.3 Verifications

(1) If the average shear stress in the joint, Vj, does
not exceed the cracking shear capacity of the joint,
Vj,er, @S given by expression (5.19), then minimum
reinforcement should be provided, in accordance
with (6)P.

f ad (5.19)

where:

feta = fer0,0s/Ye

Y
VoSV =r'd ‘]— * ‘]—
,Cr ct f
. b oo Tetd SN
ne:
pO3paxyHKOBE 3HAuY€HHsS MIIHOCTI OETOHY Ha
PO3TATYBaHHS.

(2)P Tloxune cTHCKyBaHHS, BUKJIMKaHE B 3'€THaHHI
JiaroHaJIbHUM PO3KOCOM, HE TIOBHHHE
MEepPEeBUIYBaTH MILHICTh OETOHY Ha CTUCKYBAaHHSA 3a
HasIBHOCTI AedopMalliii MonepeyHoro po3TsIryBaHHs
3 ypaxyBaHHIM OOMEKYHOUYOTO THUCKY 1 HEIPSIMOTO
apMyBaHHSI.

3 SIk1o HeEMae TOYHIIIOT MOIEI], BUMOTa
)P BBAXKA€THCS BUKOHAHOIO,SIKIIIO
3aJI0BOJIbHSETHCS HACTYITHA YMOBA:

Vi< Vjrd = 0,50,cVfcd
i<V

e

v = 0,6 (1-(fal/250))

is the design value of the tensile strength of concrete.

(2)P The diagonal compression induced in the joint
by the diagonal strut mechanism shall not exceed the
compressive strength of concrete in the presence of
transverse tensile strains, taking into account also
confining pressures and reinforcement.

(3) Unless a more accurate model, the
requirement of (2)P above is deemed to be satisfied,
if the following condition is met.

(5.20)
where

(5.21)
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(rme fo B MITa)
KoedimienTt ac y Bupasi (5.20) Biamosigae 3a mito

(with fek in MPa)

The factor ac in expression (5.20) accounts for the
effects of any confining pressure (njy) and/or
reinforcement (py) in the transverse direction y, on
the compressive strength of the diagonal strut:

(5.22)

Oymp-sikoro obOMmexyrouoro Ttucky (njy) i/abo
HENPSMOTO apMyBaHHS (py) B TONEPEYHOMY HaAMpsMi
y Ha MIOHICTh JIIATOHAJTBHOTO  PO3KOCY Ha
CTHCKYBaHHS:

Oc = 1 + 2(njy + pyfsd)/fcds 1,5
ae: where:

P = As/(hchp) koedimieHT apMmyBaHHS XOMYTIB B
MOMEPEYHOMY  HampsiMi  TUIOCKOCTI  3'€THaHHS
(OpTOroHAIBHO 10 MIOCKOCTI [1i);

fs« = 300 MIla  3MeHmieHa Hampyra JaHO{
MOMEPeYHOi apMaTypu 3 METOK  OOMEKCHHS
TPILIMHOYTBOPEHHS .

()] Y  3'eqmanHs  mae  Oytm i
TOPU30HTAIbHA, 1 BEPTHKAJIbHA apMarypa B TOMY
00'eMi, B SIKOMYy II€¢ HEOOXIIHO IJIsi CHPUHHSTTS
PO3paxyHKOBOiI momnepeyHoi cwid. JlJisi BUKOHAHHS
TaHOT YMOBH, HEOOXITHO 3a0e3MeYuTH BIAMOBITHI
Koe3(pIMITIEHTH TOPU3OHTAIBHOT 1 BEPTHUKAIBHOL
apMaTypH, Px 1 P2, BIIMTOBITHO:

Ji(H

e Koe(ilieHT apMyBaHHS IUIOCKOCTI

3'€I[HaHH5I BrOpru30HTAJIbHOMY HaHpﬂMi;

A
b;h

] C

P, =

e KoeQillieHT apMyBaHHS IUIOCKOCTi 3'€THAHHS Yy
BEPTUKATHHOMY HaIpsMi

fsy [[e pO3paxyHKOBa MeXa TEKYy4OCTi apMaTypu
3'eTHAHHA.
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P = Ag/(hchy) is the reinforcement ratio of any closed
stirrups in the transverse direction of the joint panel
(orthogonal to the plane of action), and

fss = 300 MPa is a reduced stress of this transverse
reinforcement, for reasons of limitation of cracking.

(4) Reinforcement, both horizontal and vertical,
should be provided in the joint, at amounts adequate
to carry the design shear force. This requirement
may be satisfied by providing horizontal and vertical
reinforcement ratios, px and p;, respectively, such
that:

(5.23)

(5.24)

where:

is the reinforcement ratio in the joint panel in the
horizontal direction,

is the reinforcement ratio in the joint panel in the
vertical direction, and

fsy, is the design yield strength of the joint
reinforcement.



(5)P Koeoiuientn apmyBaHHS 3'€/IHAHHSA, Px 1 Pz HE
MOBHHHI MIEPEBUIIYBATH MaKCHUMaJIbHE 3HAYCHHS:

Vrcd
2f

sy

Pmax =

ne V npuiimaerscs 3 Bupasy (5.21)

(6)P Ilnomumua 3'eqHaHHs Mae OyTH OCHAIIEHA
MIHIMAJTBHOIO apMaTypor0 B 000X TOPU30HTAIBHUX
HampsiMax Yy Gopmi  3aMKHYTHMX  XOMYTIB.
HeoOxinuuii MiHIMaabHUI KOEQIIEHT apMyBaHHS
3'€JHaHHS CKJIAJAE:

f ctd

f

sy

pmin =

5.6.3.5.4 Po3milleHHsI apMaTypu

(1) BeprukasbHi XOMYTH TMOBHHHI OXOIUTIOBATH
MOJIOBXKHIO apMaTypy Oalku B 30HI OIOpPH.
l'opu3oHTanbHI XOMYTH TOBHMHHI  OXOIUTIOBAaTH
BEPTUKAJIBHY  apMaTypy  ONOpH, a  TaKOX
TOPU3OHTAJIbHI  CTPYDKHI ~ Oalikk, 3aaHKEpEeHl B
3'eTHaHHI. XOMYTH OIOP PEKOMEHIYEThCS 3aBOJUTH
B 3'€THAHHA.

(2) Ho 50 % 3arambHOT KUTBKOCTI BEPTHKAIBHUX
XOMYTIB, HEOOXITHUX B 3'€JHaHHI, MOXYTh OyTH
BHKOHaH1 y BUTIIAI cTprkHIB U-00pa3Hoi ¢opmu,
OXOILTIOIOYM TOJIOBXKHIO —apMaTrypy Oallku Ha
MMOBEPXHi, MPOTWICKHINA KOJIOH1 (IMB. pUCYHOK 5.4).

(3 50 % crpwkHIB BEpXHBOI 1 HHKHBOI
MOJIOB)KHBOI apMaTypu 0alloK, IO MPOXOJSATh CTUK
3'¢eJHaHHS 1 3aaHKEPEHHMX TICIs HBOTO, MOXKE
BpPaxOBYBATHCS MPHU PO3PaxyHKy HEOOXITHOI MOl
MEPETHHIB TOPU30HTAIBHOT apMaTypH 3'€ JTHAHHS Asx.

(4) TlomoxHs (BepTHKaIbHA) apMaTypa OIMOp MaE
OyTH 3aBefieHa B Oanky sKHaiimami, 3aKiHUYIOUHCH
mepen I[apaMM apMmarypu Oalku Ha TOBEpXHIi
HampoOTH MeX1 CTUKY omopa - Oanka. Y Hampsmi
3TUHY IUTACTUYHOTO IIAapHIpa CTPHXKHI 000X TUISHOK
pPO3TATYyBaHHS ONOPUM MalTh OyTH 3aaHKEpeHi
NPSIMOKYTHUM KpPIOKOM, HAalpaBJIEHUM JI0 LEHTPY
MEPETUHY OMOPH.

(5) SAxmo kiIbKICTh HEOOXiMHOT apMaTypu As;  1/a60
Asx 3rimHO BHpazam (5.24) 1 (5.23) BUSBIAETHCS

np ACTY-H b EN 1998-2:201X

(5)P  The joint reinforcement ratios px and py shall
not exceed the maximum value:

(5.25)

where v is given by expression (5.21)

(6)P A minimum amount of shear reinforcement
shall be provided in the joint panel in both horizontal
directions, in the form of closed links. The required
minimum joint reinforcement ratio:

(5.26)
5.6.3.5.4 Reinforcement arrangement
(1)  Vertical stirrups should enclose the
longitudinal "beam" reinforcement at the face

opposite to the pier. Horizontal stirrups should
enclose the pier vertical reinforcement, as well as
"beam” horizontal bars anchored into the joint.
Continuation of pier stirrups/hoops into the joint is
recommended.

(2) Up to 50% of the total amount of vertical
stirrups required in the joint may be U-bars,
enclosing the longitudinal "beam” reinforcement at
the face opposite to the column (see Figure 5.4).

(3) 50% of the bars of the top and bottom
longitudinal reinforcement of the "beams", when
continuous through the joint body and adequately
anchored beyond it, may be taken into account for
covering the required horizontal joint reinforcement
area Asx.

4) The longitudinal (vertical) pier reinforcement
should reach as far as possible into the "beam",
ending just before the reinforcement layers of the
"beam" at the face opposite to the pier-"beam"
interface. In the direction of flexure of the plastic
hinge, the bars of both tensile regions of the pier
should be anchored by a rectangular hook directed
towards the centre of the pier.

(5) When the amount of required reinforcement As;
and/or Asx, in accordance with expressions (5.24) and
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HACTUIBKH BEIUKUM, IO MOPYUIYE TEXHOJOTTYHICTD
3'eIHaHHS, MOXKe BUKOPUCTOBYBATHUCS
albTepHaTHUBHA KOH]Iryparis, OTIMC SIKOT
npuBoutcs B (6) 1 (7) (muB. pucyHok 5.4).

(6) BeprukanbHi XOMyTH B KUTBKOCTI Pz >
Pmin, JOCTaTHBOMY 3 TEXHOJIOTIYHOT TOYKH 30DY,
MOJKYTh BCTaHOBJIIOBATHCS B MEKaxX CTHKY. Perra
wiomi AAs; = (pz - Ppiybjhe, noBHUHHA
pO3TalIOBYBAaTUCS 3 KOXKHOTO OOKy «Oalikm» B
Mexax mupuHu bj 3'emnanns, ane e mami 0,5hy Big
BIJIIOBITHOT TpaHi OTIOPH.

(7) TopuzoHTalbHY apMaTypy B MeXaX CTUKY
MOXHa 3MEHIUTH Ha BenmmuuHy AAsx < AAg 3a
YMOBHM, 10  KOE(Ii€eHT  apMyBaHHS  JUIs
TOPU30HTAJIBHOI apMaTypH, IO 3HAXOJIUThCS B
CTUKY, 3aJ0BOJIbHS€ BuUpa3 (5.26). Posraruyra
apMatypa Mae OyTH y BEpXHIX 1 HIKHIX TpaHei
OaJKy 1Mo MeX1 ONOpH, B I[bOMY BUIIAAKY, 301IbIIEHA
Ha AAs TIOHag apmarypy, ska TOTpiOHa Yy
BIIMOBIAHUX TMepeTHMHaX Oanku npu mepeBipli
nepeTuHiB Ha 3ruH. g mporo, mo mwupuHi Dj
3'eTHaHHS HEOOXITHO YKJIACTH JOJATKOBI CTPHIKHI 1
3aaHKepUTH IX Tak, 1100 3a0e3NneynuTH MOBHY
eeKTUBHICTh Ha BiacTaHi Ny Bix rpaHi omopwu.
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(5.23) is so high as to impair constructability of the
joint, then the alternative arrangement, described in
(6) and (7), may be applied (see Figure 5.4).

(6) Vertical stirrups of amount p; > pmin, acceptable
from the constructability point of view, may be
placed within the joint body. The remaining area
AAs= (pz - piz)bjhe, should be placed on each side of
the "beam”, within the joint width bj and not further

than 0,5h, from the corresponding pier face.

(7) The horizontal reinforcement within the joint
body may be reduced by AAsx < AAs;, provided that
the ratio of the horizontal reinforcement remaining
within the joint body satisfies expression (5.26). The
tensile reinforcement of the "beam" top and bottom
fibres at the faces of the pier should then be
increased by AAsx, over the reinforcement required in
the relevant "beam™ sections for the verification in
flexure under capacity design effects. Additional
bars to cover this requirement should be placed
within the joint width bj these bars should be
adequately anchored, so as to be fully effective at a
distance hyp from the pier face.
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(b)

YMOBHI O3HAYCHHS

A : MeXa CTUKY OaJika - o1opa;

B : XoMyrm B 3araipHuUX TEpeTHHaX B 000X
HampsiMax

Pucynok 5.4: AunbTepHaTUBHE pO3TallyBaHHS
apMmaTypu 3'eqJHaHHS;(a) BEPTUKAILHUMA MEPETHH Ha
wiockocti  XZ;(b) Burmsg 3BepxXy IUIACTHYHHX
[IapHIpiB, IO YTBOPIOIOTHCS y Hampsmi X; (C)
BUIJISI/T 3BEpXY IJIACTUYHUX IIAPHIPIB B HampsMax X
1y.

i 5.6.3.6 IlepeBipka npoJiiTHOI Oy10BH

()P HeoOximHO mepeBIpUTH 1 MEpPEKOHATHUCS Y
BIJICYTHOCTI TEKy4OCTiI B MpoJiTHI OymoBi. Taka
nepeBipka MOBUHHA POBOJUTHUCS:

- JUISL MOCTIB 3 OOMEXEHOI0 HOIATIUBICTIO B
HAaUCOPUATIUBININX YMOBax pPO3PaxyHKOBOi Jii
3rigHo 5.5;

- JUIS  MOCTIB 3 TMOJATIUBUM PEKHUMOM
MOBEAIHKM B  yMOBax [Jii  poO3paxyHKOBOTO
JOMYCTUMOTO HaBAaHTaKEHHS, BU3HAYEHOTO 3TiTHO
5.3.

2 Sxio BPaxoOBYETHCS TOpU30HTAJIbHA
CKJIaJIOBa CEHCMIUHOT Aii B MOMEpPEYHOMY HaIpsMi

(a)

/2 If2

by 2

b, 2

Key

A : "Beam"-pier interface

B : Stirrups in common areas count in both
directions

Figure 5.4: Alternative arrangement of joint
reinforcement; (a) vertical section within plane xz;
(b) plan view for plastic hinges forming in the x-
direction; (c) plan view for plastic hinges in the x-
and the y- directions.

5.6.3.6 Deck verification

(1)P It shall be verified that no significant yielding
occurs in the deck. This verification shall be carried
out:

- for bridges of limited ductile behaviour, under
the most adverse design action effect in accordance
with 5.5;
- for bridges of ductile behaviour, under the
capacity design effects determined in accordance
with 5.3.

(2) When the horizontal component of the
seismic action in the transverse direction of the
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MOCTa, TEKY4YiCTh MPOJITHOI OyHZOBU ISl 3TUHY B
MEXax TOPH30HTAIBHOI TIOCKOCTI BBAKAETHCSA 32
ICTOTHY, SKIIO B apMaTypi BepXHbOI IUIUTH
npoiiTHOi  OylOBHM BHABISAETBCA TEKYUJICTh Ha
BiZicTaHb, piBHY 10% mMpuHM BEpXHBOI IUIUTH, 200
70 CTHKY BEPXHBOI IUIMTH i3 CTIHKOIO, 3aJIC)KHO BiJl
TOTO, IO BUSBUTHCS ONIKYMM J0 Kparo BEPXHBOI
TUTATH.

3 Sxmo  mepeBipka  TPONITHOI  OymOBH
IIPOBOJUTHCSI HA OCHOBI PO3pPaxyHKY JOIMYCTUMHX
HABaHTAXEHb JUIA CEHCMIYHOI il B MONEpEeYHOMY
HampsiMi MOCTa, B pO3paxyHOK HEOOX1THO MPUHHSITH
3HWJKEHHS KPYTWJIBHOI  JKOPCTKOCTI  MPOJITHOL
OyZOBH NpHU MHiBUILIEHOMY KPYTUIBHOMY MOMEHTI.
SIKImo HeMmMae TOYHINIOTO METOJY PpO3paxyHKY,
3HaueHHs, Bkasani B 2.3.6.1(4), nmomyckaerbcs
3aCTOCOBYBAaTH  JJIsi  MOCTIB 3  OOMEXEHOIO
nomariauBicTio ado 70% maHMX 3HAYE€Hb MOXKE
BUKOPUCTOBYBATHCS [UII MOCTIB 3 MOJATJIMBUM
PEKUMOM TIOBEIHKH.

5.7 TIlepeBipka criiikocTi a5 crajgeBux i
CKJIA/ICHUX eJIeMEeHTIiB

5.7.1 CraneBux omnop

5.7.1.1 3aranbHi MoJI0KEeHHS

(D) Jnist mepeBipku oTop B yMOBax

0araTOKOMITOHEHTHO1 [Iii, 3aCTOCOBYIOTBCSI yYMOBH
5.6.1(1).

(2)P PoscisaHs eHeprii JOMYyCKaeTbCcs TUIBKA B
oTIopax, ajie He B MPOJIITHIN OYI0BI.

(3)P Hns MocCTiB, po3paxoBaHUX Ha TOJATIUBY

MOBEJIIHKY, 3acTOCOBYIOThcs ymoBu EN 1998-
1:2004, 6.5.2, 6.54 1 6.5.5 g po3cirorunx
KOHCTPYKIIIH.

4) 3acrocoBytotbess  ymoBu EN 1998-1:2004,
6.5.3. Ilpu wupomy kmac 3 I MONEPEYHHUX
MePETUHIB JO3BOJICHUH TUTbKH, Ko < 1,5.

(5) YMoBH EN 1998-1:2004, 6.9
3aCTOCOBYIOTBCS JUIS BCIX OMOP.

5.7.1.2 Onopu, BUKOHAHI fIK KOPCTKi KapKacHi
KOHCTPYKIII

(1)P B wMocrax, po3paxoBaHUX Ha IMOJATIUBY
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bridge is considered, yielding of the deck for flexure
within a horizontal plane is considered to be
significant if the reinforcement of the top slab of the
deck yields up to a distance from its edge equal to
10% of the top slab width, or up to the junction of
the top slab with a web, whichever is closer to the
edge of the top slab.

(3) When verifying the deck on the basis of
capacity design effects for the seismic action acting
in the transverse direction of the bridge, the
significant reduction of the torsional stiffness of the
deck with increasing torsional moments should be
accounted for. Unless a more accurate calculation is
made, the values specified in 2.3.6.1(4) may be
assumed for bridges of limited ductile behaviour, or
70% of these values for bridges of ductile behaviour.

5.7 Resistance verification for steel and

composite members

5.7.1 Steel piers

5.7.1.1 General

(1) For the verification of the pier under multi-
component action effects, 5.6.1(1) applies.

(2)P  Energy dissipation is allowed to take place
only in the piers and not in the deck.

(3)P For bridges designed for ductile behaviour, the

provisions of EN 1998-1:2004, 6.5.2, 6.5.4 and 6.5.5
for dissipative structures apply.

(4) The provisions of EN 1998-1:2004, 6.5.3 apply.
However cross-sectional class 3 is allowed only
when q < 1,5.

(5)  The provisions of EN 1998-1:2004, 6.9 apply
for all bridge piers.

5.7.1.2 Piers as moment resisting frames

(1)P In bridges designed for ductile behaviour, the



MOBEJIIHKY, PO3PAaXyHKOBI 3HAYEHHS OCHOBOI CHIIH,
Neq 1 momepeunoi cwmm, VE,d, B omopax, IO €

KOPCTKUMU KapKacHUMU KOHCTPYKIIISIMH,
PO3TIISAIAIOTHCS piIBHUMU PO3paxyHKOBOMY
HaBaHTaxkeHHIO N¢ 1 V¢ BIIIOBIAHO, OCTaHHI

BKaszaui B 5.3.

(2)P KoHcTpyKIis mepeTuHiB MIaCTUYHUX IMApHIPiB
B pUreNdi 1 CTIII ONOpU TOBHUHHA 3aJI0BOJIBHSTH
ymoBu EN 1998-1:2004, 6.6.2, 6.6.3 i 6.6.4 3
BUKOpUCTaHHIM 3Ha4eHb Ned 1 VEq 3rigao (1)P.

5.7.1.3 Onopun paMHOI KOHCTPYKHIi 3
LHEeHTPAJbHO-PO3TAIIOBAHUMHU B'SI3IMH

(1) P 3acrocoBytorbcst ymoBu EN 1998-1: 2004 3
HaCTYIMTHUMU 3MIHAaMHU JJI1 MOCTIB, pO3paxOBaHUX Ha
MOAATINBY MOBEAIHKY.

Po3paxyHkoBi 3HaYeHHS AJI1 OCLOBOTO 3PYIIYIOYOTO
3yCHJUIsI TIOBHMHHI BiAmoBimatu 5.3, mnpuiimarouu
3yCHJUISI TIO BCIX B'SI3SIX SIK BIATMOBIAHE HAIMIITHOCTI
YNpi,rd HalicaOmIoi B's131 (3HAUEHHS Yo IPUBOJAUTHCS
B 5.3).

Hpyry yactuny Bupaszy (6.12) 8 EN 1998-1:2004,

NEd =

6.7.4 HEOOXiHO 3aMIHUTH Ha PO3PaXyHKOBE
HaBaHTAXCHHS
5.7.1.4  Omnopu paMHoi KOHCTPYKIIil

N03aLeHTPOBO-PO3TAIIIOBAHUMH B'SI3SIMH

(1)P
6.8.

3actocoByroThcs ymoBun EN 1998-1:2004,

5.7.2 CraneBa a0o0 ckJiajgeHa npoJiirna o0yaosa

()P B wmocrax, po3paxoBaHMX Ha TOJATIUBY
noBeAiHky (q > 1,5), mpousitHa OymoBa MOBUHHA
MEepeBIpATUCS Ha PO3PAXYHKOBE HABAaHTAKCHHS
3rigHo 5.3. Y MocTax, po3paxoBaHHX HAa OOMEXEHY
noAaTiauBicTh (( <1,5), mepeBipka npoJiTHO1 OyA0BH
NOBUHHA  NPOBOJUTHUCA 3 BUKOPUCTaHHAM
PO3paxyHKOBOi Jii, y3TOI 3 pO3paxyHKy, 3TiTHO
BHpa3zy (5.4). s CTaJIeBO1 abo
cTaje3aj1i300eTOHHOT MpOoJITHOI OyJOBH, MEpeBipka
MOK€ MPOBOJUTHCS 3TiTHO BIIMOBIAHUM IpaBHUIIaM
EN 1993-2:2005 a6o EN 1994-2:2005.
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design values of the axial force, Neq, and shear
forces, VE,q, in piers consisting of moment resisting
frames shall be assumed to be equal to the capacity
design action effects N¢ and V¢, respectively, as the
latter are specified in 5.3.

(2)P The design of the sections of plastic hinges both
in beams and columns of the pier shall satisfy the
provisions of EN 1998-1:2004, 6.6.2, 6.6.3 and
6.6.4, using the values of Neq and Veq as specified in
(1)P.

5.7.1.3 Piers as frames with concentric bracings

(1)P The provisions of EN 1998-1: 2004 apply with
the following modifications for bridges designed for
ductile behaviour.

The design values for the axial shear force shall be in
accordance with 5.3, taking the force in all diagonals
as corresponding to the overstrength yNpi,rs Of the
weakest diagonal (see 5.3 for yo).

The second part of expression (6.12) in
EN 1998-1:2004, 6.7.4 shall be replaced by the
capacity design action

Nc

5.7.1.4 Piers as frames with eccentric bracings

(1)P  The provisions of EN 1998-1:2004, 6.8 apply.

5.7.2 Steel or composite deck

(1)P In bridges designed for ductile behaviour
(g>1,5) the deck shall be verified for the capacity
design effects in accordance with 5.3. In bridges
designed for limited ductile behaviour (q < 1,5) the
verification of the deck shall be carried out using the
design action effects from the analysis in accordance
with expression (5.4). The verifications may be
carried out in accordance with the relevant rules of
EN 19932:2005 or EN 1994-2:2005 for steel or
composite decks, respectively.
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5.8 ®ynpamenTn
5.8.1 3arajapHi mo/10:KeHHHA

(1)P IlpoexryBanHsa (pyHIaMEHTIB MOCTIB HEOOXITHO
MPOBOJUTH BIIMOBIIHO JO BHUMOT, BHUKIAJIECHUX B
EN 1998-5:2004, 5.1. OcHoBH MOCTIB HE IOBHHHI
HAaBMHUCHO  BHKOPHCTOBYBAaTHCS  SK  JDKepena
PO3CISIHHSI TICTEPE3UCHOI €Heprii 1 TOMy BOHH
MOBHMHHI 30epiratu, MPYXKHICTh HaBiTh B yMOBax

(2)P TIlpm HeoOXimHOCTI, B3aEMOJIS TPYHTOBHX
CTPYKTYD ITIOBMHHA OI[IHIOBaTHUCS 3TiHO
BignosigarM BuMoram EN 1998-5: 2004, po3min 6.

5.8.2 Po3paxynkoBa ais
(1)P Jlns mepeBipku CTIMHKOCTI pO3paxyHKOBa /i Ha

byHIaMeHTH BU3HAYA€eThCs 3TinHO (2)P - (4).

(2)P Moctu 3 o6mexeHoro noaaTiauBicTio (4 < 1,5) 1
MOCTH 3 celcMoun3oisauen. Po3paxyHKOBI aii

Ooepytbcsi 3 Bupady (5.4) 3 celCMIYHUMH
TiIMHA, ~ OTPUMAaHMMH 3 JIHIHHOTO PO3PAXyHKY
KOHCTPYKIIT  JUII  pO3PaxXyHKOBOI  CEHCMIYHOI

cUTYyalIlii 3riiHo 5.5, 3 pe3ynbTaTaMu po3paxyHKOBOT
CeUCMIYHOT J1i, MOMHOXXEHMMH Ha KOe(iIieHT (
(TobTo g =1).

(3)P Moctu 3 mogatauBuM peskumom (g > 1,5).
Po3paxyHkoBa Jii BHUBOJMTBCS 33 JOMOMOIOIO
3aCTOCYBaHHS MPOLICTYPH PO3paxyHKy
HaBaHTA)XCHHS JI0 OTIOP 3TiAHO 5.3.

()] Jlmst  MocTiB, po3paxoBaHUX Ha OCHOBI
HEJIIHIHOTO PO3paxyHKY, 3aCTOCOBYIOTHCS YMOBH
4.2.4.4(2)e.

5.8.3 IlepeBipka crilikocTi
(1)P IlepeBipka criiikocTi (pyHAAMEHTIB MOBHHHA
npoBoautucs  3rimHo  EN 1998-5:2004, 54.1

(Po3umpeni nonusy ¢ynmamentn) 1 5.4.2 (ITami 1
OTIOpH).
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5.8 Foundations
5.8.1 General

(1)P Bridge foundation systems shall be designed to
conform to the general requirements set forth in
EN 1998-5:2004, 5.1. Bridge foundations shall not
be intentionally used as sources of hysteretic energy
dissipation and therefore shall, as far as practicable,
be designed to remain elastic under the design
seismic action.

(2)P Soil structure interaction shall be assessed
where necessary on the basis of the relevant
provisions of EN 1998-5: 2004, Section 6.

5.8.2 Design action effects

(1)P For the purpose of resistance verifications, the
design action effects on the foundations shall be
determined in accordance with (2)P to (4).

(2)P  Bridges of limited ductile behaviour (q < 1,5)
and bridges with seismic isolation The design action
effects shall be those resulting from expression (5.4)
with seismic effects obtained from the linear analysis
of the structure for the seismic design situation in
accordance with 5.5, with the analysis results for the
design seismic action multiplied by the g-factor used
(i.e. effectively using g = 1).

(3)P  Bridges of ductile behaviour (g > 1,5).

The design action effects shall be obtained by
applying the capacity design procedure to the piers
in accordance with 5.3.

(4) For bridges designed on the basis of non-linear
analysis, the provisions of 4.2.4.4(2)e apply.

5.8.3 Resistance verification

(1)P The resistance verification of the foundations
shall be carried out in accordance with
EN 1998-5:2004, 5.4.1 (Direct foundations) and
5.4.2 (Piles and piers).



6 KOHCTPYIOBAHHA
6.1 3arajbHi MoJI0KeHH

(1)P TIpaBmia maHOTO PO3IITY CTOCYIOTHCS TUTBKH
MOCTIB, PO3paxOBaHMUX Ha MOJATIMBY IMOBEIIHKY, 1
BOHH INpH3HAUYCHI 3a0€3MeUnTH MiHIMAIBHUN PIBEHb
3TUHHOT/KPYTHJIBHOI ~ TIOJATIMBOCTI B 30HI
IJIACTUYHUX LIapHIPIB.

(2)P Hdns mocTiB 3 OOMEXKEHOI IMOJATIHMBICTIO,
MpaBUja KOHCTPYIOBAHHS KPUTHUYHHX MEPETHHIB 1
CHeIlaIbHUX HEMOJATIINBUX €JIEMEHTIB
pO3rIIsAIaroThCs B 6.5.

(3)P YTBOpEHHS IIIaCTUYHUX MIAPHIPIB B MPOJIITHUX
OymoBax  He  Jomyckaerbcs. ToMy — HeMae
HEOOX1IHOCTI 3aCTOCOBYBATH SIKI-HEOYb CHEI[laJIbH1
MpaBWiia KOHCTPYIOBaHHS, BIAMIHHI BiA THX, SKi
BUKOPUCTOBYIOTHCSI TPU MPOEKTYBaHHI MOCTIB Ha
HecercMIvuHi1 aii.

6.2 3ani3zo0eToHHi onopu

6.2.1 Henpsime apMyBaHHs

6.2.1.1 3araabHi BUMOrM

()P B  nOTeHIWHWUX  JUISHKAX  YTBOPEHHS
MJACTUYHUX IIAPHIPIB HEOOXIAHO TepemdadaTh
MOJATJIMBY TTOBEIHKY CTUCIIOT 30HH OETOHY.

(2P B  noOTeHIWHUX  JUISHKAX  YTBOPEHHS

IUTACTUYHUX INApHIPIB, 6 HOpMajbHA OChOBA CHUIIA
(muB. 5.3(3)) mepeBuIIye rPaHUYHE 3HAYCHHS:

7k = NedAciek > 0,08
Ecu2 = 0,35%

[MPUMITKA VYwmoBa (3) P moxe Oyru mocsrHyTa B Omopax
PpeOPHCTOro NEpeTHHY, SKIIO B 30HI CTHCKYBaHHS 3HAXOIUTHCS
IOCTATHS IUIOIIA ITOJIHIII.

(4) IIpu Benukiid cTUCIN 30HI 0OMEKCHHS TIOBUHHE
PO3MOBCIOKYBATHCS, IPUHANMHI, Ha BUCOTY, 1€
3HaueHHs Aedopmarlii CTUCKYBaHHS TIEPEBUIILYE
0,56(;u2.

(5)P KinbkicTh HenpsiMO1 apMaTypH BU3HAYAETHCS 3a
JOTIOMOT OO0 KoedilieHTa KOHCTPYKTUBHOI
apMarypH:

owd = pw.fyalfed
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6 DETAILING
6.1 General

(1)P The rules of this Section apply only to bridges
designed for ductile behaviour and aim to ensure a
minimum level of curvature/rotation ductility at the
plastic hinges.

(2)P For bridges of limited ductile behaviour, rules
for the detailing of critical sections and specific non-
ductile components are specified in 6.5.

(3)P In general, plastic hinge formation is not
allowed in the deck. Therefore there is no need for
the application of special detailing rules other than
those applying for the design of bridges for the non-
seismic actions.

6.2 Concrete piers
6.2.1 Confinement
6.2.1.1 General requirements

(1)P Ductile behaviour of the compression concrete
zone shall be ensured within the potential plastic
hinge regions.

(2)P In potential hinge regions where the normalised
axial force (see 5.3(3)) exceeds the limit:

(6.1)
(6.2)

NOTE: The condition of (3)P may be attainable in piers with
flanged section, when sufficient flange area is available in the
compressive zone.

4) In cases of deep compression zones, the
confinement should extend at least up to the depth
where the value of the compressive strain exceeds
0,5ecu2

(5)P The quantity of confining reinforcement is
defined through the mechanical reinforcement ratio:

(6.3)
83
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Ac:

€)] VY NpsIMOKYTHHX MEPETHHAX:
Pw Koe(ilieHT MOmepedHoi apMaTypu, BUSHAYECHUI
SIK:

_ A
Pu= s b

ac:

Asw 3araigpHa IUIOLIA XOMYTIB B OJHOMY Hampsmi
HENPSIMO1 apMaTypH;

SL  BIICTaHb MDK XOMYTaMU B IOJOBXKXHbOMY
Hampsmi;

b pO3MIp  3ai300€TOHHOTO  MEPETHHY,
NEPIEHIUKYISIPHOTO 0  HampsAMy  HEmpsMoi
apMarypu.

(b) VY Kpyriux nepeTuHax:

BuxopuctoByeTbcst 06'eMHE BITHOILIEHHS Pw
CHIpaJIbHOT apMaTypH 11010 OETOHHOTO MEPETUHY:

D_s

spPL

Pw

Ie:

Asp TTOIIA CHTipaTbHUX 200 KUTBLIEBUX CTPUKHIB;
Dsp miametp cnipaJibHEX a00 KUTHIIEBUX CTPHIKHIB;
SL Imar MK JJAHUMU CTPHOKHSMH.

6.2.1.2 IIpsiMOKYTHi nepeTuHn
(1)P Kpok Mixk XOMyTaMu B MOJOBXKHBEOMY HAIpPsMi,

SL, IOBUHEH 3aJI0BOJIBHATH HACTYITHUM YMOBAM:

SL < 6 miameTpiB MOJOBKHBOT apMaTypH, oL
St < 1/5 mwaiimeHmoro po3mipy OETOHHOTO
MEPETHHY 3 HEMIPSIMUM apMYyBaHHSIM.

where:

(@) In rectangular sections:

Pw is the transverse reinforcement ratio defined
as:

(6.4)
where:

Asw is the total area of hoops or ties in the one
direction of confinement;

SL is the spacing of hoops or ties in the
longitudinal direction;
b is the dimension of the concrete core

perpendicular to the direction of the confinement
under consideration, measured to the outside of the
perimeter hoop.

(b) In circular sections:
The volumetric ratio pw Of the spiral reinforcement
relative to the concrete core is used:

(6.5)

where:

Asp is the area of the spiral or hoop bar
Dsp  is the diameter of the spiral or hoop bar
s. Iis the spacing of these bars.

6.2.1.2 Rectangular sections

(1)P The spacing of hoops or ties in the longitudinal
direction, s, shall satisfy both of the following
conditions:

S. < 6 times the longitudinal bar diameter, dp_
s. < 1/5 of the smallest dimension of the confined
concrete core, to the hoop centre line.

(2)P The transverse distance st between hoop legs or
supplementary cross-ties shall not exceed 1/3 of the
smallest dimension bmin Of the concrete core to the
hoop centre line, nor 200mm (see Figure 6.1a).

P TlomepeuHa BificTaHb ST MK CTPHXKHSIMHU HENPSAMOT
vaTypyd HE TMOBHUHHO INepeBHIyBaTH 1/3 HaliMeHIIOro
3Mipy Dmin O€TOHHOTO TEpeTHHY i HEe MOBHHHO OYTH
bire 200MM (UB. pUCYHOK 6.1a).

(3)P Iloxumi CTprXHI, po3TalloBaHi mijg Kyrom a > 0
70 TIOTIEPEYHOr0 HAIpPSIMKY, MIICYMOBYIOThCS 13
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(3)P Bars inclined at an angle a > 0 to the transverse
direction in which pyw refers to shall be assumed to



3aranbHOIO IUIoieto Asw BUpasy (6.4), npu upoMy ix
IUIOIIA, MHOXKUTBCS Ha COSa.

7,

C

S11

ST2 £ min (bwin/ 3 , 200mm)

3ST_1

7
3

¥
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contribute to the total area Asw of expression (6.4) by
their area multiplied by cosa.

T T
4.3'r_ 1 ]
i .
¥ SN A

45'7';

>

YMOBHI O3HAYEHHS
A: 3 3aMKHEHUX NEPEKPUBAOIINXCS XOMYTa

B: 3 3aMKHEHHX MEpEeKpHUBAIOIIUXCS  XOMyTa M
MOTNIEPEYH1 CTEPKHI
C: 3aMKHEHI NepeKpHBAIOILUECS XOMYTH H

MIOTIEPEYH1 CTePIKHI

Pucynok 6.1a: TumoBa mnocepenHss apmarypa B
OCTOHHMX oOMopax NPSIMOKYTHOTO Tmepepidy 3
BUKOPUCTAHHSIM TMPSIMOKYTHUX TEPEKPUBAIOLIUXCS
KUIEI[ ¥ TIONEPEYHUX CTKEK

6.2.1.3 Kpyrai nepepizu

nin
ITIOBUHCH

(HP [[lar wmexay  cnupaITbHUMHA
KUIBIICBUMH ~ CTEP)KHSIMH, BU
3aJI0BOJIBHSATH JIBOM HACTYITHUM YMOBaM:

- 5.<6 miamMeTpiB MOAOBKHBOT apMaTypH, doL
-s. < 1/5 niamerpy OETOHHOTO TMEPETHHY 3
HETIPSIMUM apMyBaHHSM.

6.2.1.4 HeoOxigHa HenpsiMa apMaTypa

(1)P Sx HenpsMa apmaTypa BHUKOPHCTOBYIOTBHCS
NPSIMOKYTHI KUIbIsl 1/a00 TMomepedHi CTep>kHI abo
KpyTIJli KiTblisg, a0 cripali.

[NPUMITKA HamionansHe 3acTOCYBaHHS MOXeE 3a00pOHHTH
BUKOPUCTaHHS IIEBHHX THIIB  HENPSMOIO  apMyBaHHS.
PekomeHnyeThCS OTpUMAaTH JO3BIT Ha BCI THUIM HENPSIMOi

apMarypu.

\

Key
A : 4 closed overlapping hoops
B : 3 closed overlapping hoops plus cross-ties

C : closed overlapping hoops plus cross-ties

Figure 6.1a: Typical confinement details in concrete
piers with rectangular section using overlapping
rectangular hoops and cross-ties

6.2.1.3 Circular sections

(1)P  The spacing of spiral or hoop bars, s, shall
satisfy both of the following conditions:

S. < 6 times the longitudinal bar diameter, dp_
sL < 1/5 of the diameter of the confined concrete core
to the hoop centre line.

6.2.1.4 Required confining reinforcement

(1)P  Confinement is implemented through
rectangular hoops and/or cross-ties or through
circular hoops or spirals.

NOTE The National Annex may prohibit the use of a certain
type of confinement reinforcement. It is recommended that all
types of confinement are allowed.
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(2)P MinimManbHa KUIBKICTH HENPSIMOi apMaTypHu
BU3HAYAETHCS TAKUM YHHOM:
-JUTSI IPSIMOKYTHUX XOMYTIB 1 IOMIEPEYHHUX CTEPIKHIB

(2P  The minimum amount of confining
reinforcement shall be determined as follows:
for rectangular hoops and cross-ties

Owd,r > MaX(ww,req;2/3 ww,min) (6.6)
ne: where:
— Ac fyd
Ww,req = K 7\J7k + 0,13 ?( pL'0,0l) (67)
hi (S where:

Ac momia 6€TOHHOTO NMEPETUHY OPYTTO;

Acc noma OETOHHOTO MEpPeTHHY 10 KpalHbOi oci
XOMYTa;

@w,min 4 KOe(]IIIEHTH, 3HAYEHHS SKUX MPUBEICH1
B Tabnuui 6.1 Ta

pL KOe]illieHT apMyBaHHS MOJIOBXHBOI apMaTypH.

3anexxHO Bim TepeadadyBaHOT  CEMCMOCTIMKOCTI
MOCTa, 3aCTOCOBYIOTHCSI HACTYIHI MIHIMaJbHI
3HAYEHHs, BKa3aHl B Ta0auii 6.1.

Taoauns 6.1: MiniMmaabHi 3HaveHHs X 1 @w,min

Ac is the area of the gross concrete section;

Acc is the confined (core) concrete area of the
section to the hoop centerline;

owmin A are factors specified in Table 6.1; and

pL Is the reinforcement ratio of the longitudinal
reinforcement.

Depending on the intended seismic behaviour of the
bridge, the minimum values specified in Table 6.1

apply.

Table 6.1: Minimum values of X and @w,min

Seismic Behaviour

CeiicMigyHa ITIOBEIIHKA MOCTa  |A

TlomaTause

Ductile
OOMEXEHO-TIOIATINBE
Limited ductile

Ww,min
0,37 0,18
0,28 (0,12

JUTSL KPYTJIMX apMaTypHHUX KiJIelb a0o cripaneit

for circular hoops or spirals

Owd.c> Max(1,4®w,req; @w,min)

(3)P Skimio BUKOPUCTOBYIOTHCS MPSIMOKYTHI XOMYTHU
1 IOTIepeYHi CTHPKH1, MiHIMaJIbHI YMOBHU apMyBaHHS
MalTh OyTH 3a370BOJIeHI B 000X TMOMEpeuHux
HarpsMax.

(4)P  IlepeciuHi choipaii/Kuiblii €  JOCTaTHbO
e(peKTUBHUM 3aCO00M apMyBaHHS MPSIMOKYTHHX
nepeTuHiB. BigcTtaHb MDK  LEHTpaMH  JaHUX
crmipajieif/kiienlb He  TMOBHMHHA  IEPEBUIYBATH
0,60Dsp, ne Dsp- 1me miamerp cmipaii/Kinblis (AUB.
puCyHOK 6.1D),
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(3)P When rectangular hoops and cross-ties are used,
the minimum reinforcement condition shall be
satisfied in both transverse directions.

(4)P Interlocking spirals/hoops are quite efficient for
confining approximately rectangular sections. The
distance between the centres of interlocking
spirals/hoops shall not exceed 0,6Dsr, Where Dsp is
the diameter of the spiral/hoop (see Figure 6.1b).
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Dy

e

Pucynok 6.1b: TunoBa koHTypHa apmarypa B

Figure 6.1b: Typical confinement detail in concrete
piers using interlocking spirals/hoops

6.2.1.5 Extent of confinement. Length of potential
plastic hinges

(1)P When

7k = Ned/Ac T < 0,3

3ai300€TOHHUX  OMOpax 3  BHKOPHCTAaHHAM
MepeciyHuX CcIipanei/Kiensb

6.2.1.5 Oo0meskeHHsI 00’emy. JoBxuna
NOTeHUIHUX MJIACTUYHHUX WAPHIPiB

(1)P Sxmo

pO3paxyHKOBa JIOB)KMHA Ln MOTEHITITHUX

IUIACTUYHUX IIAPHIPIB BHU3HAYAETHCS SK BEJIMKA
BEJIMYMHA 3 HACTYITHUX 3HAUEHb!

-BHCOTa TEPETHHY OINOp Ha IUIOCKOCTI
(mepneHauKyIIPHO 0Ci 0OepTaHHs IapHIpa);

3TUHY

BiJICTaH1 BiJi TOYKH MaKCHMAaJbHOTO MOMEHTY JI0
TOYKH, B SIKIH pO3paxyHKOBHUI MoMeHT MmeHIie 80%
3HAYCHHS MAKCUMAJIBHOTO MOMEHTY.

(2)P Konu

the design length Ly of potential plastic hinges shall
be estimated as the largest of the following values:

- the depth of the pier section within the plane of
bending (perpendicular to the axis of rotation of the
hinge);

the distance from the point of maximum moment to
the point where the design moment is less than 80%
of the value of the maximum moment.

(2)P When

0,6 > 5 >0,3

PO3paxyHKOBa JOBXHHA MOTEHI[IMHUX TUIACTHYHUX
mapHipiB 3rigHo (1)P mae 6yTtu 36inpiena Ha 50%.

(3) PospaxyHkoBa MOBKHMHA IUTACTUYHUX IIAPHIPIB
(Ln), BU3HAYEHA BHUIIE, TOBUHHA BUKOPHCTOBYBATHUCS
BUKIIIOYHO Ui KOHCTPYIOBaHHS  apMarypu
IUTACTUYHUX  [apHipiB. BoHa He  mNOBUHHA
BUKOPHUCTOBYBATUCS JJIS1 PO3paXyHKY KyTa IIOBOPOTY
TJTACTUYHUX IIAPHIPIB.

(4)P Sxmo mnorpibHa HempsimMa apmatypa, il
KUIBKICTb 3T11HO 6.2.1.4 mOBUHHE PO3MOJUIATHCS O
BCI JOBXKUHI MJIACTUYHUX IIAPHIpIB. 3a MexaMmu
JIOBXKMHM LIapHipa, IONEpeYHa apMaTrypa MOXe
MOCTYTIOBO CKOpOUYyBaTHUCS hi(s) KUTBKOCTI,
nepeabadeHoi IHMWUMH  KputepismMu. KimbkicTh

the design length of the potential plastic hinges as
determined in (1)P shall be increased by 50%.

(3) The design length of plastic hinges (L) defined
above should be used exclusively for detailing the
reinforcement of the plastic hinge. It should not be
used for estimating the plastic hinge rotation.

(4)P When confining reinforcement is required, the
amount specified in 6.2.1.4 shall be provided over
the entire length of the plastic hinge. Outside the
length of the hinge the transverse reinforcement may
be gradually reduced to the amount required by other
criteria. The amount of transverse reinforcement
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MOMEPEYHOl apMarypu B MeEXKaxX JOJATKOBOI
JOBXHUHU L, 110 MPUMHUKAE IO TEOPSTUYHOTO KIHIIS
IUIACTUYHOTO IIapHipa, TMOBUHHO CKJIAJaTH HE

meHme 50%  KUIBKOCTI  HENpsMOi  apMaTypH,
noTpiOHOT JUIs TUTACTHYHUX IIAPHIPIB.
6.2.2 Brpara CTiliKOCTi TOMOBKHBOI CTHCJIOL

apMaTypHu

(1)P Cunig yHUKaTH BTpaTH CTIMKOCTI IOJOBXHBOT
apMaTypu y3JIOBX NUISTHOK MOTCHIIHHUX MIApHIpIB,
HaBITh MICIIS JEKUTBKOX IIUKIIIB.

(2) {06 BUKOHATH BUMOTY ap
HEOOX1ZIHO  3amoOIrTH BUITyYMBAaHHS HA30BHI BCIX
OCHOBHUX TIOJIOBXHIX CTepxHIB. [lnsg 1mporo

BUKOPUCTOBYETbCS IMOIEpeyHa apMmaTypa (KUIbLs
abo  momepeyHl  CTATYBaHHS),  PO3TallOBaHA
MEPIEeHANKYIIIPHO ~ TIOJIOBXKHIM ~ CTEPXKHAM 3
(TTOTOBXKHIM) KPOKOM SL , 1[0 HE TMePEeBHIIYeE, ObL , 1€
dbL giaMeTp MOTOBKHIX CTEPIXKHIB.

Koedimient & 3amexwuts Bim BigHomenuas f fy
HOPMAaTHBHUX 3HAY€Hb MII[HOCTI Ha po3puB ftk 10
Mexi  Tekydocti fyk  momepeuHoi  apmarypu
BIJIMTOBITHO JI0 HACTYITHOTO PIBHSIHHS:

5<8=2,5 (fulfy) +2,25<6

(3) TlomoBkHiI CTEep)KHI HEOOXITHO YTPUMYyBaTH
Y3I0BXK MEX MEPEeTHHY 3a JOMOMOTOI OJHOTO 3
HACTYIHUX CITOCOOIB:

a) 3a JJOIIOMOI'O}0 BUKOPUCTAaHHS CTATYBAaHHSA IO
epUMeTpy HEPETHHY, HIATPUMYBAHOTO
NONEPEYHUMH  CTSATYBaHHSMH,  PO3TAIIOBaHUMHU
KpokoM St, o He mepeBuinye 200 mm. [Tomepeuni
CTATYBaHHS MOBHHHI MaTH 3aruHu 135°- 3 omgHOTO
KiHI 1 3aruHd 135°-a00 90°- 3 iHIIOrO KIiHIIA.
[Tonepeuni ctsaryBanHs 13 3aruHamu 135°- 3 000x
KIHIIB MOXYTh CKJIQJaTUCS 3 [JBOX YacTHH,
cnomydyeHux B Hakman. Sxmo nk > 0,30,
BUKOPHCTaHHS 3aru”iB  90°- 1o momepedyHux
CTATYBaHb HE JOINYCKAeTbcsA. SIKIIO MomepeuHi
CTATYBAaHHS MalOTh PI3HI 3aTMHU 3 000X KIHI[IB, BOHU
MIOBHHHI YepPryBaTUCs B CYMDKHUX CTATYBaHHSX 1 110
TOPHU30HTA, 1 110 BEPTUKAJi. Y HMEpeTHHAX BEIUKHX
PO3MIpIB CTATYBaHHA 1O MEPUMETPY MOXKeE B'sI3aTHCA

3 HaXJbOCTYBaHHSIM BIANOBIAHOI JIOBXKWUHU ¥
MMO€IHAHHI 13 3aTMHAMH;
b) 32  paxyHOK BHUKOPUCTaHHS  3aMKHYTHX
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provided over an additional length Lh adjacent to the
theoretical end of the plastic hinge shall not be less
than 50% of the amount of the confining
reinforcement required in the plastic hinge.

6.2.2 Buckling of longitudinal compression
reinforcement

(1)P Buckling of longitudinal reinforcement shall be
avoided along potential hinge areas, even after
several cycles into the post-yield region.

(2) To meet the requirement in (1)P, all main
longitudinal bars should be restrained against
outward buckling by transverse reinforcement
(hoops or cross-ties) perpendicular to the
longitudinal bars at a (longitudinal) spacing s. not
exceeding 5do., where dp_ is the diameter of the
longitudinal bars.

Coefficient & depends on the ratio f; /fy of the tensile
strength ftx to the yield strength fyk of the transverse
reinforcement, in terms of characteristic values, in
accordance with the following relation:

(6.9)

(3) Along straight section boundaries, restraining of
longitudinal bars should be acheived in either one of
the following ways:

a) through a perimeter tie engaged by intermediate
cross-ties at alternate locations of longitudinal bars,
at transverse (horizontal) spacing st not exceeding
200 mm. The cross-ties shall have 135°-hooks at one
end and 135°-hooks or 90°-hook at the other. Cross-
ties with 135°-hooks at both ends may consist of two
lapped spliced pieces. If 7k > 0,30, 90°-hooks are not
allowed for the cross-ties. If the cross-ties have
dissimilar hooks at the two ends, these hooks should
be alternated in adjacent cross-ties, both horizontally
and vertically. In sections of large dimensions the
perimeter tie may be spliced using appropriate
lapping length combined with hooks;

b) through overlapping closed ties arranged so that



CTSATYBaHb, L0 IEPEKPUBAIOTHCS, PO3TALLIOBAHUX
TaKUM YHMHOM, IO KOXEH KYTOBHH CTPUXKEHb 1,
MPUHANHMHI, KOXKEH JAPYTuid BHYTPIIIHINA MOJOBXKHIN
CTPM)KEHb OXOIUTIOEThCS cTAryBaHHsAM. Kpok St
CTAT'YBaHb HE IIOBUHEH nepeBuiyBatu 200 mm.

(4)P MiniManpHa KUTBKICTh MOTEPEUYHUX CTATYBAHB
BHU3HAYAETHCS TAKUM YHHOM:

Ay DA,

min(—) =
S, 16f,

ac:

At 1101112 OJHOTO CTATYBAaHHS, B MM2;
ST ToTiepeyHa BIJICTaHb MIXK CTSATYBaHHSIMU, B M;

As cyma Mol MOJOBXKHIX CTPHIKHIB, OXOTUICHHX
CTATYBaHHSM, B MM2;

fyt MeXka TeKy4OoCTi CTATYBaHHS,

fy,s MeKa TEKyJOCTi [T0TOBKHBOT apMaTypH.

6.2.3 Inmi mpaBuja

(1)P 3Baxaroun Ha TMOTEHIIHHY BTpPATy 3aXHUCHOTO
mapy OeToHy B 00JacTl IUTACTUYHUX IIApHIPIB,
HempsiMa apmaTypa Mae OyTH 3aaHKepeHa 3a
JIOIIOMOT'OFO 3arvuHiB 135°- (stx1IIO HE
BHKOPHCTOBYIOThCs 3aruau 90°- 3rizHo 6.2.2(3)a),
3aBEJICHUX 3a IMOJIOBXHI CTPHKHI TUTFOC BIAMOBIAHA
JOBXUHI aHKepOBKH (MiHIMyM 10 miameTpiB).

(2)P Amnanoriune kpimieHHS abo paBHOIPOYHA
3BapKa MoTpiOHE I 3'€THAHHS B HAKIAJ CITipaiei
a00 apMaTypHUX KUIeIb Ha JUISTHKAX MOTCHIMHUX
IUIACTUYHUX IIapHipiB. B 1bOMy BHMauKy Kpyru
MOCTIIOBHUX cITipajield abo Kilelb, pO3TallOBaHHUX
Y3JI0BXK nepuMeTpa CJIIEMEHTY, ITOBUHHI

PO3TaIIOBYBATUCS CTYMIHYacTO 3TiIHO
EN 1992-1-1:2004, 8.7.2.

(3)P 3pomenns B Hakimang abo 3BapKa IMOJIOBXKHBOT
apMaTypu Ha AUITHKaX IUIACTUYHMX UIApHIPIB HE
JOITYCKAEThCA. Bukopucranus MeXaHIYHUX

CIIOJIyYHUX eJIEMEHTIB PO3IIISIAETHCS B
EN 1998-1:2004, 5.6.3(2).

6.2.4 Ilopo:kHuCTi onopu

(1) TIpaBuna (2) - (4) He NOTPiIOHI y BHUMATKAX
HU3BKOI CEHCMIYHOCTI.

np ACTY-H b EN 1998-2:201X

every corner bar and at least every alternate internal
longitudinal bar is engaged by a tie leg. The
transverse (horizontal) spacing st of the tie legs
should not exceed 200 mm.

(4)P  The minimum amount of transverse ties shall
be determined as follows:

(mm? /m) (6.10)
where:
A: s the area of one tie leg, in mm?;
ST Is the transverse distance between tie legs, in

m;

As is the sum of the areas of the longitudinal bars
restrained by the tie, in mm?;

fyt  is the yield strength of the tie; and

fy,s is the yield strength of the longitudinal
reinforcement.

6.2.3 Other rules

(1)P Due to the potential loss of concrete cover in
the plastic hinge region, the confining reinforcement
shall be anchored by 135°-hooks (unless a 90°-hook
is used in accordance with 6.2.2(3)a) surrounding a
longitudinal bar plus adequate extension (min. 10
diameters) into the core concrete.

(2)P Similar anchoring or a full strength weld is
required for the lapping of spirals or hoops within
potential plastic hinge regions. In this case laps of
successive spirals or hoops, when located along the
perimeter of the member, should be staggered in
accordance with EN 1992-1-1:2004, 8.7.2.

(3)P No splicing by lapping or welding of
longitudinal reinforcement is allowed within the
plastic hinge region. For mechanical couplers see
EN 1998-1:2004, 5.6.3(2).

6.2.4 Hollow piers

(1) The rules of (2) to (4) are not required in cases
of low seismicity.
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MMPUMITKA JInst HU3bKOI CEHCMITHOCTI 3aCTOCOBYIOTBCS
yMOBH mpuMiToK B 2.3.7(1).

@) SIkmo Hemae SKUX-HEOyAb BUIPABIAHUX
npuyuH, BigHolIeHHs b/h mupunu b 1o ToBHIMHK h
CTIHOK, B 00JacTi MJIACTUYHHUX HIAPHIPIB (IOBXKHHA
Lh 3rigHo 6.2.1.5) B MOPOKHUCTUX OTIOPAX 3 OAHUM
ab0 JeKUIbKOMa KOpOOYaTHMH TEepPETHHAMH, HE
[TIOBUHHO E€PEBUILYBATH 8.

3) Jnis  TOpPOKHUCTHX —HIHJIIHAPOBUX  OIOP
oomesxenns (2) crocyerbes BigHotnenus Di /h, e Di
- 11e BHYTPIIIHINA J1ameTp.

()] Y omnopax 3 oaHHM ab0 JAeKiIbKOMa
KOpoOUaTUMHM TEpeTHHAMH 1 KOJIM 3HAa4YeHHS
koedimienta 7K, BusHaueHoro y Bupasi (6.1), He
nepesuinye 0,20, mepeBipka HENpsiMOi apMmarypu
srizio  6.2.1 He mOTpIOHMK 3a YMOBH, IO
BHUKOHYIOTHCSI BUMOTH 6.2.2.

6.3  Cranesi onopu

(1)P Jns MocTiB, po3paxOBaHUX Ha MOAATIUBY
MOBEJIIHKY, 3aCTOCOBYIOTBCS paBuia
koHcTpyroBaHHs EN 1998-1:2004, 6.5, 6.6, 6.7 1 6.8
13 3MiHaAMU 5.7 B CIIpaBXHIA YaCTHHI.

6.4 DyHAaMeHTH
6.4.1 ®yngaMeHTH HA IPUPOIHIN OCHOBI

(1)P ®dyngameHTH Ha TPUPOIHINA OCHOBI, TakKi 5K
dbyHOaMEHTHI  IUIMTH, CYNUIbHUKA  (yHJIaMEHT,
KECOHHHMH (pyHIaMEHT, MaCHBHI OTIOPH 1 TaK Jaji He
MOBUHHI JOCITaTH IJIACTHYHOI 00JacTi B yMOBax
pO3paxyHKOBOI celcMiuHOi 1ii 1 BiAMOBIIHO, HE
BUMAararmTh CIELIAIbHOTO KOHCTPYIOBaHHS
apMaTypH.

6.4.2 [laaboBuUii pyHAAMEHT

(1)P Skmo He BOAETBCS YHHKHYTH OKPEMHX
MIAPHIPHUX OMOp B TaIIX 3 BHUKOPUCTAHHAM
QITOPUTMY PO3PaXYHKY TOMYCTUMHUX HaBaHTaKEHb
(muB. 5.3), HEOOXiTHO 3a0€3MEUYNTH MOJATIMUBICTD 1

LIUTICHICTE Majb. Jost TaKOTO BUNAJKY
3aCTOCOBYIOTHCSI HACTYITHI PaBUIIA.
2 HactynHi ToukM  y3[0BX  Halb

HEOOXIJJTHO KOHCTPYIOBAaTH SIK MOTEHLINHHI MIaCTHYHI
HIapHIPH.
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NOTE: For cases of low seismicity the Notes in 2.3.7(1) apply.

(2) Unless appropriate justification is provided,
the ratio b/h of the clear width b to the thickness h of
the walls, in the plastic hinge region (length Ly in
accordance with 6.2.1.5) of hollow piers with a
single or multiple box cross-section, should not
exceed 8.

(3) For hollow cylindrical piers the limitation (2)
applies to the ratio Di /h, where Dj is the inside
diameter.

4) In piers with simple or multiple box section
and when the value of the ratio sk defined in
expression (6.1) does not exceed 0,20, there is no
need for verification of the confining reinforcement
in accordance with 6.2.1, provided that the
requirements of 6.2.2 are met.

6.3 Steel piers

(1)P For bridges designed for ductile behaviour, the
detailing rules of EN 1998-1:2004, 6.5, 6.6, 6.7 and
6.8, as modified by 5.7 of the present Part, shall be
applied.

6.4 Foundations
6.4.1 Spread foundation

(1)P Spread foundations such as footings, rafts, box-
type caissons, piers etc., shall not enter the plastic
range under the design seismic action, and hence do
not require special detailing reinforcement.

6.4.2 Pile foundations

(1)P When it is not feasible to avoid localised
hinging in the piles, using the capacity design
procedure (see 5.3), pile integrity and ductile
behaviour shall be ensured. For this case following
rules apply.

(2) The following locations along the pile should be
detailed as potential plastic hinges.



@ OroJyioBkM maJli TMOPSA 3 pUreleM, KOJIU
oOepTaHHsI pUresisi HaBKOJO TOPU30HTAILHOI OCi B
MOTIEPEYHOMY  HampsiMi 10 ceiicMmiuHol il
CTPUMYETHCS BHUCOKOIO XOPCTKICTIO TPYIU Majib 3
JTAHOIO CTYITIHHIO CBOOOIH.

(b) 'mubuna mami, Ha SKIi yTBOPIOETHCS
MaKCUMaJbHUK 3TUHAJLHUM MOMEHT. [l OIiHKH
JaHO1 TIMOWHU, HEOOXiTHO TIPOBECTH PO3PAXYHOK 3
ypaxyBaHHSIM (PaKTUYHOI 3TMHHOI >KOPCTKOCTI maii
(muB. 2.3.6.1), momepe4HOI >KOPCTKOCTI TPYHTY 1
KPYTUJIBHOI OPCTKOCTI TIpynu TMajgb B o00iacTi
purens.

(© Mexi po3zily mapiB TPYHTY 3 MOMITHOIO
pi3HOIO jAedopmarlii€ro  3pYyLIEHHS, BUKIMKAHOIO
KIHEMaTUYHOIO B3a€EMOJIIEI0 Tayll 3 TPyHTOM (IHB.
EN 1998-5:2004, 5.4.2(1)P).

(3 B Toukax THmy (a) B (2) HeoOXigHO
nepe0avyuTH HENmpsIMy apMaTypy B KUTBKOCTI 3T1JTHO
3 6.2.1.4 y310BXK BEpTHUKAIBHOI MOBXKWHH, sIKa B 3
pasu MEePeBUIIYE T1aMeTp Tali.

(4) Slxmo Hemae  TOYHINIOTO  PO3pPaxyHKY,
MTOJIOBXKHIO 1 HEMPSIMY apMaTypy B Tii KUTBKOCTI, sIKa
nmoTpiOHa Ha  OroJIoBKax  maji, HEO0OXiTHO
nepeadaynuTH Ha JOBXKHHY JBOX JiaMETpiB mayi 3
KOKHOTO OOKY TOYKH MaKCUMalbHOTO MOMEHTY B
micisx tuny (b)) B (2) 1 3 KOXHOro OOKy Mexi
po3nury B Micusx Tuiy (¢) B (2).

6.5 KoHcTpykuii 3 rpaHu4yHuM OOMeKeHHAM

MOJATJINBOCTI

6.5.1 IlepeBipka TOAATIAMBOCTI KPUTHYHHX
nepeTHHIB

(1)P HactynHi mnpaBuia 3aCTOCOBYIOTHCS 10

KPUTHYHHUX TEPETUHIB KOHCTPYKIIiH, pO3paxoBaHUX
Ha oOMexeHy mnojatnuBicte (mpu ¢ < L,5) y
BUIAAKAaX, BIAMIHHHX BiI BHIIaJKIB HHU3BKOI
CeMCMIYHOCTI, I 3a0e3medyeHHs MIHIMaJbHOIL
00MEKEHOT ITOJaTIUBOCTI.

[MPUMITKA 1  BusnaueHHs
TMPUBOIUTECS B mpumiti 1 B 2.3.7(1).

HHM3BKOI  CEHCMIYHOCTI

I[MPUMITKA 2 V HalioHaJbHOMY 3aCTOCYBaHHI MOXYTh OyTH
BH3HAYCHI CIIPOIICHI TMpaBWia TEPEeBIpKU s MOCTIB,
pO3paxoBaHMX Ha OOMEXEHy MOAATIMBICT B YMOBax
HHU3BKOI ceficMiuHOCTI. PekoMeHIyeTbesl 3aCTOCOBYBAaTH Ti X
mpaBmiia, SK 1 y BHUNAgKaX, BIAMIHHUX B HH3BKOI

np ACTY-H b EN 1998-2:201X

(a) At the pile heads adjacent to the pile cap, when
the rotation of the pile cap about a horizontal axis
transverse to the seismic action is restrained by the
large stiffness of the pile group in this degree-of-
freedom.

(b) At the depth where the maximum bending
moment develops in the pile. This depth should be
estimated by an analysis that takes into account the
effective pile flexural stiffness (see 2.3.6.1), the
lateral soil stiffness and the rotational stiffness of the
pile group at the pile cap.

(c) At the interfaces of soil layers with markedly
different shear deformability, due to kinematic pile-
soil interaction (see EN 1998-5:2004, 5.4.2(1)P).

(3) At locations of type (a) in (2), confining
reinforcement of the amount specified in 6.2.1.4
along a vertical length equal to 3 times the pile
diameter, should be provided.

4) Unless a more accurate analysis is made, , ,
longitudinal as well as confining reinforcement of
the same amount as that required at the pile head
shall be provided over a length of two pile diameters
on each side of the point of maximum moment at
locations of type (b) in (2), and of each side of the
interface at locations of type (c) in (2).

6.5 Structures of limited ductile behaviour

6.5.1 Verification of ductility of critical sections

(1)P The following rules apply at the critical sections
of structures designed for limited ductile behaviour
(with q < 1,5) in cases other than those of low
seismicity, to ensure a minimum of limited ductility.

NOTE 1: For the definition of cases of low seismicity see Note
1in 2.3.7().

NOTE 2: The National Annex may define simplified
verification rules for bridges designed for limited ductile
behaviour in low seismicity cases. It is recommended to apply
the same rules as in cases other than those of low seismicity.
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celicMi4HOCTI.
(2)P IlepetnH BBaXKa€TbCs 3a KPUTHUYHHMA, TOOTO

MICIIE  YTBOPEHHS MOTEHIIHOTO  IUIACTHYHOIO
HIapHipa, KOJu:

Mrd /Med < 1,30

ac:

Med  MakcuManbHHI pPO3paXyHKOBUH MOMEHT B
MEPETHHI BiJl pO3paxyHKOBOI CEHCMIYHOT Jii;
MRrd TpaHWYHUH 3rHHATBHUNA MOMEHT TEPETHHI.

(3) Micus nDOTEHUIMHUX IJIACTUYHUX IIapHIPIB
MarTh OYTH JOCTYITHUMH JIJISI OTJISIIIIB.

(4P 3a Bunsatkom Bumor 6.2.1.1(3)P, wmempsimoro
apMaryporo BimmoBigHO 10 6.2.1.4 mns oOMexeHoi
noAaTANBOCTI (Tabnuist 6.1) MOBUHHI OCHAIYBaTUCS
3anizo0eToHH1 eneMmeHTd. [loJoBXKHA apmaTypa B
TaKUX BHUIAJKaX Mae OyTH 3axuIlleHa BiJ BTpaTH
cTiiiKocTi 6.2.2.

6.5.2 3anolGiraHHss KPUXKOMY PpPYHHYBAHHIO
cremiaJLHUX HeNMOAATIUBUX eJIeMeHTIiB

(1)P Taki HemoAaTIMB1 KOHCTPYKTUBHI €JIEMEHTH, SIK
HEpPyXOMi Omopu, MyQpTH 1 aHKEpHE KPIIUICHHS ISt
KaHaTiB 1 TPOCIB, a TaKOX IHIIUX HETMOJATINBUX
3'€qHaHb MOBUHHI NPOEKTYBAaTHCS Ha CEUCMIYHY
Ji10, TIOMHOXEHY Ha KoeQIiieHT (, Y3ITHH 3
pO3paxyHKy, a00 3 BHUKOPHCTAHHSM PO3PaxXyHKY
JOMYCTUMUX HaBaHTakeHb. [laHi nii BU3HAYAIOTHCH,
BUXOIAYM 3 MIIHOCTI BIANOBIIHUX IOAATIIMBUAX
eIeMEeHTIB (HampWKiIaa, KaHariB) 1 koedimieHTa
HAJMIITHOCTI, IKUH MpUAUMAa€EeThCcs He MeHIe 1,3.

(2)P Many mnepeBipKy MO>KHA OIYCTUTH, SIKIIO €
MO>KJIUBICTh JJOBECTH, IO IUTICHICTH KOHCTPYKIIi HE
3aJICKUTh BiJl pPYyWHYBaHHS Takux 3'e¢aHaHb. [lpu
bOMY HEOOX1IHO 3BEpHYTH YBary i Ha MO>KJIHUBOCTI
MOCIIZOBHUX PYHHYBaHb, SKI MOXYTb BiAOyTHCH,
HAMpPUKIAJ, Y BIATSDKKaX OCTIB BAHTOBHX MOCTIB.

6.6 OnopHi yacTuHM i ceiicMivHi B's13i
6.6.1 3araabHi BUMOTH

(1)P HeceiicMiuHa ropu3oHTanbHa il HA MPOJITHY
Oy/Z0By MOBHMHHa TepelaBaTHCS Ha OIOpU dYepe3
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(2P A section is considered to be critical, i.e.
location of a potential plastic hinge,
when:

(6.11)
where:
Med is the maximum design moment at the section

in the seismic design situation, and
Mro is the minimum flexural resistance of the
section in the seismic design situation.

(3) As far as possible, the location of potential
plastic hinges should be accessible for inspection.

(4)P Unless confinement is not necessary according
to 6.2.1.1(3)P, confining reinforcement as required
by 6.2.1.4 for limited ductility (see Table 6.1), shall
be provided in concrete members. In such cases it is
also required to secure the longitudinal
reinforcement against buckling in accordance with
6.2.2.

6.5.2 Avoidance of brittle failure of specific non-
ductile components

(1)P Non-ductile structural components, such as
fixed bearings, sockets and anchorages for cables
and stays and other non-ductile connections shall be
designed using either seismic action effects
multiplied by the g-factor used in the analysis, or
capacity design effects. The latter shall be
determined from the strength of the relevant ductile
members (e.g. the cables) and an overstrength factor
of at least 1,3.

(2)P This verification may be omitted if it can be
demonstrated that the integrity of the structure is not
affected by failure of such connections. This
demonstration shall also address the possibility of
sequential failure, such as may occur in stays of
cable-stayed bridges.

6.6 Bearings and seismic links
6.6.1 General requirements

(1)P Non-seismic horizontal actions on the deck
shall be transmitted to the supporting members



KOHCTPYKTUBHI 3'€THaHHA, SKI MOXYyTh OyTH
cynuibHuMu abo kpi3HuMHU. IlepeBipka omopHHX
YaCTUH HAa HECEHCMIYHY A0 HEOOXiJHO MPOBOIUTH
3TiIHO  BIANIOBIAHMM  cTaHjaapram (4acTuHa 2
BianoBinHuX eBpokoaiBi EN 1337).

(2)P Po3paxyHkoBa ceiicmiuHa Jii  TIOBUHHA
nepeaaBaTucs 4epe3 omnopHi yactuHu. llpu mpomy
ceiicMiuHi B's31 (3rimHO 6.6.3) TaKOXK MOXYTh
BUKOPHUCTOBYBATUCS TUTSt nepeaaqi BCi€i
PO3paxyHKOBOI CEHCMIYHOI /i1 32 YMOBH, 1110 BIUIHUB
JIMHAMIYHUX yJapiB OclabieHuid 1 BpaxOBaHUU TpU
po3po0i1i koHCTpyKIii. CelicMiuH1 B'SI31 MOBUHHI, SIK
MpaBuiio, 3a0e3MeuyBaTu HeCeUCMIUH1 TIEPEMIIIICHHS
Mocta ©0e3 mepedadi ICTOTHUX HAaBaHTaXEHb.
Bukopucranuss celicMIiYHUX  B'S31B  TPUITyCKae
peTesibHEe MOJIEIIOBAaHHS 3'€IHaHHSA MDK IPOJIITHOIO
OyZIOBOIO 1 MOCTOBUM TOJIOTHOM. SK MIHIMYM,
ITOBUHHA BUKOPHUCTOBYBATHUCS JiHIAHA
anpoKCHUMAllil ~ 3aJIEKHICTh  CHJIa-TIEPEMIIIEHHS
3B'S13aHOT KOHCTPYKIIi (IUB. PUCYHOK 6.2).
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(abutments or piers) through the structural
connections, which may be monolithic, or through
bearings. For non-seismic actions the bearings shall
be verified in accordance with the relevant standards
(Parts 2 of relevant Eurocodes and EN 1337).

(2)P In general the design seismic action shall be
transmitted through the bearings. However, seismic
links (as specified in 6.6.3) may be used to transmit
the entire design seismic action, provided that
dynamic shock effects are mitigated and taken into
account in the design. Seismic links should generally
allow the non-seismic displacements of the bridge to
develop, without transmitting significant loads.
When seismic links are used, the connection between
the deck and the substructure should be properly
modelled. As a minimum, a linear approximation of
the force-displacement relationship of the linked
structure shall be used (see Figure 6.2).

YMoBHI mo3HaYeHHS

S - MPOBUCAHHS B'S3I,

dy - BIIXHJICHHS TEKYy4YOCTi OTIOPHOTO €JICMEHTY;

A - )KOPCTKICTb OTIOPH;

B - KOpCTKICTH OTIOPHOTO €JIEMEHTY;

C - niniiiHa anpoKcUMaIlisi KPUBOI.

Pucynok 6.2: 3anexHIiCTh CHIIM Bil HepeMIlIeHHS
JUIA B'S3aHOT KOHCTPYKIIiT

[NPUMITKA IleBHi Tumm CEeHCMIYHHMX B'SI3iB MOXYTh HE
MIIATA A7 MOCTIB, IO MiATAI0ThCS CHIIbHIN TOPH3OHTAIBHIN

HecelcMmiunHil  mii, abo0 I MOCTIB 13 CHCIliaJbHUMH
OOMEXEHHSAMH  TepeMIlICHHIMH  (HANpUKIAL, 3alli3HUYHI
MOCTH).

(3)P KoHcTpyKTHBHaA MLUTICHICTP MOCTa IOBHHHA
3a0e3neyyBaTUCs B yMOBax JyXe CHJIBHHUX
CeMCMIYHUX MepeMilleHb. SIKI0 BUKOPUCTOBYIOTHCS

dyts

Key

s Slack of the link

dy Yield deflection of supporting element

A : Stiffness of bearing

B : Stiffness of supporting element

C : Linear approximation of the curve

Figure 6.2: Force-displacement relationship for
linked structure

NOTE: Certain types of seismic links may not be applicable to
bridges subject to large horizontal non-seismic actions, or to
bridges with special displacement limitations, as for instance in
railway bridges.

(3)P The structural integrity of the bridge shall be
ensured under extreme seismic displacements. At
fixed supports this requirement shall be implemented
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HEPYXOMi OIIOpH, TaHY BUMOTY MOKHA BpaxyBaTH 3a
JOTIOMOTOI0 BIAMOBIHOTO PO3PaXyHKY JOIMYCTUMHX
HAaBaHTa)XCHb HA OTMOpPHI YacTuHu (AuB. 6.6.2.1) abo
3a JIOTIOMOTOI0 3a0e3NeveHHs] JOJaTKOBHX B'A3iB y
BUIIAAl Apyroi JiHii 3axucty (mamB. 6.6.2.1(2) i
6.6.3.1(2)(b). Slkmo BUKOPHCTOBYIOTHCS PYXOMi
B's1311, HEOOXiTHO MepeadaYnTH BiAMOBITHI 3HAYCHHS
JOBXUHH HAaXJIbOCTYBaHHS 3TiTHO 6.6.4.

(4)P Bci Tim onOpHUX YaCTHH 1 CEHCMIYHUX B'31B
MaroTh OyTH JOCTYIMHUMH JUISL OTJISIAY 1 TEXHIYHOTO
0o0CIyroByBaHHS; iX 3aMiHa HE NMOBUHHA BHKJIMKATU
BEIIUKUX YTPY/IHCHb.

6.6.2 OnopHi yacTUHHU
6.6.2.1 Hepyxomi onopHi yacTUHI

(1)P Oxpim ymoB (2), po3paxyHKOBa ceicMIuHa JIis
Ha HEPYXOMI OTIOPHI YaCTUHU MMOBUHHA BH3HAYATHCS
3a JI0TIOMOT 00 pO3paxyHKy JOTTYCTUMHUX
HaBaHTa)XCHb.

(2) Hepyxomi OmOpHiI YacTHHH pPO3PaxOBYIOTHCS
BUKJIIOYHO Ha TependadyBaHy CEUCMIYHY [ifo,
BHU3HAUYCHY 3a JIOIIOMOTOXO BIAIOBIIHOTO
pO3paxyHKy, 3a yMOBH, MO IIi OTOpPHI YaCTHHHU
MOXYTb OyTH 3aMiHeH1 0e3 SKuX-HeOyap mpobiem, a
SK Jpyra JIiHII 3aXUCTy BUKOPHUCTOBYIOTHCS
ceiicMiuH1 B's31.

6.6.2.2 Pyxomi onopHi 4acTUHH

(1)P PyxoMi omopHi 4acTHHU TOBUHHI CIIPUAMATH
0e3  TMOIIKO/DKEHb  3arajlbHe  PO3pPaxyHKOBE
MEepPEMIIIEHHST TPU PO3PaXyHKOBIA CEWCMIYHIA Aii,
BHU3Ha4eHe 3rigHo 2.3.6.3(2).

6.6.2.3 EnracToMepHi onopHi YacTHHH

(1) EnacromepHi ONOpHI YaCTHHHU
BUKOPHUCTOBYBATHCS B HACTYITHUX BHITAJIKaX:

MOXYTh

a. Ha oxpemux omopax [uig  CIPUHHATTS
MepeMilleHb 1 JIUIIe HeCEHCMIUHI TOPU30HTANbHI [ii;
CIPUIHATTS PO3paxyHKOBOI'O CeCMIYHOTO
BILIMBY3a0€3M€4YylOTh ~ KOHCTPYKTHUBHI  3'€THaHHS
(uepe3 MOHOIITHI BY31M ab0 HEPyXOMi OIOpHI
YaCTUHH) MK IPOJIITHOIO OYI0BOIO 1 OOPaMHU.

b. Ha Bcix a0 Ha OKpeMHX Omopax 3 TaKOK X
¢byHKII€TO, 110 1 B (a) B CHOJYYEHHI 3 CEHCMIYHUMU
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either through capacity design of the normal bearings
(see 6.6.2.1), or through provision of additional links
as a second line of defence (see 6.6.2.1(2) and
6.6.3.1(2)(b). At moveable connections adequate
overlap (seat) lengths in accordance with 6.6.4 shall
be provided. In cases of retrofitting of existing
bridge seismic links may be used as an alternative.

(4)P All types of bearings and seismic links shall be
accessible for inspection and maintenance and shall
be replaceable without major difficulty.

6.6.2 Bearings
6.6.2.1 Fixed bearings

(1)P Except under the conditions of (2), the design
seismic action effects on fixed bearings shall be
determined through capacity design.

(2) Fixed bearings may be designed solely for the
effects of the seismic design situation from the
analysis, provided that they can be replaced without
difficulties and that seismic links are provided as a
second line of defence.

6.6.2.2 Moveable bearings

(1)P Moveable bearings shall accommodate without
damage the total design value of the displacement in
the seismic design situation determined in
accordance with 2.3.6.3(2).

6.6.2.3 Elastomeric bearings

(1) Elastomeric bearings may be used in the
following arrangements:

a. on individual supports, to accommodate
imposed deformations and resist only non-seismic
horizontal actions, while the resistance to the design
seismic action is provided by structural connections
(monolithic or through fixed bearings) of the deck to
other supporting members (piers or abutments);

b. on all or on individual supports, with the
same function as in (a) above, combined with



B'A35IMU, pPO3paxoBaHUMHU Ha
CEMCMIYHOTO BILIUBY.

CIIPUMHATTS

c. Ha Bcix omopax Ui CIPpUHHATTS 1 CEHCMIYHOTO,
1 HECeICMUYECKOTOBILIUBY.

(2)  Enacromepsi OTIOPHI YaCTHHH,
BukopucrtoByBani B (a) i (b) maparpada (1),
PO3PaxOBYIOTHCSI HA CIPUHHATTS MaKCHMAaJIbHOT
nedopmartii 3pyIIeHHs, BUKIUKAHOT PO3PaXxyHKOBOIO
celicMiuHOIO aiero 3rigHo 7.6.2(5).

(3 V ymoBax, BusHauenux B 2.2.2(5),
JIOTTYCKA€EThCSA 3HAYHE MOIIKOKEHHS
€JIaCTOMEPHHUX OMOPHUX YaCTUH (2).

IMPUMITKA Crymias TONIKOPKEHHS 1 BIAMOBIAHI MEPEBipKU
MOXYTb OyTH BU3HA4€HI B HalllOHAJBHOMY 3aCTOCYBaHHI.

(4)  CeiicMOCTIHKICTH MOCTIB, B IKUX CIIPUHHSATTS
PO3pPaxyHKOBOIO CEHCMIYHOTO BILUIUBY JOBOJUTHCS
TUIBKM Ha €JacTOMEpHI OMOpHI YaCTMHH Ha BCIX
onopax (Bumagok (1)c), 3a0e3neuyyeThCcsi BETUKOIO
THYYKICTIO OTIOpHHX 4YacTHH. [IpoekTyBaHHS Takmx
MOCTIB 1 OMOpPHUX YacCTHH TOBHHHO IPOBOIUTUCS
3T1IHO PO3ALTY 7.

6.6.3 Ceiicmiuni B'S3i 1 ejJeMeHTH, IO
CHPUAMAKOTH JMHAMIYHI HABAHTAKEHHS

6.6.3.1 Ceiicmiuni B's13i

(1)  Ceiicmiuni  B'sI31  MOXYTh CKJIagaTHCA 3
IITIOHOK, IO TMpaIoTh Ha 3pi3, OydepoB i/abo
CoJlydHux Oonrax abo Tpocax. DpukimiiHi
3'€IHaHHS HE 3aCTOCOBYIOTHCS.

(2)  Ceiicmiuni  B's3i
BHUIIA/IKAX:

noTpiOHI B  HACTYIHHUX

(@ VY mnoemHaHHi 3 eIaCTOMEPHUMH OMOPHUMH
YacTUHAMHM, JI¢ B'A31 pPO3paxoBaHi HAa CHPUHHATTS
PO3paxyHKOBOI CEHCMIUHOT Aii.

(b) YV noemHaHHi 3 HEPYXOMHMH ONOPHHMH
YaCTUHAMH, HE PO3PAXOBAHUMHU Ha IO JT0JATKOBHX
HABaHTa)KCHb.

(c) VY nonoBKXHBOMY HampsMi Ha KpalHIX omopax
MDK TpOJIITHOIO OyJOBOIO 1 OMOPOI0 B ICHYIOUHMX
MOCTax, IO PEKOHCTPYIOIOThCS, 3a YMOBH, LIO
BUKOHYIOTBCSI BHUMOTH  MIHIMQJbHOI  JIOBXKHHU
NEePeKpHUTTS 3rifHO 6.6.4.
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seismic links which are designed to resist the seismic
action;

C. on all supports, to resist both the non-seismic
and the seismic actions.

(2) Elastomeric bearings used in arrangements
(@ and (b) of (1) shall be designed to resist the
maximum shear deformation due to the design
seismic action in accordance with 7.6.2(5).

(3) Under the conditions specified in 2.2.2(5),
significant damage of elastomeric bearings of (2) is
acceptable.

NOTE: The National Annex may define the extent of damage
and the relevant verifications.

(4) The seismic behaviour of bridges, in which the
design seismic action is resisted entirely by
elastomeric bearings on all supports (arrangement
(1)c above), is governed by the large flexibility of
the bearings. Such bridges and the bearings shall be
designed in accordance with Section 7.

6.6.3 Seismic links, holding-down devices, shock
transmission units

6.6.3.1 Seismic links

(1) Seismic links may consist of shear key
arrangements, buffers, and/or linkage bolts or cables.
Friction connections are not considered as positive
linkage.

(2) Seismic links are required in the following
cases.

(@) In combination with elastomeric bearings, where
the links are designed to carry the design seismic
action.

(b) In combination with fixed bearings not designed
for capacity design effects.

(c) In the longitudinal direction at moveable end-
supports between the deck and the abutment or pier
of existing Dbridges being retrofitted, if the
requirements for minimum overlap length in 6.6.4
are not met.
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(d) Mixx cymbKHEMHU OJIOKaMHM TPOJIITHOT OY/IOBH Ha

NPOMDKHHX ~CTHKaxX (pO3TallOBaHUX B  MeEKax
MPOJILOTY).
(3)P PospaxyHkoBa mis Ha ceWcMiuHi  B's3i

BU3HAYAETHCS TAKUM YHHOM:
-V Bunaakax (a), (b) i1 (c¢) maparpada (2)
BU3HAYAETBCS  SK  PO3PAXyHOK  JOMYCTHMOTO
HaBaHTOKEHHS (IPU LBOMY BBaXKAEThCS, IO
TOPU30HTAIBHUI OMp OMOPHHUX YaCTHH JIOPIBHIOE
HYIIIO).

-V Bunamkax (d) maparpada (2) 1 SAKImO He
MIPOBOJUTHCS] TOYHIIINN PO3PAXyHOK 3 ypaxyBaHHSIM
JUHAMIYHOT  B3a€MOJII  CYMDKHUX  IEPETUHIB
MPOJITHOI OyA0BU, CHOJY4YH1 EJIEMEHTH MOXKYTh
OyTu po3paxoBaHi Ha Iito, piBHY 1,50¢SMq¢

ne
0g 1€ pO3paxyHKOBE IPUCKOPEHHS IPYHTY TUITY A

S koedimient rpyaty 3 EN 19981:2004, 3.2.2.2

My wmaca mpoJiiTHOI OyZO0BH, MOB'SI3aHOT 3 OMOPOIO
a0o, MpUHAWMHI, Mach JABOX OJIOKIB MPOJITHOT
OyZI0OBHU 3 KOKHOTO OOKY MMPOMDKHOTO CTHKY.

(4)P B's3i moBUHHI MaTH TI€BHE MPOBHCAHHS abo
3amac 3 THM, 100 3aJMIIATHCS B HEAKTHBHOMY
CTaHI:

- B YMOBax poO3paxyHKOBOi celcMidHOT Iii y
BHUNaakax (c) i (a) maparpada

- B YMOBax Oy/b-sKOi HECEMCMIUHOT 1T y pa3i
(a) maparpada (2).

CEMCMIYHUX B'A31B
3aC00M  3HMKEHHS

(5) IIpy  BUKOpHCTaHHI
HEOOX1IHO nepeadayYnuTH
IAHAMIYHUX HaBAHTAXXEHb.

6.6.3.2 [IpuTHCcKHi IpUCTPOI

(1)P  IIpUTUCKHUMHM  TPUCTPOSMHU  TOBHHHI
OCHAIILyBaTUCS BC1 ONOPH, JI€ 3arajbHa BepTHUKAJIbHA
peakuis BiA  po3paxyHKoBoOi  ceiicMiuHOi i
NEPEeBUIIYE  peakililo, BHUKIMKAHY IOCTIHHUM
HaBaHTAXKEHHSIM, 1 IPOTUIIEAKHA il 110 HAMPsSIMY.

[NPUMITKA  3HaveHHs, mpuBlacHeHe BemuunHi pH s
3aCTOCYBaHHS B KpaiHi, MOXHa 3HAHTH B HAI[lOHAJIHLHOMY
3aCTOCYBaHHI. Hmxue TpUBE/ICHI 3HAYEHHS, o
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(d) Between adjacent sections of the deck at
intermediate separation joints (located within the
span).

(3)P The design actions for the seismic links of the
previous paragraph shall be determined as follows.

- Incases (a), (b) and (c) of (2) as capacity design
effects (the horizontal resistance of the bearings shall
be assumed to be equal to zero).

- In the case of (d) of (2), and unless a more
accurate analysis is made taking into account the
dynamic interaction of adjacent sections of the deck,
the linkage elements may be designed for an action
equal to 1,5a4SMq

where

ag, 1S the design ground acceleration on type A
ground,

S is the soil factor from EN 1998-1: 2004, 3.2.2.2
and Mgy is the mass of the section of the deck linked
to a pier or abutment, or the least of the masses of
the two deck sections on either side of the
intermediate separation joint.

(4)P The links shall be provided with adequate slack
or margins, so as to remain inactive:

- under the design seismic action in cases (c) and
(d) of (2)
- under any non-seismic actions in case (a) of (2).

(5) When using seismic links, means for reducing
shock effects should be provided.

6.6.3.2 Holding-down devices

(1)P Holding down devices shall be provided at all
supports where the total vertical reaction due to the
design seismic action opposes and exceeds a
percentage, pn, of the compressive (downward)
reaction due to the permanent load.

NOTE The value ascribed to pH for use in a country may be
found in its National Annex. The recommended value are as
follows:



PECKOMCHAYIOTLCH:

- pu = 80% B MocTax, po3paxoBaHUX Ha MOJATIUBHUI
peKHM, SKIIO BEpPTUKAbHA pEakKilis, BUKIMKaHA
PO3PaxyHKOBOIO CEHCMIYHOIO i€10, BUBHAYAETHCS 5K
st TOMTYCTUMOTO HAaBAaHTAKCHHS.

-pu = 50% B MocTax OOMEXKEHOI MOJATINBOCTI,
SIKIIIO BEepPTHKAJIbHA peakiris, BUKJIMKaHa
PO3pPaxyHKOBOK CEHCMIYHOIO JII€F0, BU3HAYAETHCS 32
JIOTIOMOTOI0 PO3PaxyHKy B YMOBax pO3pPaxyHKOBOi
ceiicMiyHOi  nii  (BKJIIOYAIOYM  BEPTUKAIBbHY
CEHCMIUHY CKIIAJIOBY).

(2) Bumora (1) crocyerbest 3arajibHO1 BEPTHKAIBHOT
peakuii mpositHOi OynoBM Ha omopi 1 He
BITHOCUTBCS /10 OKPEMHUX OMNOPHMX 4YacTuH. [lpu
LbOMY BHKJIIOYAETHCSA MIIHOM OKPEMHX ONOPHHUX
YacTUH Bl PO3pPaxyHKOBOI CEMCMIYHO1 Ail 3riTHO
5.5.

6.6.3.3 EileMeHTH  COPHMIHATTS  JTHHAMIYHHX
HABAHTaKeHb
(1) EnemenTtn CIIPUIHSATTS JTUHAMIYHUX

HaBaHTaXXeHb - 1€ MPHUCTPOi, fAKI 3a0e3Me’yroTh
TUHAMIYHE OOMEXEHHS BITHOCHOTO TEPEMIIICHHS
MDK TIPOJIITHOIO OYJOBOIO 1 OMOPOI0 B HACTYIMHUX
CUTYaIIIsX:

Jlnst moBuTbHEX TepemimieHs (V < V1), ki MOXYTh
BUKJIMKATUCS TEMIIEPATYPHOIO €10, TOB3YUICTIO
a00 OCiTaHHSAM MPOJITHOI OyIOBH; PyX HPAKTUIHO
BUILHO (TIPH Ty’K€ MOBUTBHIN peakiii).

Jis  gyxe IMBHAKAX mepeMmimens (Vo > V2),
HaIlpuKIaJg, B yMOBaX CeHCMIYyHOI ab0 TalbMIBHOI
nii; pyx OJIOKyeTbes 1 mpucTpid  (QyHKIIOHYE
MPAKTUYIHO SIK )KOPCTKE 3'€THAHHSI.

EnemeHTH CHpUHHATTS IUHAMIYHUX HaBaHTaXKEHb
MOXXYTh MaTH TakK0X (QYHKIII0O OOMEXEHHS CUIIH,
sIKa 3HIDKYE TepelaBaHe Yyepe3 HUX 3ycruis (s v >
Vv2) 10 TIEBHOTO BEPXHBOTO TOPOTY, Fmax, 32 Mekamu
SIKOTO TIOYMHAETHCS TICPEMIIIICHHS.

[MPUMITKA XapaKTepuCTHKH i KOHCTPYKIIiSI €IEMEHTIB, 0
CIPUIMAIOTh TWHAMIYHI HAaBaHTAXKEHHS, OyAyTh PO3TIIIHYTI B
pr EN15129:200X (AnTtucericmiuni mpuctpoi). I[lopsmok
BenuuuHy msuakocti: Vi = 0,1 mm/c V2 = 1,0 mm/c.

(2)P TloBHmii omuc 3akOHIB, II0 BHM3HAYAIOThH
MOBEAIHKY AaHUX OJOKIB (3aJICKHICTh MEepeMillleHHS
1 BUJIKOCTI BiJl CHJIM ), BKJIFOUAIOYH /IO OTOUYHOUHX
YUHHHUKIB  (TeMIlepaTypu, CTapiHHSA, CyMapHOTO
NepeMillleHHs), MOKHa Oyae OTpuUMaTh Ha CTajii

np ACTY-H b EN 1998-2:201X

- pn = 80% in bridges of ductile behaviour, where
the vertical reaction due to the design seismic action
is determined as a capacity design effect.

- pn =50% in bridges of limited ductile behaviour,
where the vertical reaction due to the design seismic
action is determined from the analysis under the
design seismic action alone (including the
contribution of the vertical seismic component).

(2) The requirement (1) refers to the total vertical
reaction of the deck on a support and does not apply
to individual bearings of the same support. However,
no up-lift of individual bearings may take place in
the seismic design situation in accordance with 5.5.

6.6.3.3 Shock transmission units (STUS)

(1) Shock transmission units (STUs) are devices
which provide velocity-dependent restraint of the
relative displacement between the deck and the
supporting element (pier or abutment), as follows.

For low velocity movements (v < vi), such as those
due to temperature effects or creep and shrinkage of
the deck, the movement is practically free (with very
low reaction).

For high velocity movements (v > v»), such as those
due to seismic or braking actions, the movement is
blocked and the device acts practically as rigid
connection.

The units can also have a force limiting function,
that limits the force transmitted through it (for v >
v2) to a defined upper bound, Fmax, beyond which
movement takes place.

NOTE The properties and the design of STUs will be covered
by pr EN 15129:200X (Antiseismic Devices). The order of
magnitude of the velocities mentioned above is vi = 0,1 mm/s
v, = 1,0 mm/s.

(2)P Full description of the laws defining the
behaviour of the units used (force-displacement and
force-velocity relationships) shall be available at the
design stage (from the manufacturer of the units),
including any influence of environmental factors
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npoekTyBaHHs (y BHUpPOOHHMKA JaHUX EJIEMEHTIB).
[Ipu ubomy, MokHa Oyzne HaOyTH BCiX 3HAYEHb
napamerpis, HEOOXImHUX s BU3HAYCHHS
MOBEIIHKH €JIEMEHTIB (BKJIIOYA0UN 3HAUEHHS V1, V2,
Fmax) ans Bumankis, Bkazanux B maparpadi (1), a
TaK0’X T€OMETPHYHI JJaH1 1 po3paxyHKOBi ornopu Frd
enemMeHTiB 1 ix 3'emnanb. Jlama iHdopmaris
0a3yBaTHMEThCS  Ha  pe3yabTarax  OQiiifHNX
BunpoOyBanb a00 Ha nanux ETA.

(3)P  Slkmio eneMeHTH CHPUHHATTSA JUHAMIYHUAX
HaBaHTaXeHb 0e3 (QyHKHii OOMEXeHHS CHIn
BUKOPHUCTOBYIOTHCS IS CIPUHHATTS il CEHCMIUYHUX
CHJI, BOHH ITOBUHHI MaTH HACTYITHUN PO3PaxyHKOBUM
omip Frd:

- Jlnsg mojaTinMBUX MOCTIB: 3Ha4eHHs Frg Mae OyTu
HE MEHIIEe 3HAa4YeHHs peakili, BIAMOBIIHOTO
PO3paxyHKOBOTO JIOMTYCTUMOTO HaBAaHTAKEHHS,

- Jlma wMoctiB 3 0OMEXKEHOIO IOATIMBICTIO:
3HaueHHs Frd Mae OyTH He MEHIlIe 3HAYEHHS peaKIlii,
BUKJIMKAHOI PO3PAXyHKOBOIO CEMCMIYHOIO Ji€l0,
y3ATOTO 3 PO3paxyHKY 1 TOMHOKEHOTO Ha BXKUBAHUHT
koedimieHT .EnmemMeHnTHn mOoBMHHI 3abe3medyBaTH
JOCTaTHE  TEPEeMIMIeHHS I BCIX  HU3BKHX
MIBUJIKOCTEH 1 TOBUHHI 30€epiratu cBOi MOKJIUBOCTI
B 3MIIIEHOMY CTaHI.

(4P Koam eneMeHTH CHOPHUHATTS JHHAMIYHHX
HaBaHTAXEHb 3 (QYHKIIE0O OOMEXEHHS CHIU
BUKOPHUCTOBYIOTHCS IS COIPUHHATTS il CEHCMIYHUX
CWJI, BOHM IIOBHHHI BOJOJITH  JOCTaTHIMHU
MOJIMBOCTSIMH UL CHPUHHATTS ~ 3arajibHOTO
PO3PaxyHKOBOI'O BiIHOCHOIO IepemimieHHs, ded,, Bi
PO3paxyHKOBOI1 ceWcMiYHOi 1ii, BU3HAYEHOI 3T1IHO

2.3.6.32)P abo 7.6.2(2) gm1s wMocTiB 3
CEICMOI30JIAIIETO.
(5P Bci enemMeHTH CHOPUHHATTS — JUHAMIYHUX

HaBaHTa)KEHb MAIOTh OYTH OCTYIHHMU JUIS OTJISAY
1 TEXHIYHOTO 00CTyrOBYBaHHS/3aMiHH.

6.6.4 MinimMaabHi
NePeKPUTTHA

3HAYCHHA AOBKHHU

(1)P MiHiManbHa JOBXHHA MEPEKPUTTS Mae OyTH
nepeadadeHa [uis ONOp, /1€ OYIKYETbCA BIAHOCHHMN
3CYyB MDK ONOpaMH 1 ONEPTUMH €JIeMEHTaMH B
YMOBaX CEMCMIYHOCTI.

(2)P MinimanpHa NOBXMHA TEPEKPHUTTS TOBHHHA
3abe3neuyBaTd (PyHKI[IOHYBaHHS OINOpPH HAaBITh B
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(mainly temperature, ageing, cumulative travel) on
this behaviour. All values of parameters necessary
for the definition of the behaviour of the units
(including the values of vi, V2, Fmax, for the cases
mentioned in (1)), as well as the geometric data and
design resistance Frg of the wunits and their
connections, shall also be available. Such
information shall be based on appropriate official
test results, or an ETA.

(3)P When STUs without force limiting function are
used to resist seismic forces, they shall have a design
resistance, Frg, as follows.

- For ductile bridges: Fra should be not less than
the reaction corresponding to the capacity design
effects,

- For limited ductile bridges: Frd should be not less
than the reaction due to the design seismic action
from the analysis, multiplied by the ~-factor used.
The devices shall provide sufficient displacement
capability for all slow wvelocity actions and shall
retain their force capacity at their displaced state.

(4)P When STUs with force limiting function are
used to resist seismic forces, the devices shall
provide sufficient displacement capability to
accommodate the total design value of the relative
displacement, deq, in the seismic design situation
determined in accordance with 2.3.6.3(2)P, or in
accordance with 7.6.2(2) for bridges with seismic
isolation.

(5)P  All STUs shall be accessible for inspection
and maintenance/replacement.

6.6.4 Minimum overlap lengths

(1)P At supports where relative displacement
between supported and supporting members is
intended under seismic conditions, a minimum
overlap length shall be provided.

(2)P The overlap length shall be such as to ensure
that the function of the support is maintained under



YMOBaX €KCTPEMAIbHUX CEHCMIYHMX 3CYBIB.

(3) Ha «xpaiiniii omopi MiHIMaIbHY JOBXKHUHY
NEPEeKPUTTS lov MO’KHA BU3HAYUTH TAaKUM YHHOM:

lov = Im + deg + es
deg = €eLefr < 2dg

_2dy
7L

g

&

ac:

In  MiHIMajbHA HIUpHUHA OTOPH, IO 3abe3medye
Oe3rneuHy mnepenadyy BEpTHUKaJIbHIN peakxiii, ajie He
menire 400Mm;

deg (akTHUHE TEepeMillleHHsT JIBOX YacCTHH,
BUKJIUKaHE TPOCTOPOBUM  CEHCMIUHUM  PyXOM
IPYHTY. SIKIIO MICT 3HAXOAUTHCS Ha B1ICTaH1 MEHIIIE
S KM. BiI BIJOMOTO CEMCMOAKTHBHOTO JDKeperna,
3/1aTHOTO MPOBECTH 3eMJIETPYC MarHiTy10r0 M>6.5, 1
SKIIO TpU LbOMY HE BEIyTbCAd CEHCMOJIOTIYH1
JOCII/DKCHHS, 3HA4YeHHST Oeg, OTpPUMaHE 3 BHUpa3zy
(6.13) noBUHHO OyTH MOABOEHO;

dy pospaxyHkOBe TepeMillleHHS TPYHTY 3rigHo b
1998-1:2004, 3.2.2.4,

Ly Bimcranb, Bkazana B 3.3(6);

Leff MOBXXHMHA TMpOJIiTHOI OYIOBU «B CBITY». SKIIO
npoJritHa OyZ0oBa Ma€ KOPCTKE 3'€HAaHHS 3 OUTBII
HDK OJIHIEIO OIOpOI0, TOMI Leff - BigcTaHb MK
OIOPOIO 1 LEHTPOM JaHoi rpymu omop. B pamkax
JTAHOTO KOHTEKCTY <OKOPCTKE 3'€HAHHS» O3Ha4yae
3'elHaHHS TPOJITHOT OyZ0BH ab0 OJIOKY IPOJITHOI
OyZI0OBU 3 OMOPOIO Yepe3 MOHOJITHY ab0 HEpyXomy
OTIOpHY YaCTHHY, CEHCMIYHI B'31 a00 €JIeMEHTH, 10
CHPUIMAIOTh TUHAMIYHI HaBaHTaXXEHHs 0e3 QyHKIIIT
0OMEXEHHS CHIIH.

des  (dakTuune ceiicMiyHE MEpEMIIIEHHS OIOPH,
BUKJIMKaHE J1e(OpMalli€l0 KOHCTPYKIIil, BU3ZHAYEHOT
TaKUM YHHOM.

- Jns  mponitHuX OyJIoB, CHOJIyYeHHX 3
OMOpaMH Yepe3 MOHOJIITHI ab0 HEepyXoMi OINOpHi
YAaCTUHM, 10 (YHKLUIOHYIOTh SK IOBHI CeHCMIiuHI
B'sI31:

es = Oed

Ac

np ACTY-H b EN 1998-2:201X

extreme seismic displacements.

(3) At an end support of an abutment the
minimum overlap length loy may beestimated as
follows:

(6.12)
(6.13)

(6.14)

where:

Im is the minimum support length ensuring the safe
transmission of the vertical reaction, but no less than
400 mm,

deg is the effective displacement of the two parts due
to the spatial variation of the seismic ground
displacement. When the bridge site is at a distance
less than 5km of a known seismically active fault,
capable of producing a seismic event of magnitude
M > 6.5, and unless a specific seismological
investigation is available, the value of deg to be used
should be taken as double that obtained from
expression (6.13).

dg is the design ground displacement in
accordance with EN 1998-1:2004, 3.2.2.4,

Ly is the distance parameter specified in 3.3(6).
Less is the effective length of the deck, taken as the
distance from the deck joint in question to the
nearest full connection of the deck to the
substructure. If the deck is fully connected to a group
of more than one piers, then Les shall be taken as the
distance between the support and the centre of the
group of piers. In this context "full connection™
means a connection of the deck or deck section to a
substructure member, either monolithically or
through fixed bearings, seismic links, or STUs,
without force limiting function.

des is the effective seismic displacement of the
support due to the deformation of the structure,
estimated as follows.

- For decks connected to piers either

monolithically or through fixed bearings acting as
full seismic links:

(6.152)

where
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ded 1e 3aranpHHI PO3PAXYHKOBUH MOJOBKHIN 3CYB
IpU  PO3PaxXyHKOBIM celcMiuHii [ii, BHU3HAYCHUU
BiIOBITHO 10 BUpa3y (2.7) B 2.3.6.3.

- Hnst  mpomitHuX OynoB, CHIOJIyY4eHHX 3
oTIOpaMH 4Yepe3 CEWCMIiuHI B'SI31 3 MPOBUCAHHSM,
PIBHHM 3:

Oes=deda+ S

(4) JIns BUTIQAKIB 3 TPOMDKHUM CTHKOM MDK JIBOMA
OJ0KaMH TIPOJIITHOT OyI0BH, 3Ha4eHHS loy MOBUHHE
BHU3HAYaTUCS 3a JIOTIOMOTO10 noOyBaHHS
KBaJIpaTHOTO KOPEHsI CyMHM KBaJpaTiB 3HAYEHb,
pO3paxoBaHUX JUIsI KOXXHOTO 3 JIBOX OJIOKIB
npoditHoi OynoBu 3rigHo (3). Ha kpaiiHiii omopi
CeKIli TpOJITHOI OyJOBH, IO 3HAXOIUTHCA Ha
OPOMDKHIA omopi, loy TOBHHHE mNpHAMATHCS SIK
3HaueHHs, po3paxoBaHe 3rigHo  (3)  mIOC
MaKCUMaJbHE TMEpPEMIIIEHHS BEpPXHbOI YAaCTUHHU
OTIOPH TPH TIPH PO3PAXYHKOBIH ceiicMiuHiit aii, de.

6.7 beronni onopu i mianipHi crinkn
6.7.1 3araabHi BUMOrn

()P Bci BiamoBigaibHI KOHCTPYKTHBHI €JIEMEHTH
OTIOp TIOBMHHI TIPOEKTYBATHCS TaK, I100 BOHH
MpaIoBAIM B TIPYXKHIA CTajli IpH pO3paxyHKOBIHM
cericmiuHii aii. KoHcTpykiis GpyHIaMEeHTY MOBUHHA
BinnoBigatu BuMoraM 5.8. [Momoxenus 6.7.2 1 6.7.3
3aCTOCOBYIOTBCS ~ 3QJIGKHO  Bil ~ KOHCTPYKIii
TOPU30HTAIIBHOTO  3'€IHAHHS ~ MDK  ONOpPOK i
MPOJTITHOO OYI0BOIO.

MMPUMITKA Iudopmaris npo KOHTPOIbOBaHI MMOLUIKOPKEHHS
B TiMIPHUX CTiHKaX npuBoauThes B 2.3.6.3(5).

6.7.2 Onopu, rHy4YKo CHOJY4YeHi 3 NPOJITHOIO
0ya0BOIO

(1) Skumo omopu MaroTh THYYKE 3'€IHAHHS 3
MIPOJTITHOIO OynoBoro, TUTS ONIMPaHHS
BUKOPHUCTOBYIOTbCS ~ KOB3aroul abo elacTOMEpHIi
OTIOpHI YaCTHHHU. EnactomepHi OTIOpHI
gacTuHU (200 celcMiuHi B's31, SKIIO TaKi €) MOXYTh
OyTH CHOpOEKTUPOBaHI Tak, W00 MiACKUIIOBATU
CeMCMOCTIHKICTh MPOJIITHOT OyI0BH, ajie He OMOop.

(2) Tlpm mnpoekTyBaHHI CEWCMOCTIHKOCTI JTaHUX
orop HEOOX1HO BpPaxoBYBaTH
TaKi YAHHHUKH.
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deq is the total design value of the longitudinal
displacement in the seismic design situation
determined in accordance with expression (2.7) in
2.3.6.3.

- For decks connected to piers or to an abutment
through seismic links with slack equal to s:

(6.15h)

(4) In the case of an intermediate separation joint
between two sections of the deck, loyv should be
estimated by taking the square root of the sum of the
squares of the values calculated for each of the two
sections of the deck in accordance with (3). At an
end support of a deck section on an intermediate
pier, lov should be taken as the value estimated in
accordance with (3) plus the maximum displacement
of the top of the pier in the seismic design situation,
de.

6.7 Concrete abutments and retaining walls
6.7.1 General requirements

(1)P All critical structural components of the
abutments shall be designed to remain essentially
elastic under the design seismic action. The design of
the foundation shall be in accordance with 5.8.
Depending on the structural function of the
horizontal connection between the abutment and the
deck the provisions of 6.7.2 and 6.7.3 apply.

NOTE: Regarding controlled damage in abutment back-walls
see 2.3.6.3(5).

6.7.2 Abutments flexibly connected to the deck

(1) In abutments flexibly connected to the deck,
the deck is supported through sliding or elastomeric
bearings. The elastomeric bearings (or the seismic
links, if provided) may be designed to contribute to
the seismic resistance of the deck, but not to that of
the abutments.

(2 The following actions, assumed to act in
phase, should be taken into account for the seismic
design of these abutments.



a. Tuck TpyHTy, BKJIIOYAIOYM CEUCMIYHY ii0,
Bu3Havyeny 3rigao EN 1998-5:2004, po3ain 7.

b. Cwnm iHepuii, M0 BHHUKAIOTh BiJ Macu
OTIOpH 1 MacH 3aCHIIKH OCH OBH. B3arami , many mairo
MOYKHAa BHM3HAYHMTH, BHUXOSYU 3 PO3PAaXyHKOBOI'O
NPUCKOPEHHS TPYHTY y BEPXHIX IIapax MaiJjaHIHKa,
agS .

c Jlifo ONMOpHMX YaCTHH, BHU3HAUYECHUX SK
pO3paxyHKOBE JIOMYCTUME HABAaHTA)XEHHS 3T1IHO
5.3(7) 15.3(8)P 3a ymOBH, 1110 MIiCT pO3paxOBaHuii Ha
MOJATIAMBUN peXHUM. SIKIIO X MICT pO3paxoBaHUM
mist = 1,0, Toni HeoOXigHE BUKOPUCTOBYBATHU
BIUIUB HAa OINOPHI YAaCTHHH, Y3STHH 3 CEHCMIYHOIO

PO3paxyHKy.

3) SIKmo THCK TPYHTY 3rifmHO maparpady
(2) BusHauaethcs y BigmoBimHocti 3 EN 1998-
5:2004, Buxons4YM 3 TMPUHUHATHOTO TEPEMIIICHHS
OTIOp, Take TNepeMIileHHS TOBHHHO BpPaxOBYBATH
3a30p MDK TMPOJIITHOKO OynoBOIO 1 1I1adoOBOIO
CTIHKOIO omopu. [Ipu 11poMy HEOOXITHO BiI3HAYUTH
TaKoX, L0 MEPEeMIIIeHHs, L0 JOMYCKAeTbCA MNP
BH3HAUEHHI BIUIMBIB B (2), MOXK€ BIiIOyTHUCS 10
MOTEHIIHHOTO pyHHYBaHHA camoi omopu. Jlana
BUMOIa  BB@XKAEThCS 3@  BUKOHAHy,  SIKIIO
MPOEKTYBaHHS TiIa ONOPHU BUKOHYETHCS 3
BUKOPHUCTAHHAM CEUCMIYHOT YacTHHHU ii, 3TiHO
(2)a, 3611p1IEHE Ha 30%.

6.7.3 Onopu, KOPCTKO CHOJYy4YeHi 3 MPOJITHOIO
0y10BOI0

(1) 3'emmanHs omopu 3 MPOJITHOK OYIOBOIO
PO3IIIIAETBCS K KOPCTKE, SIKIIO BOHO MOHOJIITHE
a00 BHKOPHUCTOBYIOTHCSI HEPYXOMi ONOPHI YaCTUHU
a00 B'SI31, MPU3HAYCHI IS CHPUHHATTS CEHUCMIYHOT
nii. Taki OmMOpH BHOCSATH OCHOBHUH BHECOK IO
CCMCMOCTIHKOCTI SIK B TIOJOBKHBOMY, TakK B
MOTIEPEYHOMY HAIPsMI.

(2) [HocnimxyBaHa MoJeIh TIOBUHHA TepeI0avaTH
B3a€MOJIII0 TPYHTY 3 KpalHIMH omopamMu 3
BUKOPUCTaHHAM (DAKTUYHMX IapaMeTpiB )KOPCTKOCTI
I'pyHTY a00 3Hau€Hb, BIIMOBITHUX BEPXHIH 1 HIKHIN
MeX1 KOPCTKOCTI.

CeMCMOCTINKICTD
OPOMDKHUMHU 1

(3) Sxmo
3abe3neuyeTbest 1

MocCTa
KpaltHIMU

np ACTY-H b EN 1998-2:201X

a. Earth pressures including seismic effects
determined in accordance with EN 1998-5:2004,
Section 7.

b. Inertia forces acting on the mass of the
abutment and on the mass of earthfill lying over its
foundation. In general these effects may be
determined on the basis of the design ground
acceleration at the top of the ground of the site, agS.

C. Actions from the bearings determined as
capacity design effects in accordance with 5.3(7)P
and 5.3(8)P if a ductile behaviour has been assumed
for the bridge. If the bridge is designed for q = 1,0,
then the reactions on the bearings resulting from the
seismic analysis shall be used.

(3) When the earth pressures assumed in (2)a are
determined in accordance with EN 1998-5:2004, on
the basis of an acceptable displacement of the
abutment, provision for this displacement should be
made in determining the gap between the deck and
the abutment back-wall. In this case it should also be
ensured that the displacement assumed in
determining the actions in (2)a, can actually take
place before a potential failure of the abutment itself
occurs. This requirement is deemed to be satisfied if
the design of the body of the abutment is effected
using the seismic part of the actions in (2)a increased
by 30%.

6.7.3 Abutments rigidly connected to the deck

(1) The connection of the abutment to the deck is
considered as rigid, if it is either monolithic, or
through fixed bearings, or through links designed to
carry the seismic action. Such abutments have a
major contribution to the seismic resistance, both in
the longitudinal and in the transverse direction.

(2) The analysis model should incorporate the
effect of interaction of the soil and the abutments,
using either best-estimate values of the relevant soil
stiffness parameters or values corresponding to
upper and lower bound stiffness.

3) When the seismic resistance of the bridge is
provided by both piers and abutments, the use of
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OMOpaMH,  PEKOMEHAYEThCS  BUKOPUCTOBYBATHU
BEpXHi 1 HIXKHI TOPOTOB1 )KOPCTKOCTI TPYHTY 3 THUM,
o6 OTpUMaTH HaiifH1 pe3yabTaTH AJIs BCIX OIOp.

(4P I[Ipuy  po3paxyHky MocCTa MTOBUHEH
BHUKOPUCTOBYBaTucs KoedinieHt podoru g = 1,5.

(4) [ns  MOMOBKHBOIO  HAmpsMy  HOBHHHI
BpPaxOBYBaTHCS HACTYITHI YHHHUKH.

a. Cwnm iHepuii Bi Macu KOHCTPYKIIi, sKi
MO’KHA BU3HAUUTH 32 JOMIOMOTOI METO/a TOJOBHOL

dopmu KonmBaHb (IuB. 4.2.2).

b. CTaTUYHUI THCK TPYHTY, IO BIUIMBAE Ha
o6uBi kpaitHi ormop (Eo).

C. JlotaTKOBUM CEMCMIYHHMM THCK TPYHTY

AEq=Eq—-Eo

ac:

Eq 1e 3aranpHuil TUCK TpYyHTY, 1O BIJIMBAa€E Ha
KpaliH1 OIOpH B YMOBAaX PO3PaxyHKOBO1 CEHCMIYHOT
mi 3rigao EN 1998-5:2004. BaskaeTbcs, IO THCK
AEq nie Ha 00MAB1 KpaliHi OMIOPU B OJTHOMY 1 TOMY XK
HaIpsiMi.

(6) 3'emmanHs mpoJiTHOI OYIOBH 3 OIMOPOIO
(BKJIFOUAIOUM HEPYXOMi OTTOPHI YaCTUHU a00 3B'SI3KH,
SKIO TepeadadeHi) HEOoOXiTHO pPO3paxoByBaTH 3
ypaxyBaHHSM [liil, PO3IVIAHYTHX B TIONEPEIHIX
naparpadax.

(7) Hns Toro, mo0 MOIIKOMKCHHS TPYHTY abo
HACHIly 32  KpalHBOK  OINOPOKD,  YKOPCTKO
CIIOJIYYEHOK 3 TMPOJIITHOK OYI0BOIO, HE BUXOJUIIO
3a JOMyCTHMI MeXi, pPO3PaxXyHKOBE CeHCMiuHe
NepeMIllleHHs] He TIOBUHHE TICPEBUIIYBATH IPAHUYHE
3HaueHHs Ojim BIAMOBIAHO 10 KIacy BaKJIMBOCTI
MoOCTa.

IMPUMITKA  3HaueHHs, TpHUBIacHEHe BeNHUMHI Ciim s
3aCTOCYBaHHSA B KpaiHi, MOXXHAa 3HAHUTH B HAI[IOHAIEHOMY
3acrocyBanHi. Hmkue mnpuseneni 3HaueHHS  Ciim, 110
PEKOMEHIYIOTCS:
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upper and lower bound estimates of the soil stiffness
iIs recommended, in order to arrive at results which
are on the safe side both for the abutments and for
the piers.

(4)P A behaviour factor g = 1,5 shall be used, in the
analysis of the bridge.

4) The following actions should be taken into
account in the longitudinal direction.

a. Inertia forces acting on the mass of the
structure, which may be estimated using the
Fundamental Mode Method (see 4.2.2).

b. Static earth pressures acting on both
abutments (Eo).
C. The additional seismic earth pressures

(6.16)

where;

Eq is the total earth pressure acting on the abutment
under the design seismic action in accordance with
EN 1998-5:2004. The pressures AEq are assumed to
act in the same direction on both abutments.

(6) The connection of the deck to the abutment
(including fixed bearings or links, if provided)
should be designed for the action effects resulting
from the above paragraphs. Reactions on the passive
side may be taken into account in accordance with

(8).

(7) In order that damage of the soil or the
embankment behind an abutment rigidly connected
to the deck is kept within acceptable limits, the
design seismic displacement should not exceed a
limit value, diim, depending on the importance class
of the bridge.

NOTE: The value ascribed to diim for use in a country may be
found in its National Annex. The recommended values of djm
are as follows:



Tabmmuoss 6.2N. - PexomengoBani rpanuyHi
3HA4YeHHS1  PO3PaxXyHKOBOIO  CeiicMMYecKOro
nepemMenieHust KpaiiHix  omop, KOPCTKO

CIIOJIYYECHHUX 3 l'[pO.TIiTHI/IM CTPOCHUEM

np ACTY-H b EN 1998-2:201X

Table 6.2N. Recommended limit value of design
seismic displacement at abutments rigidly
connected to the deck

Kiace BaxxyimBocTi MocTa
Bridge Importance Class

I'pannyHe 3HAYEHHA 3CYBY
Displacement Limit

diim (MM),
11T 30
I 60
I Be3 oOMexeHb

(No limitation)

(8)  BBaxaerhcs, 1O peakilis TPYHTY, BUKIMKAHA
3CYBOM KpailHbOi omopu abo OyAb-sIKUX CIUIBHO
OMOHOJIMYEHUX YKICHUX KPHWJI Y HampsiMl 3aCHUIIKH,
BIJIMBA€E HAa HACTYITHI TOBEPXHI.

- YV NoJIOBXHbOMY HampsMi: Ha 30BHIIIHIO I'PaHb
magoBoi CTIHKMA OMOPH, IO 3MIIIYETHCS y HAMPSAMI
IPYHTY a00 3aCHIIKHU.

- YV nomnepeyHoMy HampsiMi: Ha BHYTPILIHIO I'PaHb
YKICHHX KpWJI, M0 TEPEeMIMYIThCS y HampsIMmi
3aCUIIKH.

Jani peakiiii MO)KHa BU3HAYUTH, BUXOITIH 3 MOTYJIS
TPYHTY, BIAMIOBITHOTO TEOTEXHIYHUM YMOBaM.

BiamoBinHa kpaiiHs ornopa Mae OyTH po3paxoBaHa Ha
CIPUHHATTS JaHOi peakilii TPyHTY Ha JOJATOK JIO
CTaTUYHOTO THUCKY TPYHTY.

(9) Sxwmo Ginbuie 80 % BUCOTU OMOPHU 3aKPUBAETHCS
MPUPOJHUMH TPYHTAMH, TaKa OMOpa BBAKAETHCS 32
MOBHICTIO  3adikcoBaHy. B  1mpomy BuUNaaky
HEOOX1IHO BUKOpUCTOBYBaTH ( = 1, a cunu iHepuil
HEOOXiJJTHO BHW3HAYATH, BUXOISYU 3 NPUCKOPCHHS
BEPXHBOI YACTHHH I'PYHTY MaiilaH4YHKa.

6.7.4 BopomnpomyckHi BEJIHKOIO

TJIMOMHOIO 3ACUNIKH

TPYOH 3

(1) [Jns BOJOMPONYCKHHX CIOPYA 3 BEIUKOIO
rmubuHo 3acunku (Oimeime 50 % mponboTy),
iHepIiifHa ceficMiuHa peaklis, pO3IJIsIHYTOI0 B 6.7.3,
HE 3aCTOCOBYETBhCS, OCKUIBKM 1€  Bele 1O
HEPEATICTUYHUX pe3ynbTaTiB. Y TakoMy pasi
IHepIliiiHy peakiilo MO)XHa NpPOIrHOPYBaTH, a

9) The soil reaction activated by the movement
of the abutment, and of any wing- walls
monolithically connected to it, towards the fill is
assumed to act on the following surfaces.

- In the longitudinal direction, on the external face
of the back-wall of that abutment which moves
against the soil or fill.

- In the transverse direction, on the internal face of
those wing-walls which move against the fill.

These reactions may be estimated on the basis of
horizontal soil moduli corresponding to the specific
geotechnical conditions.

The relevant abutment should be designed to resist
this soil reaction, in addition to the static earth
pressures.

9) When an abutment is embedded in stiff
natural soil formations over more than 80% of its
height, it can be considered as fully locked-in. In that
case g = 1 should be used and the inertia forces
should be determined on the basis of the design
ground acceleration at the top of the ground of the
site, agS (that is without spectral amplification).

6.7.4 Culverts with large overburden

(1) In culverts with a large depth of fill over the
top slab (exceeding 50% of its span), the
assumptions of inertial seismic response used in
6.7.3 may not be applied, as they lead to unrealistic
results. In such a case the inertial response should be
neglected and the response should be calculated on
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pe3ympTaT  Aii  po3paxyBaTd  Ha  MijACTaBi
KIHEMaTUYHOI CYMICHOCTI MDK BOJOTIPOITYCKHOIO
TpyOOIO 1 CEHCMIYHUM MEpeMIleHHsIM BUILHOTO
MOJIE  HABKOJMIIHBOTO  TPYHTY,  BIATIOBIAHOIO
PO3paxyHKOBIH CeHCMIYHIM Iii.

(2) B pamkax maHOrO pO3paxyHKy CEUCMiuHEe
NEepeMillleHHs] TPYHTY BUIBHOTO TOJSI  MOXeE
po3risimaTHcs  SIK  OJHOpiAHE Tmosie  Jedopmarii
3pylieHHss (OuB. MaloHOK 6.3), 1€ BeaudyuHa
nedopmartii 3pymeHHs T0piBHIOE:

Ya =

<

ac:

Vg  MakcuMallbHa IIBUAKICTH TpyHTY (auB.(3)
HUKYUN).

Vs MBHUAKICTh MOTIEPEYHOI CEHCMOBOJIHA B TPYHTI B
ymoBax  Jedopmanii  3pyIIeHHS,  BIINOBIAHA
MPUCKOPEHHIO TpyHTy. JlaHe 3HAaYeHHS MOXHA
BU3HAYUTH 33 3HAYEHHAM Vemax  JUIA Tax JUIs
HeBenmkux nedopmaniid, muB. EN 1998-5:2004,
Tabmuus 4.1.

the basis of kinematic compatibility between the
culvert structure and free-field seismic deformation
of the surrounding soil corresponding to the design
seismic action.

(2) To this end the free-field seismic soil
deformation may be assumed as a uniform shear-
strain field (see Figure 6.3) with shear strain:

(6.17)

where:
vg isthe peak ground velocity (see (3) below)

Vs is the shear wave velocity in the soil under the
shear strain  corresponding to the ground
acceleration. This value may be estimated from the
value Vssmax for small strains, from EN 1998-5:2004,
Table 4.1.

lﬂ!ﬂm 2

TI77r
//////

Ys- IEPEMIIIEHHS TPYHTY BUIBHOTO MOJIS

Pucynok 6.3 Kinemarnyua peakitis
BOJIOTIPOITYCKHOT TPYOH

3) 3a  BiACYTHOCTI BIANOBIAHUX  JaHUX,
MakCUMallbHa  IIBUJAKICTh ~ YaCTUHOK  TPYHTY

PO3paxoBYETHCS IO PO3PAXyHKOBOMY IPUCKOPEHHIO
TPYHTY 8g TUITY A 3a IOTIOMOTOIO BiJTHOILIEHHS:

ST.a,
v, =
2
ne S 1 Tc  BUKOPUCTOBYIOTBCS  3TiJIHO

EN 1998-1:2004, 3.2.2.2.
104
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vs: Free-field soil deformation
Figure 6.3: Kinematic response of culvert

(3) In the absence of specific data, the peak ground
velocity should be estimated from the design ground
acceleration ag on type A ground, using the relation

(6.18)

where S and Tc are in accordance with

EN 1998-1:2004, 3.2.2.2.



6.7.5 IianipHi cTinm.

(1)P miamipHi CTiHM, IO BUIBHO CTOSATH, HEOOXITHO
npoekTyBaTH 3rigHo 6.7.2(2) i (3) 0e3 il omopHuX
YaCTHH.

np ACTY-H b EN 1998-2:201X

6.7.5 Retaining walls.

(1)P Free standing retaining walls shall be designed
in accordance with 6.7.2(2) and (3), without any
action from bearings.
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7 MOCTH 3 CEUCMIYHOIO 130JIS1IEIO
7.1 3arajapHi M0JI0KeHHSA

(1)P B manomy po3zini po3risigaeTbCsi KOHCTPYKITiSA
MOCTIB 3 CEHCMOI30JISINIEI0, HANpPABIICHOK Ha
3HIDKEHHS  1X  peakmii Bil  TOpU30HTAIBHOI
ceiicMiyHOi [ii. [307TOpH BCTAaHOBIIOIOTHCS Ha
MOBEPXHI, KA PO3TAIIOBYETHCA, SIK IPABHIIO, IIif
MPOJTITHOIO OYZI0BOIO HAa BEPXHI YaCTHHI OTIOP.

(2) Peakmis Big ceiicMiyHOT [ii MoOXe Oyt
3MEHIIEHA IeKUIbKOMa Crioco0amu:

- 3a paxyHOK IIOJIOBKE€HHSI OCHOBHOIO MeEpioay
KOHCTPYKUII (epeKT 3MIHU Mepioy 1 LIOro BILIUB Ha
CHEKTp peakxiliif), BHACIIIOK YOTro BiAOYyBa€eThCA
3MEHILEHHS 3yCUJIb, ajle 30UTbIICHHS IEPEMIIIECHb;

- 3a paxyHOK Ae(opMyBaHHs, IIO BeIE 0
3MEHILIEHHS TMepeMillleHb 1 MOXE  CIpHITH
3HMKEHHIO 3YCUJIb;

- 3a paxyHOK CYMICHOTO BHKOPHCTaHHS JBOX
croco06iB (MepeBakHUI BapiaHT).

7.2 BuzHayeHus

CeilicMoizoasiiiHa cucremMa

HalIp CEHCMO I30JIALIIIHAX €JIEMCHTIB,
pPO3TaIIOBAaHUX HA IMMOBEPXHI 130JISIT1T

I3oasiTopm

OKpEMI €JIEMEHTH, CKJIaJIOBl CEUCMOI30IAIIHOT

cuctemMu. KokeH i3osisTop BOJIOJIE OAHIEID abo
JCK1TbKOMa HACTYITHUMH MOXKJIHBOCTSIMH:

- CHPUIHATTSA BEPTUKAIBHOIO HABAHTAKECHHS
3a pPaxyHOK BHCOKOI TOINEpPEYHOi THYYKOCTI 1
BHCOKOT BEpTUKAIBHOT )KOPCTKOCTI;

- po3cisHHA ~ eHeprii  (TicTepesmcHe, B'SI3KE,
bpukiiiiae);

- TIOTIEpEYHE BiTHOBJICHHS;

- 0OMeXeHHS TOPU30HTAIBLHOTO
MepeMillleHHsT B yMOBax /il TOPHU30HTAJIbHUX
HEeCEICMIUHUX HaBaHTaXEHb

Hwuskni koHCTpYKLil OynoBH

YaCTUHHU  KOHCTPYKIIi,  pO3TAlllOBaHI  HMXKYE

MOBEPXHI 130JIA111{; SIK MPaBUIIO, 1€ OTIOPH;
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7 BRIDGES WITH SEISMIC ISOLATION
7.1 General

(1)P This Section covers te design of bridges that are
provided with a special isolating system, aiming to
reduce their response due to horizontal seismic
action. The isolating units are arranged over the
isolation interface, usually located under the deck
and over the top of the piers/abutments.

(2) The reduction of the response may be achieved:

- by lengthening of the fundamental period of the
structure (effect of period shift in the response

spectrum), which reduces forces but increases
displacements;
- by increasing the damping, which reduces

displacements and may reduce forces;

- (preferably) by a combination of the two effects.

7.2 Definition

sisolating system
collection of components used for providing seismic
isolation, located at the isolation interface

isolator

units or isolatorsthe individual components,
constituting the isolation system. Each unit provides
a single or a combination of the following functions:

- vertical-load carrying capability, combined with
high lateral flexibility and high vertical rigidity;

- energy viscous,
frictional);

dissipation  (hysteretic,

- lateral restoring capability;
- horizontal restraint (sufficient elastic stiffness)
under non-seismic service horizontal loads

substructure(s)

part(s) of the structure located under the isolation
interface, usually consisting of the piers and
abutments. The horizontal flexibility of the
substructures should in general be accounted for.



BepxHi koHcTpyK1ii Oyn0oBH
JacTUHA KOHCTPYKIIii, pO3TalloBaHa HaJ MOBEPXHEIO
130581111, Y MocTax - 11e mpostiTHa OyaoBa

LenTp edeKTUBHOI KOPCTKOCTI

Lentp xopcrkocti C y BepXHiil 4acTHHI 130JIALLIi;
BEepXHi OYIOBH pPO3IIIATAIOTHCS SIK JKOPCTKI, ane 3
ypaxyBaHHSM THYYKOCTI 130JISTOPIB 1 HIKHIX OYIOB;

Po3paxynkoBe nepeMilieHHs (dcaq)
ceiicMOi30IsIliiHOI  cUCTeMM B TOJIOBHOMY
HaNpsAMi

MaKCUMaJbHE TOPHU30HTAIbHE TMEepeMileHHs (1010
IPYHTY) LEHTPY J>KOPCTKOCTI BepxHIX Oya0B B
YMOBAX PO3PaxXyHKOBOT CEMCMIYHOT ii

Po3paxynkoBe nepemimenHs (Oyi) i3oasiTopa i
MepEMIIIEHHsI BEpXHBOI OYJO0BM BIAHOCHO HIDKHBOI
OygoBM B TO4Yll  130JIATOpa,  BIATOBIJIHE
PO3paxyHKOBOMY TMEPEMIIIEHHIO CEHCMO 130JIAIIHHOT
CUCTEMU;

IMinBumene po3paxyHkoBe mnepemimeHHst (Obi,a)
30J151TOpa | pO3paxyHKOBE MEPEMIILIEHHS 130JIATOPA,
MMOMHOKEHE Ha KOEQIII€HT, MO MIABUIIYE 3TiTHO
7.6.2

MakcumaJjibHe 3arajibHe nepeMilleHHs i30JTOpPa
i

CyMa MiJBUIIEHOTO PO3PaXxyHKOBOTO TEPEMIIICHHS,
TepeMIleHHS 3pyIICHHS BiJl MOCTIHHOTO
HaBaHT)XCHHS, TpuBajai jaedopmallii BEpXHBOI
OynoBu (Tojaibliia HAIpyra, OCimaHHsA 1 MMOB3Y4iCTh
3ai300eTOHHUX MPOJITHUX OyaoB), a Takoxk 50%
TEeMIepaTypUx MepeMilllcHb

EdexTnBHa  KOpCTKiCTh  cecMOi30IAMiHHOT
CHCTEMH B FOJIOBHOMY HaNpsiMi

3HAYCHHs  3arajbHOT  TOPH3OHTAJIBHOI  CHIIH,
nepeaBaHol yepe3 MOBEPXHIO 130JIA1111, mapaieabHO
PO3paxyHKOBOMY TMEPEMIIIEHHIO B  I[bOMY K
HampsiMi, pO3JUICHE Ha aOCOJIOTHE 3HAYCHHS
PO3PaxyHKOBOT'O IEPEMIlICHHS

EdexTuBHuii nepion

TOJOBHUI MepioJ] B JaHOMY HampsiMi CHCTEMH 3
OJIHIEI0 CTYHIHHIO CBOOOJAM, MAacor BEpPXHbOI
Oyn0oBH, WO BOJIOJIE, 1 IKOPCTKICTIO, pIBHIH
AKOPCTKOCTI CEHCMOI30MALINHOT ~ CHCTEMH 3TiTHO
7.5.4

np ACTY-H b EN 1998-2:201X

superstructure
part of the structure located above the isolation
interface. In bridges this part is usually the deck

effective stiffness centre
stiffness centre C at the top of the isolation interface,
considering the superstructure as rigid, but
accounting for the flexibilities of the isolator units
and of the substructure(s)

design displacement (dcq) of the isolating system
in a principal direction

maximum horizontal displacement (relative to the
ground) of the superstructure at the stiffness centre,
occurring under the design seismic action

design displacement (dyi) of an isolator i
displacement of the superstructure relative to the
substructure at the location of the isolator,
corresponding to the design displacement of the
isolating system

increased design displacement (dyi,a) of isolator i
design displacement of the isolator, multiplied by the
amplification factor yis in accordance with 7.6.2

maximum total displacement of isolator unit i

sum of the increased design displacement, the offset
displacement due to permanent actions, long-term
deformations of the superstructure (post-tensioning,
shrinkage and creep for concrete decks) and 50% of
the displacement due to thermal movements.

effective stiffness of the isolating system in a
principal direction

ratio of the value of the total horizontal force
transferred  through the isolation interface,
concurrent to the design displacement in the same
direction, divided by the absolute value of the design
displacement (secant stiffness).

effective period

fundamental period in the direction considered, of a
single-degree-of-freedom system having the mass of
the superstructure and stiffness equal to the effective
stiffness of the isolating system, as specified in 7.5.4
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EdexTuBne 3aracaHHs celicMoizoaaniiinoi
CHCTEMH
3HaueHHS  KoeillieHTa  B'I3KOTO  3aracaHHs,

BIJIMIOBiJTHE €HEPrii, pO3CIAHOI0 CEHCMOI30JIALIHOIO
CHCTEMOIO I Yac IHMKJIIYHOI peakuii npu
PO3paxyHKOBOMY HepeMilieHH1

IIpocti c1aboamMopTU3y0uM e1acTOMepPHi ONOPHi
YACTHHU

CKJIaJieH]1 c1ab0aMOPTU3YIOUH €IIaCTOMEPHI OTOpHIi
YaCTHHHA  3T1IHO EN 1337-3:2005, mo He
BimHOCATBCST 10 PrEN15129:200X (amTHcelicMivyHi
npuctpoi) (nus. 7.5.2.3.3(5))

CrneniajJibHi  eJlJacTOMepHI  ONMOpPHI  YaCTHHU
CKJIaJI0B1 BUCOKOAMOPTH3YIOUl €1acTOMEpH1 OMOpHI
YaCTHHH, BUINIPOOYBaH1 3T1JIHO BUMOTaM

prEN15129:200X (anTHceiicMiuHi NpUCTpOi) (IUB.
7.5.2.3.3(7)).

7.3 OcHoBHi BUMOTH i KpuTepiii BiTmoBigHoCTI

(1)P Marorp OyTH BHUKOHaHI OCHOBHI BHMOTH,
BKa3aHi B 2.2.

(2)P CeticmiuHa peakiliss BEpXHBOI 1 HIDKHBOT Oy1I0BH
B yMOBaxX pO3PAaxXyHKOBOi CEWCMIYHOI CHTYyaIlii
MMOBUHHA PO3TJISIATUCS SK OOMEXeHa MOJaTIMBICTh
(9<1,5).

(3) BBaxkaerbcs, 1m0 MICT BIiIMOBIIA€ OCHOBHHUM
BUMOTaM, SIKIIO BiH OyB CIPOCKTOBAHWUW 3TiITHO
n.7.417.5 1iBigmosigae 7.6 1 7.7.

(4P st MIITHOCTI 1 nparne31aTHOCTI
CEHUCMOI30JIAIINHOT CUCTEMH TMOTPIOHA ITiABHUIIICHA
HaJIMHICTh, OCKUIBKM i CTIMKICTh J0 3CYyBYy Mae€
KpUTUYHE  3HAYCHHS i1 OE3MeKH  MocCTa.
BBakaeTbcs, 10 celcMOI30JIIiiHA CHCTEMA Ma€e
BUCOKHMI pIBeHb HAAIMHOCTI, SKIIO BOHa Oyna
CIIPOCKTOBaHAa BIAMOBIAHO JO BUMOT maparpada
7.6.2.

(5P [ns Bcix THMIB 130JATOPIB, OKPIM IMPOCTUX
c1ab0aMOPTU3MIOUMX  €JIACTOMEPHUX  ONOPHHUX
gactuH 3rigao 7.5.2.3.3(5) i (6) i mIoCcKuX
KOB3aIOUHX orop 3TiTHO 7.5.2.3.5(5),
XapaKTepUCTUKU  KOHCTPYKIii  MawTh  OyTH
MIATBEPKEH] pe3ysbTataMu BUIIPOOYBaHHS
JOCIITHUX 3Pa3KiB 1 AKOCTI.

[MPUMITKA B nosiakoBomy momatky K MicTSThCsS iHCTPYKITiT
[0 TPOBENCHHIO BUIPOOYBaHb JOCTIAHWUX 3pa3KiB, SKIIO B
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effective damping of the isolating system
value of viscous damping ratio, corresponding to the
energy dissipated by the isolation system during
cyclic response at the design displacement

simple low-damping elastomeric bearings
laminated low-damping elastomeric bearings in
accordance with EN 1337-3:2005, not subject to
prEN 15129:200X  (Antiseismic  Devices) (see
7.5.2.3.3(5))

special elastomeric bearings

laminated high damping elastomeric bearings
successfully tested in accordance with the
requirements of prEN 15129:200X (Antiseismic
Devices) (see 7.5.2.3.3(7)).

7.3 Basic requirements and compliance criteria

(1)P  The basic requirements set forth in 2.2 shall
be satisfied.

(2)P The seismic response of the superstructure and
substructures under the design seismic design
situations shall be assumed as limited ductile
(q<15).

(3) The bridge is deemed to satisfy the basic
requirements, if it is designed in accordance with 7.4
and 7.5 and conforms to 7.6 and 7.7.

(4)P Increased reliability is required for the strength
and integrity of the isolating system, due to the
critical role of its displacement capability for the
safety of the bridge. This reliability is deemed to be
achieved if the isolating system is designed in
accordance with the requirements of 7.6.2.

(5)P For all types of isolator units, with the
exception of simple elastomeric low-damping
bearings in accordance with 7.5.2.3.3(5) and (6) and
the flat sliding bearings in accordance with
7.5.2.3.5(5), the design properties shall be validated
on the basis of Qualification and Prototype tests.

NOTE Informative annex K is intended to provide guidance on
prototype testing in cases where prEN 15129:200X (“Anti-



prEN 15129:200X  (anTHcelicMiuHi  TIPUCTPOI)
JIOKJIQJTHOT'O OIMCY BUMOT IO TIPOBEJICHHIO BUITPOOYBaHb.

HEMae

7.4 Ceilicmiuna gis
7.4.1 Cdepa 3acTocyBaHHA

(1)P Cdepa 3acrocyBanHs Mae OyTH HE MCHIIE
obmnacri IPYXHOT peaxirii, BKa3aHUH
EN 1998-1:2004, 3.2.2.2 a1  HEI30JIbOBAHUX
koHcTpykitii (muB. EN 1998-1:2004, 3.2.2.5(8)P).

[MPUMITKA OcobnuBy yBary MoTpiOHO 3BEpHYTH Ha TOW
¢axkrt, Mo Oe3rneka KOHCTPYKIIN 3 ceHcMOoi30Maliero 6arato B
YoMy 3aJIeKUTh BiJl BHMOI 0 TMepeMillleHHS  JUIst
CEHCMOI30JALINHOT CUCTEMH, SKI 3HAaXOAATHCS B TPSIMO
MIPOITOPLIIHOMY BiJIHOIIIEHHI 3 BeNWYMHOIO nepiony Tp Tomy B
pamKax CTaHIAPTY EN 1998-1:2004, 3.2.2.5(8)P,
HaIlIOHABHUN JTOJaTOK JI0 J1aHOI YaCTHHU €BPOKOAY 8 MOXKe

MICTUTH 3Ha4€HHS [p, CIEIiaJbHO IPHU3HAYEHE JUIsl
NPOEKTYBaHHS MOCTIB 3  ceiicMoizomslielo , SKe €
KOHCEPBATUBHIIIMM  (IOBFOCTPOKOBMM), HDK  3HA4Y€HHS,

NpUBJIACHEHE BEIWYMHI Tp B HALlOHAJIBHOMY JOJATKY O
crargapty EN 1998-1 : 2004 (auB. Takox 3.2.2.3).

74.2

IIpencraBiieHHs] AMHAMIKH 3MiH

(1) P IToBuuHI 3acTOCOBYBaTHCS YMOBH 3.2.3.

7.5 IIpouenypu PO3PaxXyHKy i
MO/IeJTI0OBaAHHS

7.5.1 3arajibHi 10JI0KEHHS

(@) Hacrynui mpoueaypu po3paxyHKy 3
yMOBaMU 3aCTOCYBaHHS 3TiTHO 75.3

MpeAHA3HAYAIOTCS JIJISI MOCTIB 3 CEMCMOI30JIAIIIETO.

a) Po3paxyHOK rOJIOBHOTO THITY KOJHBAHb.
b) BaraTopexuMHHIA PO3paxyHOK.
C) HeniHifHU# po3paxyHOK JMHAMIKH 3MiH.

2 Ha nmomatok g0 yMOB, BKa3aHHX B
753, € Takok W TMpeIBApUTEIbHBIE YMOBHU
3actocyBanHs MetoiB (a) i (b) B maparpadi (1).

- 3BuyaiiHa  HeNIHIAHA  3aJEXKHICTb cua-
nepeMileHHs ceiicMoBBoNAIIHOT CUCTEMHU
HEOOXIJJTHO ampOKCUMYBaTH 3 JOCTaTHbO BHCOKOIO
TOYHICTIO Yepe3 (hakTU4Hy KOpCTKICTh (Keff), TOOTO
yepe3  3HAYeHHs  CIYHOT  JKOPCTKOCTI  HpH
po3paxyHKoBiif nedopmanii (auB. puUCyHOK 7.1).
JlaHe ysBIeHHsA 0a3yBaTHMMEThCS Ha MOCIHITOBHHUX
arpoKCUMaIisX po3paxyHKOBOTro nepeMimeHHs (ded)
- Po3scisHHS eHeprii celcMOI30MSIIIMHOT cucTeMu

np ACTY-H b EN 1998-2:201X

seismic devices™) does not include detailed requirements for
type testing

7.4 Seismic action
7.4.1 Design spectra

(1)P The spectrum used shall be not lower than the
elastic response spectrum specified in EN 1998-
1:2004, 3.2.2.2 for non-isolated structures (see
EN 1998-1:2004,3.2.2.5(8)P).

NOTE Particular attention should be given to the fact that the
safety of structures with seismic isolation depends mainly on
the displacement demands for the isolating system that are
directly proportional to the value of period To. Therefore, and
in accordance with EN 1998-1:2004, 3.2.2.5(8)P, the National
Annex to this Part of Eurocode 8 may specify a value of Tp
specifically for the design of bridges with seismic isolation that
is more conservative (longer) than the value ascribed to Tp in
the National Annex to EN 1998-1 :2004 (see also 3.2.2.3).

7.4.2 Time-history representation
(1)P  The provisions of 3.2.3 apply.

7.5 Analysis procedures and modelling

7.5.1 General

(1) The following analysis procedures, with
conditions for application specified in 7.5.3, are
provided for bridges with seismic isolation.

a) Fundamental mode spectrum analysis
b) Multi-mode spectrum analysis
c¢) Time-history non-linear analysis

(2)P In addition to the conditions specified in 7.5.3,
the following are prerequisites for the application of
methods (a) and (b) in (1)

- The usually non-linear force-displacement
relationship of the isolating system shall be
approximated with sufficient accuracy by the
effective stiffness (Kefr), i.e. the secant value of the
stiffness at the design displacement (see Figure 7.1).
This representation shall be based on successive
approximations of the design displacement (dcq).

- The energy dissipation of the isolating system
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MMOBUHHE BUPAKATHUCS B OJUHUIAX CKBIBaJCHTHOTO
B'SI3KOTO 3aracags SIK «e(heKTUBHOTO
3aracaHHs»(Cefr)

(3) Sxmo celicMoi3oAIIfHA CHCTEMA CKIIAAA€THCS
BUKJIIOYUHO 3  MPOCTUX  cJa00aMOPTU3YIOUUX
€IACTOMEPHUX ONOPHHUX YaCTHH (EKBIBaJCHTHUH
KOoeIIieHT B'I3KOTO 3aracaHHs CKJIajgae MpHOIM3HO
0,05), MOXYTh 3aCTOCOBYBATHCS HOPMaJIbHI METOJIN
JTHIAHOTO TUHAMIYHOTO PO3PaxyHKY, MPUBEACHI B
4.2. EnacroMepHi ONOpHI YacTHHH MOXYTh
po3rysiIaTHCA K JIHIAHI NPYXKHI €IEeMEHTH, MI0
neQopMyIOTbCSl MpU 3pYIIeHH] (1, MOMKIMBO, IpPH
ctuckyBanHi). [Ipu 11poMy MOKHA JOMMYCTUTH, IO iX
aMopTH3allli JOPIBHIOE 3arajbHId  aMOpTHU3allii
koHcTpykuii (auB. 7.5.2.3.3(2)). Bcest koHCTpyKItist
MTOBHHHA 3JIAIIATUCS B PY)KHOMY CTaHI.

7.5.2 Po3paxynkosi
ceiicMoi3zouasniiiHol cucreMu

XApaKTEPUCTUKH

7.5.2.1 3arajibHi MOJI0KEeHHS

(1)P Bci 13015TOpH MOBHUHHI BiJNOBIIaTH BUMOTaM
EN pr15129:200X (anTuceiicMiuHi mpucTpoi) adbo
Matu €Bporeiicbke TexHiune cxBajaeHHs (ETA).

[MPUMITKA 1 cranmapt prEN 15129:200X: AnrtuceiicMmivni
MPUCTPOI, 3HAXOOUTHCS HA CTAil MIATOTOBKH TEXHIYHHM
komiterom CEN/TC340. Jlo Tux mip, MOKH Iiel CTaHAapT He
Oyne  omyOnikoBaHMi  €BpONEHCHKUM  KOMITETOM 13
cranmaprusauii (CEN), a Takox y Bunauky 3 i3onsiTopamu,
BUNPOOYBaHHS JIOCHIAHUX 3pa3KiB SIKMX HE TMPHUBOJMUTHCS B
MOBHOMY 00'€Mi B IIbOMY CTaHJAPTi, MOXKYTh 3aCTOCOBYBATHCS
BUMOTH, TIPUBEICHI B JOBIIKOBOMY MOAATKy JI0 CIPaBKHBOIO
CTaHzapTy.

I[MPUMITKA 2 110 cToCyeThCsi MPOCTUX CIa00aMOPTU3YIOUHX
eacTOMEPHUX OIMOPHUX YacThH 3rigHo 7.5.2.3.3(4), (5) i (6), a
TaKOX 3MAalIeHHX IUIOCKUX KOB3AIOYMX OIOPHHX YaCTUH 3
PTFE (momiterpadToperuiieHy), BHKOPHUCTOBYBAaHHX 3TiIHO
7.5.2.3.5(5), nuB. mocunauus Buile i maparpagu 7.5.2.4 (5), (6)

i (7).
7.5.2.2 X opcTKicTh Yy BePpTHKAJILHOMY HAaNPsiMi

()P IzomsiTopu, WO CHOPUKWMAOTh BEPTHKAIbHI
HaBaHTaXXCHHS, MOBUHHI MaTH JOCTaTHIO
KOPCTKICTh Y BEPTHKAIBHOMY HaIPSIMI.

(2) Bumora maparpada (1)P BBaxaeTbcs 3a
BUKOHaHY, SIKIO TOPU30HTAJIbHE NEpEMIIEHHS B
LHEHTpl  Macu  BEepXHbOi  OyHOBH,  3aBISKU
BEPTUKAJIbHINA THYYKOCTI 130JITOPIB, CKIIaJa€ MEHIIIE
5% po3paxyHkoBoro mnepemimieHHs dcq. Jlana ymoBa
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shall be expressed in terms of an equivalent viscous
damping as the "effective damping" ().

(3) If the isolating system consists exclusively of
simple low-damping  elastomeric  bearings
(equivalent viscous damping ratio approximately
0,05), the normal linear dynamic analysis methods
specified in 4.2 may be applied. The elastomeric
bearings may be considered as linear -elastic
members, deforming in shear (and possibly in
compression). Their damping may be assumed equal
to the global viscous damping of the structure (see
also 7.5.2.3.3(2)). The entire structure should remain
essentially elastic.

7.5.2 Design properties of the isolating system

7.5.2.1 General

(1)P All isolators shall conform to EN pr15129:200X
(Antiseismic Devices) or be covered by an ETA
(European Technical Approval).

NOTE 1. prEN 15129:200X: Antiseismic Devices is being
prepared by CEN/TC340. Until this EN is published by CEN,
as well as for the case of isolators whose Prototype tests are not
fully covered by this latter EN, the requirements given in
Informative Annex K of the present standard may be used.

NOTE 2: Regarding simple low-damping elastomeric bearings
in accordance with 7.5.2.3.3(4), (5) and (6) and lubricated
PTFE (polytetrafluorethylene) flat sliding bearings used in
accordance with 7.5.2.3.5(5) see references above as well as
7.5.2.4 (5), (6) and (7).

7.5.2.2 Stiffness in vertical direction

(1)P The isolator units that carry vertical loads shall
be sufficiently stiff in the vertical direction.

(2) The requirement in (1)P is deemed to be satisfied
if the horizontal displacement at the centre of mass
of the superstructure, due to the vertical flexibility of
the isolator units, is less than 5% of the design
displacement dcq. This condition need not be checked



HE BHMAara€ MepeBipKd B TOMY BHUIAJKY, SKIIO IO
KOB3alOTb ~ ab0  mpocti  cnaboaMOpTHU3YIOUH
€JIACTOMEPHI OMOPHI YACTHMHU BUKOPHCTOBYIOTBCS SIK
CNIEMEHTH  BEPTHKAJIBHOTO  HABAaHTXKEHHS, IO
HECYTbh, HA TIOBEPXHI PO3JILTY CUCTEMH 130JIA1L1I.

75.2.3 Po3paxyHkoBi xapakTepucTuku B
rOPM30HTAJILHOMY HANIPaBJIEHUHU

7.5.2.3.1 3arajibHi MoJI0KeHH

(1) Po3paxyHKOBI XapaKTEpPHCTHUKH  i30JSTOPIB
3anexarb Bl iX XapaKTEPHUCTHK, K1 MOXYTb OyTH
YHIKaIbHUMHU abo KOMOIHOBaH1 3T1JHO
nianaparpadam Bix 7.5.2.3.2 o 7.5.2.3.5.

7.5.2.3.2 T'icTepe3ncHuii pexum

(1) 3anexHIicTh «cuUa-TePEMIIISHH» 1305TOpa B
TOPU30HTAIILHOMY HAampsMi MOXHa anmpoKCUMYBAaTH
yepe3 OUTIHINHY 3aleXHICTh, SK IIOKa3aHO Ha
pucyHky 7.1, muist 13osaTopa 1 (1HAEKC 1 OMYIIEHUH).

np ACTY-H b EN 1998-2:201X

if sliding or simple low-damping elastomeric
bearings are used as vertical load carrying elements
at the isolation interface.

7.5.2.3 Design properties in horizontal directions

7.5.2.3.1 General

(1) The design properties of the isolators depend on
their behaviour, which may be one or a combination
of those described in subclauses 7.5.2.3.2 to
7.5.2.3.5.

7.5.2.3.2 Hysteretic behaviour

(1) The force-displacement relationship of the
isolator unit in the horizontal direction may be
approximated by a bi-linear relationship, as shown in
Figure 7.1, for an isolator unit i (index i is omitted).

Pucynox 7.1: bininiitna

anpOKCUMAITIS
TiCTEPE3UCHOTO PEKUMY «CHIIA-TICPEMIIICHHS

2) Hwxkue npuBeneHi mapamerpu OUTIHIHHOT
anpoKCcCUMaIlii:

dy mepeMmileHHs TEKy4OCTi

dbd  pO3paxyHKOBE  TEpeMIlllCHHs  i30J14TOpa,
BIJIOBIIHE PO3PAXYHKOBOMY MEPEMILIEHHIO

ded ceficMOi30MSIIIRHOT cCTEMU
Ep poscisHa eHepris 3a
pO3paxyHKOBii aedopmartii

dbd, piBHOMY TUIOII, OOMEXKEHOK (HaKTHUHOIO
netnero ricrepesucy = 4(Fydpg - Fmaxdy)

Fy cuna Teky4ocTi Bii pIBHOMIPHOTO HaBaHTa)KEHHS
Fo cuna npu HynTbOBOMY HepeMIlll€HH] 1] BILTABOM
LUKIIYHOTO HaBaHTaxeHHs = Fy - Kp dy

OIWH IIMKJI TIpH

Fmax MakKCHUMallbHa cua, BIAIMIOBITHA
PO3paxyHKOBOMY IMepeMileHHI0 Und
Ke rmpyxHa XOpPCTKICTB TpHU  PIBHOMIPHOMY

Figure 7.1: Bilinear approximation of hysteretic
force-displacement behaviour

(2) The  parameters of the  bi-linear
approximation are the following:

dy yield displacement

dbd design displacement of the isolator
corresponding to the design displacement dcq of the
isolating system

Eb dissipated energy per cycle at the design
displacement

dog, equal to the area enclosed by the actual
hysteresis loop = 4(Fydbd - Fmaxdy)

Fy yield force under monotonic loading

Fo force at zero displacement under cyclic loading
= Fy - Kp dy

Fmax maximum force, corresponding to the design
displacement dyq

Ke elastic stiffness at monotonic loading = Fy/dy ,
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HaBaHTAKEHHI = Fy/ldy piBHa TaKOX
PO3BaHTAXYBAIBHINA >KOPCTKOCTI MpPH LUKITYHOMY
BaHTa)KEHH1

K, KOPCTKICTH 32 MEXaMHU MPY>KHOCTI

= Fmax - Fy)/(dbd - dy)
7.5.2.3.3 PoGoTa e1acToMepHHX ONIOPHUX YACTHH
(1) EnacromepHi omopu B pamKax CIPaBXHBOTO

CTaHaapTy € CKJIaJOBUMU PE3UHO-MCTAJICBHUX
OIMIOpHUX 4YaCTHUH, TOOTO BOHU CKJIaZal0TbCAo 3

I'YMOBUX miapis, apMOBAaHUX CTaJIEBUMU
IUIaCTUHAMHU. Y IUIaHI CTYNEHs aMopTu3allii, BOHU
MOXYTb Oyt c1a00aMOPTU3YIOUNMU 1

BHCOKOAMOPTHU3YIOUUMHU OIIOPHUMHU HaCTUHAMMU.

(2) CnaboamopTizipyrodui emacTOMEpHi OIMOpPHIi
YaCTUHHU - 1€ ONOPHI YaCTHWHU, YUH E€KBIBaJECHTHUM
Koe(ilieHT B'A3KOTO 3aracaHHs & CKIaJae MEHIIe
0,06. Taxi omopHI YacTMHM TPU LUKIIYHOMY
BAaHTaXCHHI1 MPAIOIOTh B TICTEPE3UCHOMY PEXHUMI 3
Iy’Ke BY3bKOIO MeTIer. IX po6oTy HeoOXigHO
anpoKCUMYBaTH uepe3 poOOTy JIHIHHOTO MPYKHOTO
€JIEMEHTY 3 €KBIBaJIEHTHOIO MPY>KHOIO KOPCTKICTIO B
TOPU30HTAIBHOMY HAIpsiMi, piBHOIO GpAb/te ,

e
Gb Mo1ysIb 3pyiieHHs eaactomepa (auB. 7.5.2.4(5))

Ap KOpHCHA TUIOIIA B TOPU30HTAIBLHOMY HaIpsMi,
te 3arampHa TOBIIMHA eJacTOMEpa.

(3) BucokoamopTH3yIOUi €IaCTOMEpPHI  OIOpPHIi
YaCTUHHM MPALIOITh 13 3HAYHUMH 33 IUIOIICIO
MeTISAMUA TICTEPE3UCY, BIAMOBIAHI €KBIBAJICHTHOMY
koedimieHTy B'si3koro 3aracanas & B Mmexax 0,10 1
0,20. Ix po0OTY HEOOXITHO PO3TIAAATH SIK JIHIAHHI
riCTepe3UCHUN PEXKHM.

(4) 3 mormsimy BunpoOyBaHb Ha IEPEBIPKY
CEHCMOCTIMKOCTI, €JIaCTOMEpPHI OINOpHI YaCTUHH
KIacuiKyIOThCS B IaHii YaCTHHI SIK
c1a00aMOPTU3YIOYM 1  CHeIiaJibHI  eJlacTOMEpHI
OTIOpHI YaCTHHH.

(5) CnaboamopTH3yrO4H OTIOPHI YaCTUHH,
pimmoBigai EN 1337-3:2005, Bu3HaAYaroThCd K
MPOCTI €1a00aMOPTU3YIOUH €TaCTOMEPHI OMOPHI.

(6) Ilpocti cmaboaMOPTU3YIOYH  €IAaCTOMEpHi

OMOpPHI YAaCTUHU MOXKYTh BHKOPHUCTOBYBATHUCS SK
130JIATOpH, HE  MIQAABaBIIUCh HPU  LBOMY
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equal also to the unloading stiffness in cyclic
loading;

Ky post-elastic (tangent) stiffness
= (Fmax - Fy)/(dbq - dy).

7.5.2.3.3 Behaviour of elastomeric bearings

(1) Elastomeric bearings considered in this Part
are laminated rubber bearings consisting of rubber
layers reinforced by integrally bonded steel plates.
With regard to damping, elastomeric bearings are
distinguished in low-damping and high-damping
bearings.

(2) Low-damping elastomeric bearings are those
with an equivalent viscous damping ratio & less than
0,06. Such bearings have a cyclic behaviour similar
to hysteretic behaviour with very slender hysteresis
loops. Their behaviour should be approximated by
that of a linear elastic member with equivalent
elastic stiffness in the horizontal direction equal to
GpAb/te

where

Gp is the shear modulus of the elastomer (see
7.5.2.4(5)),

Ay its effective horizontal area and

te is the total thickness of the elastomer.

(3) High-damping elastomeric bearings exhibit
substantial hysteresis loops, corresponding to an
equivalent viscous damping ratio & usually between
0,10 and 0,20. Their behaviour should be considered
as linear hysteretic.

4) From the point of view of required special
tests for seismic performance, elastomeric bearings
are distinguished in this part as simple low-damping
and special elastomeric bearings.

(5) Low-damping bearings conforming to
EN 1337-3:2005 are defined as simple low-damping
elastomeric bearings.

(6) Simple low-damping elastomeric bearings
may be used as isolators, without being subjected to
special tests for seismic performance.



CIeliaIbHUM  BHUIPOOYBaHHSIM  HA  OpPEAMET
MEPEBIPKH X CEHCMOCTIIKOCTI.
(7) CrheumianbHi  elacTOMEpHI  Omopu -  Iie

BBICOKOAMOPTHU3YIOUH €1aCTOMEPH1 OMOPHI YaCTHHH,
10 MTPOMIILIM CTIeNialbHI BUMTPOOYBAaHHS BIAMIOBIIHO
no Bumor EN prl15129:200X (anTHCelicMivHI
MIPUCTPOT).

(8) TlpoexTHi XapaKTEPHUCTUKHA E€IaCTOMEPHHX
OMOPHMX  YacTMH, IO  PO3IJISAAIOTHCS B
CIIPaBXHBOMY PO3/iTi, MalOTh OyTH po3paxoBaHi Ha
CTUCKYBAaHHS 13 3pPYLIEHHSAM 1 Ha PO3TATYBaHHS 13
3pYLLIEHHSM.

IMPUMITKA 3a CTHCII BBaXXalOThCS €IaCTOMEPHI OIOpPH, IO
minanucs (mepen BUIPOOYyBaHHAM) i1 OHOTro abo JIEeKUIBKOX
LIUKIIB  cuibHOI nedopmanii 3pymeHHs. CTuciai  OHOpHI
YaCTHHU  J€MOHCTPYIOTh  3HAa4yHE  3HIKEHHs  3CYBHOI
JKOPCTKOCTI B MOAAJBIINX IMKIaX. [IpoTe yepe3 neskuil dac
(uepe3  Oekijgbka  MiCSIiB)  BiOYBAa€TbCS  BiJHOBJICHHS
MIOYaTKOBOI 3CYBHOI JKOpcTKOCTi. JlaHuii eeKT BUIIAETHCS Y
BHUCOKOAMOPTH3YIOUMX OIMOPHUX YACTHHAX 3 HU3BKHM MOAYJIEM
3pyIIEHHs, 1 TIOBUHEH BPaxOBYBaTHCS 3a JIONOMOTOIO
BUKOPUCTAHHS  BIAMOBIJHOTO  Jlialla30Hy  PO3PaxyHKOBHX
napamertpis (qus. K.2.11K.2.3.3 R4).

(9) CsunueBO-ryMOBI ornopu (LRB)
CKIIAQZAIOTBhCS 13 CJIa00aMOPTH3YIOYMX  OIMOPHHUX
YacTUH 3 IMJIIHIPOBUM CBUHIICBHM CEPICUYHHKOM.
3aBIKA TEKYYOCTH CBHHIIOBOTO CEpJICYHHKA, TaHi
MPUCTPOi JIEMOHCTPYIOTh TICTEPE3UCHY TOBEIIHKY,
Ky MOJKHAa TMPEACTABUTH Y BUIVBIAL OUTIHIAHOL
ampoKCHMallii, TOKa3aHO Ha pucyHKy 7.1, 3
HACTYITHUMU TTapaMeTPaMH:

- [Ipy»kHa >KOPCTKICTb:

np ACTY-H b EN 1998-2:201X

(7) Special elastomeric bearings are high
damping elastomeric bearings specially tested in
accordance with the requirements of EN
pr15129:200X (Antiseismic Devices).

(8) The design properties of elastomeric bearings
used in this Section should cover both the
unscragged and the scragged conditions of the
bearings.

NOTE Scragging is exhibited by elastomeric bearings if they
have been previously (i.e. before testing) subjected to one or
more cycles of high shear deformation. Scragged bearings show
a significant drop of the shear stiffness in subsequent cycles. It
appears however that the original (virgin) shear stiffness of the
bearings is practically recovered after a certain time (a few
months). This effect is prominent mainly in high damping and
in low shear modulus bearings and should be accounted for by
using an appropriate range of design parameters (see K.2.1 and
K.2.3.3 R4).

(9) Lead Rubber Bearings (LRB) consist of low-
damping elastomeric bearings with a cylindrical lead
core. Yielding of the lead core provides such devices
with substantial hysteretic behaviour. This hysteretic
behaviour may be represented by the bilinear
approximation shown in Figure 7.1 with the
following parameters:

- Elastic stiffness:

Ke = KL + Kr

ne Kr 1 Kp 1peacTtaBasioTh  KOPCTKICTh
€JIACTOMEPHHUX 1 CBHMHIICBMX YaCTHH IPHUCTPOI Ha
3pYIIEHHS, BIAMOBIIHO

XKopcTkicTh 32 MexaMu MPYKHOCTI:

where Kr and Ki are the shear stiffnesses of the
elastomeric and lead parts of the device,
respectively;

- Post-elastic stiffness:

Kp: KR

Cuna Texy4ocTi:

Yield force:

Fy = FLy (1+KR/K|_)

Ac

where
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FLy cuia TeKy4ocTi CBUHIIEBOTO CEPICYHHKA.
[MPUMITKA 1 sxmo Kg<<K,, tomi Ke = K, i Fy,=F.,
[MPUMITKA 2 cBUHIEBO-TYMOBi ONOpPH TOBUHHI
BIJIIOBIIATH BUMOTraM EN pr15129:200X:
AQHTUCEWCMIUHI PUCTPOI.

7.5.2.3.4 PinunHi B's13Kki amopTH3aTOpPH

(1) Peakniss pimmHHUX B'S3KHX JAemmdepis
npomnopiitaa V¥, e

Fuy is the yield force of the lead core.

NOTE 1: When Kq<<K,, then Ke = K, and Fy =F
NOTE 2: LRBs should be in accordance with EN
pr15129:200X: Antiseismic Devices.

7.5.2.3.4 Fluid viscous dampers

(1) The reaction of fluid viscous dampers is
proportional to v, where

d
=db=—"(d,)-
v dt( b)

MIBUJIKICTh TIEPEMIIIIEHHS.

OcCkUIbKM JlaHa peakiliss JOpIBHIOE HYIIO IpuU
MaKCHUMAJIbHOMY TmepeMilmieHHi Omax=dbd, BOHA HE
BHOCUTH SIKOTO-HEOyAb BHECKY 10 (haKTUYHOT
KOPCTKOCTI CEHCMOI30JIAIIIIHOT CHUCTEMH.
3aJIeKHICTh TMEPEeMINICHHS] BiJ] CHJIM PIAUHHOTO
B'I3KOTO aMOpTH3aTopa TOKa3aHa Ha PUCYHKY 7.2
(11 CMHYCOINadbHOTO PyXy) BIAMOBIIHO 10O
3HA4YEHHs €KCIIOHEHTH ab.

is the velocity of motion.

This reaction is zero at the maximum dmax=dbd
displacement and therefore does not contribute to
the effective stiffness of the isolating system. The
force-displacement relationship of a fluid viscous
damper is shown in Figure 7.2 (for sinusoidal
motion), depending on the value of the exponent a,

db = dbd sin(ewt), with « = 2r/Teff

F = Cvab = Fmax(cos(wt))ab

Fmax =

C(dbdw)ab

ED = A(ab) Fmax dbd

I'?(1+0.5a,)

Hob) =2 Tro )

I'() = gamma function

Fmax ‘k
/ ap << 10
—Z ap - 1.0
N
F +—————- \
\\'
dv
dpa
Pucynoxk 7.2: Pexum  «Bs3koctHa  cwia-  Figure 7.2: Viscous force-displacement behaviour

MepeMileHHs
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[MPUMITKA  [ns neskux B'S3KUX MPUCTPOIB (PiAMHHUX
aMOpTH3aTOpiB) 3 HU3BKUMHM 3HAYCHHSMH ap, IMOTpiOHA
TMIOCITIZIOBHA KOMOIHAMis 3 B'SI3KOCTHOTO €JIEMEHTY 3 JIiHIHHOIO
MIPYXXHHOIO (piIuHI, 0 BioOpa)kae CTHCIWBICTH) JJSL TOTO,
mo0 3aNeKHICTh  «CHJIA-TIEPEMINCHHS»  BiANOBigana 3
pe3yapTaToM BHNpoOyBaHb i Ep. ITlpore me pobOuts
He3HayHuii BB Ha eHepriio (Ep), mo posciroerbes
TIPUCTPOEM.

7.5.2.3.5 ®pukuniiinuii pexum
(1) Kogzaroui mpucTpoi 3 MJIOCKOK IOBEPXHEIO

KOB3aHHS 0OMEXKYIOTh CHITY, TIepe/laBaHy Ha BEPXHIO
OyZI0BY 110 pIBHSI:

Fmax = udNsasign(*

ac:

[d- TMHAMIYHUM KOe(ILIEHT TepTs;

Ns¢- HOpMasbHa cujia, epeiaBaHa yepe3 MpUCTpiii;
3HaK (* dp) - 3HAaK BeKTOpA MBHAKOCTI * d p;

dp- BiOZHOCHE TeEpEeMIlleHHs JBOX MOBEPXOHb
KOB3aHHSI.

[TpoTe Taki mpUCTPOT MOXKYTh MPUBECTH 10 3HAYHUX
MepeMIIIeHb Bil TMOCTIHHUX HABAHTAXKEHb. ToMY
BOHHU TTOBHHHI BUKOPHUCTOBYBATHUCS PAa30oM 3 HIIUMH
MPUCTPOSIMH, IO 3a0e3MEeUyIOTh BIJHOBJICHHS iX
MMOYATKOBMX BJIACTHBOCTEH (uB. 7.7.1).

(2) Koszaroui npuctpoi 3 chHepuyHOI MOBEPXHEIO
KOB3aHHS 3 pajiycoM Rp3abe3neuyioTs BiTHOBHY
cuny npu nepemimienti db, piBHY Nsd do/Rp). Hrmokue
MPUBOIUTHCS CIIBBITHOIIICHHS CHITH 10
MEPEMIIIeHHS ISl TAKOTO MPUCTPOIO:

Fmax = I\;\)Sd dbd + 1d Nsasign (d bd )

b

np ACTY-H b EN 1998-2:201X

NOTE: In certain cases of viscous devices (fluid dampers) with
low ap-values, combination of the viscous element with a linear
spring in series (reflecting the fluid compressibility) is
necessary to give satisfactory agreement of the force-velocity
relationship with test results for Ep. However this has only
minor influence on the energy (Ep) dissipated by the device.

7.5.2.3.5 Friction behaviour

(1) Sliding devices with a flat sliding surface limit
the force transmitted to the superstructure to:

dp) (7.1)
where:

ud is the dynamic friction coefficient

Nsqa is the normal force through the device, and
sign(* d p) is the sign of the velocity vector*d

dn is the relative displacement of the two sliding
surfaces

Such devices however can result in substantial
permanent displacements. Therefore they should be
used in combination with devices providing adequate
restoring capability (see 7.7.1).

(2)Sliding devices with a spherical sliding surface of
radius Ry provide a restoring force at displacement
d» equal to Nsqdn/Rb. For such a device the force
displacement relationship is:

(7.2)
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Pucynok 7.3: PexxuMm «cuma TepTa-nepeMilieHHsD

[MPUMITKA Bupa3 (7.2) nae nocraTHE HaOIMKEHHS, SKILIO
do/Rp < 0,25.

3 VY 000X BUMAAKax CHEPris, po3cisHa 3a
nukn Ep (cm.pucynok 7.3) mpu po3paxyHKOBOMY
nepeminieHH1 dpd, TOPIBHIOE:

Eb = 4pdNsddbd

(4)  Junamiuawii KOeQIIiEHT TEPTSA Ud 3ATCKHUTH,
B OCHOBHOMY, BiI:

- CKJIaJIy TIOBEPXOHb KOB3aHHSI,

- BUKOPUCTaHHS 200 HE BUKOPUCTAHHS MaCTHIIa;
- OTIOPHOTO THUCKY Ha IMOBEPXHIO KOB3aHHS BiJI
PO3paxyHKOBOT CEHCMIUHOT JIii;

- LIBUJIKOCTI KOB3aHHS. 1 [IOBUHEH
BU3HAYATUCS 3a JIOIIOMOTOIO BiAMIOBiTHUX
BHUIIPOOYBaHb.

MMPUMITKA Tudopmarrist npo mpoBeeHHs] BUPOOYBaHb JUIs
BU3HAYCHHS JUHAMIYHOTO KOe(illieHTa TepTsi MPHUBOAUTHCS B
noBigkoBomy momatky K. Jms umcroro PTFE, mo koB3ae mo
BIAMOMIPOBaHIN TMOBEPXHI 3 HEIP)KaBIFOUOi CTalli, JUHAMIYHUN
KoedimieHT TepTa Moxke Oytu goBomsHO HU3BKUM (< 0,01) B
miarma3oHi IIBHIKOCTEH, BIJIIOBIJHHAX ceiicMivHOMY
MIEpEMIIIeHHIO, a TaKOX B 3BHYANHOMY [iama3oHi OMOPHOTO
THCKY, 1[I0 BIUIMBA€ Ha OBEPXHIO KOB3aHHS BiJl PO3PaxXyHKOBOL
celicMivHOI Aii.

(5) SIKIIO OIIHKA €KBIBAJIEHTHOI'O 3aracaHHs
CEMCMOI30IALIIMHOT CHCTEMH BHKOHaHa 0e3
ypaxyBaHHS BHECKIB JaHUX €JIEeMEHTIB, KOB3aroui
OTIOPHI YaCTHHH 3 3MaIl[€HOI0 TIOCKOI MOBEPXHEIO
koB3aHHs PTFE , mo 3a0e3neuye KkoB3aHHA B
000x TOPU3OHTAIBHUX HampsiMax 3TIIHO
EN 1337-2:2000, 1 emacroMepHi OMmOpU  CO
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Figure 7.3: Friction force-displacement behaviour

NOTE Expression (7.2) offers sufficient approximation when
dv/Rp < 0,25.

(3) In both the above cases the energy dissipated
per cycle Ep (see Figure 7.3) at the design
displacement dys amounts to:

(7.3)

4) The dynamic friction coefficient pg depends
mainly on:

the composition of the sliding surfaces;

the use or not of lubrication;

the bearing pressure on the sliding surface in the
seismic design situation;

the velocity of sliding and should be determined by
appropriate tests.

NOTE: Information on tests that may be used for the
determination of the dynamic friction coefficient is given in
Informative Annex K. It should be noted that for lubricated
pure virgin PTFE that slides on polished stainless steel surface,
the dynamic friction coefficient may be quite low (< 0,01) at
the range of velocities corresponding to seismic motions and
under the usual range of bearing pressures on the sliding
surface in the seismic design situation.

(5) Provided that the equivalent damping of the
isolating  system is assessed ignoring any
contribution from these elements, sliding bearings
with a lubricated PTFE flat sliding surface allowing
sliding in both horizontal directions in accordance
with EN 1337-2:2000 and elastomeric bearings with
sliding lubricated PTFE elements allowing sliding in



3MallleHUMHU eneMeHTaMu kos3aHHs PTFE
3a0e31euyroTh KOB3aHHS B OJIHOMY
TOPU30HTAJILHOMY  IOJIOKEHHI, a B  IHIIOMY
GYHKIIOHYIOUH AK c11a00-aMOPTU3UPYIOUN
amactomepHi omopu 3rigHo EN 1337-2:2000 1
EN 1337-3:2005, He miOIArarorb CIEiaJIbHUM
BUIIPOOYBaHHSM Ha MEPEBIPKY 1X CEHCMOCTIHKOCTI.

, 1O

7.5.2.4 MinauBicTh XapaKTepUCTHK i30J1TOPiB

(1)P HowmiHanbHi pO3paxyHKOBI XapaKTEPUCTHKH
(DP) i3onsaTOpiB MOBHHHI MiATBEPKYBATUCS 3TiTHO
prEN15129:200X: anTHCEWCMIYHI TIPUCTPOT MAIOTh
Oytu BrimroueHi B ETA, 3a BUHATKOM criemiaaibHUX

BUNAJKIB ~ BUKOPHCTaHHA  NPOCTHX  cjabo-
aAMOPTHU3YIOUMX EJACTOMEPHHX OIOPHUX YaCTHUH
srimio  7.5.2.3.3(5) 1 7.5.2.3.3(6), a Takox

KoB3arounx omop 3rimHo 7.5.2.3.5(5), mis skux
3acTocoBylOThCcs BuMoTu maparpadis (4), (5) i (6)
HIDKYE.

[MPUMITKA JluB. takox npumitka 7.5.2.1(1)P.

(2)P HomiHanbH1 XapaKTEPUCTUKH 130JSTOPIB 1
CEHCMOMBOMIAIIMHUX  CHCTEM  3MIHIOIOTBCS B
pe3ynbTaTi CTapiHHS, A1l TeMIepaTypu, 3a0pyTHEHHS
1 3Hocy. Taki 3MiHM HEOOXIZIHO BpaxoOBYBaTH
BIIMOBIIHO 10 J0AaTKy J 3a  JOTIOMOTOIO
BUKOPHUCTAHHS JIBOX HACTYIHUX rpyn
PO3paxyHKOBHUX XapaKTEPUCTUK CEHCMOU3OJIAIIIMHNX
CUCTEMH:

- BepxHi rpaHWdYHiI 3HAYeHHS PO3PAXyHKOBUX
xapaktepuctuk (UBDP)
- HwkHi  TpaHWuHI 3HA4YeHHS PO3PaxXyHKOBUX

xapaktepuctuk (LBDP)

(3)P HesanexHo Big METOAY pO3paxyHKY 3a3BHUail
MPOBOJATECSL  JIBA  PO3PaXxyHKH: OIMH 3
BUKOPUCTAHHSM TPYNl BEPXHIX I'PAHUYHHX 3HAUCHB
PO3PaxyHKOBHX XapaKTCPUCTHK 3  YTBOPEHHSIM
MaKCUMaJbHUX CHJI B ONOpPAax 1 MpOJiTHIA OyHoBi 1
IHIMMH, 3  BUKOPUCTaHHSAM  HAOOpy  HWKHIX
IPaHUYHUX 3HAYCHb PO3PAXYHKOBHX XapaKTEPUCTUK
3 MaKCUMalbHUMU nepeMileHHIMU
CeMCMOM3OJIALINHOT CUCTEMH 1 IIPOJIITHOT OyIOBH.

(4) bBaratopexuMHHUIl CIIEKTPaJbHUIA PO3PaXyHOK
ab0 po3paxyHOK AUHAMIYHUX 3MIH MO>KHa MPOBECTU
HAa OCHOBI TpyNH HOMIHAIBHUX PO3PAXyHKOBHUX
XapaKTepUCTUK TUIBKM B TOMY BHIAJKY, SKIIO

np ACTY-H b EN 1998-2:201X

one horizontal direction, while in the other direction
they behave as simple low damping elastomeric
bearings, in accordance with EN 1337-2:2000 and
EN 13373:2005, are not subject to special tests for
seismic performance.

7.5.2.4 Variability of properties of the isolator
units

(1)P The nominal design properties (DP) of isolator
units shall be validated in general in accordance with
prEN15129:200X: Antiseismic Devices or be
included in a ETA, with the exception of the special
cases of simple low damping elastomeric bearings in
accordance with 7.5.2.3.3(5) and 7.5.2.3.3(6), and of
sliding bearings in accordance with 7.5.2.3.5(5), for
which (4), (5) and (6) below apply.

NOTE See also Note under 7.5.2.1(1)P.

(2)P The nominal properties of the isolator units, and
hence those of the isolating system, may be affected
by ageing, temperature, loading history (scragging),
contamination, and cumulative travel (wear). This
variability shall be accounted for in accordance with
Annex J, by using the following two sets of design
properties of the isolating system, properly
established:

- Upper bound design properties (UBDP), and

- Lower bound design properties (LBDP).

(3)P In general and independently of the method of
analysis, two analyses shall be performed: one using
the UBDPs and leading to the maximum forces in
the substructure and the deck, and another using the
LBDPs and leading to the maximum displacements
of the isolating system and the deck.

4) Multi-mode spectrum analysis or Time-
history analysis may be performed on the basis of the
set of the nominal design properties, only if the
design displacements dc, resulting from a
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PO3paxyHKOBI nepeMileHHs Oed, Y35T1 3 PO3PAXYHKY
TOJIOBHOTO TUIY KOJHMBaHb 3rimHO 7.5.4 Ha mijcraBi
BEPXHIX 1  HWXKHIX  TpaHUYHHX  3HAYCHBb
PO3pPaxyHKOBHX XapaKTEPUCTHK, HE BIIPI3HAIOTHCS
BiJl TMEpeMIlleHb, BIAMOBIAHUX PO3PAaXyHKOBUM
XapaKTepUCTHKaM, OUThII, HDK Ha £15%.

(5) HomiHanbHiI pPO3pPaxyHKOBI XapaKTEPHUCTHKH
OPOCTUX  CJIa00aMOPTH3YIOUMX OIOPHUX YaCTHH
srimHo 7.5.2.3.3(5) i1 (6) MoxHA BH3HAYUTH TaKUM
YUHOM:

ae:

- Monyis 3pymierns Bb Gg = 1,1 Gg3rigHo

EN 1337-3:2005.

ExBiBanieHTHE B'A3Ke 3aracanfs

feff
(6) 3MiHa  pO3pPaxyHKOBHX  XapaKTEPHCTHK
MIPOCTUX c1a00aMOPTHU3YIOUUX
€IACTOMEPHHUX  ONOPHUX  YACTHH, BHKJIWKaHE
CTapIHHAM 1 TEMIIEPaTypPHUM BILIABOM,
MOke Oyrm oOMexeHo o 3HaueHHA Gp 1

MMpEACTAaBJICHO TAKUM YHHOM:

- HwxHi rpanndH1 3HAYCHHS PO3PaXyHKOBHUX
xapakTepucTuk: G pmin = Gp

- BepxHi rpaHnyHi 3HaYEHHST PO3PaXyHKOBHUX
XapaKTEePUCTHK  3aJleKaTh  BiA  MIHIMaIbHOI
TeMIepaTypyu OTIOPHUX YAaCTHH IMPH PO3PaXyHKOBIH
cercMiuHIl AiT Tminp (cM.YM(2)) TAKUM YUHOM:

- AKIO Tminb=>0°C, To111 G bmax = Gb

- AKIO Tminp < 0°C, Tomi 3HauyeHHA BTaxX
IOBUHHO BIAMOBIZATH T min b.

[MPUMITKA SIkmo pe3ynbTaTH BiANOBIAHUX BHIIPOOYBaHb
BiJCyTHI, 3Ha4YeHHsI Gpmax, MPEICTABICHE SIK BEPXHE TPAHUIHE
3HAYCHHS PO3PaXyHKOBUX XapaKTePUCTHUK, MOXe OyTu
BiIKOpEKTOBaHE BiTHOCHO TEMIIEpaTypHOI il BiAMOBIIHO IO
3HaueHb K,, BignoBiganmu BenmumHi Kp, BKazaHii B TaOmwmrmi

Kp

(7) 3HaueHHs TapaMeTpiB  TEPTS  EICMEHTIB
KOB3aHHS, 4YHUS y4acTb B PO3CITHHS  eHeprii
irHopyerbest  3rigo  7.5.2.3.5(5), mnpwmiimaeTbes
srigao EN 1337-2:2000.

7.5.3 YmoBH 3aCTOCYBAHHS METOIiB
PO3pPaxyHKy
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Fundamental mode analysis, in accordance with
7.5.4, based on UBDPs and LBDPs, do not differ
from that corresponding to the design properties by
more than +15%.

(5) The nominal design properties of simple low-
damping elastomeric bearings in accordance with
7.5.2.3.3(5) and (6), may be assumed as follows:

- Shear modulus Gg = 1,1 Gs where Gg is the value
of the ™apparent conventional shear modulus” in
accordance with EN 1337-3:2005;

Equivalent viscous damping

=0,05

(7)  The variability of the design properties of
simple low-damping elastomeric
bearings, due to ageing and temperature, may be

limited to the wvalue of Gp and assumed
as follows:
- LBDPs G pmin = Gp

- UBDPs depend on the "minimum bearing
temperature for seismic design™ Tminp (See J.1(2)) as
follows:

- when Tminp >0°C G pmax = Gp
- when Tminp < 0°C
the value of Gmax should correspond to Tmin,b.

NOTE: In the absence of relevant test results the Gpmax Value
given as UBDPs may be adjusted regarding temperature in
accordance with the Amax Values corresponding to K, specified
in Table K.

(8) Values of friction parameters of the sliding
elements whose contribution in the
energy dissipation is ignored in accordance with
7.5.2.3.5(5), should be taken in accordance with

EN 1337-2:2000.

7.5.3 Conditions for application of analysis
methods



()P  CoexrpanbHuii METOJ  TOJOBHOTO  THUIY
KOJIMBaHb 3aCTOCOBYETHCS y pa3i BUKOHAHHS BCiX
HACTYITHUX YMOB:

a. Bigcraup MocTa 10 HaAWOIMKYOLO BIZOMOIO
CEHCMIYHOTO aKTHBHOTO JDKepesa MIEPEBHIIY €
10 kM.

b. [pyHT MaiijaH4MKa MOCTa BIIIOBIJa€ OIHOMY 3

tunie Tpyaty A, B, C abo E  cormacho
EN 1998-1:2004, 3.1.1.

c.Pobounii koedilieHT 3aracaHHsS HE TEPEBUIILYE
0,30.

(2)P BararopexumHHIl CHEKTPaJbHUN PO3PAXYHOK
MOXX€ 3aCTOCOBYBATHUCS, SIKIO BUKOHYIOTbCSA JIB1
yMmoBH b 13 naparpada (1)P.

(3) HeniniiiHuii po3paxyHOK AMHAMIKH 3MIH MOXeE
3aCTOCOBYBAaTHCS Ul PO3pPaxyHKy OyIb-sIKOTO
MocCTa.

7.5.4 CnexkTpajbHHil pO3paxyHOK 1O I'OJIOBHUM
¢dopmam koJIMBaHb

(1) ¥V Bcix BuMagkax MOBUHHA BHUKOPHCTOBYBATHCS
MOJIENb KOPCTKOT MpoJIiTHOT OyoBu (auB. 4.2.2.3).

(2)P INomepeuna cuia, epeaaBaHa yepe3 MOBEPXHIO
pPO3IILUTY CHUCTEMH 130JISIIlii B KOKHOMY TOJIOBHOMY
HampsiMi, TTOBMHHA BU3HAYATUCS, MNPUAMAIOYU
BEpXHIO OyIOBY SK CHCTEMY 3 OJHIEI0 MIpPOIO
CB0O0O/IM 1 BUKOPUCTOBYIOUH:

(haKTHYHY KOPCTKICTh CEHCMOI30JIAIINHOT CUCTEMHU,
Keft
(hakTruHe
CHUCTEMH Ceff
Macy BepxHboi OynoBu, Mg

nemidyBaHHS CENCMOI30JIALIIITHOT

- crekrpanbHe npUckopeHHst Se(Teff, 7eff)(AUB.
EN 1998-1:2004, 3.2.2.2), BianoBigHe e(heKTUBHOMY
nepiony, Tet, pH #efr = 17(terr)

3HadYeHHS JaHHuX napaMeTpiB MMOBUHHI BU3HAYATUCS
TaKUM YHUHOM:

- (bakTHYHa )KOPCTKICTh

Keff = 2" Kefti

np ACTY-H b EN 1998-2:201X

(1)P The Fundamental mode spectrum analysis may
be applied if all of the following conditions are met:

a. The distance of the bridge site to the nearest

known  seismically  active  fault  exceeds
10 km.

b. The ground conditions of the site correspond to
one of the ground types A, B, C or E of
EN 1998-1:2004, 3.1.1.

c. The effective damping ratio does not exceed 0,30.

(2)P Multi-mode Spectrum Analysis may be applied
if both conditions b and ¢ of (1)P are met.

(3) Time-history non-linear analysis may be applied
for the design of any isolated bridge.

7.5.4 Fundamental mode spectrum analysis

(1) The rigid deck model (see 4.2.2.3) should be
used in all cases.

(2)P The shear force transferred through the isolating
interface in each principal direction shall be
determined considering the superstructure as a
single-degree-of-freedom system and using:

the effective stiffness of the isolation system, Kess

the effective damping of the isolation system, e

the mass of the superstructure, Mg

the spectral acceleration  Se(Tefr, 7er)  (See
EN 1998-1:2004, 3.2.2.2) corresponding to the

effective period, Tefr, With getr = (tefr)

The values of these parameters should be determined
as follows:

- Effective stiffness

(7.4)
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ac:

Keff- CKIasieHa JKOPCTKICTh 130J15ITOpa 1 BiAMOBITHOT
HIDKHBOIT OyJ10BU (OTI0pH) |

- ¢baxTruHe nemMrQyBaHHI

2Epi - cyMa pO3CiTHUX €Hepriil BCiX 130JATOpIB 1 y
MMOBHOMY IIMKJI Aedopmaliiii nmpu po3paxyHKOBOMY
nepeMimieHHi deg.

1

geff = g

ac:

- (pakTHUHUN TIEpioA

M,

Ty =27

eff

3) OTO NPU3BOAUT K IOJYYEHHUIO PE3YIbTATOB,
MoKa3aHHbIX B TabuIe 7.1 u Ha pucyHke 7.4.

Tab6auna 7.1 - CnekTpajibHe NMPUCKOPEHHST Se H
pacueTHoe nmepeMenienune ded

2.Eo,

2
Keff dcd

where

Kesf,i is the composite stiffness of the isolator unit
and the corresponding substructure (pier) i.

- Effective damping

| o0
where:
2Ep) is the sum of dissipated energies of all

isolators i in a full deformation cycle at the design
displacement dc.

Effective Period

(7.6)

(3)This leads to the results shown in Table 7.1 and
Figure 7.4.

Table 7.1: Spectral acceleration S and design
displacement dcg

Teff Se dcd
Te<Ter<T T
C = leff D 2.576776ffag8 Teff dc
Teff Tc
To<Ter<4
psler=ds | ogllog, a To g,
Teﬁ g T

ag = ylagr (7.7)
0.625
dc = agSner T
C 7[2 goNeffl C (78)

3Ha4YeHHS Ieff MOJKHA Y34ATH 3 BUPA3Y:

_ 0.10
Mot 0.05+¢&,,

MakcumanbHa MorepeuHa cujia

V4= Mg Se = Kesf ded

ae:
S, TciTo  mapameTpu po3paxyHKOBOTO CIIEKTPY
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The value of ness should be taken from the
expression:

(7.9)

Maximum shear force
(7.10)
where:

S, Tcand Tp are parameters of the design spectrum



3aJeXHO Bin TUmy TrpyHTy 3rimHo 7.4.1(1)P i
EN 1998-1:2004, 3.2.2.2;

dg PO3pPaxyHKOBE MPHUCKOPEHHS TPYHTY VIS TPYHTY
TUIY A 3TiIHO KaTeropii BAKJIMBOCTI MOCTa

Yi KoedilieHT BaXXHOCTI MOCTa

agRr MOYATKOBE PO3PAaXyHKOBE TPUCKOPEHHS
IpyHTY  (BIANIOBiIHE  KOHTPOJBHOMY  MEpPiOAy
ITOBTOPEHHS)
S
Sttt
25
10
| >
T T s T

Pucynok 7.4: CrexTp npucKopeHb Ta nepeMillieHb

[TPUMITKA 1 Cnektp mnpyxkHoro peakuii B EN 1998-
1:2004, 3.2.2.2 (1)P 3actocoByeThest 10 mepiomiB 4 c. Jns
3HAYEHb | eff, IO MEPEBUIIYIOTH 4 C, MOXKE€ BUKOPUCTOBYBATHCS
criekTp peakuii npyxHux nepeminiedb B EN 1998-1:2004,
JIOMaTOK A, a CIEKTp peakilil MPYKHHUX MPUCKOPEHb MOXKe
BUBOJAUTHCS 31 CIEKTPY peaklii NpYyKHHUX NepeMillieHb 3a
JoroMoror meperBopernst Bupasy (3,7) B EN 1998-1:2004 .
Tum He MeHm, MOCTU Teff> 4 3 3aCiyroBYIOTh CHeELialbHOT
yBarm 3 ypaxyBaHHSAM iX HH3bKOI JKOPCTKOCTiI omopy Oyapb
TOPH30HTAJILHOMY BILIUBY.

IMMPUMITKA 2 [lnst onopu 3 BUCOTOIO Hi 1 )KOPCTKICTIO Ha 3CyB
Ksi (kH/M), miarpuMyBaHOi OCHOBOIO 3 JKOPCTKICTIO Ha 3CyB Ky
(xH/M), xpyrumbHOi sxopetkictio Ki (kH/M) 1 Hecydoro
izomsTopa i ¢ xopcerkictio Kg; (kH/M), ckmamoBa sKOpCTKiCTh
Kei mopiBHIOE (11B. MasroHOK 7.5N):

np ACTY-H b EN 1998-2:201X

depending on the ground type, in accordance with
7.4.1(1)P and EN 1998-1:2004, 3.2.2.2;

ay is the design ground acceleration on type A
ground corresponding to the importance category of
the bridge;

yi  isthe importance factor of the bridge; and

agRr is the reference design ground acceleration
(corresponding to the reference return period).

a4

d

TTet

50

A

-
=

T

-
>

T

TC TD

Figure 7.4: Acceleration and displacement spectra

NOTE 1: The elastic response spectrum in EN 1998-
1:2004, 3.2.2.2(1)P applies up to periods of 4 s. For values of
Tefr longer than 4 s the elastic displacement response spectrum
in EN 19981:2004, Annex A may be used and the elastic
acceleration response spectrum may be derived from the elastic
displacement response spectrum by inverting expression (3.7)
in EN 19981:2004. Nonetheless, isolated bridges with Teir > 4 s
deserve special attention, due to their inherently low stiffness
against any horizontal action.

NOTE 2: For a pier of height H; with a displacement stiffness
Ksi (KN/m), supported by a foundation with translation stiffness
Ki (KN/m), rotation stiffness Ks (kKNm/rad), and carrying
isolator unit i with effective stiffness Ky (KN/m), the composite
stiffness Kesi is (see Figure 7.5N):

H?

K

7.11IN
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A - nponboTHA OYyIIBIS
B - 3osaTOD 1
C -omnopai
Pucynok 7.5N
130715TOPA 1.

: CxiazioBa >KOPCTKICTH OIOPH 1

['HyuKicTh 1305149TOpA 1 1OT0 BITHOCHE MEPEMIIIEHHS

d bi
3a3BMYail  HAbarato  TEpPEBHINYE  aHAIOTIYHI
nmapamMeTpy IHIIUX KOMIIOHEHTIB TEPEeMIIMICHHS

nporoHoBoi OynoBU. 3 i€l mpuunHU ePEeKTUBHE
nemMiyBaHHS CHUCTEMHU 3aJICKUTh TUIBKH BiJl CyMHU
pO3CiAHIX eHepriii i3onsaTopiB, XEpi, a BiAHOCHE
MEePEMIIIEHHST  130JI9TOpa MPAKTUYHO  JIOPIBHIOE
MEePEMIIIEHHIO BEPXHBOI OY/IOBU B IaH1l TOYII

A - Superstructure

B - Isolator i

C - Pieri

Figure 7.5N: Composite stiffness of pier and
isolator i

The flexibility of the isolator and its relative
displacement

typically is much larger than the other components
of the superstructure displacement. For this reason
the effective damping of the system depends only on
the sum of dissipated energies of the isolators, ZEp;,
and Key the relative displacement of the isolator is
practically equal to the displacement of the
superstructure at this point

dvi/did = Kefri/Kpi = 1

(4) VY ueniniiinux cuctemax, Kefr i Ceff 3as1exath
BiJl pO3paxyHKOBOrO mepeMimieHHs Oed (auB. dpbd Ha
pucynok 7.1). Jlns oOMeXeHHs BIIXWIEHb MIiX
MIPOrHO30BAHUMH 1 PO3PaXOBAaHMMHU 3HAYCHHSMU JIO
+5%, HEOOXI1IHO MPOBECTHU [IOCJIIIOBH1
arpOKCHUMAIIii.

(5) o6 BusHaumTH edekT cedcMiyHOi il Ha
CeMCMOI30JIALIHY CUCTEMY 1 ONOpPHU B TOJIOBHOMY
MIOTIEPEYHOMY HampsAMi (HampUKIaA, Hampsami y),
HEOOXIJTHO  BHM3HAYUTH  BIUIUB  IPOEKTHOI'O
EKCIICHTPUCUTETY B MOJIOBXKHBOMY HampsMi eX (Mix
LEHTPOM OPCTKOCTI 1 LIEHTPOM Macu HpOJITHOI
OynoBHM) Ha TepeMilleHHs NpoiiTHOI OymoBu dig
010 OTIOPH /:
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4) In essentially non-linear systems, Ket and et
depend on the design displacement dcq (see dbg in
Figure 7.1). Successive approximations of dcq should
be performed to limit deviations between the
assumed and calculated values within £5%.

(5) For the determination of the seismic action
effects on the isolating system and the substructures
in the principal transverse direction (let's say
directiony), the influence of plan eccentricity in the
longitudinal direction ex (between the effective
stiffness centre and the centre of mass of the deck)
on the superstructure displacement dig over pier i,
should be evaluated as follows:



dig = didcq

e
0, =1+-2x

rr,

rc=

2 Z(XiZKyi + yiszi)

np ACTY-H b EN 1998-2:201X

(7.12)
(7.13)

(7.14)

X
Z K yi
ae:
ex CKCIEHTPHUCHUTET B IIOJOBKHBOMY HanpﬂMi;

I paniyc oOGepTaHHS MPOJITHOI OYJOBHM HABKOJO
BEPTUKAIBHOI OC1 Uepe3 IIEHTP MacH;

Xi 1Yi KOOPJAMHATH OTOPH / MIOJI0 LEHTPY
KOPCTKOCTI;
Kyi 1 Kxi CKJIaJIEHA dKOPCTKICTh 130JIATOpa 1 OTIOpH

1y HanpsAMax y 1 X, BIANOBIIHO.

[MPUMITKA nmnpsMOmiHIHHEX MOCTaX, SK MpaBuio, Yi <<
Xi. Y taxkux sumankax enement Yi?Ky y Bupasi (7.14) moxe
OyTH OIlyIIeHHUI.

(6)P IMaparpad 4.2.1.4(2) moBUHEH 3aCTOCOBYBATHUCS
IUTS IOE€THAHHSA KOMIIOHEHTIB ceficMIuHOT dil.

7.5.5 CnekTpajibHIH PO3pPaxyHOK 3 YPaxXyBaHHSM
BHIIMX (pOPM KOJIUBAHb

(1)P Ilpu MmonenroBaHHI CEHCMOI30JISIIIITHOT CHCTEMU
HEOOX1JTHO BpaXxOBYBaTH HACTYITHE:

- MIPOCTOPOBUI PO3IO T 130J1TOPIB
1 BIIHOCHUU MEPEKUIAI0UYNi MOMEHT;
- 3pylmieHHs B 000X  TOPU3OHTAJIBHUX

HampsiMax 1 oOepTaHHsS HABKOJIO BEPTUKAIBHOI OCi
MPOJTITHOT OYI0BH.

(2)P Ilpm w™MogemtoBaHHS  MPOJITHOI  OynOBHU
HEOOX1IHO BpaxoByBaTH Horo aedopmailito B IUIaHi.
ExcueHTpHCHTET BHUIQJKOBOI MacH MOXE HE
BpPaxOBYBaTHCH.

(3) Ilpm MomemoBaHHS  OMOPU  HEOOXiAHO
BpaxoByBaTH  pPO3MOAUT  iX  JKOpPCTKOCTEH 1,
NpUHANHMHI, KPYTUJIbHY MOPCTKICTh (DYHIaMEHTY.
SIkio omopa Mae ICTOTHY Macy 1 BHUCOTY abo BiH
3aHYpeHMH y BOJy, HEOOXIZTHO TOYHO 3MOJIENIIOBATH
PO3MOILT HOTO MacH.

where:

ex Isthe eccentricity in the longitudinal direction;
r is the radius of gyration of the deck mass about
the vertical axis through its centre of mass;

Xi and yi are the coordinates of pier i relative to
the effective stiffness center;

Kyi and Ky are the effective composite stiffnesses
of isolator unit and pier i, in the y and x directions,
respectively.

NOTE: In straight bridges usually yi << x;. In such cases the
term yi?Ky in expression (7.14) may be omitted.

(6)P Subclause 4.2.1.4(2) shall be applied for the
combination of components of the seismic action.

7.5.5 Multi-mode Spectrum Analysis

(1)P  The modelling of the isolating system shall
reflect with sufficient accuracy:

- the spatial distribution of the isolator units and
the relevant overturning effects, and

- the translation in both horizontal directions and
the rotation about the wvertical axis of the
superstructure.

(2)P The modelling of the superstructure shall reflect
with sufficient accuracy its deformation in plan.
Accidental mass eccentricity need not be considered.

(3) The modelling of the substructures should
reflect with sufficient accuracy the distribution of
their stiffness properties and at least the rotational
stiffness of the foundation. When the pier has
significant mass and height, or if it is immersed in
water, its mass distribution should also be properly
modelled.
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(4) DakTnuyHa amopTH3alisi, BKa3aHa Y BHpa3i
(7.5), MoXke 3aCTOCOBYBATHCSl TUIBKHA /IO PEKUMIB,
nepiogu skux nepeBuInyloTh 0,8Terr. Jnst pemrtu
BCIX PEXHUMIB, SKIIO BIiACYTHIA TOYHINIMA METON
PO3paxyHKy BIAMOBITHOTO KoedillieHTa 3aracaHHs,

ITOBUHEH BUKOPHCTOBYBAaTHUCS KoeimieHT
3aracaHHs, BiJIMOBITHU KOHCTPYKITii 0e3
CecMOi30IIII1.

(5)P [Ilaparpad 4.2.1.4(2) 3acTocoByeTbCS IS
MOEJHAHHS TOPU30HTAIBHUX CKJIAJOBHX CCHCMIYHOT
i

(6) Pe3ynbTytoue TepeMillleHHS EHTPY
KOpCTKOCTI  ceificMoiBosiiiiHoi  cuctemu  (ded) i
pe3yibpTylO4a 3arajbHa IOTIepeYHa CHJia, IO
MEPeacThCsl Yepe3 IOBEPXHIO PO3JLTY CHUCTEMH
13ossii (Vd) B KOKHOMY 3 JIBOX TOPU30HTAIBHUX
HampsIMKax,  TMEPEBIPAIOTbCS MO  HUKHBOMY
IPaHUYHOMY 3HAYCHHIO TAKUM YHHOM:

Ie:

det, V¢ po3paxyHKOBEe MepeMilllecHHs 1 MoIepedHa
CHWJIa, TIepelaBaHa Yepe3 MOBEPXHIO PO3UTy CHCTEMU
130J1s1111, po3paxoBaHa BIAIIOBIIHO 1o
CICKTPAJIBLHOTO  PO3PaxXyHKY TOJOBHOTO  THIY
kosmBanb  7.5.4. OOwmexenus 7.5.3(1)P He

3aCTOCOBYIOThCA JIA TepeBipku BupaziB (7.15) i
(7.16).

@) Slkmo ymoBu (6) HE BHKOHYIOTHCS,
BIIMOBIAHA Jisl Ha CEUCMOBOJALINHY cHUCTEMY,
npodiTHI Oyl0BU 1 OMOpU HEOOXIIHO MOMHOXHTU
Ha:

0.8 .. ) .
—— s ceiicmiunmx nepemimiers/for the seismic displacements

P

0.8 .. ) ) .
—— s ceicmiynux cua i MomenTis/for the seismic forces and moments

Py

(8) Obmesxennst (6) i BigmoBimHi mompaBku B (7)
MOXXYTh HE 3aCTOCOBYBATHCSH, SKIIO MICT HE MOXKE
OyTH ampoKcUMOBaHUH (HaBiTH Tpy0O) K MOAETH 3
OJIHIEIO CTYMEHHIO cBoOoau. [lo Takwx BHIAIKIB
MO>KHA BITHECTH HACTYITHI MOCTH:
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4) The effective damping given by expression
(7.5) may be applied only to modes having periods
higher than 0,8Tesr. For all other modes, unless a
more accurate estimation of the relevant damping
ratio is made, the damping ratio corresponding to the
structure without seismic isolation should be used.

(5)P Subclause 4.2.1.4(2) shall be applied for the
combination of the horizontal components of the
seismic action.

(6) The resulting displacement of the stiffness centre
of the isolating system (dcs) and the resulting total
shear force transferred through the isolation interface
(V) in each of the two-horizontal directions, are
subject to lower bounds as follows:

(7.15)

(7.16)

where:

der, V¢ are respectively the design displacement and
the shear force transferred through the isolation
interface, calculated in accordance with the
Fundamental mode spectrum analysis of 7.5.4. For
the needs of the verification of expressions (7.15)
and (7.16), the limitations of 7.5.3(1)P do not apply.

(7)  In case the conditions in (6) are not met, the
relevant effects on the isolation system, the deck and
the substructures should be multiplied times:

(7.17)

(7.18)

(8) The limitations of (6) and the relevant corrections
in (7), need not be applied if the bridge cannot be
approximated (even crudely) as a single-degree-of-
freedom model. Such cases may appear in:



- MOCTH 3 BHCOKHMH OIIOpaMH, Maca SKUX POOUTH
ICTOTHUY BIUIMB HA MEPEMIIIEHHS IPOIITHOT Oy10BH
- MOCTH 3 ICTOTHHM €KCICHTPHCHUTETOM €X B
MOJIOBKHROMY ~ HampsiMi MDK  LEHTPOM  MacH
poJTiTHOT OyIOBH 1 EHTPOM >K0pcTKOCTi (ex > 0<10
L).

Y  Takux CHTyamiiX pEKOMEHIYEThCA, 1100
obmexenHs 1 nmonpasku (6) i (7) 3actocoByBaics B
KOXKHOMY HAIPsMi JI0 TIEPEMIIICHb 1 CHJI, BUBEIICHUX
3 PpeXHMY TOJOBHOTO THITy KOJIMBaHb JIHCHOI
MOJIeJIl MOCTa B OJTHOMY 1 TOMY % HamlpsMI.

7.5.6 Po3paxyHOK THHAMIKH 3MiH

(1)P 3actocoBytotbest maparpadpu 7.5.5(1)P, (2)P,
(3), (6), ()P i (8)P, BUKOPUCTOBYIOUM y BHUpa3ax
(7.15) 1 (7.16) six 3HaueHHs Oeg Ta Vg) 1 BigmoBigHa
po3paxyHnkoBa mis 3rigHo 4.2.4.3(1)P.

7.5.7 BeprukajbHa CKJIaA0Ba ceiicMiuHOT il

(1) BruiuB BepTUKaIbHOI CKJIa/J0BOT CeMCMIYHOT Mii
MOJXKHA BH3HAUYUTH 34 JOIOMOIOK  JIIHIMHOIO
CHEKTPAJIBLHOTO PO3PaxyHKYy PEaKilii He3aJIeKHO BiJ
METO/y, BHUKOPHUCTOBYBAHOTO [UIi BU3HAYCHHS
peakiii Ha TOPH30OHTAIBHY celcMmiuHy mito. Jms
BU3HAYEHHS BILIUBY KOMOIHAIMHOT i,
3aCTOCOBYIOThCS YMOBH 4.2.1.4.

7.6 IlepeBipka
7.6.1 Po3paxyHkoBa ceiicMiuHa cuTyamist

()P Omuc po3paxyHKOBOi CEWCMIYHOI cHTYyaIil
MIPUBOJUTHCS 32 TOTIOMOTOr0 Bupasy (5.4) B 5.5(1)P.

(2)P Po3paxyHnkoBa cericMiyHa TUist Ha
CEMCMOBOJIAIIIHY cucTeMy [MOBHHHA
BpaxoByBaTHCs 3rigHO 7.6.2, a nii Ha BEpPXHIO 1
HWXKHIO OyZ0BY -3rinHO 7.6.3.

7.6.2 CeiicMoi30sLilIHA CHCTEMA

(HP HeoOxinna MiJBUIICHA HAIIHHICTD
celicMoBBONAIHOT ~ cucTeMu  (CM. 7.3(4)P)
3a0e3neyyeTbcsi 32 JOMOMOTOI  pPO3PAaXyHKY

KOKHOTO 130J151TOpa | Ha MiJIBUIIICHE PO3PaXyHKOBE
nepeMimneHHs dpisa:

np ACTY-H b EN 1998-2:201X

bridges with high piers, the mass of which has a
significant influence on the displacement of the deck

bridges with a substantial eccentricity ex in the
longitudinal direction between the centre of mass of
the deck and the effective stiffness centre (ex >
0,10L)

In such cases it is recommended that the limitations
and corrections of (6) and (7) are applied in each
direction to displacements and forces derived from
the fundamental mode of the actual bridge model in
the same direction.

7.5.6 Time history analysis

(1)P Subclauses 7.5.5(1)P, (2)P, (3), (6), (7)P and
(8)P apply, using in expressions (7.15) and (7.16) as
values of dcg and Vg the corresponding design action
effects in accordance with 4.2.4.3(1)P.

7.5.7 Vertical component of seismic action

(1) The effects of the vertical component of the
seismic action may be determined by linear response
spectrum analysis, regardless of the method used for
the determination of the response to the horizontal
seismic action. For the combination of the action
effects 4.2.1.4 applies.

7.6 Verifications
7.6.1 Seismic design situation

(1)P  The seismic design situation is described by
expression (5.4) in 5.5(1)P.

(2)P The design seismic action effects for the
isolating system shall be taken in accordance with
7.6.2 and those for the superstructure and
substructure in accordance with 7.6.3.

7.6.2 Isolating system

(1)P The required increased reliability of the
isolating system (see 7.3(4)P) shall be implemented

by designing each isolator i for increased design
displacements dbisa:
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dbi,a = Yisdbi d
e yiss 1€ KoeQilieHT, [0 MiABUILYE,  SKHH
3aCTOCOBYETBCS ~ TUIBKH 10  PO3PaxXyHKOBOMY
nepeMilieHHI0  Obi:g KOXHOTO i3oysiTOpa I, SIK

pe3ybTaT OJHi€eT 3 mpoLeayp po3TIsSHYTHX B 7.5.
Skmo mnpocropoBa MIHJIUBICT CeHCMIYHOT il
BPaxOBYETbCS 3 JIOTIOMOTOIO0 CIIPOLICHOTO METOMY
3.3(4), (5), (6) i (7P, mimBuieHi pPO3paxyHKOBI
nepeMileHHs] HeOOXiIHO BH3HAYAaTH 3a IMPABHIOM
3.3(7) P, e nepemimieHHS Obi;d BUKIHKaHI
IHEpIIIIfHOIO peaKIli€ro, BH3HAYEHOIO 3T1IHO OJHOTO 3
METOIB 7.5, MOBUHHI 30UTBIITYBATUCS BIAMOBLIHO J10
Bupasy (7.19). [Ipu oMy nepemiiieHHs, BiIIOBIAH1
MPOCTOPOBiil MIiHIUBOCTI, BU3HaueHid 3rigHo 3.3.(5)
i (6), TaKOrO OCHJICHHS] HE BUMAraroTh.

[TPUMITKA  3HaueHHsi, TpHUBJIACHEHE BEIWYUHI Yis IS
3aCTOCYBaHHS B KpaiHi, MO)XKHA 3HalWTH B HalliOHAILHOMY
3aCTOCYBaHHI. 3HaYEHHsI, 110 PeKOMeHIyeThes:  Yis = 1,50.

(2)P Jns T1oro, mo0 BU3HAYUTHU 3arajibHe
MaKCUMaJbHE TIEPEMIMECHHS KOHOTO 130JI5ITOpa B

KOXXHOMY Hanpsimi, 0  30UIBIIEHOTO
PO3paxyHKOBOTO CEMCMIYHOTO TEpeMIlIeHHs (IuB.
BHIIIHIA) HeoOXiqHOo OaTH TepEMIIICHHS
3pYIICHHS, SIKE€ MOKE BUKIIMKATHCS:

a) MOCTIHHOIO Ji€r0;

b) TpuBanmuMu nepeMIleHHSIMH (omanbina

Harpyra, OCiJaHHs Ta MOB3y4iCTh OCTOHHUX OJIOKIB)
BEpXHBO1 Oy/I0BH;
) 50 % TeruroBoT il

(3)P Bci KOMIIOHEHTH CEHCMOIZ0JIAIMHOT CHCTEMU
MalTh OyTH 3JaTHUMHU (PYHKI[IOHYBaTH B YMOBax
3arajlLHUX MaKCUMaJbHHX TEPEMIIICHb.

(4)P Po3paxyHKOBHIl OIip KOXXHOTO HECY4Oro
€JIEMEHTY CEHCMOI30JIALINHOT CUCTEMH, BKIIOYAIOYU
il KpilJeHHs, TOBHHEH IEPEBUILYBAaTH CHUITY, IO
BIUIUBa€  Ha  €JIEMEHT TMpuU  3arajJibHOMY
MakKCUMaJlbHOMY TepeMinieHHi. BoHO moBuHHE
TaKoXX  MEPEeBUINYBaTH  PO3PaXyHKOBY  CHILY,
BUKIIMKaHY  BITPOBUM HABaHTAKEHHAM  Ha
KOHCTPYKIIIO y BIATOBITHOMY HalpsMi.

[MPUMITKA MaxkcumanbHa peakiis TiIpaBIivyHUX B'S3KHX
amopruzaropiB  (muB. 7.5.2.3.4), BiAMOBiAHA MiJBUIIECHOMY
mepeMilieHHo  Opia, MOXKE BH3HAYATHCA 33 JOIIOMOTOO
MHOXXCHHS peakilii, BUBEACHOI 3a HACTIIKaMU PO3paxyHKy, Ha
Yis ®, 3 @y 3rigHo 7.5.2.3.4
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(7.19)

where yis is an amplification factor that is applied
only on the design displacement dyi;¢ of each isolator
I resulting from one of the procedures specified in
7.5.

If the spatial variability of the seismic action is
accounted for through the simplified method of
3.3(4), (5), (6) and (7)P, the increased design
displacements shall be estimated by application of
the rule of 3.3(7)P, where the displacements dbi;q due
the inertia response determined in accordance with
one of the methods in 7.5 shall be amplified in
accordance with expression (7.19) above, while
those corresponding to the spatial variability
determined in accordance with 3.3.(5) and (6), need
not be amplified.

NOTE The value ascribed to yis for use in a country may be
defined in its National Annex. The recommended value is
Yis = 1,50

(2)P The maximum total displacement of each
isolator unit in each direction shall be obtained by
adding to the above increased design seismic
displacement, the offset displacement potentially
induced by:

a) the permanent actions;

b) the long-term deformations (post-tensioning,
shrinkage and creep for concrete decks) of the
superstructure; and

¢) 50% of the thermal action.

(3)P All components of the isolating system shall be
capable of functioning at the total maximum
displacements.

(4)P The design resistance of each load-carrying
member of the isolation system, including its
anchorage, shall exceed the force acting on the
member at the total maximum displacement. It shall
also exceed the design force caused by wind loading
of the structure in the relevant direction.

NOTE The maximum reaction of hydraulic viscous dampers
(see 7.5.2.3.4) corresponding to the increased displacement db;
may be estimated by multiplying the reaction resulting from the
analysis times yis  , with a, as defined in 7.5.2.3.4



(5) [305TOpPH, 110 CKIAJAlOThCA 3 MPOCTUX
CIa00aMOPTH3YIOYUX  €JACTOMIPHUX  OTOPHHUX
YacTHH, TIOBHHHI niepeBipsaTucs 3riqao (1)P - (4) P
Bigmosigno gmo EN1337-3:2005, 533 1 3
BUKOpUCTaHHAM 3HaueHHS KL = 1 y Bupasi (1)
cragmapry EN 1337-3:2005, 5.3.3.

[MPUMITKA 3HauenHs, HaJaHe BEJIWYHMHI yT y BHpasi (2) B
cragnapri EN 13373:2005, 5.3.3 nns 3acTocyBaHHs B KpaiHi B
YMOBaX PO3PaxXyHKOBOI CEHCMIYHOI CHUTYyaIlii, MOXHA 3HAUTH B

HAI[IOHAJILHOMY  JIONATKy JaHOi KpaiHW. 3HAYeHHs, IO
peKOMeHAYeThCs: Ym = 1,15.
(6) st MPOCTHX c1ab0aMOPTH3YIOUHX

€IACTOMEPHUX OMOPHHUX YAaCTHH, B JIOTIOBHEHHS IO
nepeBipkd  (5) HEOOXiHO TMPOBECTH MEPEBIPKY
HACTYITHOI YMOBH:

Sq,df 2,0

e Sqd - 1e aedopmarlis 3pyHIeHHs, po3paxoBaHa
BigmoBinHo 1o Bupazy (10) B EN 1337-3:2005,
5.3.3.3. Y naHOMY KOHTEKCTi Vx:d 1 Vy>d HEOOXiTHO
npuiiMaTi gK piBHI MaKCHUMaJbHUM 3arajibHUM
BITHOCHUM  jaedopmalisM B  TOPU3OHTAIBHUX
HampsMax X 1y, K BKazaHo B (2) Buiie.

(7) TIligitom  i30ATOpiB, IO  CIOPHUMAIOThH
BEPTUKAJIbHE 3YCWUISA, HE  JIOYCKA€ThCS B
PO3paxyHKOBIH CEMCMIUHIN CHUTYyallii 3 CEeHCMIYHOIO
T€I0, OTIUC K0T TPUBOAUTHCS B 7.4.

(8) IlIpoexryBaHHS CIIEMCHTIB KOB3aHHH,
Bkazanux B 7.5.2.3.5(5), i1 po3paxyHKOBOIroO
ceiicMiuHoro mepemimieaas srigno (1)  Bwie,

MMOBUHHE TpOBOAUTHCS BimmoBimHo o EN 1337-
2:2000.

7.6.3 Onopu i npoJiitHa OynoBa

(1)P 3ycunns EOn B HIKHIX 1 BepxHiX OynoBax,
BUKJIUKAHI TUIBKH PO3PaXyHKOBOIO CEHCMIYHOIO
€10, BUBOJSATHLCS 3 PE3yJIbTATIB PO3PAXyHKY 3TiTHO
7.5.

(2)  Pospaxynkosi ceiicmiuni cunu Eg, BukHKaHi
TUIBKU PO3PaXyHKOBOIO CEHCMIYHOIO JII€I0, MOXKYTh
BUBOAUTUCS 3 cun Ega maparpada (1)P micas
JieHHsT Ha Koe(ilieHT (, BIAMOBIIHUN OOMEXKEHO
MOJIaTJINBOMY/CYILIECTBEHHO ~ NPY)KHOMY PEXHUMY,
to0TO FE = FE:A/Q C Q < 1,50.

(3) Bci HeoOXiTHO

€JIEMEHTH  KOHCTPYKIIii

np ACTY-H b EN 1998-2:201X

(5) Isolator units consisting of simple low-damping
elastomeric bearings should be verified for the action
effects in ()P to (4)P, in accordance with
EN 1337-3:2005, 5.3.3 and using the value KL = 1 in
expression (1) of EN 1337-3:2005, 5.3.3.

NOTE The value ascribed to the partial factor ym in expression
(2) in EN 1337-3:2005, 5.3.3, for use in a country in the
seismic design situation may be specified in the National
Annex of the country. The recommended value is ym = 1,15.

(6) For simple low damping elastomeric bearings, in
addition to the verification of (5), the following
condition should be verified:

(7.20)

where sq.q is the shear strain calculated in accordance
with expression (10) in EN 13373:2005, 5.3.3.3. In
this context vx.q and vysq should be taken equal to the
maximum total relative displacements in the
horizontal directions x and y, as specified in (2)
above.

(7) No uplift of isolators carrying vertical force is
allowed in the seismic design situation with the
seismic action as specified by 7.4.

(8) The sliding elements mentioned in
7.5.2.3.5(5) should be designed in accordance with
EN 1337-2:2000, for seismic design displacement in
accordance with (1)P above.

7.6.3 Substructures and superstructure

(1)P The seismic internal forces Ega in the
substructures and superstructure due to the design
seismic action alone, shall be derived from the
results of an analysis in accordance with 7.5.

(2) The design seismic forces Ee due to the
design seismic action alone, may be derived from the
forces Eea of (1)P, after division by the g-factor
corresponding to limited ductile/essentially elastic
behaviour, i.e. Fe = Fg;a/q with g < 1,50.

3) All members of the structure should be
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MEPeBIPpUTH 1 TMEPEKOHATHUCS, L0 BOHHM BOJIOJIIOTh
ICTOTHUMH TpPYKHUMH XapaKTEepPUCTHKAMH 3TiTHO
npaBuiam 5.6.216.5.

(4)P PospaxyHkoBa ais Ha (QyHAaMEHT MOBHHHA
BignoBigatu ymoBam 5.8.2(2) P.

(5) Po3paxyHKOBI TOpPH30HTalbHI 3YyCHUIA B
OIOpax, KOB3aIOYHX OMOPHUX EIIEMEHTIB KOB3aHHS,
mo Hecyrb, 3rimHo 7.5.2.3.5(5), HeoOxigHO
pPO3paxoByBaTH 3 ypaxyBaHHSIM MaKCHMAaIbHUX

3HaueHb TepTd BiAmoBimHO g0 BuMmor EN 1337-
2:2000.

(6) V Bumaaky (5) i sKmo oaHa i Ta X omopa
Mpaltoe K 1 TiApaBIIYHUN B'SI3KUN JemMndep, Toi:

() pospaxyHKOBE TOpH30HTalbHE CEHCMiUHE
3yCWIIII B ONOpl y HampsMmi il amopTu3aropa
HEOOXITHO 30UTBIIUTH HA MaKCUMAaJIbHE CEelCcMIidHE
3ycuyuIsl amopTtusatopa (jmB. Bupas (7.21).

(b)  pospaxyHKOBY TOPH30HTAIBHY CHITY
HeceNCMIUHUX PO3paxyHKOBUX B yMOBax
nepeminieHHs  (i3-3a  TeMIEpaTypHUX  3MiH)

HEOOXITHO 30UTBIIUTH HA PEAKIII0 aMOpTHU3aTOPa,
BianmoBimHy 10% Big MakCUMaIbHOTO CEHCMIYHOTO
3yCHJUISI aMOPTH3aTOpa, BUKOPHUCTOBYBAHOTO B (a)
BHUIIIE.

(7) Slxmo IIPOBOIUTHCS OJTHO- abo
0araTopeKUMHHIA PO3paxyHOK TUTS
CEMCMOI3OJISAIIIOHUX CHCTEM, IO CKJIAJAIOThCA 3
€TaCTOMEPHHUX ONOPHUX YaCTUH 1 riIpaBIidYHUX
B'I3KMX aMOPTH3aTOPiB Ha OJIHUX 1 THX XK€ OINopax,
pi3HHI $a3 MDK MaKCUMYMOM TPYKHHX 1 B'I3KHX
CJIEMEHTIB TOBHHHA PaXOBYBaTHCS 3a JOIOMOTOIO
noaaneiioi anpokcumanii. [Ipu mpomy ceiicmiuni
3yCWIIISL MaloTh OyTH BH3HAU€HI SIK HaWOUIbII
HECTIPUSTIINBI 3YCHIIA B HACTYITHUX
XapaKTePUCTHUYHHUX CTaHAX:

a. B crani MakcMMaJbHOTO MEpPEMILICHHS 3TiHO
Bupasy (7.10). B mpomy BHMagKy amMopTU3yrOui
3yCUJUIA JOPIBHIOBATUMYTh HYJIIO.

b. B crani MakcHMalibHOI MIBUIKOCTI 1 HYJIHOBOTO
nepemMinieHHs. B 11boMy BUMAAKY A7 BU3HAYCHHS
MaKCHUMaJIbHUX aMOPTHU3YIOUUX 3YCHUIIb,
MaKCUMaJbHY IIBUIAKICTEHEOOX1THO TPUUHATH SIK:
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verified to have an essentially elastic behaviour in
accordance with the rules of 5.6.2 and 6.5.

(4)P  Design action effects for the foundation shall
be in accordance with 5.8.2(2)P.

(5)  The design horizontal forces of supporting
members (piers or abutments) carrying sliding
bearings described in 7.5.2.3.5(5), should be derived
from the maximum friction values in accordance
with the relevant provision of EN 1337-2:2000.

(6) In the case of (5) above and when the same
supporting member also carries viscous fluid
dampers, then:

(@) the design horizontal seismic force of the
supporting member in the direction of the action of
the damper should be increased by the maximum
seismic force of the damper (see expression (7.21)).

(b) the design horizontal force of non-seismic design
situations under imposed deformation actions
(temperature variation) should be increased by the
damper reaction, estimated as 10% of the maximum
seismic force of the damper, used in (a) above.

(7) When single or multiple mode spectral
analysis is  carried out  for isolating
systems consisting of combination of elastomeric
bearings and fluid viscous dampers
supported on the same supporting element(s), the
phase  difference between  the maxima
of the elastic and the viscous elements may be taken
into account, by the following
approximation. The seismic forces should be
determined as the most adverse of those
corresponding to the following characteristic states:

a. At the state of maximum displacement, as given
by expression (7.10). The damper forces are then
equal to zero.

b. At the state of maximum velocity and zero
displacement, when the maximum damper forces
should be determined by assuming the maximum
velocity to be:



Viax = 27t0pd/ T et

ne  Opg - MaKCHMAJIbHE  MEPEeMIlCHHS
amopTHu3aropa, BIMOBiHE PO3paxyHKOBOMY
nepeMimieHHI0 ded CeHCMO3OMIAIIHHOICHCTEMH.

1 (5

c. B crani MakcuManbHO1 iHEPIHOT CHiH,
II0 BIIMBAE HA BEPXHIO OynoBy. [laHy cmily MOXHA
pO3paxyBaTu TAKUM YUHOM:

Fmax = ( fi+ 2&p fZ)SeMd

ne Se BusHauaeTbed no Tabmumi 7.1 3 Kesr 3rinHO
Bupazy (7.4) 06e3 sAKkoro-HeOyap ypaxyBaHHS
KOPCTKOCTI 3 00Ky aMOPTHU3aTOPIB

f1 = cos[arctan(2&)]

f, = sin[arctan(2&)]

ne ¢p CKJIaloBa aMOpPTH3aTOpIB Yy  BEIWYHHI

edexktuBHOI amopru3artii Eeff Bupasu (7.5).

VY naHomy craHi mepeminienHs ckmamgae fideg, a
MIBHUJIKICTh aMOPTHU3aTOPIB:
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(7.21)

where dpg iS the maximum damper displacement
corresponding to the design displacement dcq of the
isolating system.

C. At the state of the maximum inertial force on
the superstructure, that should be estimated as
follows:

(7.22)
where Se is determined from Table 7.1 with Kef in
accordance with expression (7.4), without any
stiffness contribution from the dampers, and

(7.23a)
(7.23b)

where & is the contribution of the dampers to the
effective damping Eeff of expression (7.5).

At this state the displacement amounts to fidcs and
the velocity of the dampers to

Vv =f2Vmax.

(8 VY  ceHCMOBONALIMHMX  CHCTEMax, IO
CKJIQZIAI0ThCS 3 TIAPABIIYHUX B'SI3KUX aMOPTH3aTOPIB
1 e7aCTOMEPHUX OMOPHUX YACTHH, K y BUHaaKy (7)
oe3 CJIEMCHTIB KOB3aHHS, PO3paxyHKOBa
TrOpPH30HTAJIbHA CUJIA, IO BILUTUBAE HA HECYUi OTIOPH,
OTIOpHI YaCTUHU 1 aMOPTU3ATOPH, JIJIs1 HECEUCMIUHHUX
CHTyallii B yMOBax IepeMilicHHs (TeMIieparypHi
3MIHM 1 Tak Jaii), IOBMHHA BH3HAYATHUCS,
MPUKHSBIIK PEAKIIl aMOPTH3aTOPa 32 HYJIb.

7.7 ChneniajibHi BUMMOI'H JJIf1 celcMOI30AiiiHOT
cucTeMHu

7.7.1 IlonepeyHa BiAHOBHA 3IATHICTH

(1)P Ceiicmoizonsiiiina cucTeMa MOBUHHA BOJIOITH
3I10HICTIO O CaMOBIZHOBJIEHHS B 000X T'OJIOBHHX
HampsiMax 3 METOK 3amobiraHHs HAKOMUYEHHIO
CyMapHHX mnepeMmimeHb. Cucrema BOJIOAITUME
TAaKOIO0 3JATHICTIO, SKIIO BOHA BOJIOJIE OJHIEIO 3
JIBOX HACTYIHUX BIACTHUBOCTEN (MB. PUCYHOK 7.6):

-HEBEJIMKE 3QJIMIIKOBE mepeMimeHHs Om 1momo i
3arajibHO1 CIIPOMOYHOCTI 70 TiepeMillieHHsI Om;

(8) In isolating systems consisting of a combination
of fluid viscous dampers and elastomeric bearings,
as in the case of (7), without sliding elements, the
design horizontal force acting on supporting
element(s) that carry both bearings and dampers, for
non-seismic situations of imposed deformation
actions (temperature variation, etc.) should be
determined by assuming that the damper reactions
are zero.

7.7 Special requirements for the isolating system

7.7.1 Lateral restoring capability

(1)P The isolating system shall present self-restoring
capability in both principal directions, to avoid
cumulative  build-up of displacements. This
capability is available when the system has either
one of the following two properties (see also Figure
7.6):

small residual displacement dm In relation to its
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-IIOYMHAIOYH 3 MIOJIOKCHHS 3aJIMIIKOBOTO
MEPEMIIIeHHs, CUCTeMa MPOSBISE 3HAYHO MEHIILY
KOPCTKICTh 10 TEpPEMIIIeHHS Yy HampsMi LEHTpY,
YUM B IIPOTHJIC)KHOMY Hampsimi. ¥ cucremi Mae 0yTu
BIIOBIIHMI 3amac Jyis TEPEMIlICHHS B JaHOMY
OCTaHHbOMY HampsMI.

3IaTHICTH

Pucynok 7.6: Ilomepeuna BigHOBHa
cercMOBOMIALINHOT cucTeMu

(2) Bumoru (1)P BBakaroThCs 3a 3aI0BOJICHI, SIKIIO
BHKOHAHO OOHM/IBI HACTYITHI YMOBH:

AFm 2 Swwd drm / dm

drm < dm - Sd da,max

A Fyn TiABHMIIEHHS CHIH MDK mepeMimeHHIMH Om/2 1
dm

Wg Bara KOHCTpYKIIii BEpXHBO1 OyJI0BH;

dm 3010HICTE CEHCMOI30IIIINHOT CUCTEMH 10
MepeMIllieHHss B TEBHOMY HampsMi, TOOTO 1
MaKCHMaJIbHE TEPEMIIICHHS, K€ MOXE BUTPUMATH
ceiicMoi30Ms1iiiHa cCCTeMa B TAaHOMY HaIpsMi;

dm 3anMIIKOBE MHEpEMIIICHHS CEMCMOI30IIAIIMHOT
cucreMu, BimmoBigHe dm, TOOTO  3aIUIIKOBE
MEpPeMIllleHHs, KOJW CHjia FMm, , 10 BHKIHKAE
nepemimendss Om, BiIJalseTbCs B KBa3iCTaTHUHHUX
yMOBax;

damax ~ MaKcHMalibHEe 3HAUYCHHS PO3PaXyHKOBOI'O
nepeMileHHs ceiicMo3onALiIHHOT CHUCTEMH,
30ubLIeHe 3rifHo Bupasy (7.19);

Ow | Od TIPEACTABJIAIOTh YKMCIOBI KOCQIliEHTH, 10
BUPaXatoTh BiAMoBiaHi 1011 Wq i 0amax

IMPUMITKA 3navennsi, npusnacueni Bemmdauaam OW and dg
JUTI BUKOPUCTAHHS B KpaiHi, MOXXHA 3HAWTH B HAIliOHAJIHHOMY
JIoAaTKy. 3HaueHHs, mo pekomeHayoThes: 0W=0,015, 84=0,5.
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displacement capacity dm

starting from the position of residual displacement,
the system presents substantially smaller stiffness to
movement in the direction towards the centre than in
the opposite direction. In the latter direction an
adequate displacement margin should be available.

Figure 7.6: Lateral restoring capability of isolating
system

(2) The requirements in (1)P are considered to be
satisfied when both following conditions are met:

(7.24a)
(7.24b)

AFm is the force increase between displacements
dm/2 and dm,

Wq is the weight of the superstructure mass,

dm is the displacement capacity of the isolating
system in the considered direction, i.e. the maximum
displacement that the system can sustain in this
direction, dm is the residual displacement of the
isolating sy

dm stem, corresponding to dm, i.e. the residual
displacement when the force Fm, required to induce
displacement dm, is removed, under quasi-static
conditions

damax IS the maximum value of the design
displacement of the isolating system, increased
according to expression (7.19), and

ow and Jq are numerical coefficients expressing
appropriate fractions of Wy and da,max respectively:

NOTE: The values ascribed to W and &4 for use in a country
may be found in its National Annex. The recommended values
are: W =0,015, 84 =0,5.



(3)HopmatuBHI  XapaKTEPHCTUKU  130JSTOPIB B
JMHAMIYHAX YMOBaX MOXYTh BHUKOPUCTOBYBATHUCS
JUTSL TPAJAULIAHOTO BU3HAYCHHS Orm U A Fi.

TIIPUMITKA 1 CeiicMmoi3onsiiiiai CHCTEMH, 110
3aJI0BOJIBHAIOTE  Bupasu (7.24), BiANOBINAIOTE  JPYromy
7.71(1)P. BiamoBigHo, Taki CHCTEMH TparHyTh J0

MIEPEIICHTPOBKH Y pa3i TOPYIICHHS pPIiBHOBarm CWI. 3 IIi€l
NIPUYMHM, OOJIK 3aJIMIIKOBOTO TEpEeMIlleHHs, UIS JaHUX
chUcTeM, He TMOTpiOHMH TIpHM BH3HAYEHHI MOMJIMBOCTEH
TriepeMileHHs Micisl celcMivHOT Toii.

MMPUMITKA 2 [lns cucreM 3 OUTIHIHHOIO TiCTEPE3UCHOIO
MOBEMIHKOIO 3rigHo 7.5.2.3.2, 3anuiukoBe mnepemimeHHst Omm
noBuHHe Bu3Hauatucs 3 dr =Fo/Kp =Fy/K,-dy, sk byHKIT dm, K
moka3ano B Ta0muii 7.21 N.

IMPUMITKA 3 [l KOB3alOuUuX CHCTEM 3 CHEPUIHOIO
MoBepxHEr KoB3aHHs (auB. 7.5.2.3.5(2)) s3anuiikoBuii 3cyB
cknaaae drm = (aRp

Tab6auust 7.2N. - Bu3HayeHHs 3aJMIIKOBOIO
nepemimenns cucremu 3 dr =Fo/Kp, a Takoxk
3ai0HOCTI  celicMoi3oALIHHOI cHcTeMH 10
nepemilieHHs B yMOBaXx OiTiHilHOTO
ricTepe3ucHOro pexxumy

np ACTY-H b EN 1998-2:201X

(3) The nominal design properties of the isolators
under dynamic conditions may be used for the
conservative determination of dim and A Fi.

NOTE 1 Isolating systems satisfying the expressions (7.24)
conform to the second bullet point of 7.7.1(1)P. Consequently,
such systems tend to recentre, when the force equilibrium is
disturbed. For the same reason, for such systems the residual
displacement need not be considered for the determination of
the displacement capacity, following a seismic event

NOTE 2 For systems with bilinear hysteretic behaviour
according to 7.5.2.3.2, the residual displacement d.m should be
determined from d; =Fo/K, =F,/Ky-dy as a function of dm, as
shown in Table 7.2N.

NOTE 3 For systems of sliding devices with spherical sliding
surface (see 7.5.2.3.5(2)) the residual displacement is dm =
1aRo

Table 7.2N. Determination of system residual
displacement from dr =Fo/K, and the
displacement capacity of isolating system with
bilinear hysteretic behaviour

dm drm
dr +2dy < dm dx
dy< dm < dr + 2dy dr(dm-dy)/(dr-dy)
dm <dy 0

7.7.2 O0OMeskeHHsI TIONepPeYHHUX INepeMillleHb B
pPiBHi Bepxy ceiicMoi30Js il

()P CeilicMoi3oms1iliHa  cUCTeMa  IOBUHHA
3a0e3MeyyBaTy JIOCTATHE IONEPEeYHE OOMEKCHHS Y
piBHI BepXy CEHCMOMBOJAIIMHOI CHUCTeMH IS
3aJI0BOJICHHSI OYy/b-SIKUX BIAMOBIIHUX BUMOT IHIIUX
€BpokosiiB a0 CTaHIAPTIB BITHOCHO OOMEXKEHHS
nepeminieHs/ nedopmartii 3TiJIHO KpUTEPIitO
eKCIUTyaTaIlifHOT MPUAATHOCTI.

[MPUMITKA [ana BuMoOra 3a3BH4aif Ma€ KPUTHYHE 3HAYCHHS
JUTSI TAJIBMIBHOI Aii Ha 3aII3HAYHUX MOCTaX.

(2) Sxmo B KOHCTPYKIIT MOCTa Ha MEBHHUX OMOpPax
BUKOPDUCTOBYIOTbCS ~ 3aXHCHI ~ PO3KOCH  JUIs
OOMEXEHHSI eKCIUTyaTallliHOTO MepeMILIeHHS MK
IIPOJIITHOIO OYJI0BOIO 1 OMOpaMH, iX CTaH TEKY4OCTi
He mnoBHHEH mepesuiyBatd 40% po3paxyHKOBOI
CeMCMIYHOT CHMJIM, TepeJaBaHOi 4Yepe3 IOBEPXHIO
pO3/lTy  CeHCMOI30JIbOBAaHHOT KOHCTPYKIIL, JUIs

7.7.2 Lateral restraint at the isolation interface

(1)P The isolating system shall provide sufficient
lateral restraint at the isolation interface to satisfy
any relevant requirements of other Eurocodes or

Standards regarding limitation of
displacements/deformations under  serviceability
criteria.

NOTE This requirement is usually critical for braking action in
railway bridges.

(3) When sacrificial bracings (a fuse system) are
used at certain support(s) in the final bridge system
for implementing serviceability  displacement
restraints between the deck and substructures, their
yield capacity should not exceed 40% of the design
seismic force transferred through the isolation
interface of the isolated structure, at the same
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onuiei omopu 1 HampsMmy. SKI0 JaHa ymoBa He
BUKOHYETHCS, BUMOTH JI0 CTaHy eKCIUTyaTaliifHOi
MPUAATHOCTI (OKPIM BTOMH) BiIIOBITHUX €BPOKOIIB
(EN 1992-2:2005, EN 1993-2:2005 abo
EN 1994-2:2005) mnoBUHHI BHKOHYBATHUCS IS
€JIEMEHTIB KOHCTPYKI[ii MOCTa ITiJ] HAaBaHTAXCHHSM,
IUISL SIKUX 3aCTOCOBYIOThCS OOMEXYBaJIbHI PO3KOCH,
SKIIO JlaHe HABAaHTAKEHHS 30UIBIIYETHCS TaK, IO
IpHU BIINOBINHIA peakmii B PO3KOCI JOCATAETHCS
Mea TeKy4OCTl.

[MPUMITKA B crammapti prEN 15129:200X, pozmin 5
NPUBOIUTHCSA  CHEHU(IKAIS UISI  MPUCTPOIB  JKOPCTKOTO
3'eIHAHHA, SKi MOXXYTh BUKOPHUCTOBYBATHCS IS 3a0e3MeUeHHSI

MOTIEPEYHOr 0 00OMEXEHHS Ha MTOBEPXHI po3niny
CEHCMOM3ONISAIIIOHHOW CHCTEMHU.
3) Sxmo npucTpoi mnepenadi JAWHAMIYHOTO

HaBaHTKECHHS 3 (PYHKIIIEI0 OOMEXEHHS CUIH (IUB.
6.6.3.3) BHKOPHUCTOBYIOThCS I 3a0e3meueHHs
0OMeXEeHHS eKCIUTyaTalllfHOTO TMepeMIlleHHs, AaHi
MIPUCTPOT MOBUHHI BKJIIOYATHUCA B MO/JIEIIb, B CUCTEMY
mepeBipky 1 B MOpoleaypy  BUIPOOyBaHb
cercMO30MIALIIHOT CUCTEMH.

7.7.3 KoHTpOJIb | TeXHIYHE 00CIyrOBYBaHHS

(HDP  Bci  celicMom3onATOpH  MarTh  OyTH
JTOCTYITHUMH VTS OTJISI Y i TEXHIYHOTO
00CITyrOBYBaHHS.

(2)P Mae Oyru ckiazeHa mporpamMa OIJIAIIB 1
TEXHIYHOTO 00CITyroByBaHHS TUTS
CEMCMOM3OIALIMOHHON CUCTEMH 1 BCiX KOMIIOHEHTIB,
0 TEPEeTUHAIOTh TIOBEPXHIO  PO3IUTY  JaHOi
CHCTEMH.

(3)P PemonTHi poboTH, 3amiHa ab0 MOJEpHI3allisd
Oy/Ib-SIKOTO celcMOU30IIATOpa a00 KOMIIOHEHTY, IO

IepPEeTUHAE MTOBEPXHIO po3aiTy
CelCMOU30IAIIMOHHOM CHCTEMH, ITOBHHHI
MPOBOJUTHUCS  MiJ KEPIBHUITBOM OCOOH, IO
BIANOBiAae 3a TeXOOCHyroByBaHHS  MOCTa, 1

JIETabHO PEECTPYBATUCA Y BIATIOBITHOMY 3BiTi.
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support and direction. If this requirement is not met,
the serviceability state requirements (except fatigue)
of the relevant material Eurocodes (EN 1992-2:2005,
EN 1993-2:2005 or EN 1994-2:2005) should be
satisfied for the members of the bridge structure,
under the loading for which the restraining bracing is
designed, when this loading is increased so that the
relevant reaction reaches the yield capacity of the
bracing.

NOTE: prEN 15129:200X, Section 5, gives specifications for
rigid connection devices that can be used to provide lateral
restraint at the isolation interface.

(3)  When shock transmission units with force
limiting function (see 6.6.3.3) are
used for implementing serviceability displacement
restraints, the shock transmission
units should be included in the model, in the
verifications and in the testing procedure
of the isolating system.

7.7.3 Inspection and Maintenance
be accessible for

(1)P  All isolator units shall
inspection and maintenance.

(2)P An inspection and maintenance programme for
the isolating system and all components crossing the
isolation interface shall be prepared.

(3)P Repair, replacement or retrofitting of any
isolator unit or component crossing the isolation
interface shall be performed under the direction of
the entity responsible for the maintenance of the
bridge, and shall be recorded in detail in a relevant
report.



JTOIATOK A
(moBimKOBHiT)

BIPOTTIHICTbD, IIIO CTOCYETHCS
IMOYATKOBOI CEUCMIYHOI JIi.
PEKOMEHJIAIIII IO BUBOPY
PO3PAXYHKOBOI CEUCMIYHOI I1i HA
CTAJIi BY IIBHUILITBA

A.1 IToyaTkoBa ceiicMiuHa xist

(1) TouarkoBy ceiicMivuHYy JiF0 MOXXHA BH3HAYHTH
32 JIONOMOTOIO BUOOPY TPUHHATHO HHU3BKOI
BIpOTiAHOCTI (p) MOro MEpeBUIIEHHS MPOTIrOM
PO3paxyHKOBOTO CTPOKy ciiyx0u (t) koHctpykuii. B
[bOMY BHIAAKy Tnepion moBTopeHHs momil (7R)
BUBOJIUTHCS 3 BUPA3Y:

Tr=1/(1-(1-p)"™

(2) TlouarkoBa ceiicmiuna i (BimmoimHe vi = 1,0)
3BUYaiHO  BigoOpaka€  CeWCMIUHy  TOJII0 3
MMOYAaTKOBUM I€PI0JIOM MOBTOPEHHS, Tncr, pIBHUM 475
rojgaM. BIporigHiCTh NEpeBUIICHHS Takoi Mol
3HaxoauThca B miamazoHi Bim 0,10 mo 0,19 s
pO3paxyHKOBOro TepMiHy ciyx0u Bigx 50 mo 100
pokiB, BimmoBimHo. Takuil MigXix 10 MPOEKTYyBaHHS
MOXE 3aCTOCOBYBATHUCS IO OUIBIIOCTI MOCTIB
CEPEHbOTO KJIacy Ba)KJIUBOCTI.

A.2 Po3paxyHkoBa celicMiyHa i s cramii
OyaiBHMUTBA

@ Skmo momyctutd, mo tc - Il TPHUBAIICThH
¢asum OymiBHUIITBA MOCTa, a p - TPUAHATHA
BIPOT1IHICTH MIePEBUIICHHS PO3paxyHKOBOL

ceiicMiyHOT oAl Ha MpoTA3i AaHOl ¢aszm, mepion
MMOBTOPEHHSI [Rc MOXHA BHBECTH 3a JIOTIOMOI'OIO
Bupasy (A.1), ucnonssys tc 3amictp t... {1 BiTHOCHO
MaJIMX 3HauCHb, [0 3a3BHYai acomiroThes 3 tc (to< 5
pokiB), Bupa3 (A.l) MO)XHa ampoKCHUMyBaTH 3a
JOTIOMOTOI0 HACTYITHOTO, HAHOLIBII MPOCTOTO BUPA3Y:

t
Tee =25

c
P
PCKOMCHI[y€TBC5{, IJ_I06 3HAYCHHA p HEC TCPCBUIIYBAIIO

0,05.

2 3Ha4YeHHs PO3PAaXyHKOBOTO MPUCKOPEHHS
IPYHTY dgc, BIINOBiIHE NEPUONY MOBTOPEHHS Tncr,
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ANNEX A
(informative)

PROBABILITIES RELATED TO THE
REFERENCE SEISMIC ACTION.
GUIDANCE FOR THE SELECTION OF
DESIGN SEISMIC ACTION DURING THE
CONSTRUCTION PHASE

A.1 Reference seismic action

(1) The reference seismic action can be defined
by selecting an acceptably low probability (p) of it
being exceeded within the design life (t.) of the
structure. Then the return period of the event (7r) is
given by the expression:

(A.1)

(2) The reference seismic action (corresponding
to yi = 1,0) usually reflects a seismic event with a
reference return period, Tncr, OF 475 years. Such an
event has a probability of exceedance between 0,10
and 0,19 for a design life ranging between 50 and 100
years respectively. This level of design action is
applicable to the majority of the bridges considered to
be of average importance.

A.2 Design seismic action for the construction
phase

(1) Assuming that tc is the duration of the
construction phase of a bridge andp is the acceptable
probability of exceedance of the design seismic event
during this phase, the return period Trc is given by
expression (A.1l), using tc instead of t.. For the
relatively small values usually associated with tc
(tc <5 years), expression (A.1) may be approximated
by the following simpler relationship:

(A2)

It is recommended that the value of p does not exceed
0,05.

(2) The value of the design ground acceleration agc
corresponding to a return period Tncr, depends on the
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3aJIOKUTh Bl CEMCMIYHOCTI paiioHy. Y 0araTbox

BUNAJKaX HACTYIIHE  BIIHOLICHHS MPOIIOHYE
MPUAHATHY anpOKCUMALIIO:
ags — ( TRc )k
a4 r TNCR

ae:
agR KOHTPOJIbHE MAaKCUMAaJIbHE IPUCKOPEHHS TPYHTY,
BIIMIOBiJTHE TTOYATKOBOMY TE€PIOy TOBTOPEHHS T ncr.

3HayeHHS TIOKa3HWKAa CTymeHs K 3ainexuTh Bif
CeMCMIUHOCTI1 paiony. Sk IIPaBHUJIO,
BUKOPUCTOBYIOTHCSI 3Ha4eHHs B miana3oni 0,30 - 0,40.

(3) Ha cranii OyniBHUIITBA HEOOXITHO 3a0€3MEUNUTH

HAJIAHICTh BCIX OKpPEMHUX KOHCTPYKIIH MOCTY
HE3JIeKHO BiJ] pO3PaXyHKOBOT CEHCMIYHOT .
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seismicity of the region. In many cases the following
relationship offers an acceptable approximation

(A3)

where:
agRr is the reference peak ground acceleration
corresponding to the reference return period Tncr.

The value of the exponent k depends on the
seismicity of the region. Normally, values in the
range of 0,30 - 0,40 may be used.

(3) The robustness of all partial bridge structures
should be ensured during the construction phases
independently of the design seismic actions.



JOJATOK B
(moBimKOBHiT)

B3A€EMO3B'AA30K MI’K TIOJATJIUBICTIO 10
HEPEMIINEHHA I HIOJATJIUMBICTIO 10
3IrUHY IVIACTUYHUX IITAPHIPIB B
3AJII3OBETOHHHUX OITOPAX

1) SIKIIO TOTYCTUTH, IO
- TOPU3OHTANIbHE TEPEMIIIEHHs B LEHTPI Macu
MPOJIITHOL OynoBu BHUKJIMKAETHCS TUIBKU

negopMalii€ero  MOBHICTIO HEPYXOMOi KOHCOJIbHOT1

OTIOpH 3aBJOBXKKH L,

- Maca ONOpH € HabaraTo MEHIIOKI B MOPIBHSHHI 3
Macol0 MPOJTITHOI OyT0BU

- Lp mpexacraBnsie NOBXKHUHY IUIACTUYHOIO IIApHIpA,
110 OPMYETHCSI B OCHOBI OTIOPH

- HEOOXIMHUN KOe(ImieHT 3rHHANIBHOI MOAATINBOCTI
WL IIapHipa, BIAMOBIIHUN KOe(dili€HTY MIACTUYHOCTI
KOHCTPYKITii [d, 3rigHO 2.3.5.2, piBHMIA:

()
My = U —1+ ‘udi
@, 31—
e:
A=Lp/L
(2) VY 3anmizoberoHHHX meperuHax (ge KoedimieHT

3TUHAIBHOT MOJATINBOCTI BUKOPUCTOBYETHCS SIK Mipa
MOJATIMBOCTI  ITJIACTUYHOTO  IApHipa), 3HAYeHHS
KoedimieHTa A 3aJeKUTh Bl TAKUX €(EKTIB, K BILIUB
negopmariii po3TATyBaHHS apMaTypd B CYMDKHOMY
€JIEMEHTI, MOXWJe TPIUICHOYTBOPEHHS B pe3yibTaTi
B3a€EMOJII TOINepeYHa CHJIA-BUTHH 1 Tak Jaii.
3HaueHHs1 LP Moke BHKOpPUCTOBYBATHCS BiOIOBIIHO
1o E.3.2(5).

(3)  SIkuro 3HayHA YaCTUHA MEPEMILICHHS TPOTITHOT
OyZ0oBUM  BUKJIMKAaeTbCs  Aedopmaliiero  IHIIUX
KOMIIOHEHTIB, $Ki 30epiraioTb MPYXKHICTh 1 MicCis
YTBOPEHHS IUIACTUYHOTO  IIApHIpa, HEOOXiTHHM
KOe(QIIi€EHT 3rMHAIbHOT MJIACTUYHOCTI [Lpd BUBOJAUTHCS
3a JJIONIOMOTOI0 HACTYITHOTO BUPa3y:

npd= 1+f(nga- 1)

Ac:
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ANNEX B
(informative)

RELATIONSHIP BETWEEN DISPLACEMENT
DUCTILITY AND CURVATURE DUCTILITY
FACTORS OF PLASTIC HINGES IN
CONCRETE PIERS

(1)

- the horizontal displacement at the centre of mass of
the deck is due only to the deformation of a fully
fixed cantilever pier of length L, that

Assuming that:

- the mass of the pier is negligible compared to that
of the deck, and that

- Lp is the length of the plastic hinge developing at
the base of the pier,

-the required curvature ductility factor pg of the
hinge corresponding to a structure displacement
ductility factor pg, as defined in 2.3.5.2, is:

-1

0.54) (B.1)
where:

(2) In reinforced concrete sections (where the

curvature ductility factor is used as a measure of the
ductility of the plastic hinge), the value of the ratio A
is influenced by such effects as the reinforcement
tensile strain penetration in the adjoining member, the
inclined cracking due to shear-flexure interaction etc.
The value of Lp in accordance with E.3.2(5) may be
used.

(3) When a considerable part of the deck
displacement is due to the deformation of other
components which remain elastic after the formation
of the plastic hinge, the required curvature ductility
factor pgd is given by the expression

(B.2)
where:
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f = dwt/dp - BimHOLICHHS 3arajgpbHOrO IMEPEMILICHHS
npoiitHoi  OynmoBu  Owot 0 mepemimeHHs ¢ dp |,
BUKIIMKAaHOMY Ae(OopMalli€ro TUIbKH OMOpH,

Up pO3paxoByeThes 3 BHUpasy (B.1).

I[MPUMITKA: ko ceficMidHa misl TIEPEIAETBCI MDK TPOJITHOIO
OYIIOBOIO 1 OMIOPOEO Yepe3 THYUKI eTaCTOMEPHI OITOPHI YaCTHHU Ha PiBHI,
HAIPHUKITA], 3HaYeHHs T = 5, 1 K10 TOMYCTUTH, 1110, HAMPHKIA, L
= 15 Oyze moTpiOHO y pa3i )KOPCTKOrO 3'€THAHHS MiX ITPOJIITHOIO
OyZI0BOIO 1 OMOpPOIO, HEOOXiHE 3HAYEHHSI |lgpd 3TIAHO PiBHSHHIO
(B.2) cknanme 6mmusbko 71, ske, 3po3ymisio, € HenocTymHuM. [lei
NPUKIA] 3 SBHOK OYCBHIHICTIO MOKA3ye, 10 BUCOKA THYYKICTh
eacTOMEPHHX OMOPHUX YaCTHH, BUKOPHCTOBYBAHHX T10 OJHOMY
HAMpPSAMY Jii CHJI 3 JKOPCTKOK OMOPOI0, 3abe3neuye, MpaKTUIHO,
3arajibHa MPY)KHA MOBEIIHKA CUCTEMH.
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f = dwt/dp is the ratio of the total deck
displacement dit to the displacement dp, due to the
deformation of the pier only, and

ue is calculated from expression (B.1).

NOTE: If the seismic action is transferred between deck and pier
through flexible elastomeric bearings inducing for example a
value of f=5 and assuming that for example py= 15, would be
required in the case of rigid connection between the deck and the
pier, the required value of pgq in accordance with equation (B.2)
amounts to 71, which is certainly not available. It is therefore
evident that the high flexibility of the elastomeric bearings, used
in the same force path with the stiff pier, imposes a practically
elastic overall behaviour of the system.



JTOIATOK C
(moBimKOBHiT)

PO3PAXYHOK E®EKTUBHOI )KOPCTKOCTI
MHOJATJIUBUX 3AJII3OBETOHHUX
EJEMEHTIB

C.1 3arajapHi moJ10KeHHSA

(1) E¢exruBna XKOPCTKICTh OJATJINBUX
3a1i300€TOHHUX €JIEMEHTIB, BUKOPHUCTOBYBAaHUX B
JTHIAHOMY CEeHCMIYHOMY PO3paxyHKYy, Mae

JOPIBHIOBATH JKOPCTKOCTI B TEOPETUYHIA TOYIl MEXI1
TEKYy4OCTl. SIKIl0 po3paxyHKH HE BUBOJATH IHINE, JIJIS
BU3HAUYEHHS CIYHOI )KOPCTKOCTI B TEOPETUUHINA TOYIll
MeXl1 TEKy4OoCTi, MOXHa BHUKOPHCTOBYBaTH OJUH 3
HACTYITHUX METO/IB allpOKCUMAIIii:

C.2 Meron 1
(1) EdexrtuBuuit MoMmeHT iHepiii Jeff oOmopu 3

MOCTIHHUM MOTEPEYHUM IEepepi3oM Moxke OyTH
BU3HAUYEHUN TAKUM YHHOM:

Jerr = 0,08Jun + Jer

ae:
Jun - MOMEHT iHepIlii mepeTuHy OpyTTO omopu 0e3
TPIIIUH;

Jecr - MOMEHT IHEpIIil IEPETUHY 3 TPIIIMHAMHU B TOYII
MEX1 TEKydocTi po3TsarHyroi apmartypu. Lle mMoxHa
BU3HAYHTH 32 IOTIOMOTO0 HACTYITHOTO BHpa3y:

Jer = My/(Ecdjy)

y skomy My 1 @y rpaHUYHUNA MOMEHT 1 KPHUBU3HA
MepeTrHy, BIAMOBIMHO, a Ec - 11e Moaynb mpy:KHOCTI
OeTony.

(2 Jlani BUpasW BHUBEICHI 3a JIONIOMOTOIO
MapaMeTPUYHOTO PO3PaXyHKY CHPOIIEHOI HEeNiHIHHOT
MOJENi  KOHCOJBHOI OMOpU 3  TMOPOKHUCTUM
MPSIMOKYTHUM, MOPOXXHUCTUM M CYLIUTBHUM KPYTIUM
MONEPEYHUMH MEPETUHAMH.

C.3 Meton 2
(1) EdextuBHaA XOPCTKICTH MOXE BHU3HAYaTHCS IO

PO3paxyHKOBOMY I'paHMYHOMY MOMEHTY Mgp 1 KpuBa
Teky4yocTi @y mepeTHHH MIACTUYHOTO MIapHipa:

np ACTY-H b EN 1998-2:201X

ANNEX C
(informative)

ESTIMATION OF THE EFFECTIVE
STIFFNESS OF REINFORCED CONCRETE
DUCTILE MEMBERS

C.1 General

(1) The effective stiffness of ductile concrete
components used in linear seismic analysis should be
equal to the secant stiffness at the theoretical yield
point. Unless otherwise substantiated by calculation,
one of the following approximate methods may be
used to determine the secant stiffness at the
theoretical yield point:

C.2 Method 1

(1) The effective moment of inertia Jefs of a pier
of constant cross section may be estimated as follows:

(C.1)
where:

Jun  is the moment of inertia of the gross section of
the uncracked pier;

Jecr  is the moment of inertia of the cracked section
at the yield point of the tensile reinforcement. This
may be estimated from the expression:

(C.2)

in which My and @yare the yield moment and
curvature of the section respectively and Ec is the
elastic modulus of concrete.

(2) These expressions have been derived from a
parametric analysis of a simplified non-linear model
of a cantilever pier with hollow rectangular and
hollow and solid circular cross-sections.

C.3 Method 2
(1) The effective stiffness may be estimated from the

design ultimate moment Mgrp and the yield curvature
@y of the plastic hinge section as follows:
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EcJett= vVMRd/ Dy

Ac:

v = 1,20 - me koedili€eHT KOpesiii, 1m0 BpaxoBYye
eeKT, 110 J0Aa€ KOPCTKICTh OMOPi O€3 TPIIIHH.

KpuBa (3ruH) ¢asu TeKydocTi
BHU3HAYCHA TAKUM YHHOM:

@y Moxe Oyrtu

Qiy = (Ssy - Scy)/ds (04)

ds  BHCOTAa TMEPEeTHHY JO LEHTPY pPO3TIATHYTOI
apMarypu

8y JeopMallis Ha MEXK1 TEKy4OCT1 apMaTypH,

€y JOedopmarlii CTHCKyBaHHA OeTOoHYy Ha (asi
TEKY4OCT1 pO3TATHYTOI apMaTypH.

3HaueHHSI €y MOXE OI[HIOBaTHCS 3a JOMOMOTOI0
pPO3paxyHKy MEPETHHY Ha MIACTaBIl €sy 1 MIMCHOT CHUITH
B pO3paxyHKOBIiH cericmiuHii cuTyairii, Ned.

2 JIns  KpPUBHM3HHM  TEKYYOCTI  JOMYCKAETHCS
HACTYITHE 3HAYCHHSI:
JUTSL IPSIMOKYTHUX MEePETHHIB!

(Dy = 2,1 Ssy/d
JUTSL KPYTJTHX TIEPETHHIB

djy = 2,4 Ssy/d

ne d npezcTaiisie pob0Yy BUCOTY MEPETHHY.

PospaxyHok, mpoBeneHuit Ha 0a3i 3HaA4eHHS EcJefr,
BUXOJSIYM 3 JIOIyCKaeMoro 3HaueHus MRrd, BUMarae
KOPEKTYBAaHHS TUIBKH B TOMY BUIAJIKY, SIKIIO KIHIIEBE
HE00X0/IMMOE 3HA4YCHHWE TPAHUYHOTO MOMEHTY, IO
BUTMHAE, MRd,req , 3HAYHO BUINEC HPUHUMAEMOTO
3HaueHus! MRgg. ko MRrd,req < MRd, KOpekTyBaHHS
MOJKE 3BECTHCS TUIBKH JI0 MHOXXEHHS TEpeMIllCHb,
OTPUMaHUX B XOJi TMEPIIOTO pO3PaxyHKy, Ha
BigHOIIEHHS MRd/MRd,req
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(C.3)
where:

v=1,20 is a correction coefficient reflecting the
stiffening effect of the uncracked part of the pier.

The curvature at yield @, may be determined as
follows:

(C.4)

ds is the depth of the section to the centre of the
tension reinforcement

ey Isthe yield strain of the reinforcement,
ey IS the compressive strain of concrete at yielding
of the tension reinforcement.

The value of % may be estimated by a section
analysis on the basis of % and the actual force in the
seismic design situation, NEq.

(2) The assumptions of the following value for
the yield curvature:

for rectangular sections:

(C.5)
for circular sections:

(C.6)
where d is the effective depth of the section, give in
general satisfactory approximation.

(3) The analysis performed on the basis of a
value of EcJerr based on an assumed value of Mgg
needs to be corrected only if the finally required value
of flexural capacity, Mra,req is significantly higher
than the assumed value Mrg. If MRrgsreq < MRa, the
correction may just entail multiplication of the
displacements resulting from the first analysis times
the ratio Mrd/MRd,req.



JTOJATOK D
(moBinKOBHiT)

IMPOCTOPOBA MIHJIUBICTbH
CEMCMIYHOI'O KOJJUBAHHSA I'PYHTY:
MOJEJIb 1 METOIU PO3PAXYHKY

D.1 Onuc moaeJi

(1) Mns ommcy mnpocTOpoBOi MIHJIMBOCTI, MOXKHA
BUKOPDHUCTOBYBATH  BEKTOpP  HYJIBOBUX  CEpEIHIX
BHITAJIKOBUX MPOIECIB. 3 JOIYCKOM CTaI[lOHAPHOCTI,
JaHUH  BEKTOpP BH3HAYAETHCS 32  JOTIOMOTOIO
CUMETPUYHOI MaTpulll N X N (yHKUIA CHEKTpalbHOI
T'YCTUHU TOTYXHOCTI:

np ACTY-H b EN 1998-2:201X

ANNEX D
(informative)

SPATIAL VARIABILITY OF EARTHQUAKE
GROUND MOTION:
MODEL AND METHODS OF ANALYSIS

D.1 Description of the model

(1) Spatial variability can be described by means of a
vector of zero-mean random processes. Under the
assumption of stationarity, this vector is fully defined
by means of its symmetric n x n matrix of auto- and
cross-power spectral density functions:

Gu(w) Gy(w) Gy, (@)
G, (w G, (o
G(CO) — 22( ) 2n( ) (Dl)
G,, ()
7€ N 03HaYa€e KUTbKICTh OTI0P. where n is the number of supports.
IIpu upomy KopucHo Oyae BBectd Hactymuy It is useful to introduce the following non-
0e3po3MipHy KOMILICKCHY QYHKIIIIO, sika HasuBaeThess  dimensional — complex-valued — function, called
KOT€PEHTHOIO (DYHKIII€IO: coherency function:
(@)= ) (D.2)
’ G; (G))ij (o) '

Ii 3nauenns oOmexyerbcss 0 1 1,0 1 Hamae Mmipy
BUMIPIOBAHHS JIIHIHHOT CTaTHCTHYHOI 3aJISKHOCTI
JIBOX IPOILIECIB HA OMopax i Ta | 3 BiacTaHHIO ij

(2) Hacrynna ¢gopma korepeHTHOI (PyHKIIIi 4acTo
cniBBiiHOCHUTHCH 3 [1][2]:

Vi (@) =7, (0)y , (@) y; 5 (@) = eXp{_ (avu)z} eXp{i ”} EXp[i 0; (a))]

ne:
Vs IIBUJIKICTh CIBUTOBBIX XBUIIb, & - TIOCTIiHA

Vapp TakK 3BaHa MIBUJKICTH XBHIIb, IO 3[A€THCSI

dij- Bigcrame Mibx omopamu i Ta j , cIpoeKTOBaHe
Y3JI0BX HAMpsMy PO3MOBCIOKECHHS XBHJIb

6ij( - dacTOTHO-3AIEKHMIT (Da3OBHIA KyT).

(3) Koedimientu yij,1(®), 7ij,2(®) and yij,3(o)
BIJIMIOBIZIAIOTh 332 BTPATy KOPEJAIIl BiJ3epKaTtOBaHb/

Its modulus is bounded by 0 and 1,0 and provides a
measure of the linear statistical dependence of the two
processes at the supports i and j, whose distance is dj.

(2) The following form of the coherency function is
frequently referred to [1][2]:

(D.3)

app

where:

Vs is the shear-wave velocity, a is a constant,

Vapp 1S the so-called apparent velocity of waves,

djt is the distance between supports i and j projected
along the direction of propagation of the waves, and

is a frequency-dependent phase angle.

(3) The factors yij,1(w), yij,2(®w) and yij,3(®) account
for the loss of correlation due to
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3aJJOMJICHb  PO3MOBCIO/DKEHHS ~ CEpPelOBHINA, 32
00MEXEHICTh IIBUAKOCTI PO3NOBCIO/KEHHS XBUJIb 1 1X
KyTa aTakd Ha TMOBEpPXHi, a TAaKOX 3a pi3HI YMOBH
ITPyHTY Ha JBOX ONOpax, BixnmosimgHo. Pi3Hi
XapakTepUCTUKH  TPYHTY Ha  JIBOX  OIoOpax
BPaxoOBYIOTBCSI B MOJENi; JJISI IIbOTO PO3TIISIAIOTHCS
IBa 3pa3ka TPYHTY, MPEACTaBIAOYI JBa TPoduIi
TPYHTY, 3 AI€I0 HAa HUX CTAI[lOHAPHOTO OUIOTO IIyMy 3
iHTeHCHBHICTIO Go.3pa3ku TPYHTY XapaKTePH3YHOThCS
¢ynkuismu nepepadi Hi(w) 1 Hj(w), BinnoBigHo, siKi
MOXXYTh 3a0€3MeunTH Oa’kaHWW 3MICT 1 IHTCHCHBHICTH
pPYXy Ha BepXHiii IOBEPXHi B TOYKAX i Ta |

Gii(w) = GO [Hi(w)?

(4)P CrnexktpanbHUi pO3MOAUT MIUTBHOCTI MOTYKHOCTI
Ha MaiIaHYMKy MOBUHEH Y3TO/UKYBATHUCS 13 CIIEKTPOM
npyxHux peakmii 3rimno EN 1998-1:2004, 3.2.2.2.

Mo>kHa TToKa3aTH TaKoXK, I0:

reflections/refractions in the propagation medium, for
the finiteness of the propagation velocity of the waves
and their angle of incidence at the surface and for the
different soil conditions at the two supports,
respectively. The difference of the soil properties at
two supports is taken into account in the model by
considering two soil columns representing the two
soil profiles acted upon at their base by a stationary
white noise of intensity Go. The soil columns are
characterised by transfer functions Hi(w) and Hj(w),
respectively, which are such as to provide the desired
spectral content and intensity of the motion at the
upper surface in locations i and j

(D.4)

(4)P The power density spectrum at the site shall be
consistent with the elastic response spectrum as given
in EN 1998-1: 2004, 3.2.2.2.

It can also be shown that:

Im[H, (0)H , (-)]

0;(w) =tan" {RelHi(a))Hj(—a))J} (D.5)

D.2 IMiaroroBka 3pa3kis

(1) Jms mpoBeneHHS CTPYKTYPHOTO pO3paxyHKY,
MOXJIHBO, Oyae  TOTpiOHO  3pa3Ku  BEKTOpa
BUIAIKOBUX IIPOIECIB, OMHC SKHUX TPUBOTUTHCS B
D.1. Insa uporo, marpuiito G(w) HEOOXITHO CIIOYATKY
PO3KIIaCTH:

G(w) = L(o)*

MDK Marpunero L(w) i TpaHCIIOHOBaHOI MaTpPHIICHO.
SIKIIO BHKOPHCTOBYETHCS PO3KIAJaHHS XOJEIKOTO,
L(w) Oyzae MEHIIO TPUKYTHOIO MaTPHIICIO.

3rigHo [3], NpUCKOPEHHS Ha OTOPi 1 JOPIBHIOE:

a,(t) = 22% L, (@) | /Ao cos|o,t -6, (@) + D ;|

j=1k=q

j=1 k=1
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D.2 Generation of samples

(1) For the purposes of structural analysis samples of
the vector of random processes described in D.1 may
need to be derived. To this end the matrix G(C) is first
decomposed into the product:

(D.6)
between matrix L(c) and the transpose of its complex
conjugate. If Cholesky decomposition is employed
L(c) is a lower triangular matrix.

According to [3] a sample of the acceleration motion

at the generic support i is obtained from the series

(D.7)



ae:

N 3arajgbHe YUCIO YacTOT Mk, B SIKE MPOBOJUTHCS
JAMCKpETH3allis 3HA4yo1 IupuHu 9acTtoT Lij(w);

Ao = oma/N, a xytd Dj(uis Oyab-iKoro j)
IPEJICTaBISIIOTh  HAOlp HE3aJNeKHUX BUIIAJKOBUX
3MiHHUX N, pIBHOMIPHO pPO3MOIUICHHX MDK HYJIEM i
2m.

3pasku, CTBOPEHI  3TIIHO upazy  (D.7),
XapaKTepU3yIOThCA OaKaHUM  3MICTOM  MICIEBHUX
4acTOT, a TAKOK MPUBJIACHEHUM CTYIIEHEM KOPEJISIIii.

D.3 Metoau po3paxyHky

D.3.1 3arajanHi moJioxeHHd

(1) Ha mincraBi D.1 i D.2 ommii, omuc sxux
npuBoauthess B D.3.2 - D34, mMoxyrs
BUKOPDHUCTOBYBATHCS  JUIA  BU3HAYEHHS  peaKIii

KOHCTPYKIIi Ha TPOCTOPOBI NEPEMILIEHHS TPYHTY, 110
3MIHIOIOThCSI.

D.3.2 Jliniiinumii
KOJIUBAHb

(1) Jlimiitauii po3paxyHOK BHITAJKOBUX KOJIHMBAaHb
NPOBOJUTHCS 3  BHUKOPHCTAHHSIM  MOJAJBHOTO
JOCTIIDKEHHS 4aCTOTHO-3AJICKHHX MaTpHIlb

MCPCHCCCHHSA i BBCACHH:, IIPEACTABIICHOT'O MAaTPUIICIO
G(w).

(2) Edexru npyxHOI aii TpUEMAIOTECS SIK CEpeaHi
3HAYEHHS PO3MOJILUTY BIpOTIAHOCTI BEJIMKOTO 3HAYCHHS
peakiii MpoTAroM TMepiony, WI0 Y3TOJKYEThCS 3
CEMCMIYHOIO TIOJIIEI0, IO BEJIE 0 YTBOPEHHS &g.

PO3pPaxyHKy  BHUIaJKOBHUX

(3) Po3paxyHKOBI 3Hau€HHS BH3HAYAIOTHCS 34
JOTIOMOTOI0  JTUIEHHS e(eKTiB MpyxHoi Jii Ha
BINOBIAHUN Koe]ilieHT poOOTH (; MpU LBOMY JIs
3a0€e31eueHHs [10IaTIUBOT peaxitii, JIOCUTH
JNOTPUMYBAaTH  TIpaBWiIa, SKi  NPUBOJATHCS B
00OB'SI3KOBIH YaCTUHI IILOTO CTaHIAPTY.

np ACTY-H b EN 1998-2:201X

where:

N is the total number of frequencies ck into which
the significant bandwidth of Lij(w) is discretised;

Aw® = omax/N, and the angles @ik are, for any j, a set
of N independent random variables uniformly
distributed between zero and 2x.

Samples generated according to Expression (D.7) are
characterised by the desired local frequency content
as well as the assigned degree of correlation.

D.3 Methods of analysis
D.3.1 General

(1) Bsed on D.1 and D.2, the options described in
D.3.2 to D.3.4 are available for determining the
structural response to spatially varying ground
motions.

D.3.2 Linear random vibration analysis

(1) A linear random vibration analysis is
performed, using either modal analysis of frequency-
dependent transfer matrices and input given by the
matrix G(w).

(2) The elastic action effects are assumed as the
mean values from the probability distribution of the
largest extreme value of the response for the duration
consistent with the seismic event underlying the
establishment of ag.

(3) The design values are determined by
dividing the elastic effects by the appropriate
behaviour factor g and ductile response is assured by
conformity to the relevant rules of the normative
part of this Standard.
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D.3.3 Po3paxyHOK IMHAMIKM 3MiH 3 BiANOBITHUMU
nepeMilieHHIMU

(1) JlinifiHuii po3paxyHOK IMHAMIKH 3MiH MOXeE
NPOBOJAMUTUCS 3 BHUKOPUCTAHHSIM  IE€PEMIlCHb-
3pasKiB, M0 TreHePYIOThCs 3rigHo D.2, mounHaroun i3

CIEKTPY PO3MOJUTY TOTY)KHOCTEH, BIAMOBITHUX
CIIEKTPY IPYKHOT peaKIlii Ha ormopax.

(2) Kinbkicts BUKOPHCTOBYBaHHX 3pa3KiB
MOBMHHA  3a0€3MeYWTH  BHUBEICHHS  CTIMKHX

pe3ybTaTIB ISl PO3PAXYHKY CEPEIHBOTO 3HAUCHHS
MakcuManbHUX peakuid. Edextn npyxHoi aii
NpUIMarOThCsl K  CEepelHl 3HA4YeHHsS  JaHOro
MakcuMyMy (IuB. Buile). Po3paxyHKOB1 3Hau€HHs
BU3HAYAIOThCA 3a JONOMOTIOI0 JIUIEHHA e(eKTIB
MpYXHOI A1l Ha BIANOBIIHUN KOeQilieHT poboTH ¢;
MpU [OMY JJIs1 3a0€3MeUYeHHs MOIATIMBOT PeaKIlii,
JOCUTh JOTPUMYBATH MpaBuJia, Kl IPUBOJATHCS B
000B'I3KOBII YaCTHHI ILOTO CTAaHAAPTY.

(3) HeniniitHuit po3paxyHOK TUHAMIKH 3MIiH MOKE
MPOBOJUTHCS 3  BUKOPHCTAHHSAM  IEPEMIICHb-
3pa3KiB, M0 TeHEPYIOThCs 3rigHo D.2, mounHaroun i3
CHEKTPY PO3MOAUTY TOTYXHOCTEH, BIIMOBITHUX
CHEKTpPY MpPYXKHOI peakiii Ha omopax. KiTbKicTh
BHUKOPHCTOBYBAaHUX 3pa3KiB TMOBHMHHA 3a0€3MEUNTH
BHUBEJCHHS CTIMKUX pPE3YyIbTaTIB I PO3PAXyHKY
CepeIHHOT0 3HAUYEHHSI MaKCUMaIbHUX PEaKIIii.

(4) PospaxynkoBi 3HaueHHS pe3ynbTary aii Ed
NpPUUMAIOTBCS K CEepelHi 3HA4YCHHS  JIaHOTO
MakcumMymy (ouB. Bumuid). ITlopiBHSHHS  MDK
pesynbrarom aii Ed i po3paxyHKOBHM OMOpOM Ry
moBUHHO TIpoBoauTHCs 3rimHo EN 1998-1:2004.
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D.3.3 Time history analysis with samples of
correlated motions

(1) Linear time-history analysis can be
performed using sample motions generated as
indicated in D.2, starting from power spectra
consistent with the elastic response spectra at the
supports.

(2)  The number of samples used should be such
as to yield stable estimates of the mean of the
maximum responses of interest. The elastic action
effects are assumed as the mean values of the above
maxima. The design values are determined by
dividing the elastic action effects by the appropriate
behaviour factor g and ductile response is assured by
conformity to the relevant rules of the normative
part of this Standard.

(3) Non-linear time-history analysis may be
performed using sample motions generated as
indicated in D.2 starting from power spectra
consistent with the elastic response spectra at the
supports. The number of samples used should be
such as to yield stable estimates of the mean of the
maximum responses of interest.

4) The design values of the action effects Eq are
assumed as the mean values of the above maxima.
The comparison between action effect Eq and design
resistance Rq is to be performed in accordance with
EN 1998-1:2004.



D.3.4 Cuoekrp peakunii
BBe/JeHHS

AJasi  6araTroonopHoOro

D.3.4.1 3arajbHi M0JI0KeHHS

(1) Pimenns peakuii mpyxHoi Aii KOHCTPYKIII 3
BBEJICHHSM 3HAY€Hb JJISI JICKUIBKOX OIOp B paMKax
CHEKTpy peakilii BuBeneHo B [4]. Tyr HaBomATbCS
Tinbku Aeski nani. IloBHa iHdopmaris HagaeThCs B

[4].

D.3.4.2 Jlinilina peakuisi Ha 6araToonopHe
BBe/JleHHS

(1) PiBHsAHHS nepeMilleHHs JUIsl TUCKpeTH3alliitHOl
JIHIAHOT CUCTEMH, 3 N-CTYNEHSIMH CBOOOIH, IO
3a3Ha€ il NepeMillleHHsI OMop M, MOXKHA 3alKucaTu B
HACTYITHOMY BUTJISIL

B MR ER N

X BEKTOp I CyMapHHUX MepeMilleHb 3 HEOOMEKEHUM
YHUCJIOM CTYNEHIB CBOOOIH;

U BEKTOp M 33aJjaHUX MEPEMIlICHb OIOPH;

M, C i K wmaca n x n, marpumi amopTu3amii i
KOPCTKOCTI, IO acCOINIOIOTHCS 3 HEOOMEKEHUM
YHUCJIOM CTYNEHEH CBOOO M, BIMOBIAHO;

Mg, Cg 1 Kg maca m x m, marpuii aMmopTu3aii i
YKOPCTKOCTI, IO aCOIIFOIOTHCS 3 CTYNEHSIMH CBOOOIM
OTIOp, BIATIOBIAHO;

Mg, Cc i Kc - marpuii crioy4ess N x m;

F Bektop M cun peakiii i3 cTyneHssMu cBoOOU OTIOP.

(2)3aranbHy peakiiiro MOXKHA PO3KIIACTH SIK:

x=x5+x¢

Ae X°, TaKk 3BaHWH ICEBIOCTATHYHUI KOMIIOHEHT,
npescTaisie BupimeHHs Bupasy (D.8) 6e3 enemenTiB
1Hep1ii 1 aMmopTH3arlii, T.4.:

x*=-K1K.u=Ru

np ACTY-H b EN 1998-2:201X

D.3.4 Response spectrum for multiple-support
input

D.3.4.1 General
(1) A solution for the elastic response of a structure
subjected to multiple support input in terms of

response spectra has been derived in [4]. An outline
Is given here. For complete information refer to [4].

D.3.4.2 Linear response to multiple-support input

(1) The equations of motion for a discretised, n-
degrees of freedom linear system subjected to m
support motions can be written as:

K Kefx| [0

K K| x] [F

X is the n-vector of the total displacements at the
unconstrained degrees of freedom;

(D.8)

u is the m-vector

displacements;

of prescribed support

M, C and K are the n x n mass, damping and stiffness
matrices associated with the unconstrained degrees of
freedom, respectively;

of freedom,

Mg, Cg i degrees

respectively;

Kg support

Mc, Cc and Kc are the n x m coupling matrices;

F is the m-vector of the reacting forces at the support
degrees of freedom.

(2)The total response is decomposed as:

(D.9)
where x° called pseudo-static component, is the
solution of expression (D.8) without the inertia and

damping terms, i.e.:

(D.10)
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Skmo miacraButu Bupasu (D.9) i (D.10) y Bupas
(D.8), moxna orpumaru audepeHliabHe PIBHSIHHS
JUIS JUHAMIYHOT CKJIaI0BOT:

Mx? +Cx? + Kx* = ~(MR + M )u

MICJIs BUJAJIEHHS BIAHOCHOI'O HE3HAYHOTO WiEHA

(CR + Cc) u.
3) Honyctum, mo @, o 1 §
MPEJICTaBISIOTh  MaTpPULI0  MOJAJIbHUX  (OpM,

MOJATBHBIX YacTOT 1 BIAMOBITHUX KOEPIIIIEHTIB
3aracaHHs (pIKCOBaHOI CTPYKTYpH. SIKIIO MiACTaBUTH
x4 =dy y Bupas (D.11), He3p's3aHe piBHAHHA HaOyIe
HAaCTYIIHUN BUIJIS:

Vi +250,y, + 0%y, = ZLIBkiUk ®

i=1,K,n

ne koeilieHT MoJanbHOT ydacTi Mae popmy:

/Bki

_ ¢|T (Mrk + Mcik)

Substituting expression (D.9) and (D.10) into

expression (D.8), the differential equation

for the dynamic component is obtained in the form:
(D.11)
after eliminating the comparatively negligible term

(3) Let @, wi and §ibe the matrix of modal shapes, the
modal frequencies and corresponding damping ratios
of the fixed base structure. Setting x¢ =dy in
Expression (D.11), the uncoupled modal equations
are obtained as:

(D.12)

where the modal participation factor has the form:

(D.13)

(”iT Mo,

fk - e K-ad KOJIOHKAa BenuuyMHH R, a ik - me k-a
KOJIOHKA OJAMHUYHOT MaTpHIl N X N.

4 PexomenyeThCs BHU3HAYUTH
HOpMaJli30BaHy MOJaJbHY peakiito Ski(t), sKka €
peaxilirto reHeparopa 3 OJHIEI0 CTYIIHHIO CBOOOH,
4acToTOI0 1 KoeddilieHTOM 3aracaHHs i-0r0 PeXUMY
3 Ji€r0 6a30BOro MpUCKOpeHHs U ki(t):

in which ry is the k-th column of R and i is the k-th
column of a n x n identity matrix.

(4) It is convenient to define a normalised modal
response ski(t), representing the response of a single-
degree-of-freedom oscillator with frequency and
damping ratio of the z'-th mode, and subjected to the
base acceleration  k(t):

S, + 25,5, +@°s,; = U, (t) (D.14)
OTtpumyemo: Clearly one has:
V0=, Basul®) (D.15)
(5) 3aranpHy BenumuuHy jgaHoi peakuii (Byznose (5) A generic response quantity of interest z(t)

NEepeMIIeHHs, 3yCHIISA 1 TaK Jajli)MOXKHO BHUpPa3UTH
SIK JTiHIHHY QYHKIIiI0 By3/10BOTO nepemimieHns X(t):

z(t) = qTx(t) = gT xs(t)+ xd (t)

d

Slkmo 3amicth X° 1 X MiICTaBUTH OTpUMaHi BUpasH,

MOKHa OTpUMaTu:
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(nodal displacement, internal force, etc) can be
expressed as a linear function of the nodal
displacement x(t):

(D.16)

Substituting for the expressions obtained for x* and x¢
one arrives at:



z(t) = Zm:akuk t)+ iibkiski )

k=1 i=1

y IKOMY:
ak () =q'rx
D.3.4.3 CnexTpaJibHe BUpPIilIeHHS peakuii

(1) BukopucToByoun 0a30BY TEOPIIO BHITAJKOBHX
KOJMBaHb pa3soM 3 mozemwmo (auB. D.1) mius pyxy
omopu U(t), craHmapTHe BIAXWICHHS BEIHYMHU
peakmii zZ(t) MoOXHA BH3HAYUTH OE3MOCEPEAHBHO B
OJMHHUIAX  CTAHAAPTHOTO  BIIXWJIEHHS  BXIiTHHX
nporieciB U(t) 1 HOpMaTi30BaHUX MOJAIBHHUX PEaKIlii
S(t), a TakoX B OJMHUIIX KOPEJSIil MDK BXITHUMH i
BUXIIHAMH BETHUMHAM.

(2) Hani, 3Baxar4d Ha BIiTHOIICHHS  MDK
CHEKTPaJIbHOIO  TYCTHHAa  TOTYXHOCTI  BXITHHX
nponecis, Gu(w)®, mami craHgapTHi BimxuneHHs i
KOpeJsIii, a TaKOXK BITHOIICHHS MDK CIIEKTPaJIbHOIO
IYCTUHOIO TOTYKHOCTI peakiii 1 CHeKTpy peaxiii,
MO)XHAa BHUBECTH HACTYIHUH BUpPa3 JIi CEPEeIHBOTO
3HAQYCHHS MAaKCHMaJIbHOI peakmii (To0To edekr
MPY>KHOT POOOTH)

bki = q"ifki

np ACTY-H b EN 1998-2:201X

(D.17)

in which:
(D.18)
D.3.4.3 Response spectrum solution

(1) Using basic random vibration theory in
conjunction with a model such as that described in
D.1 for the support motions u(t), the standard
deviation of the response quantity of interest z(t)
can be directly determined in terms of the standard
deviations of the input processes u(t) and of the
normalised modal responses s(t), as well as of the
correlation between input and output quantities.

(2) Further, by taking into account the
relationship between the power spectral densities of
the input processes, Gy u(CF, and the above standard
deviations and correlations, as well as the
relationships between power spectral density of the
response process and response spectrum, the
following expression is derived for the mean value
of the maximum response (i.e. the elastic action
effect)

m m n

k=1 I=1

ne Uk,max 1 Ulmax TPEACTaBISIOTh MaKCUMAaJIbHI
nepemimieHHs Ha omopax K i |, mo y3romkyroorses 3
BIIMOBIIHUM CIIEKTPOM MICIIEBOI MPY)KHOT i1 3TigaHe
EN 1998-1:2004, 3.2.2.4; Dk(wi& ) i Di(wi, &)
MPEJICTABJISAIOTh  3HAYCHHS  CIEKTPY  MPYKHUX
nepecMmenieHnii Ha omopax K i | mis dactor i
Koe(ilieHTIB  3aracaHHs JaHUX PEKHUMIB, IO

Y3TO/UKYIOTBCS 3 BIANOBITHUM CIIEKTPOM MICIEBO1
npyxHoi podoTu 3riqHo EN 1998-1:2004, 3.2.2.2.

Koedimientn KOpeJILii, MDK

3) Py, »
MakCUMaJbHUMH 3CyBaMU TPYHTY 1 Psisj, MDK

HOpMaJIi3OBaHI/IMI/I MOJaJIbHUMMH peaKL{iﬂMH, MOXHa
BHUPA3UTH SK:

5 Gu(w) mo3Hauae MOTYXHICTh CIIEKTPATBLHOI MATPHIL IPHCKOPEHHS HILTBHOCTI
3eMJISTHHX TIPOLECIB, S Ki ISl IPOCTOTO TH mo3Ha4aioThes B D.1 mpocto G(w)

n

H, = Zzakal Pu,u, Yk max U1 max +Zzzzbkiblj Pss, D, (®,,$)D, (a)j ’gj)

k=1 1=1 i=1 j=1

(D.19)

where Ukmax and uUimax are the peak ground
displacements at supports k and | consistent with the
respective local elastic response spectrum as given in
EN 1998-1:2004, 3.2.2.4; Dk(wi & ), and Di(wi &),
are the elastic displacement response spectra values at
supports k and | for frequencies and damping ratios of
the considered modes, consistent with the respective
local elastic response spectrum as given in

EN 1998-1:2004, 3.2.2.2.

(3) The correlation coefficients p,, , between peak

ground displacements, and psisj, between normalised
modal responses, are given by:

5 Gu(w) detones the power spectral densities matrix of the ground acceleration
prosses which, for simplicity of notation, is detoned in D.1 siply by G(®)
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1

GukGul

psks| =

o, = ,[Guku. (w)dw

[Hi(@)H,(~0)G,, (@)de

(D.20)

o’ = [|H/(@) G, (®)do

e Guwu (o) € Kl- Tepmom martpuili crekrpaibHOT
T'YCTHHU MOTY)KHOCTI TPOIECIB MepeMillleHHS TPYHTY
1 Ipo1IeCiB MPUCKOPEHHS B CIIBBIAHOIICHHI:

1

Guu = _4Guu (a))
(4]

Hi(w) e byHKITisT nepeaui YaCTOTH
HOPMaJIi30BaHOTO MOIAJILHOTO nepeMileHHs,
BHUpaXkeHa y popmi:
1
Hi(w) =

where Gukul (o) is the kl-term of the power spectral
densities matrix of the ground displacement
processes, related to the corresponding one for the
acceleration processes

Hi(w) is the frequency transfer function of the
normalised a modal displacement, given by:

(4) dns Toro, moO MPOBECTH OIIHKY IHTETpaliB y
Bupasi (D.20), cmnekTpadbHy TYCTHHY TOTY)KHOCTI
HEOOXIJTHO CITIBBITHECTH 13 CIEKTPOM pEaKIlii, SKAN
MpPEACTABISIE NaHl, HEOOXIMHI IS KOPHUCTyBada
naHoro — miaxoxy. HacTymHHMiT  BIZKOpPEKTOBaHUN
HaOMMKEHUH BUpa3, IO TPOXH BIAPIBHAETHCA BIf

BUpazy B [4], MoOxe BHKOPUCTOBYBATHCS IS
BCTAHOBJICHHsSI ~ BIJHOIICHHsS CHEKTPIB peakmii 1
MOTY>KHOCTI:

G (@) =0 (=2 ¢ %)[—D(;’é‘f )} >0

ne t - e TpUBAIICTb HEPYXOMOI YaCTUHH PYyXy
IPYHTY, fKa I[OBHMHHA IIOTO/DKEHO MHpUiimMatucs 3
CEMCMIYHOIO TOJII€10, 1110 BEJie 10 CTBOPEHHS dg.

(5) YV mnpakTHYHHX BHIIQJKaX, KOJH Pi3HI OMOpH
MalTh pI3HI TPYHTH B OCHOBI, 1€ JIOMIHYyE Haj
pELITO0 YMHHHMKIB, IO BeA€ J0 BTPATH KOPEIsALii.
YuciaoBi po3paxyHKU MOKa3ylOTh, 10 OOMIK TPETHOTO
qieHa Yij3(w) B KOTepeHTHIH (QyHKIIT Ma€e HEBEIMKHMA
BIUIMB Ha Pe3yJbTaTH 1 B alpoKCHMAallii HOTo MOXHa
OpPUHHATH PIBHUM Hymo. Buxoasum 3 gaHux
NPUITYLIEHb 1 IpUHMaOuy B PO3paxyHOK HAOIMKEHUH
XapakTep BKa3aHOI NpOLENypH CHEKTPY peaKilii,
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o +o° +i25ow

(D.21)

(4) In order to evaluate the integrals in Expression
(D.20) the power spectral densities should be related
to the response spectra that represent the information
supposed to be available to the user of the present
approach. The following approximate expression,
slightly adjusted from that proposed in [4], can be
used to relate response and power spectrum at any
station:

(D.22)

where t is the duration of the stationary part of the
ground motion to be taken consistently with the
seismic event underlying the establishment of ag.

(5) In practical cases, when local soil conditions
differ from one support to another, the effect of this
difference tends to dominate over the other two
phenomena generating loss of correlation. Numerical
analyses show in addition that the consideration of the
third term yij3(®) in the coherency function has small
influence on the results so that it can be, in
approximation, set to zero. Based on these
considerations and taking into account the



3HAYHUM  COPOIICHHSM  Oyne  BHKOPUCTaHHS
niaronanpHol Matpumi G(w), TOOTO MPOMOHYETHCS
PO3TIITHYTH KOHCTPYKIIIO, SK IO MiAJa€ThCs il
BEKTOpa HE3aJCKHUX MpoleciB pyxy rpyHry. [lpu
IIbOMY KOXEH TIPOIEC XapaKTEPU3YETbCS CBOEIO
BJIaCHOIO  (PYHKLIEIO  CHEKTPaJbHOI  TI'yCTHUHOIO
MOTYXHOCTL. BiamosimHo, Bupas (D.19) cnponryeTtsest
710 HACTYITHOTO BUTJISY:

np ACTY-H b EN 1998-2:201X

approximate character of the described response
spectrum procedure, a significant simplification is to
consider a diagonal matrix G(w), i.e. to consider the
structure as subjected to a vector of independent
ground motion processes, each one characterised by
its own power spectral density function.
Correspondingly, Expression (D.19) simplifies to:

M, = \/Zalfulf,max + zzzbkibkj pskiskj Dk (all’fl)Dl (a)jigj)

(D.23)
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JTOJATOK E
(moBinKOBHiT)

MOKJIMBI XAPAKTEPUCTUKHU
MATEPIAJIIB I JE®OPMAIIHI
BJACTHUBOCTI IVTACTUYHUX HIAPHIPIB
JIJISI HEJITHIMHOI'O PO3PAXYHKY

E.1 3araanHi mnoj1oxeHHs

np ACTY-H b EN 1998-2:201X

ANNEX E
(informative)

PROBABLE MATERIAL PROPERTIES AND
PLASTIC HINGE DEFORMATION
CAPACITIES FOR NON-LINEAR ANALYSES

E.1 General

(1) ¥ ubomy nonatky npuBojsthes pekomenganii mo (1) This Annex provides guidance for the selection of

BUOOPY MOMJIMBHX XapaKTepUCTHK MatepianiB, a the probable material
estimation of the deformation capacities of the plastic
hinges. Both are intended for use exclusively for non-
linear analyses in accordance with 4.2.4 and 4.2.5.

TaKOX II0 TMPOBEICHHIO OIIHKK JedopmaliiHoi
3MaTHOCTI MJIAacTMYHUX MmapHipiB. [ Ti, Ta 1HWI

MPU3HAYAIOTHCS  BHUKIIOYHO I HENIHIAHUX
po3paxyHkiB 3rijgHo 4.2.414.2.5.

E.2 XapakTepuctuku marepiaJjis

E.2.1 beron

(1) TMoBunHi BUKOPHCTOBYBATHCS cepenHi

3Ha4eHHs fem, Ecm 3rimpo EN 1992-1-1: 2004, TaGnuis
3.1.

(2) s GeroHy 3aiexHicTh Hampyra-aedopmaris
JUIsl  HEJIHIHHOTO po3paxyHKy 3romHa EN 1992-1-
1:2004, 3.1.5(1) moBHMHHE BHKOPHUCTOBYBATHCS i3
3HaYCHHAMHU Jedopmariii &1 1 €wl , BKa3aHUMHU B

properties and for the

E.2 Probable material properties

E.2.1 Concrete

(1) Mean values fem, Ecm in accordance with
EN 1992-1-1: 2004, Table 3.1 should be used.

(2) For unconfined concrete the stress-strain
relationship for non-linear analysis specified in
EN 1992-1-1:2004, 3.1.5(1), should be used, with
the values of strains ec1 and ecu1 as specified in Table

tabsuii 3.1 1bOro K CTaHAaAPTY. 3.1 of the same standard.

moxke  (3) For confined concrete the
procedure may be used, as an alternative to
EN 1992-1-1:2004, 3.1.9 (see Figure E.1):

(3 [Hnsa 00MEKYBaHOTO OeToHy
BUKOPHCTOBYBATUCSI ~ HACTYIIHA  MHpOIeaypa,  SK
anpTepHatuBa cranmapty EN 1992-1 -1:2004, 3.1.9
(muB. Pucynok E.1):

following

Y

Eeu,e

YMOBHI MoO3Ha4YeHHS Key

A — oOmexxyBanmii 6eToH; B - HeoOMexyBanwmii 6eton; A - Confined concrete B - Unconfined concrete
Pucynok E.1: 3anexuicte HanpyxeHHs-aedopmanis Figure E.1: Stress-strain relationship for confined
U1 00MeKYyBaHOT0 0eTOHYy concrete

IMPUMITKA ana momenb xapakrepuctuk s oomexysanoro NOTE This model of confined concrete properties is compatible
GeroHy cymicHa i3 3HauenHsmu @i Lp 3 Bupasy (E.18) ta (E.19) with the values for @&, and L, given in expressions (E.18) and
, BIJIMOBITHO (E.19) respectively.
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(a) HampyxeHHs O€TOHY Gc:

(a) Concreat stress:

UC _ Xr
jﬁcm,c r—1+ xr (EI)
ae: where:
x=—tc (E.2)
Ecl.c
ECI’H
f' =
E.. —E.. (E.3)
MO/TyJIb MPYXKHOCTI B TOYI[i TPAHMIII MIITHOCTI: secant modulus to ultimate strength:
E - fene (E.4)
Scl,c
IPaHMIISA MII[HOCTI ultimate strength:
fome = femPe (E.5)
| 2
Je=2254 1470478 _ =% _j 554 (E.6)
\‘ cm cm
nedopmaltist mpu TpaHMIll MIITHOCTI: strain at ultimate strength:
‘ fCHLC (E'7)

fe = 0,002{1 +5

(b)

0. NiiCHe 0OMEXYIOUe HaIpyKeHHS, 10 Ji€ B 000X
nornepevyHnx HampsiMax 2 1 3 (de = ge2 = 0e3). Jany
HaIrpyry MOKHa BU3HAYUTH HA OCHOBI KoedilieHTa
HETpsIMOi apMaTypu Pw, SK BKazaHo B 6.2.1.2 aGo
6.2.1.3, i MOXXJIUBOTO HAIPY)KEHHSI IUIACTUYHOI Teuii

Jlificna oOMexyroua Harpyra oe.

fym:
- Jlns xpyrioi kinbLieBoi apMaTypu abo criipaneii:

1

Oe = E P w.f ym
'Z[J'IH MMPSAMOKYTHUX 3aMKHYTUX XOMYTiB abo
CTAT'YBAHb:
Oc = OPyfym

1e a - 1e KoediieHT e()eKTUBHOCTI 0OMEKEHHS (IHB.
EN 1998-1:2004, 5.4.3.2.2)
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cm

|

(b)

o. IS the effective confining stress acting in both
transverse directions 2 and 3 (e = ge2 = 0e3). This
stress may be estimated on the basis of the ratio of
confining reinforcement pw, as defined in 6.2.1.2 or
6.2.1.3, and its probable yield stress fym as follows:

Effective confining stress oe:

- For circular hoops or spirals:

(E.8)

- For rectangular hoops or ties:

(E.9)

where a is the confinement effectiveness factor (see
EN 1998-1: 2004, 5.4.3.2.2)



Hius  omop, OOMEXEHHMX  3TiTHO  TpaBHIAM
KOHCTpyIOBaHHS 6.2.1 1 3 MiHIMaIbHUM pPO3MiIpOM
Pmin = 1,0 M, MOXHA ipuiiHATH 3HaYeHHs & = 1,0 .

[MPUMITKA Skmo mnpy BHKOPHCTaHHI OpPTOTOHAJIBHOI KiJIBLIEBOI
apMaTypy 3Ha4YEHHS B JIBOX MONIEPEYHNX HATIpsIMax HE PiBHI

pr * IOW3

TifiCHe 0OMEXYFOU€e HaIpyKEHHS MOYKHA OIIHUTH SIK

O, =

(© Kputnuna nedopmaris OeToHy mpH
PO3TATYBaHHI Ecu,c

O,

eZO-eS

Hana nedopmaltiis MOBUHHA BIANOBIIATH pyHHYBaHHIO
HENpsIMOTO KUIbILSL apMaTypH. SIKiio He oOymoOBIiieHE
1HIIIE, 1€ MOYKHA MPEACTaBUTH TAKUM YHHOM:

np ACTY-H b EN 1998-2:201X

For Dbridge piers confined in accordance with the
detailing rules of 6.2.1 and with a minimum
dimension bmin = 1,0 m, the value a = 1,0 may be
assumed.

NOTE If, in the case of orthogonal hoops, the values of pyin the
two transverse directions are not equal

the effective confining stress may be estimated as

(c)Kputnuna nedopmariiiss 6eTOHY IpHU PO3TIATYBaHHI

Ecu,c

This strain should correspond to the first fracture of
confining hoop reinforcement. Unless otherwise
substantiated, it may be assumed as follows:

1‘4/)5‘ ymg
Fone 0-004 fcm.c (E ' lo)
ne: where:
Ps = Pw I KPYraux cripaigei abo KimblieBoi Ps = Pw for circular spirals or hoops

apMaTypu
Ps = 2Pw IS KUIBIIEBOi apMaTypud OPTOTOHAIBHOI
dhopmu

€u = €um 1I€ CEpe/IHE 3HAYEHHS MOJOBXKEHHS CTaleBOi

apMaTypd Tpd MaKCUMaJIbHOMY 3ycWiuti  (IuB.
EN 1992-1-1:2004, 3.2.2.2).

E.2.2 Apmartypa
(1) 3a BigCyTHOCTI JaHUX, IO CTOCYIOTHCS CTall,

BUKOPHUCTOBYBAaHOI B paMKaX JaHOTO IPOEKTY,
3aCTOCOBYBATHUCS MOXKYTh HACTYITHI 3HAYCHHS:

115
fyk

Tw 129
J ik
&u = &uk

E.2.3 KoncrpykuiiiHa cTajab

(1) 3a BiICYTHOCTI AaHUX, IO CTOCYIOTHCS CTai, IO
BUKOPHUCTOBYETbCS B paMKaX JaHOTO TPOEKTY,
3aCTOCOBYBATHUCS MOXKYTh HACTYITHI 3HAYCHHS:

ps = 2pw for orthogonal hoops, and

&su = &um is the mean value of the reinforcement
steel  elongation at maximum force (see
EN 1992-1-1:2004, 3.2.2.2)

E.2.2 Reinforcement steel

(1) In the absence of relevant information on the
specific steel for the project, the following values
may be used:

(E.11)

(E.12)
(E.13)

E.2.3 Structural steel
(1) In the absence of relevant information on the

specific steel for the project, the following values
may be used:
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Iym 95
S
Jun _1 30
.fun

e fyn 1 fun TpeaCTaBIAIOTP HOPMATHUBHI 3HAYCHHS
TEKYYOCTI 1 MeXK1 MIITHOCT1 Ha PO3PHUB, BIAIIOBITHO.

E.3 3apionicrs
o0epTaHHs

IVIACTUYHUX  WIAPHIpiB 10

E.3.1 3araabHi moJioxeHHs

(1) 3Baramom, oOepranbHa 3[aTHICTH IUTACTHYHHUX
mapHipis,  Gpuy  (muB.  4.2.4.4(2)C) noBHHHA
OIIIHIOBATHCS ~ 3a  HaciigkaMu  J1abOpaTOPHUX
BUNpoOyBaHb 3rigHo 2.3.5.2(3), sKi MpOBOIUIUCS YIS
aHAJIOTTYHUX €JIEMEHTIB. e CTOCY€ETHCS
negopManiifHoi 34aTHOCTI PO3TSATHYTUX €JIEMEHTIB
abo MEXaHI3MIB IJIACTUYHOTO 3CyBY,
BUKOPHCTOBYBAaHUX B pO3KOCaX 3 KOHCTPYKIIHHOT
cTaJIi.

(2) J[lama CXOXICTh MOYE MIIXOAUTH IO HACTYITHHX
ACIIEKTIB €JIEMEHTIB, BKIIOYAIOUH:

- TEOMETPIIO CIIEMEHTIB

- IIBUJKICTh HaBAHTAKECHHS

- BIHOCHHM MDK JisIMH (3THHQJILHUM MOMEHTOM,
OCBHOBOIO CHJIOIO, TIONIEPEYHOIO CHIIOTO)

- KoH(irypariito apMarypu (TO3I0BXKHS 1 MOMEpeYHa
apMarypa, BKIIOYAalO4YH HENPsMY), BUKOPUCTOBYBaHY
JUTSI apMYBaHHSI 32113006 TOHHMX KOMITOHCHTIB

- MICIIEBUH TI0/I0BXKHIN 3THH 1/a00 3THH 3 MOMEPEYHOIO
CHJIOIO JIJISI CTAJIEBUX KOMITOHEHTIB.

(3) 3a BiacyrHOCTI crienudigHOT OOrPYHTOBAHOCTI 3

BUKOPUCTAaHHAM  JIMCHUX  JIaHUX, koedirieHT
3HIDKEHHS  Ykp 3  Bupasy (4.21) wmoxHa
BUKOPHUCTOBYBATH sIK ykp = 1,40.

E.3.2 3axizo0eTon

(1) 3a BIOCYTHOCTI BIANOBITHUX  PE3yJbTATIB

nabopaTopHuX BunpoOyBansb 3rigHo E.3.1, mnactuuna
oOepranbHa 3aTHICTb Opu, 13arajJbHUM KyT IOBOPOTY
0y TIACTUYHUX IIAPHIPIB (AMB. PUCYHOK 2.4) MOXKe
OLIIHIOBAaTHCSI Ha OCHOBI I'PaHUYHOI KpUBHU3HU Dy 1
JOBXXUHM TJIACTUYHOrO IIApHIpy Lp(aMB. pHUCYHOK
E.2):

G = Hy+ %,H
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(E.14)
(E.15)

where fyn and fyn are the nominal values of the yield
and ultimate tensile strength respectively.

E.3 Rotation capacity of plastic hinges

E.3.1 General

(1) In general the rotation capacity of plastic
hinges, 6pu (see 4.2.4.4(2)c) should be evaluated on
the basis of laboratory tests, satisfying the conditions
of 2.3.5.2(3), that have been carried out on similar
components. This applies for the deformation
capacities of tensile members or of plastic shear
mechanisms used in eccentric structural steel
bracings.

(2) The similarity mentioned above refers to the
following aspects of the components where relevant:
- geometry of the component

- loading rate

- ratios between action effects (bending moment,
axial force, shear)

-reinforcement  configuration (longitudinal and
transverse reinforcement, including confinement),
for reinforced concrete components

-local and/or shear buckling conditions for steel
components

(3) In the absence of specific justification based
on  actual data, the reduction factor
yp Of expression (4.21) may be assumed as
ykp = 1,40.

E.3.2 Reinforced concrete

(1) In the absence of appropriate laboratory test
results, as mentioned in E.3.1, the plastic rotation
capacity 6p,u, and the total chord rotation 6y of plastic
hinges (see Figure 2.4) may be estimated on the basis
of the ultimate curvature @, and the plastic hinge
length L, (see Figure E.2), as follows:

(E.16a)



Opa = (@, =D)L (1~

Ac:

L BimcraHb BiI KIHIIEBOTO IEPETHHY IUIACTUIHOTO
HIapHipa 10 TOYKH HYJIbOBOTO MOMEHTY B OTIODI;

@y KpUBHU3HA MPH TEKYYOCTI.

Pucynok E.2 ®y Ta @

Jlng  JTiHIMHOT 3MIHM 3THHAJIBHOTO MOMEHTY, KYT
MOBOPOTY fy MPU TEKYYOCTI BY MOXHA TPEICTABUTH
SK:

(2) 1@y, i @yHEOOXITHO BUBHAYUTH 32 JOIIOMOTOIO
pO3paxyHKy 3THHY TEpPEeTHHY IiJ  OCbOBUM
HaBaHTKCHHSM, BIIMOBITHUM PO3paxyHKOBII

ceiicMiuHiil kKoMOiHOBaHiM i (auB. Takok (4)). Skmro
£ 2 &ul, | BPAXOBYETHCS TUIBKH TIEPETHUH OOMEKEHOTO
OCTOHHOTO MEePETUHY.

(3) Ominka @y mMmoBHHHA MPOBOIAWTHUCSA 34
JOTIOMOTOF0  inmeanizamii aiicHoi miarpamu M-® Ha
OUTiHIMHY JiarpaMy piBHOT ILJIOIII 32 MEXKaMH MEepIIoi
TEKy4OCTi apMaTypH, SIK OKa3aHo Ha pucyHKy E.3.

np ACTY-H b EN 1998-2:201X

L
Py

2L (E.16b)

where:

L is the distance from the end section of the plastic
hinge to the point of zero moment in the pier

@y is the yield curvature

_______ -
Jo

Figure E.2: ®y and @y

For linear variation of the bending moment, the yield
rotation 6y may be assumed as:

(E.17)

(2) Both @, and @, should be determined by
means of a moment curvature analysis of the section
under the axial load corresponding to the design
seismic combination (see also (4)). When & = &1, only
the confined concrete core section should be taken
into an account.

(3) @y should be evaluated by idealising the
actual M-® diagram by a bilinear diagram of equal
area beyond the first yield of reinforcement, as shown
in Figure E.3

Py I

Y - TeKy4icTh NEPIIOr0 CTPUXKHS

Pucynok E.3: Busnauenusa @y

X
—»

Dy

Y - Yield of first bar

Figure E.3: Definition of @y
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(4) T'pannuna kpuBu3Ha Oy Ha ITUISHII TACTHYHOTO
[IapHipa eIeMeHTY TOBUHEH BU3HAYATHUCS SIK:

ne:

d poGouya BuCOTA EPETUHY;

& 1 & Hampyra apMatypu i OeTOHY, BiIIOBIIHO
(meratuBHa gAedopmallisi CTHCKYBaHHs), BHBEICHA
BUXOJAYM 3 TOro, 10 abo oaHe 3 HUX, ado o0HaBa
JOCSTIIN HACTYITHUX TPAHUYHUX 3HAUCHB:

- guuis  nedopmartii  CTUCKYBaHHST CBOOOHOTO
oerony (cm. EN 1992-1-1:2004, Tabnums 3.1)

-Ecuye, JUISL nedopmariii  CTUCKYBaHHST OOMEXEHOTO
oerony (muB. E.2.1(3)(c) a6o EN 1992-1-1: 2004,
3.1.9(2))

-Esu it neopMallii po3TATYBaHHS apMaTypu
(muB. E.2.1(3)(¢)).

(5) Ans nnacTUYHOTO HIapHipa y BepXHiid a00 HIKHIN
YacTHHI CTHKY OIOPU 3 TMPOJITHOIO OynoBoro abo
¢byHnamenToM (pocTBepk abo purenp nam) 3
MOJIOB)KHBOKD  apMaTyporo, IO Ma€ HOPMATUBHY
Hanpyry tekydocti fyx (y MIIa) 1 miameTp cTpuxKHS
dbL, mOBXHMHA Lp miacTHYHOTO IHIapHipa MOXe OyTH
BU3HAYCHA TAKMM YHHOM:

Lp = 0,10L + 0,015fdbe

Ie
L 1ie BiACTaHb Bijg MEPETUHY IUIACTUYHOTO MIApHIpa 10
MEPETUHY HYJIHOBOTO MOMEHTY B YMOBaxX CCHCMIYHOI

hisi®

(6) JlaHe BU3HAYEHHS IJIACTUYHOI OOEpTaIbHOL
3IaTHOCTI 3aCTOCOBYETHCS ISl ONOP 3 KOe]ilieHTOM

3CYyBY:

L
a,=—=30
d
Hinsa 1,0 <os< 3,0 mnactuyny o0epraibHy
YMHOXXHUTb Ha 3HIKYIOUHUN KOCPILIIEHT:
—
q la,
Ma )= \.‘I 3
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(4)  The ultimate curvature @y at the plastic hinge
of the member should be taken as:

(E.18)

where

d is the effective section depth

g and &c are the reinforcement and concrete strains
respectively (compressive strains negative), derived
from the condition that either of the two or both have
reached the following ultimate values:

- Ecul for the compression strain of
unconfined concrete (see EN 1992-1-1:2004,
Table 3.1)

- Ecusc for the compression strain of confined

concrete (see E.2.1(3)(c) or EN 1992-1-1: 2004,
3.1.9(2))

- &su for the tensile strain of reinforcement
(see E.2.1(3)(c))

(5) For a plastic hinge occurring at the top or the
bottom junction of a pier with the deck or the
foundation body (footing or pile cap), with
longitudinal reinforcement of characteristic yield
stress fyk (in MPa) and bar diameter du, the plastic
hinge length L, may be assumed as follows:

(E.19)

where
L is the distance from the plastic hinge section to the
section of zero moment, under the seismic action.

(6) The above estimation of the plastic rotation
capacity is valid for piers with  shear
span ratio

(E.20)

For 1,0 < 0s < 3,0 the plastic rotation capacity should
be multiplied by the reduction factor

(E.21)



JTOJATOK F
(moBimKOBHiT)

JIOJJAHA MACA BOJIU, 11O 3AJTYUACTHCH,
JIJIS1 OTIOP, PO3TAILIOBAHMX HUKYE 3A
PIBEHH BOJH

(1)3aranbHa Maca 3aHypeHOi y BOJAY OIOpPU B
TOPU30HTAIIBHOMY HAIpsAMKY MOXe Oytu
IPE/ACTaBICHA K CyMa, IO CKIAJA€ThCs 3 HACTYITHUX
CKJIQ/IOBHIX:

- nificHa Maca ornopu (0e3 IOMYyCKy Ha TJIaBy4iCTh);

-Maca BOAM, fAKa MOIJIa IIOTPAllUTU BCEPEAUHY
IIOPOKHUCTOI OTIOPY;

- J0JJaHa Maca Ma 30BHIIIHBOT 30CEPEKEHOT
BOJIM HAa OJIMHUIIO JIOBJKWHU 3aHYPEHOI OIIOPH.

2 JUis  omop KpYrJoro IOIEPEeYHOTro
MEePEeTHHY 3 paziycoM R, My MOXHA MpUNAMATH SIK:

Ma =p7TR2
1€ p 11€ MIUTbHICTh BOJIH.
3) Jlns omop 3 ENNTHYHUM TEPETHHOM
(muB.pucynox Fl) 3 ocamm 2ax 1 23 1

TOPU30HTAIBHOIO CEMCMIYHOIO i€l Tig KyToM 6 1o
0Cl1 X MEePETHUHY, Ma MOKHO MPUHHATH SIK:

2 .2 2 -2,
My = PT (ay cos™ 6+ ax sin"6)

+—
£ -
8“‘_’—"'
Pucynok F.1: BusnaueHHs po3MmipiB omopu

SIINTUYHOTO NEepeTURyYy

(4) Ans onop MpSAMOKYTHOTO NEPETUHY 3 PO3MIpaMu
2ax Ha 2ay B yMOBax CeMCMIYHOI Aii y HanpsAMi X (IMB.
pucyHok F.2), m; MOKHA BU3HAYUTH SIK:

2
my = kpnay

np ACTY-H b EN 1998-2:201X

ANNEX F
(informative)

ADDED MASS OF ENTRAINED WATER FOR
IMMERSED PIERS

(1)Unless otherwise substantiated by calculation, the
total effective mass in a horizontal direction of an
immersed pier should be assumed equal to the sum
of:

- the actual mass of the pier (without allowance for
buoyancy);

- the mass of water possibly enclosed within the
pier (for hollow piers);

- the added mass m, of externally entrained water
per unit length of immersed pier.

(2) For piers of circular cross-section of radius
R, ma may be estimated as:

(F.1)
where p is the water density.
(3) For piers of elliptical section (see Figure F1)
with axes 2ax and 2ay andhorizontal seismic action at
an angle 0 to the x-axis of the section, ma may be

estimated as:

(F.2)

:

A
Figure F.1: Definition of dimensions of elliptical pier
section

(4) For piers of rectangular section with dimensions
2ax by 2ay and for earthquake action in the x-direction
(see Figure F.2), ma may be estimated as:

(F.3)
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e 3HaueHHs K 10  y3sTOrO

3 tabmuui F.1

(momycKaeThCs JTIHIMHA IHTEPITOISAILIS).

Pucynok F.2:: BwusnaueHHs
MPSIMOKYTHOTO TIEPETHHY

mawhere the value of k is taken from Table F.1(linear
interpolation is permitted).

ot

2a,

G

po3MipiB  omopu

Tabmmus P.1 - 3anexuicty koedinieHTa noaaHoi
Macu onopu nNpsiMoKyTHoi ¢opmu Big koedinienra

¢dopmMu momepeyHOro nmepeTuHy
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Figure F.2: Definition of dimensions of
IpSIMOKYTHOTO pier section

Table F.1 Dependence of added mass coefficient of
rectangular piers on cross-sectional aspect ratio

Avi| Ax K
0,1 2,23
0,2 1,98
0,5 1,70
1,0 1,51
2,0 1,36
5,0 1,21
10,0 1,14
0 1,00




JOJIATOK G
(0o60B's13K0BHIA)

PO3PAXYHOK JOIIYCTUMUX
HABAHTAKEHD

G.1 3araJjbHi M0JIOKEHHS

(1)P 3aranom, HacTymHa mpoueaypa 3aCTOCOBYETHCA
OKpEMO JUIsi KOXKHOTO 3 JIBOX TOPU30HTAIBHUX

KOMIIOHEHTIB  pO3paxyHKOBOi cedicMiuHOl mii 13
3HaKamu + abo -:

(2)P Cranis 1:

Bu3HayeHHs TpaHWYHOTO 3TUHAIBHOTO MOMEHTY
Mgrgh mepeTuHiB  nepeAadadyBaHUX — IUIACTUYHHMX
HIapHIpIB, BIMIOBIIHOTO BUOpPaHOTO

TOPU30HTAIRHOMY HampsMy ceiicmiunol mii (Ag) 3
MeBHUM 3HaKoM (+ abo -). 3HaueHHI MOMEHTY
MOBUHHE TPYHTYBAaTHUCA Ha [IMCHUX po3Mipax
MOTMEPEYHNX TMEPETHHIB 1 KUIBKOCTI TMOJOBXHBOT
apmatypu. [Ipu mpoBeneHHI po3paxyHKIB HEOOXiTHO
BpaxoByBaTH [lif0 OChOBOI CHJIM 1, MOXJIHMBO,
3TUHAJIBHOIO MOMEHTY, B OPTOTOHAJIbHOMY HampsiMi;
JaHl 3HA4eHHS MOXKHAa Yy34TH 3  PO3PaXyHKY
CeHCMIYHOT cUTYyallii 3rijHo Bupasy (5.4) B 5.5.

(3)P Cranis 2:

Po3paxyHok 3MiHM TOBEmMIHKH AA:. TIACTUYHOTO
MEXaHI3My, BIAMOBIAHOTO 30UIBIIEHHIO MOMEHTIB
macTHYHUX mapHipiB  (4AMp), Bim (a) 3HaYeHb
nocriiinoi xii (Mg,h) 10 (D) MOMEHTIB HaaMIIIHOCTI
MIEPETUHIB.

—L’I'[h =X oﬂfRd.h — M G.h

1e: Yo KOe(IIEHT HAAMIITHOCTI, BKa3aHu# B 11.5.3.

(4) BB 4A4. MOXXHa BHM3HAUUTH, B IJIOMY, 3a
yMoBaMmu piBHOBaru. [Ipu oMy J0MYyCKAa€THCS TAKOXK
B PO3YMHHX MEXaxX ampoKCHUMaIllii BiTHOCHO
CYMICHOCTI JiehopMarii.

(5)P Cranis 3:

s BHU3HAYCHHS KIHIIEBOTO JOTYCTUMOTO
HaBaHTaXeHHS  Ac, 3MiHy  Aac  HEoOXiaHO
MiZICYMOBYBATHU 3 MOCTIMHUM HaBaHTA)KEHHSIM AB.

Ac=Act AAc

np ACTY-H b EN 1998-2:201X

ANNEX G
(normative)

CALCULATION OF CAPACITY DESIGN
EFFECTS

G.1 General procedure

(1)P The following procedure shall be applied in
general, separately for each of the two horizontal
components of the design seismic action with signs +
or -:

(2P Step 1:

Calculation of the design flexural strengths Mgg;n Of
the sections of the intended plastic hinges,
corresponding to the selected horizontal direction of
the seismic action (Ag) with the sign considered (+ or
-). The strengths shall be based on the actual
dimensions of the cross-sections and the final amount
of longitudinal reinforcement. The calculation shall
consider the interaction with the axial force and
possibly with the bending moment in the orthogonal
direction, both resulting from the analysis in the
design seismic situation of expression (5.4) of 5.5.

(3)P Step 2:

Calculation of the change of action effects 44. of the
plastic mechanism, corresponding to the increase of
the moments of the plastic hinges (4My), from (a) the
values due to the permanent actions (Mg,n) to (b) the
overstrength moments of the sections.

(G.1)
where v, is the overstrength factor specified in 5.3.

(4) The effects 44. may in general be estimated from
equilibrium conditions, while reasonable
approximations regarding the compatibility of
deformations are acceptable.

(5)P Step 3:

The final capacity design effects Ac shall be obtained
by superimposing the change Aac to the permanent
action effects AG

(G.2)

157



mp ACTY-H b EN 1998-2:201X

G.2 Copomenns

(@8] JloTyCKaIOThCsL CIPOIIEHHS 3arajibHOT
POIEIyPH, ONUC K0T puBoauThCs B G.1, 3a yMOBH,
110 BUKOHYIOThCS BMoTH G.1(4).

2 SAxmno 3TUHATBHUN MOMEHT,
BHUKJIMKAHHUH IMOCTIHHOIO €0 TIACTHYHOTO IIAPHIpa,
30BCIM MaJIUi MOPIBHSHO 3 MOMEHTOM HAJMIIHOCTI
nepetudy (Me:h << y0MRrd,n), cTamiro 2 B maparpadi
G.1(3)P MoxHA 3aMIHHTH TPSMOIO OILIHKOIO BILTHUBY
AA:. wna migcraBi edexkty Ae po3paxyHKOBOIi
cericmiunoi nmii. 3a3Buuaii e Ma€ Miclle B
MOTMIEPEYHOMY HampsiMi omop abo B 000X HampsiMax,
KOJIM OTIOPH MAaIOTh IIapHIpHE 3'€THAHHS 3 MPOJIITHOIO
OymoBoro. Y TakMX BHIIAQJAKaX PO3paxyHKOBa
MoMepevyHa Cuiia B ONOpI «i» MOXKHA BHU3HAYUTH
HACTYITHUM CIOCOOOM:

Vei= AV =

a BIUIUB PO3PAXyHKOBOI MOTYXHOCTI Ha TMPOJITHOL
OyJI0BY 1 HA OTIOPH MO’KHA BU3HAYUTH 3 BITHOIIICHHS:
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:"oijd.h._I
Mg,

G.2 Simplifications

(1) Simplifications of the general procedure
specified in G.1 are allowed, as long as G.1(4) is
satisfied.

(2) When the bending moment due to the
permanent actions at the plastic hinge is negligible
compared to the moment overstrength of the section
(Mgh << 7yMgrg,n), Step 2 in G.1(3)P may be
replaced by a direct estimation of the effects AA.
from the effects Ae of the design seismic action.
This is usually the case in the transverse direction of
the piers, or in both directions when the piers are
hinged to the deck. In such cases the capacity design
shear of pier "i"" may be estimated as follows:

Ve G.3

and the capacity design effects on the deck and on the
abutments may be estimated from the relationship:

G4



JTOAATOK H
(moBimKOBHiT)

CTATUYHUU HEJIHIMHUU PO3PAXYHOK
(PO3PAXYHOK IO HECYYIH 3JIATHOCTI)

H.1 Hanpsimkm aHamnidy, KOHTpPOJbHA TO4YKa i
IUIAHOBAHI NepeMillleHHs

1) Hemniniitamii CTaTUCTHYHHIH
pPO3paxyHOK, OIHC SKOTO TNpuUBOAMTHCS B 4.2.5,
MOBUHEH  MPOBOJUTUCS B  JIBOX  HACTYINHHUX

TOPU30HTAJIBHUX HaIlpAMax:

- y TOJIOBXHBOMY HampsiMi X, BU3HAUEHOMY
LEHTPaMHU JIBOX KpaWHIX MEepeTHHIB MPOITHOI
OynoBu;
- y [ONEpeyHOMY HampsiMi y, IO
PO3IIIAIA€ThCA K OPTOTOHANBHE II0A0 MOJIOBXHBOTO
Hanpsmy.

(2) 3a KOHTPOJBHY TOUYKY OepeTbCs IEHTP Mac
nehopMOBaHOI MPOTITHOT OyTOBH.

(3) CrarucTuyHHMil HETIHIHHUN PO3PAXYHOK 3TiTHO
4.2.5 TOBMHEH TMPOBOJUTHUCSI B KOXHOMY 3 JBOX
TOPU3OHTAIBHUX HAIMpsMax X 1y JI0 THUX ITip, TIOKH HE
OynyTh  JOCSATHYTI  TUIAHOBaHI  TIEPEMIIICHHS
KOHTPOJIBHOT TOYKH:

- y Hanpsmi X (TOJOBXXHBOMY):

drx= dex
- y HampsmMi y (TONepeaHoMYy):

dry = dey

ae:
dex  mepeMilieHHs y HampsMi X IEHTPY Macu
ne(opMOBaHOTO HACTHITY, BU3SHAYCHE 3a JOTIOMOTOIO
€KBIBaJICHTHOTO JTHIHHOTO 0araTopeKMMHOTO
CHEeKTpadbHOrO po3paxyHky (3rimno 4.2.1.3) 3a
ymoBH, mo ( = 1,0 3Baxaroum Ha Ex "+" 0,3Ey.
CrniekTpallbHUI PO3paxyHOK MOBHUHEH MPOBOIUTHCS 3
BUKOPUCTAHHSIM (PaKTUYHOI >KOPCTKOCTI MOJATIUBUX
ereMeHTiB 3rigHo 2.3.6.1.

dey mepemilmieHHS B HampsMi y Ii€i XK TOYKH,
po3paxoBaHe aHaJIOTT4HO JE,y (IUB. BHIIHIA).

np ACTY-H b EN 1998-2:201X

ANNEX H
(informative)

STATIC NON-LINEAR ANALYSIS
(PUSHOVER)

H.1  Analysis directions, reference point and
target displacements

(1) The non-linear static analysis specified in 4.2.5
should be carried out in the following two horizontal
directions:

- the longitudinal direction x, as defined by the
centres of the two end-sections of the deck.

- the transverse direction y, that should be assumed
to be orthogonal to the longitudinal direction.

(2)  The reference point should be the centre of
mass of the deformed deck.

(3) In each of the two horizontal directions x and
y, defined in (1) above, a static non-linear analysis in
accordance with 4.2.5 should be carried out, until the
following target displacements of the reference point
are reached:

- in x-direction (longitudinal):

(H.1)
- iny-direction: (transverse) :

(H.2)

where:

dex is the displacement in the x-direction, at the
centre of mass of the deformed deck, resulting from
equivalent linear multi-mode spectrum analysis (in
accordance with 4.2.1.3) assuming g = 1,0 due to
Ex "+" 0,3Ey. The spectrum analysis should be carried
out using effective stiffness of ductile members as
specified in 2.3.6.1.

dey is the displacement in y-direction at the same
point calculated similarly to de ,yabove.
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H.2 Po3noaijt HaBaHTAKeHHHA

(1) Ipupict ropuzonTansHOrO HaBaHTaXxeHHS AFij(3a
YMOBH, 110 BOHM BIUIMBAIOTh Ha 30CEPEIKEHY Macy
Mi y HampsMi JOCTIKYBAaHOTO HAmpsMy Ha KOXKHIH
CTajii HABAaHTAXXCHHS |) MOBHHHI PO3IIISAATHCS SIK
piBHI HACTYITHIM BEJTMYMHAM:

AFi;=Aaq g MG

ne:
A - IPUPICT TOPU3OHTAIBHOI CHIIU, IPUBEAEHOL

1o Baru gM, mpukiaaeHe Ha CTail |

- koedilieHT (QOpMHM, IO BH3HAYAE PO3MOJLI
HABaHTAKEHHS y3J[0BX KOHCTPYKIIII.

(2) Sxmo Hemae kpamoro HaOIMKEHHS, HEOOXiTHO
JOCTIIKYBaTH J1Ba HACTYITHI PO3MOIUIH:

a) MOCTIHE y3/I0BX MPOJIITHOI OyHIOBH, i€
JUIs TIPOJIITHOT OYA0BH

ne:
Zj BUCOTa TOYKH 1 HaJl GyHITaMEHTOM OKPEMOi OTIOpH

Zp - 3arajbpHa BHCOTa oropu P (BimcTaHb Big 3eMili 10
LEHTPaAIBHOI JIiHIT TPOJIITHOT OY10BH).

b) npomnopitiiiHe (opMi IEPIIOTo PEXKUMY, 1
Si NpoMopIliiHa ~ KOMIIOHEHTY B JaHOMY
TOPU30HTAIEHOMY Harnpsami MOJIAJIBHOTO

MEePEMIIIEHHS B TOYIl | MEPIIOro PEKUMY B LIOMY 3K
HampsMKy. Pexum 3 HalOulbliuM KoedillieHTOM
y4acTi B IaHOMY HampsiMi TIOBHHEH PO3TJISJATUCS SIK
nepmud pekuM B JaHOMYy HampsiMi. s omop, sk
aNbTepHATHBAa, MOKE€ BUKOPHUCTOBYBATHCS HACTyITHE
HAOIMKEHHS:

ne (tp TPEICTABIISAE€ 3HAYCHHS { BIAMOBIIHE CTHUKY,
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H.2 Load distribution

(1) The horizontal load increments AFi; assumed
acting on Ilumped mass M; in the direction
investigated, at each loading step j, should be taken as
equal to:

(H.3)

where:

A a is the horizontal force increment,
normalized to the weight gM;, applied in step j, and

G is a shape factor
distribution along the structure.

defining the load

(2) Unless a better approximation is used, both of the
following distributions should be investigated:

a) constant along the deck, where for the deck

(H.4)
and for the piers connected to the deck

(H.5)

where

zi is the height of point i above the foundation of the
individual pier and

zr is the total height of pier P (distance from the
ground to the centre line of the deck).

b) proportional to the first mode shape, where

S is proportional to the component, in the considered
horizontal direction, of the modal displacement at
point i, of the first mode, in the same direction. The
mode with the largest participation factor in the
considered direction, should be taken as first mode in
this direction. Especially for the piers, the following
approximation may be used alternatively

(H.6)

where (rp IS the value of { corresponding to the joint



IO CIIOJIY4ae MPOIITHY OyA0BY 3 onoporo P.
H.3 domycTumi gedpopmanii

(1) [Homycrumi pedopmariii Ha AUISHII KOXKHOTO
IUTACTUYHOTO IIApHIpa TOBHHHI MEpeBIpATHCS 3
BUKOpUCTaHHSIM Bupasy (4.20), ne Oeq mpencrasisie
MaKCHMAJIbHUI KyT MOBOPOTY XOPIH HPHU TOCATHEHHI
3aIuIaHOBaHOTO nepemimenns (aus. 4.2.4.4(2)c).

(2) 3aranpHe nepeMilleHHs B KO)KHOMY HaIpsiMi Ha
nepurid  cranii HaBaHTaXEGHHS, KOJM JIBI CTOPOHHU
Bupazy (4.20) craroTh pIBHUMH i OyAb-sSKOTO
IUIACTUYHOTO IIAapHIpa, BU3HAYAE PO3PaXyHKOBUI
ITPaHUYHUI CTaH TepeMilleHHs MocTa. Skmo B
JAHOMY CTaHI TIEPEeMIMICHHS KOHTPOJBHOI TOYKH
ONMHUTHCS MEHIIE IUIAHOBAHOTO TMEpPEMIIIEHHS Y
BIINIOBIIHOMY HaIlpsiMi, TPOBEIEHUN pO3paxyHOK
BB@)KAaTUMEThCS 3a HE3aJ0BUIBHHMI 1 Horo morTpiOHO
Oyze BiIKOperyBaTH.

[MTPUMITKA 1 306inblieHHs MO310BKHBOI apMaTypy KPUTHYHUX
NEPEeTUHIB IUIACTHYHUX IIAPHIPIB, B MEXaX TEXHOJOTIYHOCTI,
Be/le JI0 BIANOBIJHOrO MiJBHIICHHS e(eKTHBHOI >KOPCTKOCTI
NOAATIMBHX ejdeMeHTiB (3rigHo 2.3.6.1) i, 3rogom, [0
3MEHILICHHSI 3aryIanoBaHoro nepemimenns 3rigHo H.1(3) i Bumor
nedopmariii feq 3riqao H.3(1). 30inblieHHs: po3MipiB MepeTHHIB
MOAATIIMBUX €JIEMEHTIB Bele 10 3HIKEHHsS JedopMaiiiHux
notpe0 i 10 301IbIIeHHS TeopMalliiHUX 31aTHOCT] €JIEMEHTIB.

[NPUMITKA 2 Ilpouenypa TpPOEKTyBaHHA IONATIUBUX
€NIEMEHTIB B I[bOMY IUIaHI mependadae MepeBipKy TLIbKU
nedopmariii/mepeminieHHs (mepeBipka MIIHOCTI He MOTpiOHA).
Ilpu upoMy mepeBipKka HEIUIACTUYHOrO pYHHYBaHHsS (3pi3)
NOJATJIMBUX 1 HEMONATIMBHX €IEMEHTIB IPOBOAMUTHCSA Uepe3
nepeBipKy MilHOCTI 3rigHo 4.2.4.4(2)(e).

(3) Y nonoBXHHOMY HampsiMi MPSMOJIIHIHHUX MOCTIB
MEPEMIIIeHHs BCIX BEPXHIX YaCTHH OTIOP, CHOJIYYCHUX
3 TPOJIITHOIW OyIOBOIO, BUSBISIIOTHCS MPAKTUYHO
PIBHUMH MEPEMIIIICHHIO KOHTPOJILHOT TOYKH. B 1mbomy
BUMAAKy  JedopMaliiiHi  MOTpeOu  MIACTHYHUX
IapHIpiB  MOXKHA  OIIHUTH  OE3MOCEePEAHBO  TI0
TUTAHOBAHOMY TIEPEMIILICHHIO.

H.4 ITepeBipka npoJsiTHol OynoBu

(1) HeoOximHO mepeBIpUTH 1 HEPEKOHATHCS, LIO
TEKyJiCTb B KOHCTPYKIISIX MpPOJITHOI OyaoBH B
pamkax 5.6.3.6(2) i 5.6.3.6(3) He BimOyBaeThcs 10
JOCATHEHHS  IUIAHOBAHOTO  MepeMillleHHs  (IMB.
4.2.4.4(2)d).
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connecting the deck and pier P.
H.3 Deformation demands

(1) Deformation demands at each plastic hinge
should be verified using expression (4.20) where Ggq
denotes the maximum chord rotation demands, when
the target displacement is reached (see 4.2.4.4(2)c).

(2) In each direction, the total deformation at the
first loading step when the two sides of expression
(4.20) become equal at any plastic hinge, defines the
design ultimate deformation state of the bridge. If, at
this state, the displacement of the reference point is
less than the target displacement in the relevant
direction, the design should be considered
unsatisfactory and should be modified.

NOTE 1: Increasing the longitudinal reinforcement of the
critical plastic hinge sections, within the limits of
constructability, leads primarily to a corresponding increase of
the effective stiffness of the ductile members (in accordance
with 2.3.6.1) and consequently to a reduction of the target
displacement in accordance with H.1(3), and of the deformation
demands deq of H.3(1). In general increasing the dimensions of
the sections of the ductile members leads to a reduction of the
deformation demands, as well as to an increase in the
deformation capacities of the members.

NOTE 2: A design procedure of the ductile members along these
lines involves only deformation/displacement verifications (no
strength  verifications).  However,  non-ductile  failure
verifications (shear) of both the ductile and non-ductile members
are carried out through strength verifications, in accordance with
4.2.4.4(2)(e).

(3) In the longitudinal direction of an essentially
straight bridge, the displacements of all pier heads
connected to the deck are practically equal to the
displacement of the reference point. In this case the
deformation demands of the plastic hinges can be
assessed directly from the target displacement.

H.4 Deck verification
(1) It should be verified that no significant
yielding, in accordance with 5.6.3.6(2) and

5.6.3.6(3), occurs in the deck before the target
displacement is reached (see 4.2.4.4(2)d).
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(2) Cain yHukaTH BiIpUBY BCIX ONOPHHX YacCTUH
ONHI€T 1 Ti€l X OMOpPH O AOCATHEHHS IITHOBOTO
3cyBy. JlOMyCKaeThcsl BIIPUB TUIBKA  OKPEMHX
OTIOPHUX YACTHH OJHIET 1 Ti€l X ONOpPH Mepen
JNOCSATHEHHSIM IUIbOBOTO 3CYBY, SKIIO II€ HE HAaJae
IIKIZJTMBO1 /i1 Ha caMi OTIOPHI YaCTHUHHU.

H.5 IlepeBipka pe:kuMiB HEMJIACTUYHOI' 0
PYHHYBaHHS i TPYHTY OCHOBH

(1) Bci enemMenT HEOOXiqHO MEPEBIPUTH HA MIIHICTh
10 HEIUIACTHYHUX pYHHYBaHb (3pi3y) 3TimHO
4.2.4.4(2) e; mis UBOrO MOXHAa BHKOPHUCTOBYBATH
pO3MoALT CHII, BIAMIOBIIHUMI IJTAHOBAaHOMY
MEPEMILLIEHHIO, SIK PO3PaXyHKOBY JIIO.
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(2) Up-lift of all bearings at the same support,
before the target displacement is reached, should be
avoided. Up-lift of individual bearings of the same
support, before the target displacement is reached, is
acceptable, if it has no detrimental effect on the
bearings.

H.5 Verification of non-ductile failure modes and
of the foundation soil

(1) All members should be verified against non-
ductile failure modes (shear), in accordance with
4.2.4.4(2)e, using the force distribution corresponding
to the target displacement as design actions. The same
applies for the verification of the foundation soil.



JTOJIATOK J
(0o60B's13K0BHIA)

3MIHA NTPOEKTHUX XAPAKTEPUCTHUK
CEMCMIYHUX I30JITOPIB

J.1 YuHHMKHM, [0 BHKJIHUKAKTb  3MiHY
PO3PaXyHKOBHMX XapaKTEePHCTUK
1) Ominka BEPXHBOI TpaHuIi

po3paxyHkoBux xapakrepuctuk UBDPS 1 HWKHBOI
TpaHMIll PO3paxyHKOBUX xapakrepuctuk (LBDPS),
HEOOXiJIHA TSI MPOEKTHPOBAHUS CEHCMOM3OIISIIIHOT
cucremu 3rifHO 7.5.2.4, MOXE TIPOBOJMUTHCS 3a
JIOTIOMOTOI0 OIIIHKM BIJIMBY HAaCTYNHUX YWHHUKIB Ha
KOXHY XapaKTEepPUCTUKY:

- fu: crapinHs (BKJIIOYa0YH KOPO3it0);

- f2:  Temmeparypa (MiHIManbHA ~pPO3paxyHKOBa
TeMIlepaTypa ceHCMOH30IISTOPOB Twin;e);

- fs: 3a0pynHeHHS;
- f4: cymaphe nepeminieHHs (3HOC).
Hwxue BKa3aHi 3arajabpHi PO3paxyHKOBI

XapaKTEePUCTHKN HUKIIYHOT peakilii Ha i BHIIE-
BKa3aHWX YMHHUKIB (UB. puCyHOK 7.1 1 pucyHok 7.3).

- KopcTkicTb 3a MexxaMu MpyXHOCTI K.

- Cuna ipu HyIbOBOMY TepeMitieHH1 Fo.

2 MiniManapHa TeMmIepaTypa i30JsATOpa
JUIsL PO3PAXyHKOBOI CEUCMHUYECKON CHTYAIMH, Twmin>g,

MOBUHHA  BIANOBIIATH  KIIMAaTHYHHM  yMOBaM
MICII€3HAXOIKEHHAMOCTA.
[MPUMITKA 3HadyeHHA MiHIMaJIBHOL TeMnepaTypu
CeHCMOM30IIATOpa 11 BUKOPICTAHHS B KpaiHi B PO3PaxyHKOBIN
ceicMiuHill cuTyamii MOXHAa 3HAWTH B  HAIlOHAJIEHOMY
3aCTOCYBaHHI. Hikue TIPHUBEICHI 3HAYEHHS, o
PEKOMEHTYFOTHCSL:

Tniny = ¥aTmn + ATy
ne:
Tmin - MiHIMaJbHA TEMIIEpaTypa MOBITPS B TiHI B MicCIi
po3TamryBaHHA ~ MOCTa 3 PI4HOIO  BIpOTiJHICTIO

nepesumienns 0.02 3imno EN 1990-1-5:2004, 6.1.3.2.

w2 = 0.50 - xoediuieHT MoeAHAHHS AJIS TeMIlepaTypHOi Ail
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ANNEX J
(normative)

VARIATION OF DESIGN PROPERTIES OF
SEISMIC ISOLATOR UNITS

J.1 Factors causing variation of design properties

(1) The assessment of Upper Bound Design
Properties and Lower Bound Design Properties
(UBDPs and LBDPs) required for the design of the
isolating system in accordance with 7.5.2.4, should be
established by evaluating the influence of the
following factors on each property:

- f1: ageing (including corrosion);

- fr temperature
temperature Tvin;s);

(minimum isolator design

- f3: contamination;
- f4: cumulative travel (wear).

In general the design properties of cyclic response
influenced by the above factors are the following (see
Figure 7.1 and Figure 7.3).

- The post elastic stiffness Kp.
- The force at zero displacement Fo.

(2) The minimum isolator temperature for the
seismic  design  situation, Tmnss,  Should
correspond to the climatic conditions of the bridge
location.

NOTE: The value of the minimum isolator temperature for use
in a country in the seismic design situation may be found in its
the National Annex. The recommended value is as follows:

(1.1)

where:

Twin is the value of the minimum shade air temperature at
the bridge location having an annual probability of
(negative) exceedance of 0.02, in accordance with
EN 1990-1-5:2004, 6.1.3.2.

w>= 0.50 is the combination factor for thermal actions for
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B PO3paxyHKOBii  cedcMiuHii
EN1990:2002 - JTomaTok A2

CUTyallii  3rojHe

AT, waOyBae pI3HMX 3HAYEHb 3aJCKHO BiA Marepiaiy
OpoiTHOT OyIOBH MOCTa 3TiTHO PUCYHOK 6.1 craHmapTy
EN 1991-1-5: 2003.

Taomuua J.IN - 3xauenns AT1 pag BHU3HAYEHHSA
MiHiIMaJIbHOI TeMIniepaTypH ceiicMoizonsaTopa

seismic  design  situation, in  accordance  with

EN 1990:2002 - Annex A2 and

AT takes the following values depending on the material
of the bridge deck, in accordance with Figure 6.1 of
EN 1991-1-5: 2003.

Table J.1IN: Value of AT; for the determination of the
minimum isolator temperature

[Ipomithe 3anmizoberon | Craneberon | Cranb
OymoBa Concrete Composite Steel
Deck

ATi (°C) 75 5.0 2.5

J.2 Ouinka 3MiH

(1) Brutu koxkHOTO 3 MaHuWX YMHHUKIB 1X fi (= Bix 1
0 4) 3riAHO  HA  KOXKHY  PO3PAaxXyHKOBY
XapaKTepUCTUKY  TOBHHHO  OI[IHIOBAaTHUCS 34
JOTIOMOTOI0  MOPIBHSHHS: (2) MaKCHUMalbHUX 1
MmiHiManeHUX 3HadeHb (MaxDPs and  minDPry)
PO3paxyHKOBOi ~ XapaKTEPUCTHKH, OTPUMAHHX B
pesynbTari aii unnaHuKa fi, 10 (D) MakcuManbHUMH i
MiHIMaJIbHUMH HOMIHaJIbHUMU 3HaYEHHSIMU
(maxDPpom 1 mMinDPnom) , BiAmoBigHO, JaHOL
XapaKTEePUCTHKH, OTPUMAHMMH B XOJIi JOCHITHHUX
BUNpoOyBaHb. [lpm 1bOMYy HEOOXIMHO CKIIACTH
HAaCTYIHE CHIBBIJHOUICHHS BIUIMBY KO’KHOTO YMHHHMKA
fi Ha mocmiKyBaHy PO3paxyHKOBY XapaKTEPHCTHKY.

) maxDPF;
2 =
max. fi
maxDP
nom
. minDP;
/' . e
min, fi .
minDP

nom

I[MPUMITKA 1: V noBigkoBomy nomatky K mpuBOOMTBCS OIHC
TIPOIIETYpPH TIPOBEICHHS BATIPOOYBAHb JOCHITHHX 3pa3KiB I BUIIA/IKIB,
ko prEN 15129:200X  («aHTHCEHCMIUHI TIPUCTPODY) HE MICTHTH
JIOKJIATHHAX BAMOT,, IT10 TIPEJTSBIITFOTECS /10 IAHUX BUTIPOOYBAHB.

IMPUMITKA 2 3naueHHs1, MPUBIACHEH! YMHHHKAM A JUTSl 3aCTOCYBAHHS
B KpaiHi, MOKHA 3HANTH B HAIIOHATFHOMY IOIATKYy NAHOI KpaiHW.
3HAYCHHS/IHCTPYKIIi, [0 PEKOMEHIYFOThCS, I 3arajbHOBKHMBAHHX
CECMOI30NATOPOB, BKIIFOYAIOYM  CIICIATBHI  eIACTOMEpHI  OTOpHi
YaCTWHM, CBHHIICBO-TYMOBI OIMOPH, KOB3AFOYi 13OJIATOPH 1 TiApaBIIivHi
B'SBKi aMOPTH3ATOPH, TIPHBOIATECS B IOBiqKoBoMY Jlonatky JJ.

(2) MificHa  BepxHS  MeXa  pPO3PaxXyHKOBHUX
xapaktepuctuk (UBDP), BukopuctoByBana mpu
MIPOEKTYBaHHI, TOBUHHA OLIHIOBATHCS TAaKUM YHHOM:

UBDP = maxDPyom Aufl. AUR ... AUss
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J.2 Evaluation of the variation

(1) In general the effect of each of the factors fi (i=1
to 4) listed in J.1 on each design property, should be
evaluated by comparing: (a) the maximum and
minimum values (maxDPs and minDPs) of the design
property, resulting from the influence of factor fi, to
(b) the maximum and minimum nominal values
(maxDPnom and minDPnom) respectively, of the same
property, as measured by Prototype tests. The
following ratios should be the established for the
influence of each factor fi on the investigated design

property.

(J.2)

(J.3)

NOTE 1. Informative Annex K provides guidance on prototype
(or type) tests in cases where prEN 15129:200X ("Anti-seismic
devices") does not include detailed requirements for such tests

NOTE 2: The values to be ascribed to the A-factors for use in a
country may be found in its National Annex. Recommended
values/guidance for commonly used isolators, i.e. special
elastomeric bearings, lead-rubber bearings, sliding isolating
units and hydraulic viscous dampers, is given in Informative
Annex JJ.

(2) The effective UBDP used in the design should be
estimated as follows:

(J.4)



3 KoedilieHTaM1 KOperyBaHHS

Avn =1+ maxs —D s

ne Koe(ilieHTH TOE€THAHHA Wi  BIANOBIIAIOTH 3a
3MEHIIICHY BIPOTIHICTH OJTHOYACHO1 bt
MaKCUMaJIbHUX HEraTUBHUX €(EeKTiB BCIX YMHHUKIB;
naHi koeiieHTH TPUIMAFOTHCS 3TiTHO Ta0HIIi J,2:

Ta6muusa J.2” KoediunieHTH nmoeTHaHHS i
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with modification factors

(J.5)

where, the combination factors ws account for the
reduced probability of simultaneous occurrence of the
maximum adverse effects of all factors and should be
assumed in accordance with Table J.2:

Table J.2: Combination factors s

Kiac BaxxnuBocTi
Importance Class

i

0,90

0,70

0,60

3) s TiCHOT HWKHBOT MEKi
po3paxyHkoBHX XxapakrepucTuk LBDP (i BianmoBigHuX
Koe(ilieHTIB KOpETr'yBaHHS ALf), ITOBUHEH

BUKOPHUCTOBYBATHCS (opmar, aHAJOTIYHHM BHpa3am
(J.4) i (J.5), pasom 3 Amin fi. [Ipy bOMy 1715 THIIOBHX
€J1aCTOMIPHUX 1 PPUKIIHHUX OMOPHUX YaCTUH MOXKHA
JOIyCTUTH, I110:

/‘—mi.n. £~ 1
1 TOMY
LBDP = minDPyom
(@) s riIpaBIigYHEX
amopTH3aTopis/aemndepin 1 y BiJICYTHOCTI

CHeliaTbHUX JTOCTIKEHb, MOYKHO JIOMTYCTHTH, II1O:

(3) In general, for the effective LBDP (and
relevant modification factors A.s)a similar format as
that of expressions (J-4) and (J-5) should be used, in
conjunction with Aminfi. However for the commonly
used elastomeric and friction bearings, it may be
assumed in general that:

(.6)

and therefore

(1.7
(4) For hydraulic dampers and in the absence of
specific tests, it may be assumed that:

UBDP = maxDPnom
LBDP = minDPrnom
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JTOJATOK JJ
(moBimKOBHiT)

KOE®IIIEHTH A JIJIsI CEHCMOI30JISATOPIB
3ATAJIBHOI'O THUITY

JJ.1 3Ha4eHHSI Amax VIS €1ACTOMEPHHX ONOPHHUX
YaCTHH

(1) Skmo B Xoxi BIANMOBIAHWUX BHUMPOOYBaHb HE
BHUBOJISITHCSl 1HIN 3HAYCHHS, JUISI OIIIHKH BEPXHBOT
MEKi  po3paxyHkoBuxX  xapaktepuctuk (UBDP)
MOXXYTh  BUKOPHCTOBYBATHCS  3HAYCHHSA  Amax,
npuBeieH1 B Ta0muix Big JJ.1 1o JJ.4 .

Tadmuus  JJ.1: f1 - Crapinus

ANNEX JJ
(informative)

A-FACTORS FOR COMMON ISOLATOR
TYPES

JJ.1 Amax-values for elastomeric bearings
(1) Unless different values are substantiated by
appropriate tests, the /Amax -values specified in

following Tables JJ.1 to JJ.4 may be used for
estimation of the UBDP.

Table JJ.1: f; - Ageing

KommoneHnt Amax, f1 AJIs
Component

[*
LDRB 1,1 1,1
HDRB1 1,2 1,2
HDRB?2 1,3 1,3
CBUHIIEBHI CEpICUHHK - 1,0

1€ s TYMOBHX KOMIIOHEHTIB BHUKOPHUCTOBYIOTHCS
HACTYIHI TO3HAYEHHS:

LDRB: cnaboamopTu3yroda ryMoBa OTlOpHa YacTHHA 3
MOJyJIeM 3pYIIeHHs, npu Jedopmaiii 3pyHIeHHS
100%, mo nepesunrye 0,5 Mna.

HDRB1: BHCOKOAMOPTH3Yyl0Ua TyMOBa OIOpHA
gactuHa 3 feff < 0,15 1 momynem 3pymieHHs, TpH
nepopmanii 3pymenns 100%, mo mnepesuurye 0,5
MI]a.

HDRB2: BHCOKOAaMOPTHU3YIO4a T'yMOBa OMOpHa
yactuHa 3 fert > 0,15 1 Momymem 3pyiieHHS, Npu
neopmanii 3pymenns 100%, mo mnepesumye 0,5
Mua.

CBHHIICBHI CEpPCYHHUK: CBHHIECBUN CEPACYHMK ISt
cBHHIIEBO-TyMOBOi oriopu (LRB).

Tadomuusa JJ.2: f; — Temnepatypa

with the following designation for the rubber
components:

LDRB: Low damping rubber bearing with
shear modulus, at shear deformation of 100%, larger
than 0,5 MPa

HDRBI.: High damping rubber bearing with fef <
0,15 and shear modulus, at shear deformation of
100%, larger than 0,5 Mpa

HDRB2: High damping rubber bearing with £ef >
0,15 and shear modulus, at shear deformation of
100%, larger than 0,5 Mpa

Lead core: Lead core for Lead rubber bearings
(LRB)

Table JJ.2: - Temperature

Po3paxynkoBa Temneparypa Amax, 2 for

Design Temperature
T min,b (C)

Kp

Fo

166



np ACTY-H b EN 1998-2:201X

LDRB HDRB1 HDRB2 LDRB
20 1,0 1,0 1,0 1,0
0 1,3 1,3 1,3 11
-10 1,4 1,4 1,4 1,1
-30 1,5 2,0 2,5 1,3

Tminb —I1e MiHIMaJIbHa TeMIIepaTypa celicMoizoaTopa Tminb IS the minimum isolator temperature for the
IUIs pO3paxyHKOBOI ceiicMiunHOl cuTyalii 3rigHo 3 Seismic design situation, corresponding to the bridge
MiciieM postamnryBaHHs MocTta (cM. (2) posminy J.1 location (see (2) of J.1 of Annex J).

Honatky J).
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JTOIATOK K
(moBimKOBHiT)

BUITPOBYBAHHS 1151 IEPEBIPKH
PO3PAXYHKOBUX XAPAKTEPUCTHUK
CEMCMOI30JISITOPIB

K.1 Cdepa 3acTocyBanns

(1) VY  upoMy  JOBIIKOBOMY  3aCTOCYBaHHI
npeacTaBieHl HeoOXiaHI IHCTPYKUII MO MPOBEICHHIO
JocaiAIHuX (a00 TUMOBUX) BUNPOOYBaHb y BUIMAIKAX,
ko PrEN 15129:200X («aHTHCEHCMIUHI TPUCTPOI»)
HE MICTUTH JOKJIQJIHUX BUMOT JI0 TAKHX BHIIPOOYBaHb.

(2) 3HaueHHS XapaKTEPUCTUK  MEpPEMINICHb i
amMopTHu3alli CelcMOI30J9TOpIB, BUKOPHCTOBYBaHI1
IpU TPOEKTYBaHHI 1 PO3PAXyHKY CEUCMOCTIMKUX
MOCTIB, MOXYTb Oyt MIATBEPIKEH1

BUNPOOYBAHHIMH, OMHUC SIKUX HMPUBOIUTHCS B LLOMY
nonatky. Jlani BumpoOyBaHHS HE NpHU3HAYEH1 JUIS
KOHTPOJIIO SIKOCT1 IPOJIYKTY.

(3) MHocminui BumpoOyBaHHS ab0 BHUIIPOOYBaHHS
JOCIITHUX 3pa3KiB 3rigHo K.2 MOKIMKaH1 BCTAHOBUTH
abo MATBEPAWTH  Jiama3oH  PO3PaxXyHKOBHUX
XapaKTEPUCTHK CEHCMOI30JIATOPIB, TependadyeHux
npoektoM. Taki BUMpPOOyBaHHS MOXYTh MAaTH
cnenudiuHUNA 1 MpoeKTy Xapaktep. [lpu 1mpomy
MPUHAMAIOTBCS  HAsBHI pe3yibTaTH BUIPOOYBaHb,
MPOBE/ICHI 3 BUKOPHUCTAHHSM 3pa3KiB aHAJOTIYHOTO

TAIY 1 PO3MIipy, IO MaTh CXO0XI 3HAYCHHS
PO3paxyHKOBHX ITapaMeTpiB.

(4) 3aBmamus BumpoOyBaHb 3rigHo K.3 mossrae B
TOMY, mo0  OOrpyHTYBaTH  XapaKTEPUCTUKHU
CEHUCMOI30IATOPIB, SAKI HE €, SK IPaBHIO,
creu(pIUHUMHU IS IPOEKTY.

K.2 locainni BunpoOyBaHHst

K.2.1 3aranbHi moioxeHHs

(1) M= BUNIPOOYBaHb MOBHHHI

BUKOPHUCTOBYBATHUCS HE MEHIIE JBOX 3pas3kiB. Jlo
NIPOBECHHS BUIIPOOYBaHb, J1aH1 3pa3Ku HE MOBHUHHI
migaaBatucs [l MOmepeyHux abo BepPTHKAIBHUX
HaBaHTAXKEHb.

(2) TloBuHHI BUKOPUCTOBYBATUCS TOBHOPO3MIpHI
3pa3ku. KommereHTHI OpraHM MOXYThb BUPILIUTH
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ANNEX K
(informative)

TESTS FOR VALIDATION OF DESIGN
PROPERTIES OF SEISMIC ISOLATOR UNITS

K.1 Scope

(1) This Informative Annex is intended to
provide guidance on prototype (or type) testing in
cases where prEN 15129:200X ("Anti-seismic
devices") does not include detailed requirements for
such testing.

(2) The range of values of the deformation
characteristics and damping values of the isolator
units used in the design and analysis of seismic-
isolated bridges may be validated by the tests
described in this Annex. These tests are not intended
for use as quality control tests.

(3) The prototype tests specified in K.2 aim to
establish or validate the range of nominal design
properties of the isolator units assumed in the
design. These tests in general may be project
specific. However, available results of tests
performed on specimens of similar type and size and
with similar values of design parameters are
acceptable.

4) The purpose of the tests of K.3 is to
substantiate properties of the isolators, which are
usually not project specific.

K.2 Prototype tests
K.2.1 General

(1) The tests should be performed on a minimum
of two specimens. Specimens should not be
subjected to any lateral or vertical loading prior to
prototype testing.

(2 In general, full size specimens should be
used. The competent authority may allow
performance of certain tests on reduced scale



MPOBEACHHS BUMPOOYBaHb 3 BHUKOPHCTAHHSIM 3pa3KiB
3MEHIICHOT0 MAacHITady TUTbKM B TOMY BHIIAJIKY,
AKIIO ICHYIOYI BUIPOOYBaJIbHI NMPHJIAAX HE MAIOTh

MOJJIMBOCTEH  BHUIPOOYBAaHHS  MOBHOPO3MIPHHUX
3pa3sKiB.
(3) SIkimo BHKOPHCTOBYIOTHCS 3pa3KH 3MEHIIIEHOTO

Macimtady, BOHM MalOTh OYTH Takoro > THITY i
reoMeTpudHoi (HOpMHU; BOHH MaIOTh OyTH BUTOTOBJIECHI
3 TAaKOTO K Marepialy 3 BUKOPHCTAaHHSIM OJHAKOBOL
TEXHOJIOTii BHPOOHUITBA 1 KOHTPOJIO SIKOCTI, 5K 1
MMOBHOMACINTA0H1 3pa3KH.

K.2.2 ITocaigoBHicTh BUNIPpOOYyBaHb

1) HeoOXxigqHO J0TpUMyBaTH HACTYIHY
MOCJIIZIOBHICTh BUNPOOYBaHb JUIsl 3aJaHHOTO YHCIIa
LUKJIIB TIPU BEPTHUKAIbHOMY HAaBaHTaXEHHI, PIBHOMY
CepeHbOMY MTOCTOSIHOMY HaBaHTaKEHHIO; IIPU IIbOMY
BC1 CECMOM30JIATOPHI MAIOTh OYTH 3arajJbHOTrO TUMY 1

po3Mipy.

T1 Tpu moBHI 1ukiaM 3 oOjikoM 1 0e3 ypaxyBaHHS
MaKCHMaJIbHOTO TEMIEPAaTypHOTO MEpPEeMILIEHHS MpHU
HIBUAKOCTI BUNIpoOyBaHb He Huxk4e 0,1 MM/XBHIL

T> JIBamusTh TIOBHUX IUKIIB HABaHTaXXCHHSI 3
ypaxyBaHHAM 1 0e3 ypaxXyBaHHS MaKCHUMaJIbHOT
pO3paxyHKOBOI peakiii mpu cepeaHid YacTOTi
BunpoOyBanb 0,5 I'm. B Xoml KOXHOTO IUKIY
HAaBaHTAXXCHHS TOBUHHE 3aJMIIATHCA Ha 3pa3Ky
MPOTATrOM | XBUJIMHH.

T3 Il'aTb MOBHUX UHMKIIB TPH  MiJBHIICHOMY
PO3paxyHKOBOMY CEHCMIYHOMY MEepEMIlIEHHI.

T4 II'aTHamUATh TOBHUX IUKIIB TPH IMIIBUIICHOMY
pPO3paxyHKOBOMY  IEpEMIllleHH], TOYMHAIYH 3
nepemMimieHHst 3pymeHHs (auB. 7.6.2(2)P). Iluxmu
MOXXYTh 3aCTOCOBYBAaTHCS B TPhOX TIpymHax Mo M'STh
LUKIIIB KOXKHA; MPH LOMY KOXKHA Tpyna mae OyTu
BIJOKpEMJIEHA YacOM MPOCTOI0 ISl OXOJIOKYBaHHS
3paska.

Ts5 TloBTOpeHHs BuIpoOyBaHb T2, ane 3 KUIbKICTIO
IIUKIJTIB, 3MEHIIEHOMY JI0 TPbOX.

Ts SIxkmio cedcMOBBONATOp € TaKoXK 1 eIeMEHTOM
BEPTUKAJIBHOIO  HABaHTAXEHHs, BIH  IOBUHEH
HiJlaBaTUCs TaKOXK BUIIPOOYBaHHIO OJHOTO HMOBHOTO
LUKITY npu 3araJlbHOMY PO3PaxyHKOBOMY
CeCMIYHOMY TMEpEeMILlIeHH] i BIUIMBOM HACTYIHHX
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specimens, only when existing testing facilities do
not have the capacity required for testing full-size
specimens.

(3)  When reduced scale specimens are used, they
should be of the same material and type,
geometrically similar to the full-size specimens, and
should be manufactured with the same process and
quality control.

K.2.2 Sequence of tests

(1) The following sequence of tests should be
performed for the prescribed number of cycles, at a
vertical load equal to the average permanent load, on
all isolator units of a common type and size.

Ty Three fully reversed cycles at plus and minus
the maximum thermal displacement at a test velocity
not less than 0,1 mm/min.

T> Twenty fully reversed cycles of loading at plus and
minus the maximum non-seismic design reaction, at
an average test frequency of 0,5 Hz. Following the
cyclic testing, the load should be held on the
specimen for 1 minute.

T5 Five fully reversed cycles at the increased design
seismic displacement.

T, Fifteen fully reversed cycles at the increased
design displacement, starting at the offset
displacement (7.6.2(2)P). The cycles may be applied
in three groups of five cycles each, with each group
separated by idle time to allow for specimen cooling
down.

Ts Repetition of test T, but with the number of cycles
reduced to three.

Ts If an isolator unit is also a vertical load-carrying
element, then it should also be tested for one fully
reversed cycle at the total design seismic
displacement under the following vertical loads:
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BCPTUKAJIbHUX HABAHTAXXCHb:

1.2 Qg + |AFgd|
0.8 Og - [AFgd|
ne:
Qc - mocTiiiHe HaBaHTAKCHHSI,
AFEd - J10JaTKOBE BEpPTHKAJIbHE HABaHTAKCHHS,

BUKJIIMKaHE CEHCMIYHMM MEPEeKUuIarounM e(peKToM Bix
MaKCHUMaJbHOI peakiii B YyMOBaxXx pO3paxyHKOBOIi
ceficMIYHOT ail.

@) BumipoOyBannst 73, 74 1 Ts TOBHHHI
MPOBOJAUTHCS 3 4YacTOTOI0, PIBHOK  3BOPOTHII
BEJIMYMHI €(PEKTUBHOTO Mepiofly CeHCcMOI30ISLIHHOT
cucremMd. Jlo JgaHOTO TpaBWIA  JOMYCKAETHCS
BHUKJTIOUCHHS IS CEUCMOI30JISITOPIB, SIK1 HE 3aJIeKaTh
BIJI IIBUIKOCTI HaBaHTaKEHHS (IIBUAKICTH
HAaBAaHTAXXCHHS HAJA€ BEJIUKUU BIUIMB Ha B’SI3KOCTHE
abo ¢pukiiiiHe HarpiBaHHs 3pa3ka). BBaxkaerncs, 110
3aJIeKHICTh CHJIA-TIEPEMILIEHHSI CEHCMOI30ISITOPIB HE
3aJeKaTh BiJ IIBUJIKOCTI HAaBaHTAKEHHS, SKIIO
pizauI MeHI 15% nHabmomaeTcs s Oynb-IKOTO 13
3HaueHb PO 1 Kp, 1m0 BU3HAYAIOTh METIIO TiCTEpE3UCy
(muB. pucyHOK 7), Tmicis BHUIPOOYBAaHHS MPOTATOM
TPHOX TMOBHUX LHMKIIB TPU  PO3PAXyHKOBOMY
MepeMIIieHH] 1 3HA4YeHHSIX 4YacTOTH B Jllala3oHi,
piBHOMY Bim 0,2 mo 2-KpaTHO1 3BOPOTHOI BEITUYHMHHU
€(EeKTHBHOTO TEPi0Ty CEMCMOI30IAIIIHOT CUCTEMU.

K.2.3 Busznavenuns
ceiicMoi30JIATOpiB

XapaKTepUCTHK

K.2.3.1 3anexHicTh cHiIa-nepeMimeHHst

(1) EdextuBHa  KOPCTKICTH  ceHCMOI30JATOpa
MOBHHHA pPO3PaxOBYBATHUCSA Ui KOXHOTO IMKITY
HABaHTAXKCHHSI TAKAM YHHOM:

F-F

K .

o J —d
P

n

ae:
dp 1 dn
MaKCHUMaJbHi
BUIIPOOYBaHHI,

Fo i Fn MaKCUMaJIbH1 MO3UTUBHI 1 MaKCHMalbHI
HEraTWBHI CHWJIM, BIANOBIAHO, JAJS TPHUCTPOIB 3
ricrepe3ucHuM 1 (PpUKIIHHUM pEKUMOM MOBEIIHKH,
a00 TO3WTHBHI 1 HEraTUBHI CHIIM, BIAMOBiAHI dp 1 dn,
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BIAMIOBIAHO, MaKCHMAaJbHI MO3UTHBHI 1
HEraTUBHI ~ MEpEeMIIEeHHs  MpH

where

Qg  is the permanent load and

AFeq is the additional vertical load due to seismic
overturning effects, based on peak response under the
design seismic action.

(2) Tests T3, T4 and Ts should be performed at a
frequency equal to the inverse of the effective period
of the isolating system. Exception from this rule is
permitted for isolator units that are not dependent on
the rate of loading (the rate of loading has as primary
effect the viscous or frictional heating of the
specimen). The force displacement characteristics of
an isolator unit are considered to be independent of
the rate of loading, when there is less than 15%
difference on either of the values of F, and K,
defining the hysteresis loop (see Figure 7.1), when
tested for three fully reversed cycles at the design
displacement and frequencies in the range of 0,2 to 2
times the inverse of the effective period of the
isolating system.

K.2.3 Determination of isolators characteristics

K.2.3.1 Force-displacement characteristics
(1) The effective stiffness of an isolator unit should
be calculated for each cycle of loading as follows:

(K.1)

where:
dp and dn are the maximum positive and maximum
negative test displacement, respectively, and

Fp and Fn are the maximum positive and negative
forces, respectively, for units with hysteretic and
frictional behaviour, or the positive and negative
forces corresponding to dp, and dn, respectively, for
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units with viscoelastic behaviour.

Ketr

F
Pucynoxk K.1: [liarpamm  cuia-nepemimeHHs
BUIIPOOYBaHb (3J71iBa: TicTepe3ncHa abo QpukiiiiHa
MOBEJIIHKA; CTIpaBa: B I3KOCTHA MOBE/IIHKA)

K.2.3.2 Xapakrepuctuku amoprusauii

(1) Enepris, po3cisna 3a mukin Epi ceiicMoizonstopa |,
MOBUHHA  BM3HAuUaTUCS Ui  KOXHOIO  IMKIY
HAaBaHTAXXEHHSA K IUIONIA  BIAOOBIMHOI  meTil
ricrepe3ucy M'sTH TOBHHUX LMKIIB IpPH I[OBHOMY
pPO3paxyHKOBOMY TI€peMIIIeHH] BUMPOOYBaHHS 13
srigao K.2.2.

K.2.3.3 AgekBarHicTh CHCTEMHU

(1) IloBeminka mOCHIAHMX 3pa3KiB BBAXKAETHCS 3a
aJICKBaTHY, KO0 BUKOHYIOTHCS HACTYITHI BUMOTH:

R1 3a BUHATKOM TiIpaBIiYHKUX B'SI3KHX aMOPTU3ATOPIB,
rpadikd  CcUJa-TIEPEMIMICHHS BCIX BHUIPOOYBaHb,
Bkazannx B K.2.2, TOBMHHI MaTH TO3UTHBHY
MIPUPOCTHYIO (CUIIO) -HECYUY 31aTHICTb.

R> mpu nposenenni BunpoOyBanHs 71 3rigHo K.2.2,
MakcUMajdbHa  3MIpsgHa  CWia  HE  IOBHUHHA
MIEPEBUIILYBAaTH PO3PAXyHKOBE 3HAYCHHS OUIBIN, HDK
Ha 5%.

Rs mpu mpoBeaenHi BumpoOyBaHb 712 1 75 3rigHO
K.2.2, wMakcumanbHe 3MIpsSHE NEPEMIIICHHS HE Mae
Oytu menie 90 % po3paxyHKOBOTO 3HAYCHHSL.

R4 npu mposenenni BunpoOyBanHs 73 3rimHo K.2.2,
MaKCUMaJbHI 1 MIHIMaJIbHI 3HAYCHHS €QEKTUBHOI
xopcTrocTi Keffi ceficMounsonsropa | (i BIAMOBITHHX
JaiarpaM  CHJIa-TIEPEMIIICHHS), a TaKOXX CHEeprii,
pO3CisHIi 3a 1MWK, Epi, TOBUHHI BH3HAYaTHCS SK
MakCUMyM 1 MIHIMyM, BIANOBIOHO, CEPEAHBOI
BETMYMHU KOXKHIA 3 YOTUPHOX TMap TMOCTiTOBHUX
LUKITIB BUIIPOOYBaHHS. Hani HOMIHAJIbHI
XapaKTePUCTUKN TOBUHHI 3HAaXOJIUTUCS B MEXKax
HOMIHAJIBHOTO Jliara3oHy, nepeadadyeHoro MpoeKToM.
Rs mnpu nposenenni BunpoOyBanHs 74 3rigHo K.2.2,
BIZHOIIEHHS  MIHIMAIbHOK O  MaKCHUMAaJIbHOI
e(EeKTUBHOI KOPCTKOCTI, 3MIpSIHOT B KOXHOMY 3 15
LMKJIIB, IOBUHHO CKJIamaTH He MeHue 0,7.

< —oTF,

Figure K1: Force-displacement diagrams of tests
(Left: hysteretic or friction behaviour; right: viscous
behaviour)

K.2.3.2 Damping characteristics

(1) The energy dissipated per cycle Epi of an isolator
unit i, should be determined for each cycle of loading
as the area of the relevant hysteresis loop of the five
fully reversed cycles at the total design displacement
of test Tz of K.2.2.

K.2.3.3 System adequacy

(1) The performance of the test specimens should be
considered as adequate if the following requirements
are satisfied:

R: except for fluid viscous dampers, the force-
displacement plots of all tests specified in K.2.2
should have a positive incremental force-carrying
capacity.

R> in test Ty of K.2.2 the maximum measured force
should not exceed the design value by more than 5%.

Rz in tests T2 and Ts of K.2.2 the maximum measured
displacement should be not less than 90% of the
design value.

R4 in test T3 of K.2.2, the maximum and minimum
values of the effective stiffness Kefi of isolator unit i
(and the corresponding force-displacement diagrams),
as well as of the energy dissipated per cycle, Enpi,
should be determined as the maximum and minimum,
respectively, of the average of each of the four pairs
of consecutive cycles of the test. These nominal
properties should be within the range of nominal
properties, assumed by the design.

Rs In test T4 of K.2.2, the ratio of the minimum to the

maximum effective stiffness measured in each of the
15 cycles should be not less than 0,7.
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Re mpu mpoBenenni BunpoOyBanns T4 3rimHo K.2.2,
BigHOIICHHs MINEp/maxEp mis 15 nukiniB Mae Oytu
He Mmene 0,7.

Rz Bci mpucTpoi BEpTUKAIBHOTO HABAHTA)KEHHS, 1110
HECyTh, MOBUHHI 3aJMINATUCA B CTIAKOMY CTaHI MiJ
qac punpoOyBaHHs Te 3rimHo K.2.2.

Re Ilicms 3aBepmieHHs BHUIIPOOYBaHb, BC1 JOCITITHI
3pa3kd HEOOXiTHO OTJITHYTH Ha HAsSBHICTh O3HAK iX
ICTOTHOTO  TOTIPIICHHS, IO MOX€E BUSBUTHCSA
NPUYMHOIO sl iX BimOpakyBaHHA (y BiANOBIIHUX
BHUIMA/IKAX):

- HEMA€ 34YEIUICHHS TYMU 3 METAJIOM;
- IOPYIIEHHSI KPIIJICHHS 111apyBaTOTO MaTepiaiy;

- mbuHa abo MmMpUHA TPINMH B MOBEPXHI T'YMHU
nepesuinye 70 % TOBIIMHA T'YMOBOTO MOKPUTTS;

- BIIIIApOBYBaHHS MaTepiany 3aiiMae Outblie 5 %
TITOII] 3UCTIICHHS;

- gemae 3ueruienHs PTFE 3 meramom Ha 1mromi
outbIe 5 % TUTOIII 3YCTIIICHHS;

- HasABHICTh MNOJPSANUH Ha IUIMTI 3 HEIp)KaBlrOYOi
cTani, riuouHa abo mupwHa skux mepeumrye 0,5
MM, a JOBXHHA - 20 MM;

- mocTiitHa nedopmarris;

- BUTOKH.
K.3 Inmi BunpoOyBanus
K.3.1 BunpoOyBaHHsI Ha 3HOC i BTOMY

(1) Jaumi BunpoOyBaHHS TOBHMHHI BH3HAYHUTH
BEJIMYUHY CYMApHOTO TMEpPEeMIllleHHs, BUKIMKAHOTO
MEePEMIIIICHHSMH Il BIUIMBOM TEMIIEPATypHUX 1
TPAaHCIOPTHUX HABAHTAXECHb IMPOTATOM TEPMIHY
Cityx0u 110, mpuHaiimMHi, 30 poKiB.

(2) s moctiB HOpMaabHOT HoBkUHK (10 200 M) 1
SKIIO PO3paxyHKaMu HE BU3HAUEH! I1HIII 3HAYCHHS,
MiHIMaJIbHE CyMapHE NEpeMillleHHs MOXe OyTH
npuiinsare pisauM 2000 m.

K.3.2 HusbkoTemMnepaTypHi BUIpoOyBaHHS

(1) Skumo  celcMOi30NATOpU  MPU3HAYCHI Ui
poOOTH B  HM3BKOTEMIIEPAaTYpHUX yMOBax IpHU
MIHIMAQJIBHIM ~ TemmepaTypi  caMHMX  130JITOpIB

CEUCMOCTINKOT KOHCTPYKIIT Tminsh < 0°C  (aumB.
J.1(2)), Tomi BUNpPOOYBaHHS TOBHHHI IMPOBOUTHUCS
IpU JaHid TemmepaTypi, BKIIOYAIOUM M'ATh MOBHUX
HUKIIB ~ TpU  PO3PaxXyHKOBOMY  MeEpeMIillleHH],
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Re In test T4 of K.2.2, the ratio minEp/maxEp for each
of the 15 cycles should not be less than 0,7.

Rz All vertical load-carrying units should remain
stable (i.e. with positive incremental stiffness) during
the test T 0f K.2.2.

Rs Following the conclusion of the tests, all test
specimens should be inspected for evidence of
significant deterioration, which may constitute cause
for rejection, such as (where relevant):

- Lack of rubber to steel bond
- Laminate placement fault

- Surface rubber cracks wider or deeper than 70%
of rubber cover thickness

- Material peeling over more than 5% of the
bonded area

- Lack of PTFE to metal bond over more than 5%
of the bonded area

- Scoring of stainless steel plate by marks deeper
or wider than 0,5 mm and over a length exceeding
20 mm

- Permanent deformation
- Leakage

K.3 Other tests

K.3.1 Wear and fatigue tests

(1) These tests should account for the influence
of cumulative travel due to

displacements caused by thermal and traffic loadings,
over a service life to at least 30

years.
(2) For bridges of normal length (up to about
2000 m) and unless a different value is

substantiated by calculation, the minimum cumulative
travel may be taken as 2000 m.

K.3.2 Low temperature tests

(1) If the isolator units are intended to be used in
low temperature areas, with minimum isolator
temperature for seismic design Tminsh < 0°C (see
J.1(2)), then a test should be performed at this
temperature, consisting of five fully reversed cycles
at the design displacement, with the remaining
conditions as specified in test Tz of K.2.2. The



HNIATPUMYIOYH PELITY YMOB 3TiJHO BUIpOOyBaHHIO 73
naparpada K.2.2. [lepen npoBeaeHHSIM BUTIPOOYBaHb,
3pa3kd TOBUHHI BUTPUMYBATHCA TIpU TeMIeparypi
HIDKYE 3a TOYKY 3aMep3aHHsl HalpoTs3i, MpUHANMHI,
nBox  aHiB.  OmiHka  pe3ynpTaTiB  MOBUHHA
npoBoauTHcA 3rinHo R4 maparpada K.2.3.3(1).

(2) Ipu nposenenni BumpoOyBanb 3rimHo K.3.1,
10 % mepemimieHb TOBHHHO TPOBOJUTHUCS TpHU
temnepatypi Tmin,b
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specimen should be kept below freezing for at least
two days before the test. The results should be
evaluated as specified in R4 of K.2.3.3(1).

(2) In the tests of K.3.1, 10% of the travel should
be performed under temperature Tminb
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JOJATOK HA
(moBimKOBHIA)

Ilepeaik HanioHanbHUX cTaHAapTiB YKpainu (ACTY), inentnunux MC, nocuianHs Ha
siki € B EN 1998-2:2005, pa3om i3 3minamun EN 1998-2:2005/A1:2009, EN 1998-
2:2005/A2:2011i Texniunorw nonpaskorw EN 1998-2:2005/AC: 2010

Ilo3naueHHs Ta Crymisb [To3naueHHs Ta Ha3Ba HAIIOHAJILHOT'O
Ha3Ba B1JIMOB1THOCTI crangapty Ykpainu (JACTY)
€BPOINENCHKOTO
CTaHJAPTY
EN 1990 Eurocode - IDT JCTY-H B B 1.2-13:2008 Cucrema HaaiiHOCTI
Basis  of structural Ta Ge3neku y OyaiBaunTsi. Hacranosa. OcHoBH
design npoektyBanHs koHcTpykiii (EN 1990:2002,
IDT)"

EN 1991-2:2003 IDT JCTY-H B EN 1991-2:2010 €spoxox 1. [lii na

Eurocode 1. Actions

KoHCTpyKIii. YacTuHa 2. Pyxomi HaBaHTaXKeHHS
on structures

Ha moctu (EN 1991-2:2003, IDT)

EN 1992-2:2005 IDT JCTY EN 1992-2 :20XX €Bpoxon 2.
Eurocode 2: Design of [TpoekTyBaHHs 321113006 TOHHUX KOHCTPYKIIIM.
concrete  structures - Yactuna 2. 3anizo6eTonHi Mmoctu. [IpaBuna

E?ir(}ges 2_: Des(i:gr?cgg npoekTyBaHHs Ta po3paxyHok (EN 1992-2:2005,

detailing rules IDT)"

EN 1993-2:2006 IDT JICTY EN 1993-2 :20XX €spokox 3.Hactuna 2.
Etur(I)COtde ?: Des'grll OI Cranesi MmoctH. [IpoeKkTyBaHHS CTaJeBUX

steel structures - Par . . )

2: Steel bridges xkouctpykmii (EN 1993-2:2005, IDT)

EN 1998-1:2004 IDT JCTY-H b EN 1998-1:2010  €Bpoxox 8.

[IpoekTyBaHHS CEHCMOCTIMKUX KOHCTPYKITIH.
YacTtuna 1. 3aranpHi mpaBuia, ceHcMIvHI ii,
npasuia oo cropya (EN 1998-1:2004, IDT)
EN 1998-5_:2004 IDT JACTY EN 1998-5:20XX €Bpokof 8.
Eurocode 8. Design of IIpoexTyBaHHS y celcMiuyHO Hebe3meuHnx
structures for . o
paitonax. Yactuna 5. ®yHgaMeHTH, MIAMIPHI

earthquake resistance. . ..
Foundations, retaining KOHCTPYKIIIi 1 TeOTEeXHIYHI aCIeKTH

structures and (EN 1998-5:2004, IDT)
geotechnical aspects

“) Ha posrasi
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€BPOITEMCHKUI CTAHJIAPT EN 1998-2:2005/A1

bepesens 2009

ICS 91.120.25; 93.040

€Bpokoy 8. [IpoexTyBaHHS KOHCTPYKIIii npH 1ii celicMiunux BiumBiB. YactuHa 2. Moctu

L1 mompaBka 3mintoe Al eBpomericekoro cragmapry EN 1998-2:2005, Bin Oys 3arBepmkenuit CEN 12 mroTtoro
2009.

Unenn CEN 30608B's3ani gnotpumyBarucst 3 CEN / CENELEC, sikuii nependavae yMOBH ISl BKJIFOYCHHS IIi€T
MONPaBKU B BIJNOBIIHI HalllOHAIbHI cTaHIapTU 0e3 sSKuX-HeOyab 3MiH. BinmoBigHi gani Ta 6i0miorpadiuni
MOCHJIaHHS LI0JI0 TAKUX HAllIOHAJIbHUX CTaHJApPTiB, MOXKYTh OyTH OTpUMaHi 3a 3anuToM B LIeHTpi ynpaBiiHHS
abo Oymp-sxoro wieHa CEN.

I{s mompaBka icHye B TphoX o(imidHUX Bepcisx (aHrmilicbka, ¢paHily3bka, HiMeIbKa). Bepcis Oymb-gkoio
HIIIOF0O MOBOIO, TEpeKiIajieHa I BigmoBinanpHiCTh wieHa CEN Ha 1oro MOBY, JOBOJIUTBCS JIO Bimoma
LenTpy ynpasmiaas CEN i Mae Toii ke craryc, 1o i odimiiHi Bepcii.

CEN unenamu € HamioHanmpHI opraHd 31 craHmaprtusanii Asctpii, bemsrii, bosrapii, Kinpy, Yecpkoi
Pecriyomixu, Jlanii, Ectonii, ®iansauaii, ®pannii, Himewunnn, penii, Yropmman, Ienanaii, Ipaanaii, Itanii,
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Beryn

Leit moxyment (EN 1998-2:2005 / Al: 2009) 6ys
migrorosienuil TexuiuauM komirerom CEN / TC 250
«EBpokomu 1O OyIIBHUITBY», CEKperapiar sKOTO
3HaxoauThes pu BSI.

IIs mompaBka 10 eBpomneiicbkuMm cranaaprom EN
1998-2:2005 moBuHHa OyTH JOJaHUK  CTaTyC
HAI[IOHAJILHOTO CTaHAApPTy ab0 NUIAXOM IyOurikarii
IICHTUYHOTO TEKCTy, a00 CXBaJCHHs, HE Ii3HIIIe
BepecHs 2009 poky, 1 CymepewuBi HaI[lOHAIBHI
CTaHJIapTU MaioTh OyTH cKacoBaHl He mi3Hime Jlo
6epesns 2010 poky.

Cnin 3BepHYTHM yBary Ha Te, IO JCSKI €JIEeMEHTH
LOTO JIOKYMEHTa MOXYThb OyTHM 00'€eKTOM ImpaBa Ha
BiaacHicte CEN [i/abo CENELEC] He Hece
BIJIMOBIIATFHICT 32 BUSIBJICHHS SIKMX-HEOYIb UM BCIX
IIUX MTAaTEHTHUX TIPaB.

Bignosimno mo CEN / CENELEC, nauionanbHi
opraHizamii 3 CcTaHgapTU3alii HACTYMHUX KpaiH
3000B's13aH1  3aCTOCOBYBAaTH Il  €BpomnenchKuit
Crangapt: ABctpis, bensris, bonrapis, Kinp, Yecbka
PecryOmika, [anis, Ecrtonis, ®immsamis, Dpaniis,
Himeuuwna, I'pemiss, Yropmwuna, Icmannisa, Ipmanmis,
Itamis, JlatBis, JlutBa, JlrokcemOypr, ManbTa,
Hinepmanmu, Hopseris, Ilompma, [loptyranis,
Pymynis, CnoBauumna, Cnoenis, Icnanis, IIBerris,
[IBeitmapis Ta Criomyuerne KoposiscTBo.

1) B 1.6.6 Inmi mo3HayeHHsl, BAKOPHUCTOBYBaHi B
po3aiai 7 ta lomarky J, JJ i K EN 1998-2

Honartu:

dm,i MakcuMallbHE 3arajibHe MEpeMillleHHs KOXHOTO
i-ro 610Ky 130J15TOpa

dg,i mepeMilieHHs 3CyBY i-TO 130JIATOpa

2) B 7.5.2.4 MinauBicTh BJIACTHBOCTEHl 0JI0KiB
iBossiTOpiB

3aminuty (5) i (6) mo:
(5) HOMiHANBHI TPOEKTHI MapaMeTpu 3 HHU3BKUM
3aracanHsM BigmosigHo g0 7.5.2.3.3 (5) i (6), moxHa

NPUAHATH HACTYITHUMU

- Monyns 3cyBy

np ACTY-H b EN 1998-2:201X

Foreword

This document (EN 1998-2:2005/A1:2009) has been
prepared by Technical Committee CEN/TC 250
"Structural Eurocodes”, the secretariat of which is
held by BSI.

This Amendment to the European Standard EN
1998-2:2005 shall be given the status of a national
standard, either by publication of an identical text or
by endorsement, at the latest by September 2009,
and conflicting national standards shall be
withdrawn at the latest by March 2010.

Attention is drawn to the possibility that some of the
elements of this document may be the subject
ofpatent rights. CEN [and/or CENELEC] shall not
be held responsible for identifying any or all such
patent rights.

According to the CEN/CENELEC Internal
Regulations, the national standards organizations of
the following countries are bound to implement this
European Standard: Austria, Belgium, Bulgaria,

Cyprus, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary,
Iceland, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Norway, Poland,
Portugal, Romania, Slovakia, Slovenia, Spain,

Sweden, Switzerland and United Kingdom.

1) In 1.6.6 Further symbols used in Section 7 and
Annexes J, JJ and K of EN 1998-2

Add:

dm,i maximum total displacement of each isolator
unit i

dg, offset displacement of isolator i

2) In 7.5.2.4 Variability of properties of the
isolator units

Replace (5) and (6) by:
(5) The nominal design properties of simple low-
damping elastomeric bearings in accordance with

7.5.2.3.3(5) and (6), may be assumed as follows:

— Shear modulus
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Gb:aGg

ITPUUMITKA: 3HaueHHs o 3a3Buyaii ctaHoBuTh Big 1,1 mo 1,4.
BinnosimHe 3HaYeHHS HAWKpale BU3HAYAETHCSA IO PE3ylIbTaTaM
BUIIPOOYBaHb.

- ne Gy mpuitHATO SK 3BUYAWHUN MOAYIb 3CYyBY'
BigmosigHo 10 EN 1337-3:2005;

- ExBiBasieHTHE B'sI3KE 3aTyXaHHS

NOTE: The value of a typically ranges from 1,1 to 1,4. The
appropriate value is best determined by testing of the device.

— where Gg is the value of the “apparent
conventional shear modulus” in accordance with

EN 1337-3:2005;

— Equivalent viscous damping

Eeff = 0,05

(6) 3MiHa NMPOEKTHUX MapaMeTpiB T'YMOBHUX OIOp 3
HU3bKUM 3aracaHHsIM , 4Yepe3 CTapiHHA 1 TEMIEpaTypH,
Moxe Oytn oOmexeHa 3HaueHHsM Gb i mependadeno
HACTYITHUM YHHOM:

— LBDPs

(6) The variability of the design properties of simple
low-damping elastomeric bearings, due to ageing
and temperature, may be limited to the value of Gb
and assumed as follows:

— LBDPs

Gb,min: Gob

- UBDPs 3anexatu Bif "MIHIMaNbHOI TeMmIepaTypu
OMOpH ISl CEHCMIYHMX YMOB MPOEKTYBaHHS'" Tminb
(muB. J.1(2)) HACTYIIHUM YHHOM:

— UBDPs depend on the “minimum bearing
temperature for seismic design” Tminp (See J.1(2))
as follows:

- ne - where
Trinp > 0°C
Gomax = 1,2 Gp
- ne where
Trinb < 0°

3HaueHHs GpmaxIIOBUHHI BIAITOBIAATH T min b.

[MPUMITKA: 3a BiOCyTHOCTI BiJUOBIJHHX  pe3YJIbTaTiB
BUIPOOYBaHb, Gpmax 3HAYEHHA I Tminp <0C Moxke Oyru
orpuMana 3 Gb B 3amexxHOCTI Big TemIepaTypu i crapiHHS
BIMIOBITHO 1TO Amax 1 BiAmoBimHOTrO 3HA4YeHHS Ky, 3a3HaUeHHX Y
Tabmuisx JJ.11JJ. 2.

3) B 7.5.4To10BHMii CHEKTPAIbHHUI pesRuMi
3aminuTH (3) Ha:

(3) Le npu3BoAuTH 1O pe3yibTary, MOKa3aHOTO B
Tabmuii 7.1 Ta Ha puUcyHKy 7.4.
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the value of Gpmax should correspond to Tmin,b.

NOTE: In the absence of relevant test results, the Gy max value
for Tmin,b < 0°° may be obtained from Gy adjusted regarding
temperature and ageing in accordance with the Amax values
corresponding to Ky, specified in Tables JJ.1 and JJ.2.

3) In 7.5.4 Fundamental mode spectrum analysis
Replace (3) by:

(3) This leads to the results shown in Table 7.1 and
Figure 7.4.



Tadauusa 7.1: CoekTpajibHe NPUCKOPeHHS Se i

NPOEKTHe nepeMimeHHs dcg

np ACTY-H b EN 1998-2:201X

Table 7.1: Spectral acceleration Se and design
displacement dcqd

Tesr d, cd
1. T
5 C eff
TL- E Tli‘ff < TD 2.3 - lﬁgls‘ffeff —t OI[:
I off [ C
1T, T
zic D
Tp<Ter<4s 235 Ol T—a’c
e C
ae where:
dg = Y19g,R (7.7)
Ta and
(7.8)
3HAYCHHS 7jeff BA3HAYAETHCS 3 BUPA3Y The value of #er should be taken from the expression
0,10

Nett = | n e . =
V0.05+&

MakcuMalibHa MoIepeyHa CHiia

Vd = MdSe = Kefr ded

e:

S, Tc 1 Tp mapameTpw NPOEKTHOTO  CIIEKTPY B
3aJICKHOCTI BiJl TUITY TPYHTY, Bifmosiguo mo 7.4.1(1)P
1 EN 1998-1:2004, 3.2.2.2;

dg € MPOCKTHE MPUCKOPEHHS 3€MJII Y 3aJIKHOCTI Bif
TUIYy TPYHTY Ta KaTeropii Mocry;

Y1 € BOKJIMBICTH (haKTOpa MOCTA, 1

agR € OCHOBHE IPOCKTHE MPHUCKOPEHHS (BiAMOBIIHO
710 Iepioly KOJIMBAaHb CIIOPYIH).

= 0,40

(7.9)

Maximum shear force

(7.10)
where:
S, Tc and Tp are parameters of the design spectrum
depending on the ground type, in accordance with
7.4.1(1)P and EN 1998-1:2004, 3.2.2.2;
ag is the design ground acceleration on type A
ground corresponding to the importance category of
the bridge;

71 is the importance factor of the bridge; and

agr is the reference design ground acceleration
(corresponding to the reference return period).
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Sty A

45+

2,0

a.:i\r

Ty 4 T

Pucynoxk 7.4: CriekTp NpUCKOPEHHS 1 IepEeMIllICHHS

[MPUMITKA 1: npyxuuii cnexrp peaknii B EN 1998-
1:2004, 3.2.2.2 (1) P BigHocuthcs 1o mepiomiB mo 4 c¢. Jlis
sHaueHHs Teff Ginblue, HiXk 4 ¢ IPYKHUI CIEKTP MEPEMilllCHHS
Bm3Hayaethess B EN 1998-1:2004, momatok A Moxke OyTH
BHUKOPHUCTAHO 1 TPY)XKHHUH CIEKTP MPUCKOPEHHS MOXYTh OyTH
OTpUMaHi 3 MPY)XHOTO CIEKTPY peakiii 3MillleHHs 3 BHpa3sy
(3.7) B EN 1998-1:2004. Tum He MeHIl, i30JbOBaHi MOCTH 3
Ter>4 C 3acIyroBylOTh OCOONMBOI yBarW, B 3B'A3Ky 3 IX
MOYaTKOBOI HU3bKOI JKOPCTKOCTI Yy BIJHOIIEHHI OY/b-SIKOTO
TOPU30HTATIBHOTO [il.

[MPUMITKA 2: nans BpaxyBanHs Bucoth H cropyam i
KOMITOHEHT  KOpCTKocTi mnpu mepemimenti Ks (kH / w),
xopcrrocti ocHoBH  Ki (kH / M), a Takox >KOPCTKOCTI HpH
obepranni Kg (kHwm / pan), i i-ro i3omsatopa 3 e(eKTHBHOO
xopcrkictio Kbi (kH / M), cymapHa Kes 5KOpPCTKITh BU3HAYAETHCSI
, Ak (muB. puc 7.5N):

¥

ITC T T
Figure 7.4: Acceleration and displacement spectra

NOTE 1: The elastic response spectrum in EN 1998-
1:2004, 3.2.2.2(1)P applies up to periods of 4 s. For values of
Teff longer than 4 s the elastic displacement response spectrum
in EN 1998-1:2004, Annex A may be used and the elastic
acceleration response spectrum may be derived from the elastic
displacement response spectrum by inverting expression
(3.7) in EN 1998-1:2004. Nonetheless, isolated bridges with
Te>4 s deserve special attention, due to their inherently low
stiffness against any horizontal action.

NOTE 2: For a pier of height Hi with a displacement stiffness
Ksi (KN/m), supported by a foundation with translation stiffness
Kti (kN/m), rotation stiffness Kfi (kNm/rad), and carrying
isolator unit i with effective stiffness Kbi (kN/m), the
composite stiffness Ke,iis (see Figure 7.5N):

g2

['ayukicTh 130/15TOpA 1 HOTO BITHOCHE TIEPEMIIICHHS

F

.

dy = %

n

3a3BuYaii  HabaraTto OulbIlle, HDK TEPEMIIICHHS
MPOJILOTHOT OynOBU (CYNEPCTPYKTYPH). 3 miei
npuyrMHu ~ e(QeKTUBHE  JeMI(pYBaHHS  CHCTEMHU

3aNeXUTh TUIBKU BiJl CyMapHOi pO3CiSHOI eHeprii B
1307sTOp1, 2EDi, a BITHOCHE MEPEMIllIEHHS 130JIATOpa
MPAKTUYHO JIOPIBHIOE MEPEMIIIEHHIO IPOJHOTHOI
OyZOBH B TOHIII PO3MIILIIEHHS 130JIATOPA.

+— (7.11N)
Kﬁ

The flexibility of the isolator and its relative

displacement

typically is much larger than the other components
of the superstructure displacement. For this reason
the effective damping of the system depends only on
the sum of dissipated energies of the isolators, XEpj,
and the relative displacement of the isolator is
practically equal to the displacement of the
superstructure at this point

(dwildig= ,ef’f__i-"}Kb:' =1)
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YMoBHI 03HaYeHHA

A- nponboTHa Oy/10Ba CynepcTpyKTypa

B - 3osstTop |

C — omopa mocrTa i

Pucynok 7.5N: cymapna (edeKkTUBHA) MKOPCTKICTh
OTIOpH Ta 1-TO 130JIATOpa

4) B 7.6.2 Cucrema izousiuis

Baminutu (1)P (5) mo:

(1) P HeoOxigHa po3paxyHKOBa peakxifist i HaiifHiCTh
cucremd Bossanii  (mmB.  7.3(4)P)  3milicHIOETHCS

[IIXOM PO3POOKH KOXHOTO I-ro i30yaTopa Juls
MOTPIOHOTO MPOEKTHOIO TepeMinicHHs gy, a:

dbia =y 150bid
e yis € KoeimieHT — MmiACWICHHS,  SKUU
3aCTOCOBYETHCS TUIBKHA npu po3paxyHKax
celicMiuHMX  mepeMmimieHb  Ophid CYT  KOKHOTO
i3ossTopa | B pe3ynbTaTi OJHIET 3 MPOIELYD,

3a3HadyeHux B 7.5.

SIKIO  BPaxoBYIOTbCS MPOCTOPOBI  (KOMITOHEHTH])

Bapiallii ceiCMIYHOT0 BIUIMBY Ha OCHOBI CIIPOIIEHOT

metoauku 3.3 (4), (5), (6) i (7)P, 30inbmICHHS
MPOCKTHOTO TIEPEMIIllEHHST KOHCTPYKI[l MOBHHHO
OyTtu oIfiHeHO 3 3acTocyBanHsaM npasuia 3.3(7)P, ae

nepeMinieHHsT Opid PO3PaxOBYIOTHCS BIAMOBITHO 3a
OJIHUM 3 METOJIB B 7.5, MOBUHHI OyTH MiIBUIIEHI Y

BiamoBimHocTi 3 BHpasom (7.19), B To#f wuac sk
BIJIMOBIHI MPOCTOPOBI KOMIIOHEHTH BU3HAYAIOTHCS
BigmoBinHo g0 3.3.5) 1 (6), He mOBUHHI
KOPETYBaTHCh.

np ACTY-H b EN 1998-2:201X

Key

A — Superstructure

B — Isolator i

C —Pieri

Figure 7.5N: Composite stiffness of pier and
isolator i

4) In 7.6.2 Isolating system
Replace (1)P to (5) by:

(1)P The required increased reliability of the
isolating system (see 7.3(4)P) shall be implemented
by designing each isolator i for increased design
displacements dbi,a:

(7.19)

where yis is an amplification factor that is applied
only on the design seismic displacement dyi¢ Of each
isolator i resulting from one of the procedures
specified in 7.5.

If the spatial variability of the seismic action is
accounted for through the simplified method of
3.3(4), (5), (6) and (7)P, the increased design
displacements shall be estimated by application of
the rule of 3.3(7)P, where the displacements dyiq due
the inertia response determined in accordance with
one of the methods in 7.5 shall be amplified in
accordance with expression (7.19) above, while
those corresponding to the spatial variability
determined in accordance with 3.3.(5) and (6), need
not be amplified.

181



mp ACTY-H b EN 1998-2:201X

I[NPUMITKA 3naueHHs, ke NPUIMAETBCS Yis A1 KOHKPETHOL
KpaiHi Moxe, OyTH BH3HAYE€HO B HAalliOHAIFHOMY JONATKY.
PexomennoBane 3HaueHHS Yis=1,50.

(2)P  MakcumanpHe  rJ00adbHE  MEPEMIIICHHS
KOXKHOTO  130J1iTOpa B KOXKHOMY HAmpsIMKY Omi,
NOBHHHE OyTH mepeBipeHe 3rimHo Bupasy (7.19a),
JOJaBaHHSIM JI0 TPOSKTHOTO TIEPEMIICHHS TpH
ceiicMiuHid 1ii, mepeMimieHHs Bix 3cyBy g,
MOTEHIIHO BUKJIMKAHHX:

a) NOCTIHHMMU BIUTUBAMHU;
0) TOBrocTpoKOBUMH jedopmaltisiMu (Iicisi HATATY,
yCaaKd 1 TMOB3Y4OCTi il OCTOHHUX HACTHIIIB)

MIPOJILOTHOT Oy/10BU; Ta

c¢) 50% Bix TETIIOBOTO BILIHBY.

dmi>dg,i + dbia

[TPUMITKA JlogaTkoBi yMOBH JUIsi MEPEMIIIEHHS! €EMHOCTI Omi
IUTs i30msTopa HaBeneHi B 7.7.1(4).

(3)P Bci KOMIIOHEHTH 130JIF0I0Y0T CHCTEMH TTOBHHHI
Oyt 3maTHi (QyHKIIOHYBaTH 0€3 ICTOTHOI 3MIHU
BJIACTUBOCTEH 130JIAI11i IO iX 37aTHOCTI IepeMileHHs
dm, Y BIIMTOBITHOMY HANpPSIMKY.

(4)P IlpoexTHu# omip KOXHOTO HECYYOrO €JIEMEHTa
CHUCTEMHU 130JIAIIi1, BKJIIOYAIOYM ii aHKEpPH, MOBHUHECH
NEPeBUIIYBaTH CHIy, IO Ji€ Ha EJIEMEHT IIpH
3arajJJbHOMy  MakKCUMaJlbHOMY  3MimeHHi.  Omip
MOBHHEH TAaKOX IICPEBUIIYBATH TPOCKTHY CHITY
BUKIIMKaHy BITPOBHM HaBaHTA)XCHHSM Ha CIIOPYLY y
BIJIMOBIIHOMY HANpPSMKY.

I[MPUMITKA MaxkcumanbHa peakiiisi TiApaBIiuHUX B'S3KHX
amoprtuzaTtopiB (muB. 7.5.2.3.4), mo BiAnoBigae 30UIBIICHHIO
niepeminieHss Uyia, MOXe OYTH TependaveHa MUIIXOM MHOKEHHSI
Pe3yNbTYI0U0i peakilii 3 pa3oBoro po3paxyHky yis® 2 3 ap, sk
BHU3HAYEHO B 7.5. 2.3.4

(5) bioku 1305ATOpIB, IO CKIAMAIOTHCS 3 MPOCTHX
€JIACTOMEPHUX TIIIIMITHUKIB 3HU3BKHM 3TacaHHsIM,
NOBUHHI OyTH TiepeBipeHi Ha firo ButuBiB B (1)P (4)P,
3rigHo 3 BiamoBimHUMHU HopMmamu EN 1337-3:2005
TakUM 4YUHOM. MakcumanbHa 3arajbHa MPOEKTHA
nedopmariisi 3cyBy B NIALIMIHMKY IOBHHHA OyTH
po3paxoBaHa K cyma 3

a) MpoeKTHa  Jedopmallis 3aBIISIKA
BEPTUKAJIBLHOMY CTHCKaHHIO,

3CYBY
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NOTE The value ascribed to yis for use in a country may be
defined in its National Annex. The recommended value is y 1s =
1,50.

(2)P The maximum total displacement of each
isolator unit in each direction dm,i shall be verified
from expression (7.19a) by adding to the above
increased design seismic displacement, the offset
displacement dG,i potentially induced by:

a) the permanent actions;

b) the long-term deformations (post-tensioning,
shrinkage and creep for concrete decks) of the
superstructure; and

¢) 50% of the thermal action.

(7.19a)

NOTE An additional condition for the displacement capacity
dm,; of the isolators is given in 7.7.1(4).

(3)P All components of the isolating system shall be
capable of functioning without significant change in
isolation properties up to their displacement capacity
dm,i in the relevant direction.

(4)P The design resistance of each load-carrying
member of the isolation system, including its
anchorage, shall exceed the force acting on the
member at the total maximum displacement. It shall
also exceed the design force caused by wind loading
of the structure in the relevant direction.

NOTE The maximum reaction of hydraulic viscous dampers
(see 7.5.2.3.4) corresponding to the increased displacement dpia
may be estimated by multiplying the reaction resulting from
the analysis times ys® 2 , with ay as defined in 7.5.2.3.4

(5) Isolator units consisting of simple low-damping
elastomeric bearings should be verified for the
action effects in (1)P to (4)P, in accordance with the
relevant rules of EN 1337-3:2005 as follows. The
maximum total design shear strain in the bearing
should be calculated as the sum of

a) the design shear strain due to vertical

compression,



b) nedopmamii 3cyBy BiANOBiZa€ 3arajJbHOMY
MPOEKTHOMY TOPH30HTAIILHOMY MEPEMIIIEHIO 1

C)medopmarrii  3CyBy BiIIMOBIZAIOTH
IIPOEKTHOMY KYTOBOMY OO€pTaHHIO

3arajlbHOMY

MIAMIAITHAKA B MPOCKTHIA CceWCcMIiuHIi cuTyarii, 6e3
MHOJKEHHSI Ii€i CyMU Ha KoediuieHT mincuneHHs. Lls
nedopmariisi He MOBMHHA IEPEBHUIIYBAaTH 3HAYCHHS
eu,d, BiamoBimHO a0 cmiBBimHOmIeHHS (2) 3 5.3.3
EN 1337-3:2005. CtabinpHICTh BiJ BTPATH CTIHKOCTI i
KOB3aHHS TOBHMHHI OyTM TMepeBIpeHl 3TigHo 3
BimoBigauMHu nipaBuiamu 5.3.3.6 3 EN 1337-3:2005.

[MPUMITKA 3nHaueHHs, 00 NPUIIHUCYETbCS YaCTKOBOMY
MMOKA3HUKY Ym Y BIIHOIICHHI IO £u,d JIsl BUKOPUCTAHHS B KpaiHi
JUTSL PO3PAXYHKY MPOCKTHOTO OMOpPY MPOCTOrO E€IacTOMEPHOro
MIiJIIUITHAKA 3 HU3bKHUM 3TacaHHSAM B CEHCMIYHIN MPOCKTHIN
curyanii Moxe OyTu 3a3HaueHo B HarioHanbHOMY HO#aTKy
Kkpainu. PexomenmoBane 3naueHus ym= 1,00.

5) B 7.7.1 Biuni MokIuBOCTi BiTHOBJI€HHS
[Tepemictutu (1)P B (3), sk:

()P Cucrema 3oJisrii TOBUHEHHA MPEICTABUTH
MOJKJIMBICTh CaMOBIIHOBJIEHHI B 000X OCHOBHHUX
TOPU3OHTAILHOMY  HampsMKax, 1100  3amo0irtu
CYKYITHOMY  HAKOTHMYEHHIO  TepeMilleHb. s
MOXJIMBICTh JOCTYITHA, KOJIM CHCTEMa Ma€ HEBEIHUKI
3QIMIIKOBI TIEPEMIIIEHHS 110 BIIHOMIEHHIO M0 il
3IATHOCTI nepemimarucs dm.

(2) Bumorm (1)P BBakarTbCs BUKOHAHHUMH Y
HaMpsIMKY, Koyin mepeMimieHas Jo, SIK BH3HAYEHO
HUKY€e, BIINOBIAA€ HACTYIIHUM YMOBaM B JIaHOMY
HaANPSIMKY:

d, .
CC :_>(>}
dy

Ie:

ded TPOEKTHE TMEpeMillleHHs CHUCTEMH i30JIs1ii B
PO3IIIIHYTOMY HalpsIMKY, K 116 BU3HAYEHO B 7.2,

do MakcumasnbHE 3aJMIIKOBE TEPEMIllIeHHs, Ui
SAKOrO cHcTeMa 3oJsmii Moxe mnepeOyBaTH B
CTaTUYHI pIBHOBa3l B PO3IJSHYTOMY HAIPIMKY,
BUKOPDHUCTOBYIOUYM  BJIACTMBOCTI  CHUCTEMH,  SK
BHU3HAUYEHO B IIbOMY INYHKTI, 1 B (5) Hmxkue. Tum

np ACTY-H b EN 1998-2:201X

b) the shear strain corresponding to the total design
horizontal displacement and

c) the shear strain corresponding to the total design
angular rotation

of the bearing in the seismic design situation,
without multiplication of this sum by an
amplification factor. This strain should not exceed
the value of eu,d according to relation (2) of 5.3.3 of
EN 1337-3:2005. Buckling and sliding stability
should be checked according to the relevant rules of
5.3.3.6 of EN 1337-3:2005.

NOTE The value ascribed to the partial factor yn in the relation
for euq for use in a country for the calculation of the design
resistance of simple low-damping elastomeric bearings in the
seismic design situation may be specified in the National
Annex of the country. The recommended value is ym = 1,00.

5) In 7.7.1 Lateral restoring capability
Replace (1)P to (3) by:

(1)P The isolating system shall present self-restoring
capability in both principal horizontal directions, to
prevent cumulative build-up of displacements. This
capability is available when the system has small
residual displacements in relation to its displacement
capacity dm.

(2) The requirements in (1)P are considered to be
satisfied in a direction when the displacement do as
defined below meets the following condition in the
examined direction:

(7.24)

where:

dcd is the design displacement of the isolating system
in the examined direction, as defined in 7.2,

do is the maximum residual displacement for which
the isolating system can be in static equilibrium in
the considered direction using system properties as
defined in this paragraph and in (5) below. Thereby
no account should be taken of any limitation due to
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caMHMM, HE CIIiI BPaXOBYBaTH Oy/b-sKi OOMEXCHHS
3aBIISKM 3JATHOCTI 130JITOPIB 10 TEpeMileHHS
(meoOMexxeHa 3maTHICTB). JIIsg cuCTEM 3 OLTIHIHHOO
IMOBEIIHKOI0, BigmosimHo mo 7.5.2.3.2 abo cucrem,
SKI MOXYTh OYTH alpoKCHMMOBaHi sK Takoi, o
3aJ]a€ThCS SIK:

dO = EJ Kp

O ABJIsI€ COOOKO YUCEIIBHE 3HAYCHHS

I[MPUMITKA 1: 3HaueHHs BiTHOIICHHS O JIsl BUKOPHCTaHHS B
KpaiHi Moke Oyrum 3HaiijeHo B HamioHambHOMY JOHIATKYy.
Pexomennosane 3nauenns 6 = 0,50 (muB. Takox puc 7.8 i
7.7.1(4) lpumitka 2).

[MPUMITKA 2: [Iyst cucteM, sIKi alipOKCUMYIOThLCS OLTiHIHHOIO
nmoBeiHko ricrepesicy (muB. Puc 7.6N) BmactuBocTi
eKBIBJIEHTHOI OLTIHIHHOI CHUCTEMH MOBHWHHI OyTH BH3HAueHi

HACTYIIHUM YWHOM. 3HA4YeHHS CWIM TIPpU  HYJIbOBOMY
nepemimenHi Fo 1 npuOau3He 3HAYEHHS  MPOEKTHOIO
nepeminieHass deg 30epiraetees. Ilpsmi  miHil is  Tinkw

HaBaHTaxeHHs AB 1 rinku pospanTaxenHs BC BuzHaueHi
TaKUM YHHOM, 11100 HAONM3WUTH BIAMOBIAHI TIAKH (haKTUIHOT
NIeTJIi Ha PiBHINA OCHOBI 00JIACTI.

IMPUMITKA 3: Jlns cucteM 3 OULTHIAHOW MOBEIIHKOIO
BigmoBimHO g0 7.5.2.3.2, abo cucrem, siKi MOXYTb OyTH
ampoKCUMOBaHi sk Taki, mepemitnensst do = Fo/K 3amexuts Bin
BJIACTHBOCTEH CHCTEMHU 130JIs11i1, pO3IIITHYTOI HEe3ale)KHO Bif 11
3IATHOCTI JI0 nepemitieHb. Tomy Ha Pucynky 7.6N cucremu 3
nertsivt ABCD 1 AB'C'D marots ognakosi do. 3Hauenus do €
MO3UTHBHUM, KOJNHU IOCT-TIPYXHs JKOPCTKicTh Kp mo3utuBHa,
HeratuBHa, komu K, € HeratuBHowo, 1 oo, komu K,
nopiBHioBatuMe Hym0. Crucremu 3 HeratuBHOW0 K He mOBHHHI
BUKOPUCTOBYBATHCSL.

[MPUMITKA 4: ][lns cucrteM KOB3alOYUX MPHUCTPOIB 31
chepuunoro moBepxuero ko3auus (muB. 7.5.2.3.5 (2))

do = p dRb.

[MPUMITKA 5: [Ist crcteM 3 TicTepe3UCHOIO MTOBEAIHKOIO, SIKi
HE MOXYTb OYTH alpoKCHMOBaHI GiTiHIWHOT 3aIeKHICTIO (IUB.
Puc 7.7N) 3Hauennst do Moke OyTH BHU3HAYEHO 3 MMEPETHHY
MIOCT-TIPY’KHOI TiJKK 3 BICCIO TepeMimieHs. i miIBUIIEeHHS
HaIMHOCTI TIepeMileHHs TeKyqocTi Jy MOKHA BBayKaTH PIBHUM
HYIIIO,
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the displacement capacity of the isolators (unlimited
capacity). For systems with bilinear behaviour,
according to 7.5.2.3.2 or systems that can be
approximated as such, do is given as:

(7.25)

4 is a numerical value

NOTE 1: The value of ratio & for use in a country may be
found in its National Annex. The recommended value is 6=
0,50 (see also Figure 7.8 and 7.7.1(4) Note 2).

NOTE 2: For systems that are approximated by bilinear
hysteretic behaviour (see Figure 7.6N) the properties of the
equivalent bilinear system should be determined as follows:
The force value at zero displacement Fo and an estimated value
of the design displacement dcg are maintained. The straight
lines for the loading branch AB and the unloading branch BC
are defined so as to approximate the corresponding branches of
the actual loop on an equal area basis.

NOTE 3: For systems with bilinear behaviour according to
7.5.2.3.2, or systems that can be approximated as such, the
displacement do = Fo/K, depends on properties of the isolating
system considered in dependently from its displacement
capacity. Therefore in Figure 7.6N the systems with the loops
ABCD and AB’C’D have the same do. The value of do is
positive when the post-elastic stiffness K, is positive, negative
when K, is negative, and o when K, is zero. Systems with
negative K should not be used.

NOTE 4: For systems of sliding devices with spherical sliding
surface (see 7.5.2.3.5(2))

NOTE 5: For systems with hysteretic behaviour that cannot be
approximated by a bilinear relationship (see Figure 7.7N) the
value of do may be defined from the intersection of the post-
elastic branches with the displacement axis. The vyield
displacement dy may be assumed equal to zero, for increased
reliability.
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YMOBHI nNo3HAYEHHA

F — Cuna

d— Ilepemirents

A- BinHomeHHs (hakTUYHA CHIIA-TIEPEMIIICHHS

B - Anpoxkcumaris 6iriniitHo0 Moaemto (ABCD)
C - PiBHI o

Pucynox  7.6N:  BusHaueHHS  €KBiBaJICHTHOI
OuriHifiHOI MoZeinl UIA  OIIHKMA  MOJKJIHUBOCTI
BIJIHOBJICHHS

Key

F — Force

d — Displacement

A — Actual force-displacement relation

B — Approximation by bilinear model (ABCD)
C — Equal areas

Figure 7.6N: Definition of the equivalent bilinear
model for the evaluation of restoring capability
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YMoBHI N0O3HAYECHHSA

F — Cuna

d — Ilepemirnents

A- TlocT-nipy>xHs TlTKa
B - IlpyxHs rinka

Pucynoxk 7.7N: T'ictepe3ucHa cucrema, sika HE MOXKE
OyTH arpoKCHMOBaHa OUTIHIHHOT MOJIEILTIO

(3) Cucremu, siki He 3a10BOJILHAIOTE YMOBI (7.24) B
IIEBHOMY HaNpsIMKy MOXYTh OYTH pO3TJISHYTI
BigmoBigHo g0 Bumor 1(P), sKmo 3 MeToIo
3aJI0BOJICHHSI BOHU MAlOTh BIANOBIAHY 3[JaTHICTH J0
MepeMillleHHsT 3 BHUCOKHUM CTYINEHeM HaJiifHOCTI,
HAKOTIMYCHHSI 3QJIMIIKOBUX TIEPEMIIICHh B ILbOMY
HANPSMKY MPOTATOM TEPMIHY CITYKOHU CIIOPY/IH.

(4) VYmoma (3) BBaKAaeTbCs BHKOHAHOK, KOJIH
HACTYITHE BiJHOIICHHS BHUKOHYETHCS IS KOXKHOTO
130J11TOpA:

dmi 2 dG:i + Yauyia Pa

Ac
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Key

F — Force

d — Displacement

A — Post-elastic branch
B — Elastic branch

Figure 7.7N: Hysteretic systems that cannot be
approximated by a bilinear model

(3) Systems that do not satisfy condition (7.24) in a
certain direction may be considered to meet the
requirements of 1(P) if they have sufficient
displacement capacity in order to accommodate,
with adequate reliability, the accumulation of
residual displacements in this direction during the
service life of the structure.

(4) The condition in (3) is considered to be met
when the following relation is satisfied for every
isolator:

(7.264)

where:



1-(d, /d4)"°
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(7.26b)

p, =1+135

1300paxeno Ha Pucynky 7.8

dm,i 3HaTHICTH 10 TepeMilieHHs i3oisTopa | B
pPO3TIITHYTOMY  HANpsSMKYy, TOOTO MaKCHUMaJIbHE
MEePEMIIEHHS, SKE 130JIATOP MOXE MaTH B I[OMY
HaMpPsAMKY,

doid TIpOEKTHE TmepeMilleHHs i3oyiATopa | B
PO3TIITHYTOMY HamlpsSMKYy, SK II¢ BU3HAYeHO B 7.6.2
(1P,

de,i HeceiicMiuHe KOMIICHCAIlIIfHE MEpPEMIlICHHS
i3ossTOpA 1 BiAmoBinHo 10 7.6.2 (2)P,

dy  mepemimieHHS ~— TEKY4OCTi €KBIBAJIECHTHOT
OLTIHIMHOI CHUCTEMH, SIKE BU3HAYACTHLCI BIAMOBITHO
no (2) sume. [lns cucrtem KoB3aHHsA Oy MoOXKHa
BBaKaTH HYTb0BUM. KOs mpUCYTHSI HEBU3HAYEHICTh
1100 MarHityau dy #oro Citif BBaKaTH HYJIEM.

Ydu ~ YHMCIOBHM  Koe(dimieHT, 10  BimoOpaxkae
HEBU3HAYEHICTh B OIIIHIII TPOCKTHOTO MEPEMIIICHHS.

[NPUMITKA 1: 3HaueHHA, IO TMPHIUCYETHCA Ydu UL
BUKODHCTaHHS B  KpaiHi, Moxe OyTu 3HaleHo B
HaunionansHomy nonatky. PexomengoBane 3nauenHs: ydu=1,20.

IMPUMITKA 2: Jlpyruii ymoBa y Bupasi mii pg B (7.26b)
BiOOpa)ka€  HAKOMWYEHHS  3aJMIIKOBUX  IEepPeMillleHb
BIJITIOBITHO JIO TOCIIJOBHOCTI 3€MIIETPYCIB, IO BIIOYIHCS IO
MPOEKTHOrO 3eMJIETPYCY, B PpO3YMIiHHI, IO KOJEKTHBHA
HWMOBIPHICTb, JOPIBHIOE WMOBIPHOCTI MPOEKTHOTO 3EMIIETPYCY.
Hust cucteM 3 deg/do > 0,50, HaxomM4eHHs 3aIUIIKOBHX
nepemiens HesHaune (muB. Puc 7,8). st cucrem 3 dea/do < &
MaKcHMajbHe 3HaueHHS Omj MOBHHHE OyTH OTpMMaHe abo 3
Bupasy (7.26a) a6o 3 Bupasy (7.19a), B 3amexHOCTI Bin TOTO,
SIKE J1a€ OlIbIe 3HAYCHHS.

1+80(d, /d,)"

and is depicted in Figure 7.8
and

dm,i is the displacement capacity of the isolator i in
the considered direction, i.e. the maximum
displacement that the isolator can accommodate in
this direction,

dvi,a is the design displacement of isolator i in the
examined direction, as defined in 7.6.2 (1)P,

dg,i is the non-seismic offset displacement of isolator
i according to 7.6.2 (2)P,

dy is the vyield displacement of the equivalent
bilinear system that is determined in accordance to
(2) above. For sliding systems dy can be assumed
zero. When uncertainties regarding the magnitude of
dy are present it should be assumed zero.

yau 1S @ numerical coefficient reflecting uncertainties
in the estimation of design displacements.

NOTE 1: The value ascribed to yq, for use in a country may be
found in its National Annex. The recommended value is: ya =
1,20.

NOTE 2: The second term in the expression for pq in (7.26b)
reflects the accumulation of residual displacements under a
sequence of earthquake events occurring before the design
earthquake, considered to have a collective probability equal to
the probability of the design earthquake. For systems with
dea/do > 0,50, the accumulation of residual displacements is
insignificant (see Figure 7.8). For systems with dci/do < 6 the
maximum dm,; value should be derived either from expression
(7.26a) or from expression (7.19a), whichever gives the greater
value.
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estimation of both dcs and do. The lateral restoring
conditions (7.24) and (7.26) do not account for

1.1
1.2

values for elastomeric bearings

J;,lmx__ il f‘D]_

1,2

1,1

Figure 7.8: Plot of pg according to expression

(7.26b)
effects of wvelocity variation on the forces of

(5) The same properties of the isolators under
isolators.

dynamic conditions should be used for

Replace Tables JJ.1 and JJ.2 by:
Table JJ.1: f1 - Ageing

6) In 3J.1 hmax

[IOBHUHHI

130J1TOPIB
Component
LDRB
HDRB1
HDRB2
Lead core

K BJIACTHBOCTI

Pucynok 7.8: JlinsHka pd y BIAMOBIAHOCTI 3 BUPA30OM
188

(7.26b)
OIIHKK 5K Ocg, Tak i do. BiuHI BITHOBJICHHS YMOB

(7.24) i (7.26) He BpaxOBYIOTh BIUIMBH 3MiHH

HIBUKOCTI HA 3YCUJUIS B 130JIATOPAX.
6) V JJ.1 Amax - 3HAYEHHSI JJIsl €JIaCTOMEPHHX

BUKOPDHUCTOBYBATHUCS B JUHAMIYHHX YMOBax JUIs
onop

3aminuty Tabmumd JJ.11JJ.2 Ha:
Ta6auus JJ.1: f1 - Crapinus

(5) Taxi



3 HACTyIHUM
KOMIIOHEHTIB:

IIO3HAYCHHAM pI b TYMOBHUX

LDRB: I'ymoOBi omopu 3 HHU3BKUM JAeMI(YBaHHIM 3
MoaylieM 3cyBy Oumemie, HiK 0,5 Mna, mnpu
nedopmartii 3cyBy 100%,

HDRB1: I'ymoBi oniopu 3 BHCOKUM JeMI(YBaHHSIM 3
Cett < 0,15 i Mmoayns 3cyBy Oinmbire, Hixk 0,5 Mma, npu
nedopmartii 3cyBy 100%,

HDRB2: I'ymoBi oniopu 3 BHCOKUM JeMII(pYBaHHSIM 3
Cerr> 0,15 abo mMoayneMm 3CyBYy MEHIIUM a00 PIBHUM

0,5 Mma, ipu nedopmartii 3cyBy Ha 100%,

CBUHIIEBHI CEp/IEYHUK. CBUHIICBUN CEPACUYHUK IS
cBHHIIEBOi ryMoBoi onopu (LRB)

Ta6auusa JJ.2: f2 - Temneparypa

np ACTY-H b EN 1998-2:201X

with the following designation for the rubber
components:

LDRB: Low damping rubber bearing with shear
modulus, at shear deformation of 100%, larger than
0,5 Mpa

HDRB1: High damping rubber bearing with et <
0,15 and shear modulus, at shear deformation of
100%, larger than 0,5 Mpa

HDRB2: High damping rubber bearing with efr >
0,15 or shear modulus, at shear deformation of
100%, smaller or equal to 0,5 Mpa

Lead core: Lead core for Lead rubber bearings
(LRB)

Table JJ.2: f2 - Temperature

Design Amax. 2 for
Temperature K, F,
Tiny (°C) LDRB | HDRBI1 | HDRB2 | LDRB | HDRB1 | HDRB2

20 1,0 1.0 1.0 1.0 1,0 1.0

1,1 1,1 1.2 1,3 1.3 1.3

-10 1.1 1,2 1.4 1.4 1.4 1.4

-3 1.3 1.4 2,0 1.5 2.0 2.5
Tminp MiHIMaIbHA TEMIlEpaTypa i30iATOpa I Tminb IS the minimum isolator temperature for the
ceiicMiuHOT MpOeKTHOI cHTyamii, BiAmoOBiZHO g0  Seismic design situation, corresponding to the bridge

noJstoxkeHHst Mocty (muB. (2) 3 J.1 JlomaTky J).

7) V K.2.3.3 Cucrema aieKBaTHOCTI

3aminuTy BUMory R3 Ha!

R3 B Tectax T2 i T5 3 K.2.2 MmakcumanbHe BUMIpSHE

nepeminieHHsi He nmoBuHHO mnepesuinyBat 110% Bin
MIPOEKTHOT'O 3HAYCHHS.

location (see (2) of J.1 of Annex J).

7) In K.2.3.3 System adequacy

Replace requirement R3 by:

R3 in tests T2 and T5 of K.2.2 the maximum

measured displacement should not exceed 110% of
the design value.
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€Bpoxo 8. [IpoekTyBaHHS cEHCMOCTIHKUX KOHCTPYKIIii. YacTura 2. MocTh
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Unenn CEN 30008'13ani notpumysatucst 3 CEN/CENELEC, sikuit nepeabauae yMOBH [Tl BKJIFOUCHHS 1[LOTO
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IlepenmoBa

Ieit noxkyment (EN 1998-2:2005/A2: 2011) Oys
migroroBineHuii  texHiuauii  komiter CEN/TC
"CtpykTypHi  €BpOKOIM», CEKpeTapiaT  sSKOTro
3HaxoauThes pu BSI.

L1iit mompaBIli 10 €BPONEHCHKOTO CTAHIAPTY

EN 1998-2:2005 mnoBuHeH OyTH HagaHWW CTaTYC
HAI[IOHAJILHOTO CTaHAAPTy a00 NUIAXOM IyOJiKarii
IZICHTUYHOTO TEKCTy, a00 CXBaJICHHS, HE ITi3HIIIE
BepecHs 2012 poky, 1 cymepewinBi HalllOHAJIbHI
CTaHJapTH MarTh OyTH CKacoBaHI He Ii3HIIIE
BepecHs 2012 poxky.

Cnin 3BepHYTHM yBary Ha Te, IO JIEAKl €JIEMEHTHU
BOTO JIOKYMEHTA MOXYTb OyTH 00'€KTOM MaTEeHTHUX
npaB. CEN [i/abo CENELEC] w©e Hece
BIIMOBIIATIFHICT 32 BUSBJICHHS SKUX-HEOYAb UM
BCIX IIMX MATCHTHHUX TIPaB.

Bignosimno 1o CEN/CENELEC, wuamionanbHi
opraHizamii 31 cTaHJapTU3alii HACTYDHUX KpaiH
3000B's13aH1  3aCTOCOBYBaTH Lied €BponeicbKuil
Crannmapt. Asctpis, bensris, bosrapis, Xopsaris,

Kinp, UYecpka PecnybOmika, /[lanis, Ecrtonis,
DinnguIig, Opaniis, Himeuunna, I'pemis,
VYropuuna, Icmanmis, Ipmanmis, Iramis, JlaTsid,
JlutBa, JlrokcemOypr, Mamnbra, Hinepnanmu,
Hopgeriss,  Ilompmia,  Ilopryramis,  PymyHis,
Cnosavunna, CrnoBeHis, Icmanis, IIBeiris,
[Beitnapis Ta Crioydene KoposiscTBo.

1 Momudikanis J.1

BaminuTu J.1 (2) Ha:

(2) MinivanpHa Temmeparypa i3omsropa  UIs

MPOEKTHOI ceHcMIYHOi cutyarii, Tminb, MOBHHHA
BIMOBIAATH KIIMAaTUYHUM yMOBaM pO3MIIIEHHS
MOCTY.

[IPUMITKA Meron Bu3HAYEHHS 3HAYEHHSI MIHIMAJIBHOL
TeMIepaTypyu i30IATOPY /M BHUKOPHCTAaHHSI B KpaiHi B
MPOEeKTHIH  ceficMiyHOi  cHTyamii MOXHA  3HATH B
HamionansHOMY nmomatky. PekomMeHIOBaHMIT METO| TIONISATAaE B
HACTYITHOMY:

Foreword

This document (EN 1998-2:2005/A2:2011) has been
prepared by Technical Committee CEN/TC

“Structural Eurocodes”, the secretariat of which is
held by BSI.

This Amendment to the European Standard

EN 1998-2:2005 shall be given the status of a
national standard, either by publication of an
identical text or by endorsement, at the latest by
September 2012, and conflicting national standards
shall be withdrawn at the latest by September 2012.

Attention is drawn to the possibility that some of the
elements of this document may be the subject of
patent rights. CEN [and/or CENELEC] shall not be
held responsible for identifying any or all such
patent rights.

According to the CEN/CENELEC Internal
Regulations, the national standards organizations of
the following countries are bound to implement this
European Standard: Austria, Belgium, Bulgaria,
Croatia, Cyprus, Czech Republic, Denmark, Estonia,

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

Sweden, Switzerland and the United Kingdom.

1 Modification to J.1
Replace J.1 (2) by:

(2) The minimum isolator temperature for the
seismic design situation, Tmin, Should correspond to
the climatic conditions of the bridge location.

NOTE The method for determining the value of the minimum
isolator temperature for use in a country in the seismic design
situation may be found in its National Annex. The
recommended method is as follows:

Tminb=Tav - Y2 (Tav - Tmin ) + 2 ATy

He
Tav € cepenHbOpiuHa TemIeparypa MOBITPsS B TiHI B
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Where

Tav is the annual average shade air temperature at the



MicIi po3TamryBaHHs MocTy. Bona wmoxe Oytu
OpUiHATAa K CEpPeJHE XapaKTepHE 3HAYEHHS
MakCUMaJbHOI ~Ta  MIHIMQJBHOI  TeMIeparypu
HAaBKOJIMIIIHBOTO  TIOBITpS B TiHI B  MicIi
pO3TaIllyBaHHs MOCTY, BiIIOBIIHO J0

EN 1991-1-5:2003, 6.1.3.2, 10010 Tay = (Tmax +
Tmin)/2. Slkio Hemae KOHKpeTHOI iH(popMarlii Moxe
OyTu BUKOopHcTaHe 3Ha4eHHs T4y = 10 © C.

Y2 € moenHaHHS (aKTOpPIB [UIsl TEIJIOBUX BILIUBIB
Jine IIPOEKTHO1 ceicMigHO1 CUTYaIlli, y
BIJITOBIAHOCTI 3 EN 1990:2002 Ta EN
1990:2002/A1: 2005, noxatox A2 i

ATl = Temin — Tmin pI3HHISI MDK MIiHIMaTBHOIO
PIBHOMIPHOIO TEMIIEpaTypOl0 KOMIIOHEHTIB MOCTY
Te,min Ta MIHIMQJIBHOIO TEMIIEPATYPOIO MOBITPSI B TiHI
Tmin, y BimmoBimaocti 3 EN 1991-1-5: 2003 Ta
EN 1991-1-5:2003/AC : 2009, 6.1.3.1 (4).

np ACTY-H b EN 1998-2:201X

location of the bridge. It may be taken as the average
of the characteristic values of the maximum and
minimum ambient shade air temperatures at the
bridge location, in accordance with

EN 1991'1'52003, 6.1.3.2 i.e. Tav = (Tmax + Tmin)/z.
If no specific information is available the value Tay =
10°C may be used.

y2 is the combination factor for thermal actions for
seismic design situations, in accordance with
EN 1990:2002 and EN 1990:2002/A1:2005, Annex
A2 and

AT1 = Temin — Tmin is the difference between the
minimum uniform bridge temperature component
Temin and the minimum shade air temperature Tmin ,
in accordance with EN 1991-1-5: 2003 and
EN 1991-1-5:2003/AC:2009, 6.1.3.1(4).
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1) 3minu B ""HamionaabHomy momatky EN 1998-
2ll

YV opyeomy nymkmi, ninii cimxu, 2 Kolouka, 2-ea
ninis (Ons nynkmy, nog'szanozo 3 nocunanusm 1.1.1
(8)), saminumu "Tudopmarniitai logatka A, B, C, D,
E, F, H1JJ" na "Iadopmariitai Homatka A, B, C, D,
E,F,H, JiK".

YV opyeomy nymkmi, ninii cimxu, 2 KoloHka, 2-2a
ninis (Ons nynkmy, nog'szanozo 3 nocunanusm 1.7.1
(2)), saminumu "3navenns ¢axropiB Sw i Sb s
OIYHOTO BITHOBJIEHHS 3/IaTHOCTI CUCTEMH 130JIAIIID» 3
«3HavyeHHsT BIiZHOMIEHHS & I OLIHKK OIYHOro
B1JIHOBJICHHSI 3JaTHOCTI .

Y opyeomy nynxmi, ninii cimku, 6iopasy nicis psaoxa
npucesueni nocunannro 1.7.1 (2), dooamu nacmynni
PAOKU:

7.7.1 (4) 3navenns Yqu BigoOpakae HEBU3HAYCHICTD
B OIIIHIII TPOEKTHUX MIEPEMIIIICHb

2) 3minu B 4.2.4.4

Ilynkm  (2), nionynkm  (a), 3aminumu “Taka
ineHTudikaiis moBuHHa OyTH 3acHoBaHa" 3 "Taka
ineHTU(IKaIlis MOBUHHA OyTH 3aCHOBaHa'.

3) Buecennsi 3miH 10 5.6.2

Ilynkm (2)P, 3a cnuckom 6), IPUMITKA, 3aminumu
"MPUTIUCYIOTh YBdl JJI1 BUKOPUCTAHHS B KpaiHi" Ha
"MPUTIUCYIOTH YBdl V11 BAKOPUCTaHHS B KpaiHi'.

4) 3minm B 6.2.2

Ilynkm (3) 3aminumu "AOCSATHYTOIO B KOAHIA" Ha
"nocsaruyro abo B ogHOMY"

HyHKm (4)P, PieHARNSA (6,10),
”m ( ) — ZAS ys (mmZ/m) 29
i) Z AS ys 2 )
3aMiHITh mln( —) = (mm*</m)
S, 16f,

Ilynxm (4)P, nicasn Piensanns (6,10), saminumu:

"'ST € momepeyHa BiICTaHb MK KOJIOHAMH, B M;"

3.

"SL € BiICTaHh MK KOJIOHAMH Y3JIOBXK OCi €IEMEHTa,

M,
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1) Modifications to "National annex for

EN 1998-2"

In second paragraph, grid lines, 2nd column, 2nd
line (for the Item related to the reference 1.1.1(8)),
replace "Informative Annexes A, B, C, D, E, F, H
and JJ" with "Informative Annexes A, B, C, D, E, F,
H, JJ and K".

In second paragraph, grid lines, 2nd column, 2nd
line (for the Item related to the reference 7.7.1(2)),
replace "Values of factors 5w and 5b for the lateral
restoring capability of the isolation system” with
"Value of the ratio 8 for the evaluation of the lateral
restoring capability".

In second paragraph, grid lines, just after the row
dedicated to reference 7.7.1(2), add the following
row:

7.7.1(4)Value of Ygu reflecting uncertainties in the
estimation of design displacements

2) Modification to 4.2.4.4

Paragraph (2), subparagraph (a), replace "Such an

identification should be based" with "Such
identification should be based".

3) Modification to 5.6.2

Paragraph (2)P, list entry b), NOTE, replace

"ascribed to ygeal for use in a country "with "ascribed
to yeal for use in a country".

4) Modifications to 6.2.2

Paragraph (3), replace "acheived in either one™ with
"achieved in either one"

Paragraph
“mi ( ) =

(4)P,
72 Al (mm?/m)”

replace ” mln( Y= ZAS &
S, 16f,

Paragraph (4)P, after Equation (6.10), replace:

"st is the transverse distance between tie legs, in

m;" with:

"s. s the spacing of the legs along the axis of the
member, in m;"

Equation (6.10),

(mm?/m)”
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Kox YKH 91.120.25; 93.040

KarwuoBi  cioBa:  3emieTpyc,  celicMOHEOE3MEeUHICTh,  €BPOKOH,

CEMCMOCTIMKICTh, TPaBUJIa MPOEKTYBAHHS, MOCTH, CEMCMIUHI HABaHTAXEHHS.

Ilepmmii 3actynauk nupekropa 11 HAIBK
3 HayKoBOi poboTtH, rososa TK 304
«3axuct OyaiBenb 1 Copy1» FO. HemuunoB

HaykoBuii kepiBHUK,
3aBiayBay BIJIJIOM aBTOMAaTU3allii TOCTIKEHb
Ta CeUCMOCTIMKOCTI OyiBENb 1 CIIOPY O. XaBkiH

BinnoBigalpHU BUKOHABEID,

3aBigyBay JjabopaTopii Teopii CeMCMOCTIHKOCTI
Ta TUHAMIYHUX BUIIPOOYBaHb M. Map’eHKOB
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