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Fore\vord 

This European Standard EN 1998-2, Eurocode 8: Design of structures for earthquake 
resistance: Bridges, has been prepared by Technical Comnlittee CEN/TC2S0 
«Structural Eurocodes», the Secretariat of which is held by BSI. CEN/TC250 is 
responsible for all Structural Eurocodes. 

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conflicting national standards shall be withdrawn at latest by March 2010. 

This dOCl1l11ent supersedes ENV 1998-2: 1994. 

According to the CEN-CENELEC Internal Regulations, the National Standard 
Organisations of the following countries are bound to inlplen1ent this European 
Standard: Austria, BelgiU111, Cyprus, Czech Republic, Del1111ark, Estonia, Finland, 
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, 
Luxelnbourg,Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, 
S\veden, Switzerland and United Kingdom. 

Background of the Eurocode programme 

In 1975, the Conlnlission of the European Conln1unity decided on an action progranlme 
in the field of construction, based on article 95 of the Treaty. The objective of the 
progranlnle was the elimination of technical obstacles to trade and the hanllonisation of 
technical specifications. 

Within this action progranl111e, the C0111111ission took the initiative to establish a set of 
harnl0nised 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 Melllber States and, 
ultin1ately, would replace thenl. 

For fifteen the Conlmission, with the help of a Steering Comnl1ttee with 
Representatives of Melnber States, conducted the develop111ent of the Eurocodes 
progranl1ne, which led to the first generation of European codes in the 1980s. 

In 1989, the COlnnlisslon and the Melnber States of the EU and 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 then1 with a future status of European Standard (EN). This links 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 891l06/EEC on 
construction products - CPD and Council Directives 93/37 IEEC, 921S0/EEC and 
89/440/EEC on public works and services and equivalent EFTA Directives initiated in 
pursuit of setting up the internal n1arket). 

I 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). 
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The Structural Eurocode progranlme conlpnses the following standards generally 
consisting of a nunlber of Parts: 

EN 1990 Eurocode: Basis of structural design 

EN 1991 Eurocode I: 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 conlposite 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 alunliniunl structures 

Eurocode standards recognise the responsibility of regulatory authoritles in each 
Mel11ber State and have safeguarded their right to dete1111ine values related to regulatory 
safety nlatters at national level where these continue to vary fronl State to State. 

Status and field of application of Eurocodes 

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

as a l11eans to prove conlpliance of building and civil engineering works with the 
essential requirenlents of Council Directive 89/106/EEC, particularly Essential 
Requirenlent N° 1 - Mechanical resistance and stability - and Essential Requirel11ent 
N°2 - Safety in case of fire; 

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

as a franlework for drawing up harnl0nised technical specificatlons for construction 
products (EN s and ETAs). 

The Eurocodes, as far as they concern the construction works thenlselves, have a direct 
relationship with the Interpretative Docunlents2 referred to in Article 12 of the CPO, 
although they are of a different nature from hanl10nised product standards3

. Therefore, 
technical aspects arising from the Eurocodes work need to be adequately considered by 

2 In accordance with Art. 3.3 of the CPD, the essential requirements (ERs) shall be given concrete form in interpretative docllments 
for the creation of the necessary links between the essential requirements and the mandates for harmonised ENs and [TAGs/[T As. 

3 In accordance with Art. 12 of the CPD the interpretative doculllents shall: 

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

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

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

The Euroeodes, de facto, playa similar rolc in the field of the ER I and a part ofER 2. 
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CEN Technical Conlnlittees and/or EOTA Working Groups working on product 
standards with a view to achieving full conlpatibility of these technical specifications 
with the Eurocodes. 

The Eurocode standards provide COnl1ll0n structural design rules for everyday use for 
the design of whole structures and conlponent products of both a traditional and an 
innovative nature. Unusual fornls of construction or design conditions are not 
specifically covered and additional expert consideration will be required by the designer 
in such cases. 

National Standards implementing Eurocodes 

The National Standards inlplementing Eurocodes will comprise the full text of the 
Eurocode (including any annexes), as published by CEN, which lnay be preceded by a 
National title page and National foreword, and 111ay be followed by a National annex. 

The National annex nlay only contain infonnation on those parameters which are left 
open in the Eurocode for national choice, known as Nationally Detelmined Paranleters, 
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 SY111boJ only is given in the Eurocode, 

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

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

It may also contain 

decisions on the use of infonnative annexes, and 

references to non-contradictory cOlnplementary infonnation 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 hannonised technical specifications for 
construction products and the technical rules for works4

. Furthermore, all the 
infolmation accolnpanying the CE Marking of the construction products which refer to 
Eurocodes shall clearly nlention which Nationally Detemlined Paranleters 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 seislnic actions are as defined in EN 
1998-1 :2004, Section 3. 

4 see ArL3.3 and Art. 12 of the CPD, as well as 4.2, 1.4.3.2 and 5.2 of 1 D I. 
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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 seis111ic action is n1ainly 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 Inany cases inlportant parts of the seisn1ic resisting system of a bridge 
and are therefore treated accordingly. The saIne holds for seisn1ic isolation devices. 

National annex for EN 1998-2 

This standard gives alteIl1ative procedures, values and recommendations for classes, 
with notes indicating where national choices nlay have to be tnade. Therefore the 
National Standard l1nplenlenting EN 1998-2 should have a National annex containing 
all Nationally Detennined Paranleters to be used for the design of buildings and civil 
engineering works to be constructed in the relevant country. 

National choice is al10wed in EN 1998-2:2005 through clauses: 

Reference Itein I 

1.1.1(8) Infol111ative Annexes A, B, C, D, E, F, IE1) H~ JJ and K@j] 

2.1 (3)P Reference return period TNcR of seismic action for the no-collapse 
requirelnent of the bridge (or, equivalently, reference probability of 

i exceedance in 50 years, PNCR). I 

: 2.1(4)P Inlportance classes for bridges 

: 2.1(6) i Importance factors for bridges 

1 2 .2.2(5) Conditions under which the seis111ic action nlay be considered as 
accidental action, and the requirenlents of 2.2.2(3) and 2.2.2 (4) nlay : 
be relaxed. 

: 

2.3.5.3(1 ) Expression for the length of plastic hinges 

2.3.6.3(5) Fractions of design displacements for non-critical structural elenlents 

i 2.3.7(1) Cases of low seismicity 

2.3.7(1 ) Sinlplified criteria for the design of bridges in cases oLlow seis1111city 

3.2.2.3 Definition of active fault 

3.3(1)P Length of continuous deck beyond which the spatial variability of i 

SeiS111ic action nlay have to be taken into account I 

3.3(6) Distance beyond which the seismic ground m060ns may be I 

considered as conlpletely uncorrelated 

3.3(6) factor accounting for the lnagnitude of ground displacenlents 
occurring in opposite direction at adjacent supports 

! 

4.1.2(4)P 1j/21 values for traffic loads assumed concurrent with the design 
i seisnlic action 

4.1.8(2) Upper lilnit for the value in the left-hand-side of expression (4.4) for 
the seisnlic behaviour of a bridge to be considered llTegular 
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5.3(4) Value of ovestrength factor Yo 

5.4(1) Sin1plified 111ethods for second order effects in linear analysis 

5.6.2(2)P b Value of additional safety factor JlBd J on shear resistance 

5.6.3.3(1)P b Alternatives for deternlination of additional safety factor )lBd on shear 
resistance of ductile Inelnbers outside plastic hinges 

6.2.I.4( l)P Type of confinelnent reinforcement 

6.5.I(I)P Simplified verification rules for bridges of linlited ductile behaviour 
in low seismicity cases 

6.6.2.3(3) Allowable extent of damage of elastolTIeric bearings in bridges where 
the seisnlic action is considered as accidental action, but is not 
resisted entirely by elastonleric bearings 

6.6.3.2( l)P Percentage of the c0111presslve (downward) reaction due to the 
pernlanent load that is exceeded by the total vertical reaction on a 
support due to the design seiSll1ic action, for holding-down devices to 
be required. 

6.7.3(7) Upper value of design seiSnltC displacen1ent to limit t1~m~E'/' of the 
soil or elnbanknlent behind abutments rigidly connected to the deck. 

7A.l(1)P Value of control period To for the design spectrUlTI of bridges with 
seismic isolation 

7.6.2(I)P Value of mnplication factor )1s on design displacement of isolator 
units 

7.6.2(5) Value of Y,ll for elastonleric bearings 

7.7.1(2) Values of the ratio r5 for the evaluation of the lateral restoring 
capability 

7.7.1(4) Value of (till reflecting uncertainties in the estilnation of design 
displacements 

J.l (2) Values of Inininlunl isolator temperature In the selS1111C design 
situation 

J.2(1 ) Values of JG-factors for commonly used isolators 

Foreword to amendment A 1 

This document (EN 1998-2:2005/A 1 :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 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, Cyprus, 
Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, 
Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, 
Slovenia, Spain, Sweden, Switzerland and United Kingdom. 
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This document (EN 1998-2:2005/A2:2011) has been prepared by Technical Committee CEN/TC "Structural 
Eurocodes", the secretariat of w~lich 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, 
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1 INTRODUCTION 

t.t Scope 

1.1.1 Scope of EN 1998-2 

(1 ) The scope of Eurocode 8 is defined in EN 1998-1 :2004, 1.1. t and the scope of 
this Standard 1S 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 1998-1 :2004, this part of the 
Standard contains the particular Perf01111anCe Requirel11ents, Conlpliance Criteria and 
Application Rules applicable to the design of earthquake resistant bridges. 

(3) This Part prinlarily covers the seiSl11ic design of bridges in which the horizontal 
seisnlic actions are nlainly resisted through bending of the piers or at the abutnlents; i.e. 
of bridges cOlllposed of vertical or nearly vertical pier systenls suppor6ng 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 
cases. 

(4) Suspension bridges, timber and l11asonry bridges, nl0veable bridges and floating 
bridges are not included in the scope of this Part. 

(5) This Part contains only those provisions that, in addition to other relevant 
Eurocodes or relevant Parts of EN 1998, should be observed for the design of bridges in 
seisl11ic regions. In cases of lo\v seismicity, sinlplified design criteria may be established 
(see 2.3.7(1»). 

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

- Basic requirenlents and Conlpliance Criteria, 

- Seismic Action, 

Analysis, 

Strength Verification, 

Detailing. 

This Part also includes a special section on seisnlic isolation with provisions covering 
the application of this method of seisnlic 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. 

12 

NOTE 1 Informative Annex A provides information for the probabilities of the reference seismic 
event and recommendations for the selection of the seismic action during the construction 
phase. 
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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 stiftlless 
of reinforced concrete ductile members. 

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

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

NOTE 6 Informative Annex F 
water in immersed piers. 

information and guidance for the added mass of entrained 

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

NOTE 8 Informative Annex JJ provides information on A-factors for cOl11mon isolator types. 

NOTE 9 Informative Annex K contains tests requirements for validation 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 

properties of 

(l)P The following normative docunlents contain prOVISIons, which through 
references in this text l constitute provisions of this European standard. For dated 
references, subsequent amendn1ents to or revisions of any of these publications do not 
apply. However, parties to agreelnents based on this European standard are encouraged 
to investigate the possibility of applying the lnost recent editions of the nOll11ative 
documents indicated below. For undated references the latest edition of the nonnative 
docun1ent refen-ed to appJies (including mnendlnents). 

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 Actions on structures: Traffic loads on bridges 

13 
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EN 1992-2:2005 Design of concrete structures. Part 2 - Bridges 

EN 1993-2:2005 Design of structures. Part 2 - Bridges 

EN 1994-2:2005 Design of con1posite ( steel-concrete) structures. Part 2 Bridges 

EN 1998-1 :2004 Design of structures for earthquake resistance. General rules, 
seis111ic 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 Structural bearings - Part 2: Sliding elements 

EN 1337-3:2005 Structural bearings Part 3: Elastomeric bearings 

prEN 15129:200X Antiseismic Devices 

1.3 Assumptions 

(1) 111 addition to the general asslllnptions of EN ] 990:2002, 1.3 the following 
assUlnption applies. 

(2)P It is assUlned 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 n1elnbers. 

1.4 Distinction between principles and application rules 

(I) The rules oLEN 1990:2002, 1.4 apply. 

1.5 Definitions 

1.5.1 General 

(l) F or the purposes of this standard the following definitions are applicable. 

1.5.2 Terms common to all Eurocodes 

(1) The tern1S and definitions of EN 1990:2002,1.5 apply. 

1.5.3 Further terms used in EN 1998-2 

capacity design 
design procedure used when designing structures of ductile behaviour to ensure the 
hierarchy of strengths of the various structural cOlnponents necessary for leading to the 
intended configuration of plastic hinges and for avoiding brittle failure 1110des 

14 
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ll1embers able to dissipate energy through the fonnation of plastic hinges 

ductile structure 
structure that under strong seisnlic n10tions can dissipate significant amounts of input 
energy througb the formation of an intended configuration of plastic hinges or by other 
Inechanisms 

limited ductile behaviour 
seisn1ic behaviour of bridges, without significant dissipation of energy in plastic hinges 
under the design seisnlic action 

positive linkage 
connection inlplenlented by seisnlic links 

seismic isolation 
provision of bridge structures wi th special isolating devices for the purpose of reducing 
the seisn1ic response (forces and/or displacenlents) 

spatial variability (of seismic action) 
situation in which the ground motion at different supports of the bridge differs and, 
hence, the seislnic action cannot be based on the characterisation of the n10tion at a 
single point 

seismic behaviour 
behaviour of the bridge under the design seisn1ic event which, depending on the 
characteristics of the global force-displacenlent relationship of the structure, can be 
ductile or lin1ited ductile/essentially elastic 

seismic links 
restrainers through which part or all of the seisn1ic action tnay transn1itted. Used in 
con1bination with bearings, they lnay be provided with appropriate slack, so as to be 
activated only in the case when the design seisn1ic displacetnent is exceeded 

minimum overlap length 
safety 111easure in the fOll11 of a nll11l1nUnl distance between the inner of the 
supported and the outer edge of the supporting men1ber. The n1inin1unl overlap is 
intended to ensure that the function of the support is n1aintained under extrenle seismic 
displacements 

design seismic displacement 
displacement induced by the design seis111ic actions. 

total design displacement in the seismic design situation 
displacen1ent used to detenlline adequate clearances for the protection of critical or 
n1ajor structuralll1elnbers. It includes the design seisn1ic displacen1ent, the displacetnent 
due to the long term effect of the pernlanent and quasi-pernlanent actions and an 
appropriate fraction of the displacen1ent due to thermal movements. 

15 
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1.6 Symbols 

1.6.1 General 

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

(2) Further sYlnbols, used in connection with the seisnl1c actions, are defined in the 
text where they occur, for ease of use. However, in addition, the most frequently 
occurring sYlnbols in EN 1998-2 are listed and defined in the following subsections. 

t .6.2 Further symbols used in Sections 2 and 3 of EN 1998-2 

dE design seislnic displacement (due only to the design seisn1ic action) 

dEc seisn1ic displacement detennined froln linear analysis 

dG long tern1 displacelnent due to the pern1anent and quasi-permanent actions 

design ground dlsplacelnent in accordance with 1998-1 :2004, 3.2.2.4 

~ ground displacelnent of set B at support i 

dri ground displacelTIent at support i relative to reference support 0 

dr displacen1ent due to thelmailTIOVe111ents 

du ultimate displacen1ent 

dy yield displacenlent 

AEd design seis111ic action 

F Rd design value of resisting force to the eat1hquake action 

Lg distance beyond which the ground motion Inay be considered completely 
uncorrelated 

Li distance of support i fron1 reference support 0 

Li-I,i distance between consecutive supports i-1 and i 

Ri reaction force at the base of pier i 

Sa site-averaged response spectrun1 

Sj site-dependent response spectrUl11 

Tcff effective period of the isolation systeln 

}1 inlportance factor 

L1dj ground displacen1ent of interlnediate support i relative to adjacent supports i-I 
and i+l 

/1d displacenlent ductility factor 

'1/2 conlbination factor for the quasi-pernlanent value of thelmal action 
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1.6.3 Further symbols used in Section 4 of EN 1998-2 

da average of the displacenlents in the transverse direction of all pier tops under the 
transverse seislnic action, or under the action of a transverse load of sin1ilar 
distribution 

di disp]acenlent of the i-th nodal point 

dm aSYlnptotic value of the spectrU111 for the l71-th motion for long periods, expressed 
in telTI1S of displacenlents 

ea accidental nlass eccentricity 0,03L, or 0,03B) 

ed additional eccentricity reflecting the dynamic effect of simultaneous 
translational and torsional vibration 0,05L or 0,05B) 

eo 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 nl0tion 

rj required local force reduction factor at ductile nlenlber i 

rmin mininlu111 value of rj 

rmax nlaxinlunl value of rj 

design seismic action 

seisnlic action in direction x 

A seisnlic action in direction y 

seismic action in direction.y 

B width of the deck 

E probable lnaxinlum value of an action effect 

Ei response in lTIode i 

F horizontal force detennined in accordance with the fundanlental 1110de nlethod 

G total effective weight of the structure, equal to the weight of the deck plus the 
weight of the top half of the piers 

weight concentrated at the i-th nodal point 

K stiffness of the systenl 

L total length of the continuous deck 

Ls distance fiom the plastic hinge to the point of zero lTIOlnent 

M total mass 

MEd,i maXinlUlTI value of design monlent in the seisnlic design situation at the intended 
location of plastic hinge of ductile lllelTIber i 

MRd,j design flexural resistance of the plastic hinge section of ductile lTIenlber i 

Mt equivalent static nlonlent about the vertical axis through the centre of mass of 
the deck 
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Qk,I characteristic value of traffic load 

Rd design value of 

Sd(T) spectral acceleration of the design spectrum 

T period of the fundanlental nlode of vibration for the direction under 
consideration 

X horizontal longitudinal axis of the bridge 

Y horizontal transverse axis of the bridge 

Z vertical axis 

as shear span ratio of the pier 

Lid 111axinlu111 difference of the displacenlents in the transverse direction of all pier 
tops under the transverse seisnlic action, or under the action of a transverse load 
of similar distribution 

'7k nornlalized axial force (= jVcd/(Ad~k)) 

B~ul design value of plastic rotation capacity 

Bp,c plastic hinge rotation denland 

~ viscous damping ratio 

lj/2,i factor for quasi-pernlanent value of variable action i 

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

dEd relative transverse displacenlent of the ends of the ductile Inenlber under 
consideration 

.f~td 

.f~d 

.f~Y 

Zb 

Zc 

AEd 

ASd 

Asx 

Asz 

Ed 

Ok 

Mo 

18 

( 

characteristic value of concrete strength 

design value of tensi Ie strength of concrete 

reduced stress of reinforcenlent, for hmitation of cracking 

design value of yield strength of the joint reinforcement 

inten1al lever ann of the beanl end sections 

intelllal ann of the plastic hinge section of the colunln 

capacity design effects 

area of the concrete section 

design seisnlic action (seisnlic action alone) 

action in the seislnic design situation 

area of horizontal joint reinforcenlent 

area of vertical joint reinforcelnent 

design value of action effect of in the seismic design situation 

characteristic value of permanent load 

overstrength nlonlent 



MEd 

AfRd 

NEd 

VE,d 

Tjx 

Tjz 

V1bC 

Yo 

Yof 

}13dl 

Px 

pz 

1j/21 

AAsx 

AAsz 

1.6.5 

design nlO1nellt in the seislnic design situation 

design value of flexural strength of the section 

axial force in the seisnlic design si tuation 
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axial force in the column under the pennanent and the quasi-pernlanent actions 
in the seisnljc design situation 

vertical axial force in a joint 

characteristic value of the traffic load 

quasi-permanent value of actions of long duration 

characteristic value of prestressing after alllosses 

design value of the resistance of the section 

design value of the Inaxinlunl friction force of sliding bearing 

resultant force of the tensile reinforcelnent of the colulnn 

design value of shear force 

..... ""u ....... value of horizontal shear of the joint 

design value of vertical shear of the joint 

shear force of the bean1 adjacent to the tensile face of the colunln 

ll1aterial partial factor 

overstrength factor 

nlagnification factor for friction due to ageing effects 

additional safety factor against brittle failure nlodes 

ratio of horizontal reinforcenlent in joint 

reinforcell1ent ratio of closed stirrups in the transverse direction of the joint 
pane] (orthogonal to the plane of action) 

ratio of vertical reinforcelnent in joint 

conlbination factor 

area of horizontal joint reinforceillent placed outside joint body 

area of vertical joint reinforcelnent placed outside joint body 

Further symbols used in Section 6 of EN 1998-2 

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, Ineasured to the centre 1ine of the 
periIneter hoop 

bmin sll1allest din1ension of the concrete core 

dbL dianleter of longitudinal bar 

dcg effective displacement due to the spatial variation of the seismic ground 
displacenlent 
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effective seisnlic displacenlent of the support due to the defornlation of the 
structure 

design peak ground displacelnent as specified by 1998-1 :2004, 3.2.2.4 

.I; tensile strength 

.I~ yield strength 

.I~s yield strength of the longitudinal reinforcenlent 

f~1 yield strength of the tie 

1m 111ininlunl support length securing the safe transmission of the vertical reaction 

lov nlininlu111 overlap length 

s spacing of tie on centres 

SL nlaximunl (longitudinal) spacing 

spacing of between hoop or supplenlentary cross ties on centres 

s( transverse spacing 

Vg design ground velocity 

Vs shear wave velocity in the soil at s111all shear strains 

Ac area of the gross concrete section 

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

cross-sectional area of the spiral or hoop bar 

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

Al cross-sectional area of one tie leg 

Dj inside diameter 

Dsp dial1Jeter of the spiral or hoop bar 

Ed total earth pressure acting on the abutnlent under seismic conditions as per 
1998-5: 2004 

design resistance 

Lh design length of plastic hinges 

LetT effective length of deck 

Qd weight of the section of the deck linked to a pier or abutlnent, or the least of the 
weights of the tvvo deck sections on either side of an intermediate separation 
joint 

S soil factor specified in EN 1998-1 :2004, 3.2.2.2 

C0111Cr period of elastic spectruln as specified in EN 1998-1 :2004, 3.2.2.2 

design ground acceleration on type A ground 

J1 inlportance factor 

Ys free- field SeiS111ic shear defornlation of the soil 
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o paranleter depending 011 the ratio.fi(f~ 

1'(1) required curvature ductility factor 

LAs SUln of the cross-sectional areas of the longitudinal bars restrained by the tie 

PL ratio of the longitudinal reinforcenlent 

pw transverse reinforcenlent ratio 

COwd lllechanical ratio of confinement reinforcenlent 

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

design ground acceleration on type A ground 

ag,R reference peak ground acceleration on type A ground reference 

d design displacenlent 

db displacelnent of isolator 

dbd design displacen1ent of isolator corresponding to the design displacenlent of the 
isolating systenl ded 

dbi displacement of isolator i 

dbi,a increased design displacenlent of isolator i 

dbi,d design displacement of isolator i 

ded design displacen1ent of the isolating system 

def design displacement of the isolating systen1 resulting froll1 the fundan1ental 
lnode lTIethod 

dcl,m displacement of the stiffness centre derived from the analysis 

15) dG,i offset displacen1ent of isolator i ®J 

did displacetnent of the superstructure at the location of substructure and isolator i 

dm displacelTIent capacity of the isolating systelTI 

dm3x maXilTImTI displacement 

15) dm,i Inaxinlun1 total displacen1ent of each isolator unit i 

dn, dp minimum negative and positive displacen1ent in test respectively 

drm residual displacement of the isolating systeln 

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 111ass 

sign( d ) 
b 

sign of the velocity vector db 

te total elastolner thickness 

v velocity of nlotion of a viscous isolator 

vmax maximull1 velocity of motion of a viscous isolator 

Xi, Yi co-ordinates of pier i in plan 
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Ab effective cross-sectional area of elastomeric bearing 

dissipated energy per cycle at the design displacelTIent of isolating system dcd 

EOi dissipated energy per cycle of isolator unit i, at the design displacement of 
isolating systenl dcd 

design seisnllc forces 

EEA seisnlic internal forces derived from the analysis 

ll1ax force corresponding to the design displacelTIent 

Fn, Fp nlinil11UlTI negative and ll1aximUlTI positive forces of test, respectively, for units 
with hysteretic or frictional behaviour, or negative and positive forces of test 
respectively conesponding to (~1 and dp, respectively, for units with viscoelastic 
behaviour 

Fy yield force under lTIonotonic loading 

Fo force at zero displacelTIent under cyclic loading 

Gb shear nlodulus of elastomeric bearing 

Gg apparent conventional shear 1110dulus of elastOllleric bearing in accordance with 
EN 1337-3:2005 

HDRB High Dalnping Rubber Bearing 

Hi height of pier i 

Kbi effective stiffness of isolator unit i 

Kc elastic stiffness of bilinear hysteretic isolator under nl0notonic loading 

KL stiffness of lead core of lead-rubber bearing 

.Kp post elastic stiffness of bilinear hysteretic isolator 

KelT effective stiffness of the isolation system in the principal horizontal direction 
under consideration, at a displacenlent equal to the design displacenlent dcd 

Kefl:i COll1posite stiffness of isolator units and the corresponding pier i 

KJi rotation stiffness of foundation of pier i 

KR stiffness of rubber of lead-rubber bearing 

Kri rotation stiffness of foundation of pier i 

Ksi displacelnent stiffness of shaft of pier i 

K 1i translation stiffness of foundation of pier i 

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

LRB Lead Rubber Bearing 

Md ll1ass of the superstructure 

NSd axial force through the isolator 

PTFE polytetrafluorethylene 

QG per111anent axial load of isolator 

Rb radius of spherical sliding surface 

S soil factor of elastic spectrulll in accordance with EN 1998-1 :2004, 3.2.2.2 
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Te, To corner periods of the elastic spectrunl in accordance with 7.4.1(1)P and EN 
1998-1 :2004, 3.2.2.2 

TefT effective period of the isolating systenl 

Tmin.b nlinimUll1 bearing tenlperature for seisnlic design 

Vd nlaxinlunl shear force transferred through the isolation interface 

Vr maximum shear force estimated through the fundatnental 1110de Inethod 

UBDP Upper bound design properties of isolators 

LBDP Lower bound design properties of isolators 

ab exponent of velocity of viscous danlper 

n importance factor of the bridge 

L1FEd additional vertical load due to seismic overturning effects 

L1Fm force increase between displacelnents dn/2 and dm 

Jld dynamic friction coefficient 

¢ equivalent viscous damping ratio 

¢b contribution of isolators to effective damping 

¢ctT effective damping of the isolation system 

V/fi conlbination factor 
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2 BASIC REQUIRElVlENTS AND COMPLIANCE CRITERIA 

2.1 Design seismic action 

(l)P The design philosophy of this Standard is to achieve with appropriate reliability 
the non-collapse requirel11ent of 2.2.2 and of 1998-1 :2004, 2.1(1 )P, for the design 
seis111ic action (A Ed). 

(2)P Unless otherwise specified in this part, the elastic spectrum of the design seisll1ic 
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 Inethod of 4.1.6 the behaviour factor q) the 
spectrull1 shall be the spectrunl in accordance with 1998-1 :2004, 3.2.2.5. 

(3)P The design seisnlic action, AEd, is expressed in terms of: (a) the reference 
seisnlic action, A Ek, associated with a reference probability of exceedance, PNCR, in 50 

or a reference return period, (see EN 1998-1 :2004, 2.1(1)P and 3.2.1(3») and 
(b) the inlportance factor)4 (see EN 1990: 2002 and EN 1998-1:2004, 2.1(2)P, 2.1(3)P 
and (4») to take into account reliability differentiation: 

AEd (2.1 ) 

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

(4)P Bridges shall be classified in importance classes, depending on the 
consequences of their failure for human life, on their inlportance for ll1aintaining 
conlnlunications, especia11y in the immediate post-earthquake period, and 011 the 
econonlic consequences of collapse. 
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NOTE The detinitions 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 bridges are considered to belong to importance class II 
importance), with the v",,",,,,.rLJVJJJ noted below. 

Importance class III 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 may be classified to importance class I (Jess than average importance) when both of the 
following conditions are met. 

the 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 life of 50 years is not economically 
justified. 

Importance classes I, Jl and III correspond roughly to consequences classes CCl, CC2 and CC3, 
respectively, defined in EN I B3.1. 
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(5)P The inlportance classes are characterised by different ilnportance factors !l as 
described in 2.1(3)P and in EN 1998-1 :2004, 2.1(3)P. 

(6) The importance factor Yr 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 ,vi for use in a country may be found in its National Annex. 
The values of )'1 may be different for the variolls seismic zones of the depending on the 
seismic hazard conditions and on public safety considerations (see NOTE to EN 1998-] :2004, 
2.1(4)). The recommended values 01')1 for importance classes I, and III me equal to and 
1,3, respectively. 

2.2 Basic requirements 

2.2.1 General 

(l)P The design shall ain1 at fulfilling the following two basic requirenlents. 

2.2.2 No-collapse (ultimate Ihnit state) 

(1)P After OCCUlTence of the design seisn1ic action, the bridge shall retain its 
structural integrity and adequate residual resistance, although at S0111e parts of the 
bridge considerable dan1age Inay occur. 

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

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

(4) When the design seisll1ic action has a substantial probability of exceedance 
within the design life of the bridge, the design should ai111 at a dan1age 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 SeiS111ic action, and to easily 
repairable. 

(5) When the design seis111ic action has a low probability of being exceeded within 
the design life of the bridge, the seis111ic action ll1ay 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) lTIay be relaxed. 

NOTE The National Annex may specify the conditions under which (5) vvill 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 is approximately equal to 475 years. 
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2.2.3 Minimisation of damage (serviceability linlit state) 

(l)P A seis111ic action with a high probability of OCCUlTence 111ay cause only ll1inor 
dan1age to secondary cOll1ponents and to those parts of the bridge intended to contribute 
to energy dissipation. All other parts of the bridge should remain undamaged. 

2.3 Compliance criteria 

2.3.1 General 

(I)P To COnfOll11 to the basic require111ents set forth il1 2.2, the design shall comply 
with the criteria outlined in the following Clauses. In general the criteria, while ail11ing 
explicitly at satisfying the no-collapse requirenlent (2.2.2), in1plicitly cover the daInage 
111in1n11sat1011 requirement (2.2.3) as well. 

(2) Con1pllance with the criteria set forth in this standard is deemed to satisfy all 
basic requirenlents of 2.2. 

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

2.3.2 Intended seisnlic behaviour 

2.3.2.1 General 

(l)P The bridge shall be designed so that its behaviour under the design seis1111c 
actioll is either ductile, or litnited ductile/essentially elastic, depending 011 the seisnlicity 
of the site, on whether seislnic isolation is adopted for its design, or any other 
constraints which nlay prevail. This behaviour (ductile or lill1ited ductile) is 
characterised by the global force-displacenlent relationship of the structure, shown 
schenlatically in Figure 2.1 (see also Table 4.1). 
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Figure 2.1: Seismic behaviour 

2.3.2.2 Ductile behaviour 

(1) In regions of Inoderate to high seisll11clty it is usually preferable~ both for 
economic and safety reasons, to design a bridge for ductile behaviour, i.e. to provide it 
with reliable 111eans to dissipate a significant atnount of the input energy under severe 
earthquakes. This is accOlnplished 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 111echanist11 can develop in the structure through the formation of flexural plastic 
hinges. These hinges nonnally fonn in the piers and act as the prin1ary energy 
dissipating cOlnponents. 

(3) As far as is reasonably practicable, the location of plastic hinges should be 
selected at points accessible for inspection and repair. 

(4)P The bridge deck shall relnain within the elastic range. Ho-wever, forn1ation 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. 
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(5)P Plastic hinges shall not be fonned in reinforced concrete sections where the 
nonnalised axial force 17k 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 111embers. Consequently such 111enlbers should be protected fron1 
fo1'111ation of plastic hinges under the design seisn1ic action. 

(7) Flexural plastic hinges need not necessarily for111 in all piers. However the 
optimulll post-elastic seisn1ic behaviour of a bridge is achieved if plastic hinges develop 
approximately sin1ultaneously in as n1any piers as possible. 

(8) The capability of the structure to fOll11 flexural hinges is necessary, in order to 
ensure energy dissipation and consequently ductile behaviour (see 4.1.6(2)). 

NOTE The de1~)rmation of bridges supported exclusively by simple low damping elastomeric 
bearings is predominantly elastic and does not lead in to ductile behaviour 
4.1.6(II)P). 

(9) The global force-displacenlent relationship should exhibit a significant force 
plateau at yield and should ensure hysteretic energy dissipation over at least five 
inelastic defonl1ation cycles (see Figures 2.1, 2.2 and 2.3). 

NOTE Elastomeric llsed 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) Supporting menlbers (piers or abutn1ents) connected to the deck through sliding 
or flexible mountings (sliding bearings or flexible elastomeric bearings) should, in 
general, ren1ain within the elastic 

2.3.2.3 Limited ductile behaviour 

(1) In structures with linlited ductile behaviour, a yielding region with significant 
reduction in secant stiffness need not appear under the design seisnlic action. In tenns 
of force-displacen1ent characteristics, the formation of a force plateau is not required, 
while deviation fron1 the ideal elastic behaviour provides some hysteretic energy 
dissipation. Such behaviour corresponds to a value of the behaviour factor q ~ 1,5 and 
shall be referred to, in this Standard, as "limited ductile". 

NOTE VaJues of q 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) F or bridges where the seislnic response 111ay be dOlninated by higher nl0de 
effects (e.g cab1e-stayed bridges), or where the detailing of plastic hinges for ductility 
111ay not be reliable (e.g. due to a high axial force or a low shear-span ratio), a behaviour 
factor of q = 1 is recOlll111ended, corresponding to elastic behaviour. 
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(l)P In bridges designed for ductile behaviour the regions of plastic hinges shall be 
verified to have adequate t1exural 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 
t1exural resistances of a11 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 lilllited ductile behaviour, al1 sections should be verified 
to have adequate strength to resist the design seisn1ic action effects of 5.5 (see 5.6.2). 

2.3.4 Capacity design 

(l)P For bridges of ductile behaviour, capacity design shall be used to ensure that an 
appropriate hierarchy of resistance exists within the various structural con1ponents. This 
is to ensure that the intended configuration of p1astic hinges will fon11 and that brittle 
fai1ure modes are avoided. 

(2)P Fulfi1ment of (l)P shal1 be achieved by designing all members intended to 
relnain elastic against all britt1e 1110des of failure, using "capacity design effects". Such 
effects result fron1 equilibriunl conditions at the intended plastic mechanisn1, when al1 
t1exural hinges have developed an upper fractile of their t1exural resistance 
(overstrength), as specified in 5.3. 

(3) For bridges of li1nited ductile behaviour the application of the capacity design 
procedure is not required. 

2.3.5 Provisions for ductility 

2.3.5.1 General requirement 

(l)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 10 
provide the theoretical basis of ductile behaviour. In general 1hey are not required Jar 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-freedonl systelTI with an idealised 
elastic-perfectly plastic force-displacenlent relationship~ as shown in Figure 2.2, the 
design value of the ducti1ity factor of the structure (available displacen1ent ductility 
factor) is defined as the ratio of the ultilnate linlit state displacement (du ) to the yield 
displacement (dy), both measured at the centre of mass: i.e. /-ld du/d y ' 

(2) When an equivalent linear analysis is perfornled, the yield force of the global 
elastic-perfectly plastic force-displacenlent is assu111ed equal to the design value of the 
resisting force, F Rd. The yield displacenlent defining the elastic branch is selected so as 
to best approxinlate the design force-displacen1ent curve (for lTIOllotonic loading). 
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(3) The ultinlate disp]acelnent du is defined as the nlaxinlum displacenlent satisfying 
the following condition. The structure should be capable of sustaining at least 5 full 
cycles of deformation to the ultinlate displacenlent: 

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

- yvithout a drop of the resisting force for steel ductile Inembers or without a drop 
exceeding 200/0 of the ultilnate resisting force for reinforced concrete ductile 
nlen-lbers (see Figure 2.3). 

Rtl 

Key 
A - Design 
B - Elastoplastic 

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

f.1 = c[J / c[J 
(IJ u y 

(2.2) 

or, in tenns of the chord rotation ductility factor at the end where the plas6c hinge 
forms, that depends on the plastic rotation capacity, Bp.l1 = Bu- By, 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 mon1ent, as shown in Figure 2.4. 

NOTE 1 For concrete members the relationship between ~)' CPu, CPy, Land Lp is given by equation 
(El6b) in E.3.2 of Informative Annex E. 

NOTE 2 The length of plastic hinges Lp for concrete members may be specified in the National 
Annex, as a function of the geometry and other characteristics of the member. The reconunended 
expression is that given in Annex E. 

31 



BS EN 1998-2:2005+A2:2011 
EN 1998-2:2005+A2:2011 (E) 

Key 
PH - Plastic hinge 

1 L 
Figure 2.4: Chord rotation e = - f cP x dx 

Lo 

(2) In the above expressions the ultimate defornlations should confonn 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 

(l)P Confornlance 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 dynanlic analysis is perforn1ed, chord rotation 
delnands shaH 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 seisnlic displacenlent 

(l)P When equivalent linear analysis methods are used, the stiffness of each member 
shall be chosen corresponding to its secant stiffness under the maximunl calculated 
stresses under the design seislnic action. For n1enlbers containing plastic hinges this 
corresponds to the secant stiffness at the theoretical yield point (See Figure 2.5). 
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fj 

Figure 2.5: IVIoment - deformation diagrams at plastic hinges 

Left: Moment-rotation relationship of plastic hinge for structural steel; 
Right: Mon1ent-curvature relationship of cross-section for reinforced concrete. 

(2) For reinforced concrete t11embers in bridges designed for ductile behaviour~ and 
unless a n10re accurate n1ethod is used for its estil11ation~ the effective flexural stiffness 
to be used in linear analysis (static or dynamic) for the design seisn1ic action 111ay 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 ul1cracked gross 
concrete sections. 

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

(3) In bridges designed for liInited ductile behaviour, either the rules of (2) 111ay be 
applied or the flexural stiffness of the uncracked gross concrete sections ll1ay be used 
for the entire structure. 

(4) For both ductile and linlited 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 l110re accurate calculation is nlade, 
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, 50% of the uncracked gross section stiffness; 

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

(5) For both ductile and linlited ductile bridges, displacenlents obtained fron1 an 
analysis in accordance with (2) and (3) should be nlultiplied by the ratio of (a) the 
flexural stiffness of the lnelnber used in the analysis to (b) the value of flexural sti ffness 
that corresponds to the level of stresses resulting from the analysis. 
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NOTE It is noted that in the case of equivalent linear analysis (see 4.1.6( I )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 tlexural stiffness that corresponds to the resulting level of moments. On the olher hand, if 
the effective stiffness initially assumed is significantly lower than that corresponding to the 
stresses from the analysis, the analysis should be repeated a better approximation of the 
effective stiffness. 

(6)P If linear seis111ic analysis based on the spectrunl in accordance with EN 
1998-1 :2004, 3.2.2.5 is used, the design seis111ic displacenlents, dE, shall be derived 
frOll1 the displacel11ents, determined [r0111 such an analysis as follows: 

(2.4) 

where 

'7 is the danlping correction factor specified in 1998-1 :2004, 3.2.2.2(3) 
determined with the ~ values specified for dan1ping in 4.1.3(1). 

(7) When the displacenlents are derived froll1 a linear elastic analysis based on 
the elastic spectrun1 in accordance with 1998-1 :2004, 3.2.2.2 (q = 1.0), the design 
displacelnent, dE, shall be taken as equal to 

(8)P The displacen1ent ductility factor shall be assumed as follows: 

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

Jid q (2.5) 

if T < To, then 

fid = (q- +1 -4 (2.6) 
T 

where q is the value of the behaviour factor assull1ed in the analysis that results in the 
value of dEc. 

NOTE Expression (2.6) provides a smooth transition between the 
is applicable for T;::: To, and the short period range (not typical to 
of a low q-value is expedient. For very small periods 0,033 
(see also 4.1.6(9»), giving: I'd 1. 

l'1f":>lY,,"n1" rule that 

(9)P When non-linear tilne-history analysis is used, the defonnation characteristics of 
the yielding Inembers shall approxinlate their actual post-elastic behaviour, both as far 
as the loading and unloading branches of the hysteresis loops are concenled, as wen as 
potential degradation effects (see 4.2.4.4). 
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(I)P Connections between supporting and supported menlbers 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) In new bridges appropriate overlap lengths should be provided between 
supporting and supported nlenlbers at nloveable connections, in order to avoid 
unseating (see 6.6.4). 

(4) In retrofitting eXlst111g bridges as an alternative to the prOVIS]On of overlap 
length, positive linkage between supporting and supported nlembers l11ay be used (see 
6.6.1 (3)P and 6.6.3.1(1»). 

2.3.6.3 Control of displacements - Detailing 

(l)P In addition to ensuring the required overall ductility, structural and 11on
structural detailing of the bridge and its components shall be provided to acconlnlodate 
the displacements in the seisnlic design situation. 

(2)P Clearances shall be provided for protection of critical or nlajor structural 
melTlbers. Such clearances shall accolnlnodate the total design value of the displacement 
in the seisnlic design situation, dEd, detennined as follows: 

(2.7) 

where the following displacements shall be cOlnbined with the nl0st unfavourable sign: 

dE is the design seisnlic displacelnent in accordance with 2.3.6.1; 

dG is the long term displacenlent due to the pennanent and quasi-pennanent actions 
(e.g. post-tensioning, shrinkage and creep for concrete decks); 

dT is the displacement due to thermal movenlents; 

V/2 is the conlbination factor for the quasi-pernlanent value of thernlal action, 111 

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 displacenlent in the seislnic design situation, when such effects are 
significant. 

(3) The relative design seislnic displacenlent, dE, bet\veen two independent sections 
of a bridge nlay be estimated as the square root of the sunl of squares of the values of 
the design SeiS111ic disp]acelnent calculated for each section in accordance with 2.3.6.1. 

(4)P Large shock forces, caused by unpredictable impact between nlajor structural 
members, shall be prevented by nleans of ductile/resilient ll1elnbers or special energy 
absorbing devices (buffers). Such 111embers shall possess a slack at least equal to the 
total design value of the displacell1ent in the seisll1ic design situation, dEci. 
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(5) The detailing of non-critical structural conlponents (e.g. deck movement joints 
and abutnlent back-walls), expected to be damaged due to the design seisn1ic action, 
should cater for a predictable mode of danlage, and provide for the possibility of 
pernlanent repair. Clearances should accolnnl0date appropriate fractions of the design 
seisnlic displacement and of the thernlal nlovenlent, and PT, respectively, after 
allowing for any long tenn creep and shrinkage effects, so that danlage under frequent 
earthquakes is avoided. The appropriate values of such fractions Inay be chosen, based 
011 a judgement of the cost-effectiveness of the Ineasures 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: 
Pr. 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 seisll1icity, sinlplified 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 10\1-/ 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 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 eJastic 
seismic behaviour of the bridge, for which no special ductility requirements are necessary. 

2.4 Conceptual design 

(1) Consideration of the implications of the seisnlic action at the conceptual stage of 
the design of bridges is inlportant, even in cases of low to n10derate seislnicity. 

(2) In cases of low SeiS111icity the type of intended seisnlic behaviour of the bridge 
(see 2.3.2) should be decided. If a linlited ductile (or essentially elastic) behaviour is 
selected, sinlplified criteria, in accordance with 2.3.7 ll1ay be applied. 

(3) In cases of moderate or high seislnicity, the selection of ductile behaviour is 
generally expedient. Its ill1plementation, either by providing for the fornlation of a 
dependable plastic nlechanism or by using seisnlic isolation and energy dissipation 
devices, should be decided. When a ductile behaviour is selected, (4) to (8) should be 
observed. 

(4) The nun-tber of suppOliing n1elnbers (piers and abutments) that will be used to 
resist the seislnic forces in the longitudinal and transverse directions should be decided. 
In general bridges with continuous deck behave better under seisn1ic conditions than 
those with ll1any nlovenlent joints. The optinlum post-elastic seismic behaviour is 
achieved jf plastic hinges develop approxinlately si111ultaneously in as 111any piers as 
possible. However, the l1U111ber of the piers that resist the seismic action n1ay have to be 
Jess than the totalnu111ber of piers, by using sliding or flexible mountings between the 
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deck and sonle piers in the longitudinal direction, to reduce the stresses arising from 
imposed deck defonuations due to thernlal actions, shrinkage and other non-seismic 
actions. 

(5) A balance should be nlaintamed between the strength and the t1exibility 
requirenlents of the horizontal supports. High flexibility reduces the magnitude of 
lateral torces induced by the design seislnic action but increases the nlovelnent at the 
joints and Inoveable bearings and Inay lead to high second order effects. 

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

(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 seisillic datnage other than those 
in (7) should be identified and the difficulty of repairs should be 111iniluised. 

(9) In exceptionally long bridges, or in bridges crossing non-ho1110geneous soil 
formations, the number and location of intermediate nlovenlent joints should be 
decided. 

(10) In bridges crossing potentially active tectonic fau1ts, the probable discontinuity 
of the ground displacenlent should be estilnated and accOinmodated either by adequate 
flexibility of the stIucture or by provision of suitable nlovenlent joints. 

(11) The liquefaction potential of the foundation soil should be investigated 111 

accordance with the relevant provisions of EN 1998-5 :2004. 
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B - Plan 

Figure 2.6: Unfavourable distribution of transverse seismic action 
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(l)P The c01nplexity of the 1110del selected to describe the seis111ic action shall be 
appropriate to the relevant earthquake 1110tion to be described and the in1portance 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 seis111ic actio11. However, earthquakes can induce 
pennanent displacen1ents in soils arising fron1 ground failure or fault rupture. These 
displacen1ents n1ay result in ilnposed defonnations with severe consequences for 
bridges. This type of hazard shall be evaluated through specific studies. Its 
consequences shall be minin1ised by appropriate measures, such as selecting a suitable 
structural systenl. Tsunmni effects are not treated in this Standard. 

3.1.2 Application of the components of the motion 

(l)P In general only the three translational conlponents of the seismic action need to 
be taken into account for the design of bridges. When the response spectrU111 method is 
applied, the bridge may analysed separately for the translational conlponents of the 
seislnic action in the longitudinal, transverse and vertical directjons. Tn this case the 
seisn1ic action is represented by three one-coll1ponent actions, one for each direction, 
quantified in accordance with 3.2. The action shall be conlbined in accordance 
with 4.2.1.4. 

(2)P When non-linear tilne-history analysis is perforn1ed, the bridge shall be analysed 
under the silnultaneous action of the different cOlllponents. 

(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 EN 
1998-5 :2004), the n10tioll is applied at the soil end of the springs. 

3.2 Quantification of the components 

3.2.1 General 

(l)P Each c01nponent of earthquake 1110tio11 shall be quantified in tenns of a 
response spectrun1, or a time-history representation (nlutually consistent) as set out in 

1998-1 :2004, Section 3, which also provides the basic definitions. 
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3.2.2 Site dependent elastic response spectrum 

3.2.2.1 Horizontal component 

(l)P The horizontal C0111pOnent shall be in accordance with 1998-1 :2004, 3.2.2.2~ 
depending on the ground type at the foundation of the supports of the bridge. When 
1110re than one ground types correspond to these supports, then 3.3 applies. 

3.2.2.2 Vertical component 

(l)P When the vertical component of the seismic motion needs to be taken into 
account 4.1. 7), the site-dependent response spectnln1 of this component shall be 
taken in accordance with EN 1998-1 :2004, 3.2.2.3. 

3.2.2.3 Near source effects 

(l)P Site-specific spectra considering near source shall be used, when the site 
is located within 10 kIn horizontally of a kno\vn active seis1110tectonic fault that nlay 
produce an event of M onlent Magnitude higher than 6,5. 

NOTE Unless the National Annex defines it is recolYlmended that a seismotectonic 
fault be considered 10 be active for the purposes of this requirement when there is an average 
historic 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 

(l)P \Vhen a non-linear til1le-history analysis is carried-out, at least three pairs of 
horizontal ground motion tin1e-history cOl1lponents shall be used. The pairs should be 
selected frOlTI recorded events with n1agnitudes, source distances, and mechanisnls 
consistent with those that define the design seisn1ic action. 

(2) When the required number of pairs of appropriate recorded ground 1110tions is 
not available, appropriate nl0dified recordings or sinlulated accelerograms 111ay replace 
the missing recorded Illotions. 

(3)P Consistency to the relevant 50/0 daillped elastic response spectrun1 of the design 
seismic action shall be established by scaling the amplitude of nl0tions as follows. 

a. For each earthquake consisting of a pair of horizontal motiol1s, the SRSS spectrum 
shall be established by taking the square root the sun1 of squares of the 
danlped spectra of each conlponent. 

b. The spectrun1 of the ensenlble of earthquakes shall be forn1ed by taking the average 
value of the SRSS spectra of the individual earthquakes of the previous step. 

c. The ensen1ble spectrunl shall be scaled so that it is not lower than 1,3 tinles the 5%
danlped elastic response spectrUl1l of the design seismic action, in the period range 
between 0,2 TI and ],5 TI, where is the natural period of the fundan1entall11ode of 
the structure in the case of a ductile bridge, or the effective period (Ten) of the 
isolation systenl in the case of a bridge with seisn1ic isolation (see 7.2). 
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d. The scaling factor derived fI'om the previous step shall be applied to all individual 
SeiS111ic Dl0tion components. 

(4) When the SRSS spectnlln of the con1ponents of a recorded accelerogral11 
accelerations the ratio of which to the corresponding values of the elastic response 
spectrunl of the design seisl11ic action shows large variation in the period range in (3)Pc, 
modification of the recorded accelerogram nlay be carried out, so that the SRSS 
spectrum of the 1110dified c0111ponents is in closer agreel11ent with the elastic response 
spectrunl of the design seismic action. 

(5)P The components of each pair oftiil1e-histories shall be applied simultaneously. 

(6) When three C0111pOnent ground n10tion tinle-history recordings are used for non
linear tinle-history analysis, scaling of the horizontal pairs of cOInponents may be 
carried out in accordance with (3)P, independently from the scaling of the vertical 
cOlnponents. The latter shall be effected so that the average of the relevant spectra of the 
ensen1ble is not lower by 1110re than 100/0 of the 5% d31nped elastic response spectrUl11 
of the vertical design seismic action in the period range between 0,2Tv and 1,5 Tv, where 
Tv is the period of the lowest nl0de where the response to the vertical component 
prevails over the response to the horizontal components (e.g, in ternlS of participating 
1nass). 

(7) The use of pairs of horizontal ground motion recordings in combination with 
vertical recordings of different seismic n10tions, consistent with the requirenlents of 
(I)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 pern1itted 
using the lnethod specified in (4). 

3.2.4 Site dependent design spectrunl for linear analysis 

(l)P Both ductile and lin1ited ductile structures shall be designed by perforn1ing 
linear analysis using a reduced response spectrUln, called design spectrum, as specified 
by EN 1998-1 :2004, 3.2.2.5. 

3.3 Spatial variability of the seismic action 

(l)P For bridge sections with a continuous deck the spatial variability sha11 be 
considered when one or both of the following two conditions hold. 

Soil properties along the bridge vary to the extent that J110re than one ground types 
(as specified in EN 1998-1:2004, 3.1.1) cOlTespond to the supports of the bridge 
deck. 

- Soil properties along the bridge are approxin1ately unifornl, but the length of the 
continuous deck exceeds an appropriate limiting length, [lim. 

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

(2)P The n10del describing spatial variability should account, even if only in a 
silnplified way, for the propagative character of the seislnic waves, as \vell as for the 
progressive loss of correlation between n10tions at different locations due to the randon1 
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non homogeneity of the soil, involving conlplex reflections and refractions of the 
waves. The model should also account, even 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 nl0dify the frequency content fron1 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 n10re accurate evaluation is ll1ade, the silnplified method specified in 
the paragraphs (4) to (7) 111ay 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 seislnic action for the entire 
structure (e.g. a single response spectrull1 or corresponding accelerogran1 sets), 
corresponding to the most severe ground type unden1eath the bridge supports. 

(5) The spatial variation of the seislnic action may be estin1ated by pseudo-static 
effects of appropriate displacen1ent sets, inlposed at the foundation of the supports of 
the bridge deck. These sets should ref1ect probable configurations of the spatial 
variability of the seismic n10tio11 at free field and should be selected so as to induce 
n1aximunl values of the seisnlic action effect under investigation. 

(6) The requirenlents in (5) are deen1ed to be satisfied, by inlposing 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 soi 1 end of the 
relevant spring representing the soil stiffness. The effects of the two sets need not be 
conlbined. 

a. Set A 

Set A consists of relative displacenlents: 

app1 ied sin1ultaneously with the san1e sign (+ or -) to all supports of the bridge (1 to 11) 
in the horizontal direction considered (see Figure 3.1). 
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L 

Figure 3.1 : Disp]acement Set A 

dg is the design ground displacelTIent 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 fron1 a reference 
support i = 0, that lTIay be conveniently selected at one of the end supports; 

Lg is the distance beyond which the ground nl0tions ll1ay be considered as 
con1pletely uncorrelated. 

NOTE 1: The value ascribed to Lg for llse in a country may be found in its National Annex. The 
recommended value is given in Table 3 .1K, depending on the ground type: 

Table 3.1N: distance beyond which oround motions may be considered uncorrelated 
Ground TeA BCD E 

(m) 600 400 300 500 

b. Set B 

Set B covers the influence of ground displacelnents occurring in opposite directions at 
adjacent piers. This is accounted for by assun1ing displacen1ents iJdj of any intermediate 
support i (>/) relative to its adjacent supports i-J and i+ 1 considered undisplaced (see 
Figure 3.1). 

where: 

Lav,i is the average of the distances Li-Li and Li,i+1 of intern1ediate support i to its 
adjacent supports i-I and i+ 1 respectively. For the end supports (0 and n) 

Lo 1 and Lav•n = Ln- l ,11; 

j3.. is a factor accounting for the n1agnitude of ground displacen1ents occurring in 
opposite direction at adjacent supports. 

NOTE 2: The value ascribed to A, for use in a country may be found in its National Annex. The 
recommended value is: 
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fir 0.5 when all three supports have the same ground type 

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

fir is as defined for set A above. If a change of ground type appears between two 
supports, the nlaxin1um value of fir should be used. 

Set B consists of the following configuration of imposed absolute displacenlents with 
opposed sign at adjacent supports i and i+ 1, for i 0 to n-l (see Figure 3.2). 

d i 

di+ I ±L1di+ 1/2 

Figure 3.2 : Displacement Set B 

(7)P In each horizontal direction the 1110st severe effects resulting frOlTI the pseudo 
static analyses of (5) and (6) shall be conlbined with the re1evant effects of the inertia 
response of (4), by using the SSRS rule (square root of the sunl of squares). The result 
of this cOl11bination constitutes the effects of the analysis in the direction considered. 
For the cOlnbinatiol1 of the effects of the different conlponents of seisnlic action, the 
rules of 4.2.1.4 are applicable. 

(8) When tilne-history analysis is perfonned the seis111ic motions applied at each 
support should ref1ect with sufficient reliability the probable spatial variability of the 
seisnlic action. 

NOTE Guidance for generating samples of seismic motion the probable spatial 
variability is in 0.2 of lnfonnative Annex D. 
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(l)P The nlodel of the bridge and the selection of the dynanlic degrees of freedom 
shall represent the distribution of stiffness and nlass so that all significant deformation 
nl0des and inertia forces are activated under the design seisnlic excitation. 

(2) It is sufficient, in certain cases, to use two separate models in the analysis, one 
for tllodel1ing 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 
conlponent of the seisnlic action are defined in 4.1.7. 

4.1.2 Masses 

(l)P The l11ean values of the permanent masses and the quasi-permanent values of the 
JllaSSeS corresponding to the variable actions shall be considered. 

(2) Distributed nlasses 111ay be lumped at nodes in accordance with the selected 
degrees of freedoll1. 

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

(4)P The quasi-pernlanent values of variable actions shall be taken as equal to 
If/2, I Qk, I \vhere QkJ is the characteristic value of traffic load. 

NOTE The value ascribed to: WJ..! 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, 

Bridges with severe traffic and for the UDL system of Modell (LM I) 

Road bridges Ij/'}..I 

Railway bridges 1,1/2.1 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 links and higb speed railways. 

When llsing 
1991-2:2003 

the adjustment factors {XQ and uq should be applied in accordance with EN 

(5) When the piers are immersed in water, and unless a lllore accurate assessnlent of 
the hydrodynanlic interaction is lllade, this effect 111ay be esti111ated by taking into 
account an added nlass of entrained water acting in the horizontal directions per unit 
length of the inl111ersed pier. The hydrodynanlic influence on the vertical SeiS111ic action 
may be omitted. 

NOTE Informative Annex F a procedure for the calculation of the added mass of 
entrained water in the horizontal directions, for immersed piers. 
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4.1.3 Damping of the structure and stiffness of members 

(1) When response spectrum analysis is used, the following values of equivalent 
viscous danlping ratio ~ may be assull1ed, on the basis of the nlaterial of the l11enlbers 
where the larger part of the defonl1ation energy is dissipated during the seisnlic 
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 \Vhen the structure comprises several components i with different viscolls damping 

ratios, ;i, the effective viscous damping of the structure may be estimated as: 

I¢jE tli 
~L'rr ---

is the deformation energy induced in component i by the seismic action. Effective 
f1c:ll1"1f'\l1-HT ratios may be conveniently estimated for each eigenmode, on the basis of the 
relevant value of Edi . 

(2) Menlber stiffness 111ay be estilnated in accordance with 2.3.6.1. 

(3) In concrete decks consisting of precast concrete beanlS and cast in-situ slabs, 
continuity slabs (see 2.3.2.2(4») should be included in the model of seisnlic analysis, 
taking into account their eccentricity relative to the deck axis and a reduced value of 
their flexural stiffness. Unless this stiffness is estinlated on the basis of the rotation of 
the relevant plastic a value of 250/0 of the flexural stiffness of the uncracked 
gross concrete section lnay be used. 

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

4.1.4 l\lodelling of the soil 

(l)P For the seisll1ic analysis of the global systenl, the supporting l11enlbers which 
transn1it the SeiS111ic action fron1 the soil to the deck shall, in be assumed as 
fixed relative to the foundation soil (see 3.1.2(3»). Soil-structure interaction effects 111ay 
be considered in accordance with EN 1998-5 :2004, using appropriate il11pedances or 
appropriately defined soil springs. 

(2) Soil-structure interaction effects should always be accounted for in piers 
under the action of a unit horizontal load in a given direction at the top of the the 
soil flexibility contributes n10re than 200/0 of the total displacelnent at the top of the pier. 
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(3) Effects of soil-structure interaction on piles or shafts (caissons) shal1 be 
deternlined 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 estinlate reliably the 111echanical properties of 
the soil, the analysis should be carried out using the estimated probable highest and 
lowest values. High estilnates of soil stiffness should be used for calculating the internal 
forces and low estimates for calculating the displacenlents of the bridge. 

4.1.5 Torsional effects 

(1)P Torsional 1110t10ns of the bridge about a vertical axis shall be considered only in 
skewed bridges (skew angle rp> 20° ) and bridges with a ratio BIL> 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. is the total length of the continuous deck 
and B is the width of the deck). 

B 

Figure 4.1: Ske,Yed bridge 

(2) Highly skewed bridges (rp > 45°) should in general be avoided in high seislnicity 
regions. If this is not possible, and the bridge is supported on the abutnlents through 
bearings, the actual horizontal stiffness of the bearings should be accurately 1110del1ed, 
taking into account the concentration of vertical reactions near the obtuse angles. 
Alternatively, an increased accidental eccentricity ll1ay be used. 

(3)P When using the Fundamental Mode Method (see 4.2.2) for the design of skewed 
bridges, the following equivalent static lTIOn1ent shall be considered to act about the 
vertical axis at the centre of gravity of the deck: 

Aft =±Fe (4.1 ) 

where: 

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

ea 0,03L or 0,03B is the accidental eccentricity of the mass; and 
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ed 0,05L or 0,05B is an additional eccentricity reflecting the dynalnic effect of 
sinlultaneous translational and torsional vibration. 

For the calculation of ea and ed the din1ension L or B transverse to the direction of 
excitation shall be used. 

(4) When using a Full Dyna111ic Model (space model), the dYl1aInic part of the 
torsional excitation is taken il1tO account if the centre of n1ass is displaced by the 
accidental eccentricity ea in the nlost unfavourable direction and sense. However, the 
torsional effects Inay also be estimated using the static torsional n101nent 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 

(l)P The reference procedure of the present standard is a response spectnnn analysis 
for the design spectrun1 defined in EN 1998-1 :2004, 3.2.2.5 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 men1bers to withstand, with acceptable 
danlage but without failure, SeiS111ic actions in the post-elastic range. The available 
levels of ductility are specified in 2.3.2. The capability of ductile 111elnbers to develop 
flexural plastic hinges is an essential requirenlent for the application of the values of the 
behaviour factor q specified in Table 4.1 for ductile behaviour. 

NOTE The linear analysis method, sufficiently conservative global force reduction factors 
(behaviour t~tctors 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 and design on the 
other. 

(2) This required capability of ductile menlbers to develop flexural plastic hinges is 
deenled to be ensured when the detailing rules of Section 6 are followed and capacity 
design in accordance with 5.3 is perforn1ed. 

(3)P The nlaxinlu111 values of the behaviour factor q which nlay be used for the two 
horizontal seisnlic c01nponents are specified in Table 4.1, depending on the post-elastic 
behaviour of the ductile nlenlbers where the main energy dissipation takes place. If a 
bridge has various types of ductile members, the behaviour factor q conesponding to 
tbe type-group with the nlajor contribution to the seisnlic resistance shall be used. 
Different values of the behaviour factor q may be used in each of the two horizontal 
directions. 

NOTE Use of behaviour factor values less than the maximum allowable specitled in Table 
will normally lead to reduced ductility demands, implying in a reduction of potential 
damage. Such a lise is therefore at the discretion of the designer and the owner. 
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Table 4.1: j\;laximum values of the behaviour factor q 

Type of Ductile Menlbers Seisnlic Behaviour 
Linlited Ductile 
Ductile 

Reinforced concrete piers: 
Vertical piers in bending 1,5 J(as) 

Inclined struts in bending 1,2 2,1 },,(as) 

Steel Piers: 
Vertical piers in bending 1,5 3,5 
Inclined struts in bending 1,2 2,0 
Piers with nornlal bracing 1,5 2,5 
Piers with eccentric bracing 3,5 

Abutnlents rigidly connected to the deck: 
In general 1,5 1,5 
Locked-in structures (see. 4.1.6(9), (10)) LO 1,0 

Arches 1,2 2,0 

* as= LJh is the shear span ratio of the pier, vvhere Ls is the distance from 
the plastic hinge to the point of zero l1lonlent and h is the depth of the 
cross-section in the djrection of flexure of the plastic hinge. 
F or as 2 3 )~( as) I ,0 

3 as?: 1,0 A(as) ff 
NOTE In piers of rectangular shape, when under the seismic action in the 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 vvith regular seislnic behaviour as specified in 4.1.8, the values of 
the q-factor specified in Table 4.1 for Ductile Behaviour nlay be used without any 
special verification of the available ductility, provided that the detailing requirenlents 
specified in Section 6 are nlet. When only the requirements specified in 6.5 are Illet, the 
values of the q-factor specified in Table 4.1 for Lilnited Ductile Behaviour nlay 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 nlelTlbers the values of q-factors specified in 
Table 4.1 are valid \vhen the nonnalised axial force 7]k defined in 5.3(4) does not exceed 
0,30. If 0,30 7]k 0,60 even in a single ductile nlenlber, the value of the behaviour 
factor shall be reduced to: 

q '7k - 0,3 ( -1);::: 1 ° 
03 q , , 

(4.2) 
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A value for qr I ,0 (elastic behaviour) should be used for bridges in \vhich the seisnlic 

force resisting system contains nlenlbers with Ilk 0,6. 

(6) The values of the q-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 
q-values less than 1,0 need not be used. 

NOTE The term "accessible", as used in the paragraph has the of "accessibJe 
even \\lith reasonable difficulty". The foot of a pier shaf110cated in backfill, even at substantial 
depth, is considered to be "accessible". On the contrary, the foot of a shaft immersed in 
deep \-vater, or the heads of beneath a pile cap, should not be considered as 
"accessible". 

(7) When energy dissipation is intended to occur at plastic hinges located in piles 
designed for ductile behaviour, and at points which are 110t accessible, the final q-value 
to be used need not be less than 2,1 for vertical piles and 1,5 for inclined piles (see also 

1998-5:2004,5.4.2(5)). 

(8) Subclause 2.3.2.2( 4)P applies for plastic hinge fonnation 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 

(9) Bridge structures the Inass of which essentially follows the horizontal seisnlic 
nlotion of the ground ('''locked-in'' structures) do not experience significant 
anlplification 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 fron1 the design seislnic ground 
acceleration and q = 1. Abutn1ents flexibly connected to the deck belong to this 
category. 

(l0) Bridge structures consisting of an essentially horizontal deck rigidly connected 
to both abutments (either 1110nolithically 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 abutlnents are en1bedded in stiff natural soil fOlmations over at least 80 0/0 
of their lateral area. If these conditions are not nlet, then the interactiol1 with the soil at 
the abutn1ents should be included in the Inodel, using realistic soil stiffness parmneters. 
If T> 0,03 s, then the design spectn.ll11 defined in EN 1998-1 :2004, 3.2.2.5 should be 
used with q = 1,50. 

(ll)P When the main part of design seisn1ic action is resisted by elaston1eric 
bearings, the flexibility of the bearings leads to a practically elastic behaviour of the 
systeln. Such bridges shall be designed in accordance with Section 7. 
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(l2)P The behaviour factor for the analysis in the veliical 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 seisn1ic con1ponent on the piers may be omitted in 
cases of low and Inoderate seislnicity. In zones of high SeiS1l1icity these effects need 
only be taken into account if the piers are subjected to high bending stresses due to 
vertical pern1anent actions of the deck, or when the bridge is located wi thin 5 k111 of an 
active seisn10tectonic fault, with the vertical seismic action detern1ined in accordance 
with 3.2.2.3 

(2)P The effects of the vertical seisn1ic c0111ponent acting in the upward direction on 
prestressed concrete decks, shall be always taken into account. 

(3)P The effects of the vertical seis111ic con1ponent on bearings and links shall always 
be taken into account. 

(4) The estin1ation of the effects of the vertical c0111ponent may be carried out using 
the Fundal11ental Mode Method and the Flexible Deck Model (see 4.2.2.4). 

4.1.8 Regular and irregular seismic behaviour of ductile bridges 

(I) Designating by ~t\1Ed,i the n1aximun1 value of design moment at the intended 
plastic hinge location of ductile member i as derived fron1 the analysis for the seisll1ic 
design situation and by MRd.i the design flexural resistance of the same section with its 
actual reinforcen1ent under the concurrent action of non-seisn1ic action effects in the 
seismic design situation, then the local force reduction factor rj associated with member 
i, under the specific seislnic action is defined as: 

MEd-i 
r =- q--. (4.3) 

1 ~t\1 Rd.i 

Note 1 Since j\.1Ecli ::; J\4Rcli , it fol1ows that rj q 

Note 2 When in a regular bridge the maximum value of I'j among all ductile members, rmax , is 
substantially lower than q, the design cannot fulJy exploit the allowable maximum 
\,yhen rm<l,( = 1,0 the bridge responds elastically to the earthquake considered. 

(2)P A bridge shall be considered to have regular seislnic behaviour in the considered 
horizontal direction, when the following condition is satisfied 

p 

where: 

rmax < p 
- 0 

rmin 

rmin is the 111inimuln value of nand 

rmax is the n1axinlU1n value of l'i an10ng aJl ductile Inen1bers i, and; 

(4.4) 

po is a lilnit value selected so as to ensure that sequential yielding of the ductile 
Inelnbers wi11 not cause unacceptably high ductility demands on one n1en1ber. 
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NOTE The value ascribed to Po for use in a country may be in found in its National Annex. The 

recommended value is Po = 2,0. 

(3) One or more ductile members (piers) nlay be exen1pted frol11 the above 
ca1culation of rmin and r lllJX , if their total shear contribution does not exceed 200/0 of the 
total SeiS111ic shear in the considered horizontal direction. 

(4)P Bridges that do not conform to expression (4.4), shall be considered to have 
irregular seisnlic behaviour, in the considered horizontal direction. Such bridges shall 
either be designed using a reduced q-value: 

q q ~ 1,0 (4.5) ,. p 

or shall be designed based on results of non-linear analysis in accordance with 4.1.9. 

4.1.9 Non-linear analysis of irregular bridges 

(l) In bridges of irregular seisnlic behaviour, the sequential yielding of the ductile 
menlbers (piers) l11ay cause substantial deviations of the results of the equivalent linear 
ana1ysis pertornled with the assun1ption of a global force reduction factor q (behaviour 
factor) fron1 those of the non-linear response of the bridge structure. The deviations are 
due nlainly to the following effects. 

- The plastic hinges which appear first usually develop the maXin1U111 post-elastic 
strains, which l11ay lead to concentration of unacceptably high ductility demands in 
these hinges; 

Following the fonTIation of the first plastic hinges (normally in the stitTer 111enlbers), 
the distribution of stiffnesses and hence of forces nlay change fron1 that predicted by 
the equivalent linear analysis. This n1ay lead to a substantial change in the assUJlled 
pattern of plastic hinges. 

(2) In general the realistic response of irregular bridges under the design seisnl1c 
action nlay be estin1ated by means of a dynanlic non-linear tinle-history analysis, 
perforn1ed in accordance with 4.2.4. 

(3) An approxinlation of the non-linear response may also be obtained by a 
cOl11bination 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 Spectnull Analysis is an elastic calculation of the peak dynanlic 
responses of all significant nlodes 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 
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obtained by statistical cOlnbination of the maXinlU111 nlodal contributions. Such an 
analysis lTIay be applied in all cases in which a linear analysis is allowed. 

(2)P The earthquake action effects shall be deternlined tl'om an appropriate discrete 
linear nlodel (Full DynalTIic Model), idealised in accordance with the laws of mechanics 
and the principles of structural analysis, and conlpatible with an associated idealisation 
of the seislnic action. In general this nl0del is a space model. 

4.2.1.2 Significant modes 

(l)P All modes nlaking significant contribution to the total stnlctural response shall 
be taken into account. 

(2) For bridges in which the total nlass IV! can be considered as a sum of tletTective 
InodallTIaSSeS" M, the criterion (1) is deelTIed to be satisfied if the sunl of the effective 
modal lTIaSSeS for the 1110des considered, (Ilvt.)c, amounts to at least 90% of the total 
lTIaSS of the bridge. 

(3) If the condition (2) is not satisfied after consideration of all modes with T ~ 
0,033 sec, the nunlber of tTIodes considered 111ay be deenled acceptable provided tbat 
both of the following conditions are satisfied: 

- (IU)cIM~ 0,70 

- The final values of the seismic action effects are Inu1tiplied by M!(IMj)c 

4.2.1.3 Combination of modal responses 

(l)P In general the probable maxilnum value E of a seisnlic action effect (force, 
displacenlent etc.), shall be taken as equal to the square root of the sunl of squares of the 
l1lodal responses, Ei (SRSS-rule) 

(4.6) 

This action effect shall be assumed to act with plus and Ininus signs. 

(2)P When two nlodes have closely spaced natural periods the SRSS rule (expression 
(4.6)) is unconservative and nl0re accurate rules shall be applied. Two natural periods, 
Ti, Tj, ll1ay be considered as closely spaced natural periods if they satisfy the condition: 

---==< p.. TIT::; 1 + 10~F;:. 
- IJ 1 J I.::; II.::; J (4.7) 

where ~i and (j are the viscous dmnping ratios of In odes i and) respectively (see (3)),. 

(3) For any two lTIodes satisfying expression (4.7), the nlethod of the Con1plete 
Quadratic COlnbination (CQC) lnay be used instead of the SRSS rule: 

= (4.8) 

with: i 1 ... 11 ,j 1 ... n 
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In expression (4.8) rij is the correlation factor: 

,... 
1.1 

where: 

+ ~'.:2) 2 
S j . P" 

lJ 

(4.9) 

c;i, ~i are the viscous damping ratios i corresponding to modes i and j respectively. 

NOTE Expression (4.9) 

4.2.1.4 Combination of the components of the seismic action 

(1) The probable lnaxinlunl action effect E, due to the simultaneous occurrence of 
the components of the seisnlic action along the horizontal axes X and Yand 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 nlaxllllum action effects Ex, and Ez due to 
independent seisl11ic action along each axis: 

E= (4.1 0) 

(2) Again in accordance with 1998-1: 2004,4.3.3.5.2(4), the probable nlaxil11ulll 
action effect E nlay be taken as the n10st adverse of the effects calculated frOITI EN 
1998-1 : 2004, expressions (4.18)-(4.22). 

4.2.2 Fundamental nlode method 

4.2.2.1 Definition 

(1) In the FundanlentallTIode method, equivalent static seisnlic forces are derived 
frOITI the inertia forces cOlTesponding to the fundmTIental 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 sinlp1ifications 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 nlodel, nalTIely: 

- 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 c0111ponents of SeiS111ic action 
shall be applied. 
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(l) The method may be applied in all cases in which the dynmnic behaviour of the 
structure can be sufficiently approxitnated by a single dynanlic degree of freedonl 
model. This condition is considered to satisfied in the following cases. 

(a) In the longitudinal direction of approxin1ately straight bridges with continuous 
deck, when the seisnlic forces are calTied by piers the total Inass of which is less than 
20% of the 111ass of the deck. 

(b) In the transverse direction of case (a), if the structural systen1 is approximately 
synl111etric about the centre of the deck, i.e. when the theoretical eccentricity eo between 
the centre of stiffness of the supporting 11len1bers and the centre of mass of the deck 
does not exceed 5% of the length of the deck (L). 

(c) In the case of piers canying silnply-supported spans, if 110 significant interaction 
between piers is expected and the total mass of each pier is less than 20% of the 
tributary 11lass of the deck. 

4.2.2.3 Rigid deck model 

(1) This 1110 de 1 nlay only be applied, when, under the seismic action, the 
deformation of the deck within a horizontal plane is negligible conlpared to the 
horizontal dispiacelnents of the pier tops. This condition is always nlet in the 
longitudinal direction of approximately straight bridges with continuous deck. In the 
transverse direction the deck may be assu111ed rigid either if LIB s 4,0, or if the 
following condition is satisfied: 

(4.l1) 

where: 

L is the total length of the continuous deck; 

B is the width of the deck; and 

Ltd and da are respectively the maxilnUln ditTerence and the average of the 
displacelnents in the transverse direction of all pier tops under the transverse 
seisnlic action, or under the action of a transverse load of similar distribution. 

(2)P The earthquake effects shall be detennined by applying a horizontal equivalent 
static force at the deck given by the expression: 

(4.12) 

where: 

M is the total effective nlass of the structure, equal to the 111ass of the deck plus the 
ll1ass of the upper half of the piers; 

Sd(T) is the spectral acceleration of the design spectrull1 (EN 1998-1 :2004, 3.2.2.5) 
con-esponding to the fundmnental period T of the bridge, estinlated as: 

55 



BS EN 1998-2:2005+A2:2011 
EN 1998-2:2005+A2:2011 (E) 

T= (4.13) 

where K=IK is the stiffness of the systenl, equal to the SUlTI of the stiffnesses of the 
resistingmenlbers. 

(3) In the transverse direction the force F nlay be distributed along the deck 
proportionally to the distribution of the effective masses. 

4.2.2.4 Flexible deck model 

(l)P The Flexible Deck Model shal1 be used vvhen expression (4.11) is not satisfied. 

(2) Unless a nl0re 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-freedonl system, as follows: 

( 4.14) 

where: 

Mi j s the Inass at the i-th nodal point 

di is the displacenlent in the direction under exan1ination when the structure is 
acted upon by forces gU acting at all nodal points in the horizontal direction 
considered. 

(3)P The earthquake effects shall be detennined by applying horizontal forces Fi at 
all nodal points given by: 

M· I (4.15) 

where: 

T is the period of the fundan1ental nlode of vibration for the horizontal direction 
considered, 

Mi is the mass concentrated at the i-th point, 

di is the displacement of the i-th nodal point in an approximation of the shape of 
the first mode (nlay be taken as equal to the values detennined in (2) above), 

Sd(T) is the spectral acceleration of the design spectrUlTI (EN 1998-1 :2004, 3.2.2.5), 
and 

g is the acceleration of gravity. 
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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 used in the transverse direction of 
a bridge, torsional effects nlay be estinlated by applying a static torsional nloment Mt in 

accordance with expression (4.1) of 4.1.S(3)P. The relevant eccentricity shall be 
estimated as follows: 

( 4.16) 

where: 

eo 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 detennined either frOln expression (4.12), or as IFi from 
expression (4.15). The nlonlent M

t 
may be distributed to the supporting nlenlbers 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 nlainly by the piers, without significant interaction between adjacent piers. In 
such cases the seislnic action effects acting in the i-th pier Inay be approxinlated by 
applying on it an equivalent static force: 

( 4.17) 

where 

M is the effective nlass attributed to pier i and 

( 4.18) 

is the fundanlental period of the sanle pier, considered independently of the rest of the 
bridge. 

(2) This simplification may be applied as a first approximation for prel iminary 
analyses, when the following condition is met by the results of expression (4.18) for a11 
adjacent piers i and i+ 1: 

0,90 :::; T/Ti+l :::; 1,10 ( 4.19) 

Otherwise a redistribution of the effective masses attributed to each pier is required, 
leading to the satisfaction of the above condition. 
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4.2.3 Alternative linear methods 

4.2.3.1 Time series analysis 

(l)P In a tinle series analysis, the design seisinic action shall be taken as the average 
of the extrenle response con1puted for each accelerogranl in a set of tinle-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 

(I)P The time dependent response of the structure shall be obtained through direct 
llunlericaJ integration of its non-linear differential equations of ITIotion. The seismic 
input shall consist of ground Illotion tinle-histories (accelerogran1s, see 3.2.3). The 
effects of gravity loads and of the other quasi-pern1anent 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 spectrun1 analysis to provide insight into the post 
-elastic response and comparison between required and available local ductility 
den1ands. Generally, the results of the non-linear analysis shall not be used to relax 
requirenlents resulting frOln the response spectrum analysis. Ho\vever, in the cases of 
bridges with isolating devices (see Section 7) or ilTegular bridges (see 4.1.8) lower 
values estimated froll1 a rigorous time-history analysis n1ay be substituted for the results 
of the response spectrUln analysis. 

4.2.4.2 Ground motions and design combination 

(l)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 

(l)P When non-linear dynatnic analysis is perfornled for at least seven independent 
pairs of horizontal ground nlotions, the average of the individual responses nlay be used 
as the design value of the action effects, except if otherwise required in this part. When 
less than seven non-linear dynanlic analyses are perfonned for the corresponding 
independent pairs of input ITIotions, the n1axinlU111 responses of the ensemble should be 
used as design action effects. 

4.2.4.4 Ductile structures 

(1) Objectives 

The 111ain objectives 
following. 
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The identification of the actual pattern of plastic hinge formation 

The estilnation and verification of the probable post-yield deformation demands in 
plastic hinges and the estimation of the displacenlent denlands 

- The deternlination of the strength requirements for the prevention of non-ducti Ie 
failure modes in the superstructure and for the verification of the soiL 

(2) Requirements 

For a ductile structure subjected to high local ductility denlands, achievenlent of the 
above objectives requires the following. 

(a) A realistic identification of the extent of the structure that remains elastic. Such 
Text deleted(f!jJ 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 
reinforcelnent or structural steel, should reflect the probable post-yield behaviour, 
taking into account confinelnent 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. 

( c) The verification that defornlation den1ands are safely lower than the capacities 
of the plastic hinges, should be performed by conlparing plastic hinge rotation demands, 
~),E' to the relevant design rotation capacities, Bp.d, as follows: 

( 4.20) 

The design values of the plastic rotatio11 capacities, Bp.d, should be derived from relevant 
test results or calculated fron1 ultilllate curvatures, by dividing the probable value ~).1I by 
a factor, rk,p, that reflects local defects of the structure, uncertainties of the model and/or 
the dispersion of relevant test results, as follows: 

e d = p, (4.21 ) 

The san1e condition should be checked for other defonnation demands and capacities of 
dissipative zones of steel structures (e.g. elongation of tensile nlembers in diagonals and 
shear defornlation of shear panels in eccentric bracings). 

NOTE Informative Annex E information for the estimation of ~)d and for }kp 

(d) Member strength verification against bending with axial force is not needed, as 
such a verification is inherent in the non-linear analysis procedure 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 n1en1bers against non-ductile failure 1110des (sl1ear of ll1embers 
and shear in joints adjacent to plastic hinges), as well as of foundation failure, should be 
perfonned in accordance with the relevant rules of Section 5. The capacity design action 
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effects should be taken as the action effects resulting fr0111 the non-linear analysis 
nlultiplied by )'Bdl, in accordance with 5.6.2(2)Pb. These values should not exceed the 
design resistances Rd (= R1j YM) of the corresponding sections, i.e.: 

( 4.22) 

4.2.4.5 Bridges with seismic isolation 

(I) The objective of the analysis In this case IS the realistic asseSSll1ent of the 
displacement and force denlands: 

properly taking into account the effect of the variability of the propeliies of the 
isolators, and 

ensuring that the isolated structure rel11ains essentially elastic 

(2) The provisions of Section 7 apply. 

4.2.5 Static non-linear analysis (pushover analysis) 

(l)P Pushover analysis is a static non-linear analysis of the structure under constant 
vertical (gravity) loads and nl0notonically increased horizontal loads, representing the 
effect of a horizontal seisnlic conlponent. Second order effects shall be accounted for. 
The horizontal loads are increased until a target displacenlent is reached at a reference 
point. 

(2) The l11ain objectives of the analysis are the following. 

The estinlation of the sequence and the final pattern of plastic hinge fornlation; 

The estil11ation of the redistribution of forces fol1owing the fornlation of plastic 
hinges; 

The assessnlent of the force-displacenlent curve of the structure ("capacity curve") 
and of the defornlation denlands of the plastic hinges up to the target displacenlent. 

(3) The nlethod nlay be applied to the entire bridge structure or to individual 
C0111pOnents. 

(4) The requirenlents of 4.2.4.4(2) apply, with the exception of the requireIl1ent for 
1110dell ing of the hysteresis loop shape in 4.2.4.4(2)b. 
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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, lhe response of which to lhe 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 wbere 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 
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results. A similar exception holds for long bridges, when very stiff piers are located between 
of regular ones, or in bridges in which the mass of some piers has a significant effect on 

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 ST.RENGTH VERIFICATION 

5.t General 

(l)P The provisions of this Section apply to the earthquake reslstmg systenl of 
bridges designed by an equivalent linear lnethod taking i11to account a ductile or linlited 
ductile behaviour of the structure 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 lVlaterials and design strength 

5.2.1 lVlaterials 

(l)P In bridges designed for ductile behaviour with q > 1,5, COIl crete nlelnbers where 
plastic hinges ll1ay forll1 , shall be reinforced with steel of Class C in accordance with 
EN 1992-1-1 :2004, Table C.l. 

(2) Concrete menlbers of bridges designed for ductile behaviour, where no plastic 
hinges may fOrlll (as a consequence of capacity design), as well as all concrete 111embers 
of bridges designed for limited ductile behaviour (q < 1,5) or all concrete nlenlbers of 
bridges with seismic isolation in accordance with Section 7, lnay be reinforced using 
steel of Class B in accordance with EN 1992-1-1 :2004, Table CA. 

(3)P Structural steel nlenlbers of all bridges shall conform to EN 1998-1: 2004, 6.2. 

5.2.2 Design strength 

(l)P The design value of nlelnber resistance shall be deternlined in accordance with 
EN 1998-1 :2004, 5.2.4, 6.1.3 or 7.1.3, as appropriate. 

5.3 Capacity design 

(l)P For structures designed for ductile behaviour, capacity design effects (Ve, 
1vfc, lVe) shall be calculated by analysing the intended plastic mechanisnl under: 

a) the non-seisnlic actions in the design seislnic situation and 

b) the level of seisnlic action in the direction under consideration (6)) at which all 
intended flexural hinges have developed bending 1110nlents equal to an upper fractile of 
their flexural resistance, called the overstrength moment, Mo. 

(2) The capacity design need not be taken as than those resulting at 
the seisnlic design situation 5.5) in the direction under consideration, with the 
seisnlic action effects nlultiplied by the behaviour factor q used in the analysis for the 
design seisnlic action. 

(3)P The overstrength 1110111ent of a section shall be ca1culated as: 

(5.1) 
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Yo is the overstrength factor; 

MRd is the design flexural strength of the section, in the selected direction and sign, 
based on the achwl section geonletry, inc1uding reinforcetnent where re1evant, 
and material properties (with y,\1values for fundaillental design situations). In 
determining MR.d, biaxial bending shall be taken into account under: (a) the 
action effects of the non-seismic actions in the seisnlic design situation and (b) 
the other seislllic action effects conesponding 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 ultinlate strength to the yield strength. 

NOTE The value ascribed to }~) for lise in a country may be found in its National Annex. The 
recommended values are: 

For concrete members: Yo = 1,35; 

For steel members: '10 = I 

In the case of reinforced concrete sections with special confining reinforcement 111 

accordance with 6.2.1, and with the value of the nornlalized axial force 

(5.2) 

exceeding 0,1, the value of the overstrength factor shall be nlultiplied by 1 + 2( Ilk-O, 1)2 

where: 

NEd is the value the axial force at the plastic hinge selSlll1C design situation, 
positive if conlpressive; 

Ac is the cross-sectional area of the section; and 

.!ck is the characteristic concrete strength. 

(5)P Within the length of 111embers that develop plastic hinge(s), the capacity design 
bending mOlllent lvfc at the vicinity of the hinge (see Figure 5.1) shal1 not be assuI11ed to 
be greater than the relevant design flexural resistanceMRd of the nearest hinge 
calculated in accordance \vith 5.6.3.1. 
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Key 
A Deck 
B - Pier 
PH - Plastic Hinge 

A 

Figure 5.1: Capacity design moments Jl;Jc within the length of member containing 
plastic hinges 

NOTE I: The j\1Rd-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, .lvlRd 
is also constant. 

NOTE 2: For Lil see 6.2.1.5. 

(6) Tn general capacity design effects should be calculated separately for seis111ic 
action acting (with + and sign) in each of the longitudinal and the transverse 
directions. A relevant procedure and sinlplifications are given in Annex G. 

(7)P When sliding bearings participate in the plastic lnechanisln, their capacity shall 

be assumed as equal to YorRdr, where: 

is a magnification factor for friction due to ageing effects and 

is the maxinlunl design friction force of the bearing. 

(8)P In bridges with elastomeric bearings and intended to have ductile behaviour, 
Inembers 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 defornlation of the bearings correspondjng to 
the design displacelnent 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 seisnlic action wherever it has a significant 
unfavourable effect. 

64 



BS EN 1998-2:2005+A2:2011 
EN 1998-2:2005+A2:2011 (E) 

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 is the axial force and dEd is the relative transverse displacement of the ends of the 
considered ductile member, both in the design seismic situation. 

5.5 Combination of the seisnlic action with other actions 

(l)P The design value of the effects of actions in the seisnlic design situation shall 
be detennined in accordance with EN 1990:2002, 6.4.3.4 and EN 1998-1 :2004, 3.2.4(1) 
as: 

E G "+"P "+"A 11+" lJE Q "+" Q d k k Ed 'r21 I k .2 (5.4) 

where: 

"+" implies "to be conlbined with"; 

are the pelmanent actions with their characteristic values; 

is the characteristic value of prestressing after all losses; 

is the design seisl11ic action; 

is the characteristic value of the traffic load; 

is the conlbination factor for traffic loads in accordance with 4. t.2(3)P; and 

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 Seisnlic action effects need not be cOlnbined with action effects due to imposed 
defornlations (caused by telnperature, shrinkage, settlenlents of supports, residual 
ground movements due to seislnic faulting). 

(3)P An exception to the rule in (2)P is the case of bridges in which the SeiS111ic 
action is resisted by elastoll1eric latninated bearings (see also 6.6.2.3(4)). In such a case 
elastic behaviour of the system shall be assUlned and the action effects due to inlposed 
defonnations 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 10ng-tenn imposed deformations (e.g. by shrinkage). 

(4)P Wind and snow actions shall be neglected in the design value Eel of the effects of 
actions in the seismic design situation (expression (5.4)). 
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5.6 Resistance verification of concrete sections 

5.6.1 Design resistance 

(l) When the resistance of a section depends on multi-component action effects 
(e.g. bending nlonlent, uniaxial or biaxial and axial force), the Ultimate Linlit State 
conditions specified in 5.6.2 and 5.6.3 ll1ay be satisfied by considering separately the 
extrenle (maximum or nlinimull1) value of each conlponent of the action effect with the 
concurrent values of all other conlponents of the action effect. 

5.6.2 Structures of limited ductile behaviour 

(1)P For flexural resistance of sections the fol1owing condition shall be satisfied: 

(5.5) 

where: 

Ed is the design action effect in the seisn1ic design situation including second order 
effects; and 

Rei is the design flexural resistance of the section in accordance with EN 1992-1-
1:2004, 6.1 and with 5.6.1(1). 

(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 seislnic action effect A Ed shall be Inultiplied by the behaviour factor q used in 
the linear analysis. 

b) The resistance values, VRd,c, VRd,s and VRd,m3x derived in accordance with EN 
1992-1-1 :2004, 6.2 shall be divided by an additional safety factor rodl against 
brittle failure. 

NOTE The valLIe ascribed to rHdl ~for@J] use in a country may be found in its National Annex. 
The recommended value is rSdl 1,25. 

5.6.3 Structures of ductile behaviour 

5.6.3.1 Flexural resistance of sections of plastic hinges 

(l)P The following condition shall be satisfied. 

(5.6) 

\vhere: 

MEd is the design value of the nlOlnent as derived fron1 the analysis for the seismic 
design situation, including second order effects; and 
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MRd is the design flexural resistance of the section, in accordance with 5.6.1 (1). 

(2)P The longitudinal reinforcelnent of the melnber containing the hinge shall renlain 
constant and fully effective over the length Lh shown in Figure S.l and specified in 
6.2.1.5. 

5.6.3.2 Flexural resistance of sections outside the region of plastic hinges 

(l)P The following condition shall be satisfied. 

(S.7) 

where: 

Me is the capacity design nlOtnent as specified in 5.3; and 

MRd 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 nloment in the orthogonal 
direction). 

NOTE As a consequence of 5.3(5)P, the cross-sec1ion and the longi1udinal 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 

(l)P Verifications of shear resistance shall be canied out in accordance with EN 
1992-1-1 :2004, 6.2, with the following additional rules: 

a) The design action effects shall be assulned equal to the capacity design effects in 
accordance with 5.3; 

b) The resistance values, VRd,c, VRd .s and VRd,max derived in accordance with EN 
1992-1-1 :2004, 6.2 shall be divided by an additional safety factor )13d against 
brittle failure. One of the following two altenlatives shal1 be used for the value of 
}13d. 

Alternative 1: 1:::;; YBd = YBdl + I - q :::;; YBd I 
V 

(S.8a) 

C,o 

Alternative 2: 1 S YBd = YBdl (S.8b) 

where: 

is in accordance with 5.6.2(2)P; 

VEd is the lnaxinlum value of the shear in seismic design situation of 5.5(1 )P; 
and 

Ve,o is the capacity design shear deternlined in accordance with 5.3, without 
considering the linlitation of 5.3(2). 
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NOTE: As shown in S.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. 

YBd 

)lAdl t- I~ LO 

I ..... 
1,0 }'Bdl qVEd I VCo 

Figure 5.2N : Alternative expressions (5.8a), (5.8b) 

(2) Unless a more accurate ca1culation is Blade, for circular concrete sections of 
radius r where the longitudinal reinforcenlent is distributed over a circle with radius rS.1 

the effective depth: 

(5.9) 
l[ 

111ay be used instead of d in the relevant expressions for the shear resistance. The value 
of the internal lever arnl z may be assunled to be equal to: z 0,9dc. 

5.6.3.4 Shear resistance of plastic hinges 

(1)P Subclause 5.6.3.3(1)P applies. 

(2)P The angle e between the concrete conlpression strut and the lnain tension chord 
shall be assunled to be equal to 45°. 

(3)P The dinlensions of the confined concrete core to the centre line of the perinleter 
hoop shan 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 nlenlbers 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, 5.5.3.4.3 and 5.5.3.4.4, respectively. In these 
verifications, the capacity effects should be used as design action "",++~> .. 1-" 
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5.6.3.5 Verification of joints adjacent to plastic hinges 

5.6.3.5.1 General 

(l)P Any joint between a vertical ductile pier and the deck or a foundation 
adjacent to a plastic hinge in the pier, shall be designed in shear to resist the capacity 
design efrects of the plastic hinge in the relevant direction. The pier is indexed in the 
following paragraphs with "c" (for "COIU111n"), while any other nlenlber framing into the 
same joint is referred to as "bemn" and indexed with "b". 

(2)P For a vertical solid pier of depth he and of width be transverse to the direction of 
flexure of the plastic hinge, the effective width of the joint shall be assunled as follows: 

- when the pier franles into a slab or a transverse rib of a hollow slab: 

(5.10) 

- when the pier frames directly into a longitudinal web of width bw (bw is parallel to 
be): 

(5.11) 

for circular piers of dimneter dc, the above definitions are applied assunling be = he = 
O,9dc 

5.6.3.5.2 Joint forces and stresses 

(1)P The design vertical shear of the joint, Vjz, shall be assumed as: 

(5.12) 

where: 

TRc is the resultant force of the tensile reinforcenlent of the pier corresponding to the 
design flexural resistance, A1j{d, 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 

V1bC is the shear force of the "bemn" adjacent to the tensile face of the colun1n, 
corresponding to the capacity design effects of the plastic hinge. 

(2) The design horizontal shear of the joint Vjx nlay be calculated as (see Figure 
5.3): 

(5.13) 

where Zc and Zb are the inte111al lever arll1S of the plastic hinge and the "bemn" end 
sections, respectively, and Zc and Zb may be assulned to be equal to 0,9 tillles the 
relevant effective section depths (see 5.6.3.3 and 5.6.3.4). 
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Forces on the joint 

Key 
PH Plastic Hinge 

Internal forces 

Figure 5.3: Joint forces 

(3) The shear verification should be carried out at the centre of the joint, where, in 
addition to and the influence of following axial forces nlay be taken into 
account: 

- vertical axial joint force N jz equal to: 

N =Nc 
jz 2bj C I 

(5.14) 

where: 

NeG is the axial force of the column under the non-seismic actions in the design 
seisn1ic situation; 

horizontal force Njx equal to the capacity design axial force effects in the "bean1", 
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 N.iy 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: 

V' J Vx = Vz 

Axial stresses: 
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(5.17) 

(5.18) 

NOTE: As pointed out in 5.3(6), the capacity and therefore the relevant joint 
verification, should be carried Ollt with both 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 Li1Rd and may be opposite to that shown ill Figure 5.3 and may be 
tensile. 

5.6.3.5.3 Verifications 

(1) If the average shear stress in the joint, Vi, does not exceed the cracking shear 
capacity of the joint, Vj,er, as given by expression (5.19), then n1inin1u111 reinforcen1ent 
should be provided, in accordance with (6)P. 

v ::s; v 
j j, cr 

l ~Ill + lJ(1 + ~J ::s; 1,50 l . ctd f' f' . ctd 
. ctd . ctd 

(5.19) 

where: .fctd fetkO,oS/ re 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 reinforcen1ent. 

(3) Unless a nlore accurate nl0del, the requirement of (2)P above is deemed to be 
satisfied, if the following condition is inet. 

Vj :; ~i,Rd 0,5ae VIed 

where, 

V = 0,6 (1-ifck/250)) (with.fck in MPa) 

(5.20) 

(5.21 ) 

The factor (J.e in expression (5.20) accounts for the effects of any confining pressure (njy) 
andlor reinforcenlent (py) in the transverse direction y, on the compressive strength of 
the diagonal stnlt: 

(5.22) 

where: 

Pi = Asyl(hehb ) is the reinforcement ratio of any closed stirrups in the transverse 
direction of the joint panel (orthogonal to the plane of action), and 

lsd 300 MPa is a reduced stress of this transverse reinforcelnent, for reasons of 
limitation of cracking. 
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(4) Reinforcement, both horizontal and vertical, should be provided in the joint, at 
alTIOunts adequate to carry the design shear force. This require111ent Inay be satisfied by 
providing horizontal and vertical reinforcement ratios, px and pz, respectively, such that: 

Px = (5.23) 

Pz =--'--
.f~y 

(5.24) 

where: 

is the reinforcement ratio in the joint panel in the horizontal direction, 

Pz = 
b/le 

is the reinforcen1ent ratio in the joint panel in the vertical direction, and 

fSYJ is the design yield strength of the joint reinforcement. 

(5)P The joint reinforcelnent ratios px and {Jy shall not exceed the n1axin1lln1 value: 

vIed 
f) =--
1- max 2{ 

.. sy 

where v is given by expression (5.21) 

(5.25) 

(6)P A minin1un1 an10unt of shear reinforcelnent shall be provided in the joint panel 
in both horizontal directions, in the forn1 of closed links. The required 111inimu111 joint 
reinforcelnent ratio: 

(5.26) 

5.6.3.5.4 Reinforcement arrangement 

(l) Vertical stirrups should enclose the longitudinal "beam" reinforcen1ent at the 
face opposite to the pier. Horizontal stirrups should enclose the pier vertical 
reinforcen1ent, as well as "beam" horizontal bars anchored into the joint. Continuation 
of pier stirrups/hoops into the joint is recomlnended. 

(2) Up to 500/0 of the total amount of vertical stirrups required in the joint 111ay be U
bars, enclosing the longitudinal "bean1" reinforcement at the face opposite to the 
colu111n (see Figure 5.4). 

(3) 500/0 of the bars of the top and bottOlTI 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 reinforce111ent area 
Asx. 

(4) The longitudinal (vertical) pier reinforcement should reach as far as possible 
into the "beam", ending just before the reinforcelnent layers of the "bean1" at the face 
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opposite to the pier-"beam" interface. In the direction of flexure of the plastic hinge, rhe 
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 an10unt of required reinforce111ent Asz and/or Asx, in accordance with 
expressions (5.24) and (5.23) is so high as to ln1pair cOl1structability of the joint, then 
the alte111ative arrangen1ent, described in (6) and (7), n1ay be applied Figure 5.4). 

tIP I ~I I~ 

(b) 

Key 
A : "BeaIn" -pier interface 
B : Stirrups in comn10n areas count in both directions 

(a) 

... 1 

,." 

(c) 

, ... 
--I-

-+
A~ 

Figure 5.4: Alternative arrangement of joint reinforcement; (a) vertical section 
within plane xz; (b) plan vie,,, for plastic hinges forming in the x-direction; (c) plan 

view for plastic hinges in the x- and the y- directions. 

(6) Vertical stirrups of aIllOunt Plz?. Pmin, acceptable fro111 the cOl1structability point 
of view, lnay be placed within the joint body. The ren1aining area L1Asz (pz - Plz)b/1c, 
should be placed on each side of the "beam", within the joint width bj and not further 
than O,5hb frOln the corresponding pier face. 
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(7) The horizontal reinforcel11ent within the joint body may be reduced by < 
Msz, provided that the ratio of the horizontal reinforcen1ent ren1aining within the joint 
body satisfies expression (5.26). The tensile reinforcen1ent of the "bean1" top and 

botton1 fibres at the faces of the pier should then be increased by Msx, over the 
reinforcen1ent required in the relevant "beam" sections for the verification in flexure 
under capacity design effects. Additional bars to cover this requirelllent should be 
placed within the joint width bj ; these bars should be adequately anchored, so as to be 
fu11y effective at a distance hb fron1 the pier face. 

5.6.3.6 Deck verification 

(I)P It sha11 be verified that no significant yielding occurs in the deck. This 
verification shall be carried out: 

- for bridges of lin1ited ductile behaviour, under the n10st 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 cOlllponent of the seismic action in the transverse direction 
of the bridge is considered, yielding of the deck for flexure within a horizontal plane is 
considered to be significant if the reinforcen1ent of the top slab of the deck yields up to 
a distance fron1 its edge equal to 100/0 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 mon1ents should be accounted 
for. Unless a n10re accurate calculation is n1ade, the values specified in 2.3.6.1 (4) may 
be assu111ed for bridges of lin1ited ductile behaviour, or 70% of these values for bridges 
of ductile behaviour. 

5. 7 Resistance verification for steel and composite menlbers 

5.7.1 Steel piers 

5.7.1.1 General 

(1) For the verification of the pier under multi-C0l11pOnent action effects, 5.6.1(1) 
applies. 

(2)P Energy dissipation is allowed to take place only the piers and not in the deck. 

(3)P For bridges designed for ductile behaviour, the provisions of 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. 
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(5) provisions of EN 1998-1 :2004, 6.9 apply for all bridge piers. 

5.7.1.2 Piers as moment resisting frames 

(l)P In bridges designed for ductile behaviour, the design values of the axial force, 
and shear forces, VE,d, in piers consisting of mon1ent resisting fran1es shall be 

assumed to be equal to the capacity design action effects lYe and Vc, respectively, as the 
latter are specified in 5.3. 

(2)P design of the sections of plastic hinges both in bean1s and colun1ns of the 
pier shall satisfy the provisions of 1998-1 :2004, 6.6.2, 6.6.3 and 6.6.4, using the 
values of NEd and VEd as specified in (l)P. 

5.7.1.3 Piers as frames with concentric bracings 

(I)P The provisions of EN 1998-1: 2004 apply with the following 1110difications 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 YoJYpl,Rd of the weakest 
diagonal (see 5.3 for Yo). 

- The second part of expressjol1 (6.12) in EN 1998-1 :2004, 6.7.4 shall be replaced by 
the capacity design action lVEd 

5.7.1.4 Piers as frames with eccentric hracings 

(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 (q > 1,5) the deck shall be verified for 
the capacity design effects in accordance with 5.3. In bridges designed for lin1ited 
ductile behaviour (q ::; 1,5) the verification of the deck shall be carried out using the 
design action effects fron1 the analysis in accordance with expression (5.4). The 
verifications may be carried out in accordance with the relevant rules of EN 1993-
2:2005 or EN 1994-2:2005 for steel or composite decks, respectively. 

5.8 Foundations 

5.8.1 Genera) 

(l)P Bridge foundation systen1s shall be designed to conforn1 to the general 
requiren1ents set forth in 1998-5 :2004, 5.1. Bridge foundations shall not be 
intentionally used as sources of hysteretic energy dissipation and therefore shaH, as far 
as practicable, be designed to remain elastic under the design seis111ic 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. 
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5.8.2 Design action effects 

(l)P F or 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 lin1ited ductile behaviour (q < ll5) and bridges with seisn1ic 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 seisnlic design situation 
in accordance with 5.5l with the analysis results for the design seislnic action multiplied 
by the q-factor used (j.e. effectively using q 1). 

(3)P Bridges of ductile behaviour (q > 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 shal1 be carried out in accordance 
with EN 1998-5 :2004, 5.4.1 (Direct foundations) and 5.4.2 (Piles and piers). 
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(l)P The rules of this Section apply only to bridges designed for ductile behaviour 
and ain1 to ensure a l11inil11um level of curvaturelrotation ductility at the plastic hinges. 

(2)P For bridges of lil11ited ductile behaviour, rules for the detail ing of critical 
sections and specific non-ductile c0111ponents are specified in 6.5. 

(3)P In general, plastic hinge f01111ation 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-seisn1ic actions. 

6.2 Concrete piers 

6.2.1 Confinement 

6.2.1.1 General requirements 

(l)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 
th e Ii 111i t: 

(6.1 ) 

confine111ent of the con1pression zone in accordance with 6.2.1.4 should be provided, 
except as specified in (3). 

(3)P No confinenlent is required in piers if, under ultin1ate lin1it state conditions, a 
curvature ductility fiej) = 13 for bridges of ductile behaviour, or fi<l> = 7 for bridges of 
limited ductile behaviour, is attainable, with the l11aximu111 c0111pressive strain in the 
concrete not exceeding the value of: 

Gcu2 = 0,350/0 (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 c0111pression zones, the confinement should extend at least up to 
the depth where the value of the conlpressive strain exceeds O,5C:cu2 

(5)P The quantity of confining reinforcement is defined through the n1echanical 
reinforcel11ent ratio: 

(6.3) 

where: 
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(a) In rectangular sections: 

pw is the transverse reinforcenlent ratio defined as: 

where: 

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; 

(6.4) 

b is the dimension of the concrete core perpendicular to the direction of the 
confjnelnent under consideration, Ineasured to the outside of the perinleter hoop. 

(b) In circular sections: 

The volu111etric ratio pw of the spiral reinforcenlent relative to the concrete core is used: 

Pw 

where: 

4Asp 

Dsp . SL 

Asp is the area of the spiral or hoop bar 

Dsp is the dianleter of the spiral or hoop bar 

SL is the spacing of these bars. 

6.2.1.2 Rectangular sections 

(6.5) 

(l)P The spacing of hoops or ties in the longitudinal direction, SL, shall satisfy both of 
the following conditions: 

- SL S; 6 tinles the longitudinal bar diameter, dbL 

SL 1/5 of the snlallest dil11ension of the confined concrete core, to the hoop centre 
line. 

(2)P The transverse distance ST between hoop legs or supplenlentary cross-ties shall 
not exceed 1/3 of the sll1allest dinlension bmin of the concrete core to the hoop centre 
line, nor 200nlm (see Figure 6.1a). 

(3)P Bars inclined at an angle a > 0 to the transverse direction in \vhich pw refers to 
shall be assumed to contribute to the total area of expression (6.4) by their area 
multiplied by coseL 
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Key 
A : 4 closed overlapping hoops 
B : 3 closed overlapping hoops plus cross-ties 
C : closed overlapping hoops plus cross-ties 

Figure 6.1 a: Typical confinement details in concrete piers with rectangular section 
using overlapping rectangular hoops and cross-ties 

6.2.1.3 Circular sections 

(l)P The spacing of spiral or hoop bars, SL, shall satisfy both of the following 
conditions: 

SL S 6 times the longitudinal bar dialneter, dbL 

SL 1/5 of the dian1eter of the confined concrete core to the hoop centre line. 

79 



BS EN 1998-2:2005+A2:2011 
EN 1998-2:2005+A2:2011 {E} 

6.2.1.4 Required confining reinforcement 

(I)P Confinelnent is in1plemented 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. 

(2)P The Inl111l11Un1 an10unt of confining reinforcement shall be detennined as 
follows: 

- for rectangular hoops and cross-ties 

where: 

where: 

( 

ll1axloJw,rCq; J 

° 13 fyd ( -0 ° 1 ) , j.PL, 
. cd 

Ac is the area of the gross concrete section; 

is the confined (core) concrete area of the section to the hoop centerline; 

are factors specified in Table 6.1; and 

PL is the reinforcement ratio of the longitudinal reinforcen1ent. 

(6.6) 

(6.7) 

Depending on the intended seismic behaviour of the bridge, the mlnln1um values 
specified in Table 6.1 apply. 

Table 6.1: J\tlinimunl values of A and ww,nlin 

Seismic Behaviour A COw,min 

Ductile 0,37 0,18 
Lin1ited ductile 0,28 0,12 

for circular hoops or spirals 

CUwd.c ;?:: lnax(l ,4cow,rcq; COw,min) (6.8) 

(3)P When rectangular hoops and cross-ties are used, the minimUln reinforcement 
condition shall be satisfied in both transverse directions. 

(4)P Interlocking spirals/hoops are quite efficient for confining approxilnately 
rectangular sections. The distance between the centres of interlocking spirals/hoops 
shall not exceed 0,6Dsp, where Dsp is the dian1eter of the spiral/hoop (see Figure 6.1 b). 
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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 

(l)P When '7k = NEc/Ac!ck S 0,3 the design length Lh of potential plastic hinges shall 
be estirllated 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 fron1 the point of maxilllum mon1ent to the point where the design 
nl0111ent is less than 800/0 of the value of the nlaxilllun1 nl0nlent. 

(2)P When 0,6 :2: '7k > 0,3 the design length of the potential plastic hinges as 
deternlined in (l)P shall be increased by 500/0. 

(3) The design length of plastic hinges (Lh) defined above should be used 
exclusively for detailing the reinforcen1ent of the plastic hinge. It should not be used for 
estin1ating the plastic hinge rotation. 

(4)P When confining reinforcerllent is required, the anlount 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 lllay be gradually reduced to the anlount required by other 
criteria. The amount of transverse reinforcenlent provided over an additional length Lh 
adjacent to the theoretical end of the plastic hinge shall not be less than 500/0 of the 
an10unt of the confining reinforcenlent required in the plastic hinge. 

6.2.2 Buckling of longitudinal compression reinforcement 

(I)P Buckling of longitudinal reinforcenlent shall be avoided along potential hinge 
areas, even after several cycles into the post-yield region. 

(2) To n1eet the requirement in (1)P, all n1ain longitudinal bars should be restrained 
against outward buckling by transverse reinforcenlent (hoops or cross-ties) 
perpendicular to the longitudinal bars at a (longitudinal) spacing SL not exceeding !5dbL, 
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where dbL 1S the diameter of the longitudinal bars. Coefficient 6 depends on the ratiof.J{y 
of the tensile strength flk to the yield strength fYk of the transverse reinforcen1ent, in 
tenns of characteristic values, in accordance with the following relation: 

(6.9) 

(3) Along straight section boundaries, restraining of longitudinal bars should be 
IRl) achieved ~ in either one of the following ways: 

a) through a perin1eter tie engaged by inten11ediate 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 1350 -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 dissin1ilar 
hooks at the two ends, these hooks should be alternated in adjacent cross-ties, both 
horizontally and vertically. In sections of large dinlensions the perimeter tie may be 
spliced using appropriate lapping length combined with hooks; 

b) through overlapping closed ties an-anged so that every corner bar and at least every 
alternate internal longitudinal bar is engaged by a tie leg. The transverse (horizontal) 
spacing Sr of the tie legs should not exceed 200 n1111. 

(4)P The 111inimun1 anlount of transverse ties shall be detern1ined as follows: 

lUin( At J 
"L 

(6.10) 

where: 

At is the area of one tie leg, in Iun}; 

SL is the spacing of the legs along the axis of the nlember~, in 111; 

.LAs is the sun1 of the areas of the longitudinal bars restrained by the tie, in n1n12
; 

fyt is the yield strength of the tie; and 

hs is the yield strength of the longitudinal reinforcement. 

6.2.3 Other rules 

(l)P Due to the potential loss of concrete cover in the plastic hinge region, the 
confining reinforcen1ent shall be anchored by 135°-hooks (unless a 90°-hook is used in 
accordance with 6.2.2(3)a) sun-ounding a longitudinal bar plus adequate extension (min. 
10 dian1eters) into the core concrete. 

(2)P Siluilar 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 perin1eter of the men1ber, 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 D1echanical couplers see 1998-1 :2004, 5.6.3(2). 
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(1) The rules of (2) to (4) are not required in cases of low seismicity. 

NOTE: For cases oflO\\/ seismicity the Notes in 2.3.7(1) apply. 

(2) Unless appropriate justification is provided, the ratio hlh of the clear width b to 
the thickness h of the walls, in the plastic hinge region (length Lh in accordance with 
6.2.1.5) of hollow piers with a single or n1ultiple box cross-section, should not exceed 8. 

(3) For hollow cylindrical piers the limitation (2) applies to the ratio Di 1/1, where Di 
is the inside dian1eter. 

(4) In piers with sil11ple or 111ultiple box section and when the value of the ratio '7k 
defined in expression (6.1) does not exceed 0,20, there is no need for verification of the 
confining reinforcenlent in accordance with 6.2.1, provided that the requiren1ents of 
6.2.2 are nlet. 

6.3 Steel piers 

(l)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, sha11 be applied. 

6.4 Foundations 

6.4.1 Spread foundation 

(l)P Spread foundations such as footings, rafts, box-type caissons, piers etc., shaH not 
enter the plastic range under the design seisnlic action, and hence do not require special 
detailing reinforcen1ent. 

6.4.2 Pile foundations 

(l)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. 

(a) At the pile heads adjacent to the pile cap, when the rotation of the pile cap about a 
horizontal axis transverse to the seisn1ic action is restrained by the large stiffness of 
the pile group in this degree-of-freedom. 

(b) At the depth where the ll1axitnum bending moment develops in the pile. This depth 
should be estinlated by an analysis that takes into account the effective pile flexural 
stiffness (see 2.3.6.1), the lateral soil sti ffness and the rotational stiffness of the pile 
group at the pile cap. 

(c) At the interfaces of soil layers with markedly different shear deforn1ability, due to 
kinelnatic pile-soil interaction (see EN 1998-5 :2004, 5.4.2(1 )P). 
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(3) At locations of type (a) in (2), confining reinforcen1ent of the anl01111t specified 
in 6.2.1.4 along a vertical length equal to 3 ti111es the pile dianleter, should be provided. 

(4) Unless a n10re accurate analysis is made" , longitudinal as well as confining 
reinforcenlent of the same amount as that required at the pile head shall be provided 
over a length of two pile djanleters on each side of the point of maxin1111n nl0111ent 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 

(I)P The following rules apply at the critical sections of structures designed for 
lin1ited ductile behaviour (with q :::; 1,5) in cases other than those of low seisnlicity, to 
ensure a nlini111111n of linlited ductility. 

NOTE 1: For the definition of cases oflow seismicity see Note 1 in 2.3.7(1). 

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. 

(2)P A section is considered to be critical, i.e. location of a potential plastic hinge, 
when: 

< 1,30 (6.11) 

where: 

MEd is the maxinlu111 design moment at the section in the seis111ic design situation, 
and 

MRd is the Ininimun1 flexural resistance of the section in the seisnlic 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 
reinforcenlent as required by 6.2.1.4 for linlited ductility (see Table 6.1), shall be 
provided in concrete 111embers. In such cases it is also required to secure the 
longitudinal reinforcen1ent against buckling in accordance with 6.2.2. 

6.5.2 Avoidance of brittle failure of specific non-ductile components 

(l)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 seisnlic action effects n1ultiplied by the q-factor used in the analysis, or 
capacity design effects. The latter shall be detennined fron1 the strength of the relevant 
ductile nlembers (e.g. the cables) and an overstrength factor of at least 1,3. 
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(2)P This verification may be olnitted if it can be demonstrated that the integrity of 
the structure is not affected by failure of such connections. This delnonstration shall 
also address the possibility of sequential failure, such as Inay occur in stays of cable
stayed bridges. 

6.6 Bearings and seismic links 

6.6.1 General requirements 

(l)P N on-seismic horizontal actions 011 the deck shall be trans111itted to the 
supporting me1nbers (abutnlents or piers) through the structural connections, which may 
be Inonolithic, or through bearings. For non-seistnic actions the bearings shall be 
verified in accordance with the relevant standards (Parts 2 of relevant Eurocodes and 
EN 1337). 

(2)P In genera] the design seislnic action shall be trans111itted through the bearings. 
However, seisll1ic links (as specified in 6.6.3) 111ay be used to transnlit the entire design 
seismic action, provided that dynanlic shock effects are mitigated and taken into 
account il1 the design. Seisll1ic links should generally allow the nOll-seisll11c 
displacements of the bridge to develop, without transmitting significant loads. When 
seisnlic links are used, the connection between the deck and the substructure should be 
properly modelled. As a Inininlum, a linear approxilnation of the force-displacement 
relationship of the linked structure sha11 be used (see Figure 6.2). 
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d 

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-se ismic 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 extrelne seisn1ic 
displacen1ents. At fixed supports this requirelnent shall be implelnented either through 
capacity design of the norn1al 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 shal1 be provided. 
In, cases of retrofitting of existing bridge seismic links lnay be used as an alternative. 

(4)P All types of bearings and seisn1ic 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 

(l)P Except under the conditions of (2), the design seismic action effects on fixed 
bearings shaH be detern1ined through capacity design. 

(2) Fixed bearings n1ay be designed solely for the effects of the seismic design 
situation fro111 the analysis , provided that they can be replaced without difficulties and 
that seismic links are provided as a second line of defence. 
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6.6.2.2 Moveable bearings 

(l)P Moveable bearings shall accOlnn10date without damage the total design value of 
the displacen1ent in the seislnic design situation detern1ined in accordance with 
2.3.6.3(2). 

6.6.2.3 Elastomeric bearings 

(1) ElastOlneric bearings n1ay be used in the following arrangelllents: 

a. on individual supports, to accon1n10date in1posed deforn1ations and resist only 
non-seisn1ic horizontal actions, while the resistance to the design seisn1ic action is 
provided by structural connections (monolithic or through fixed bearings) of the deck to 
other supporting n1en1bers (piers or abutn1ents); 

b. on all or on individual supports, with the san1e function as in (a) above, 
combined with seismic links which are designed to resist the seisn1ic action; 

c. on all supports, to resist both the non-seisn1ic and the seisn1ic actions. 

(2) Elastomeric bearings used in arrangen1ents (a) and (b) of(1) shall be designed to 
resist the Inaxin1Uln shear deforn1ation due to the design seisn1ic action in accordance 
with 7.6.2(5). 

(3) Under the conditions specified In 2.2.2(5), significant dan1age of elastomeric 
bearings of (2) is acceptable. 

NOTE: The National Annex may define the extent of damage and the relevant verifications. 

(4) The seisn1ic behaviour of bridges, in which the design seismic action is resisted 
entirely by elaston1eric bearings on all supports (arrangen1ent (l)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-do"vn devices, shock transmission units 

6.6.3.1 Seismic links 

(1) Seisn1ic links n1ay consist of shear key anangen1ents, buffers, and/or linkage 
bolts or cables. Friction connections are not considered as positive linkage. 

(2) Seislllic links are required in the following cases. 

(a) In combination with elastomeric bearings, where the links are designed to carry the 
design seismic action. 

(b) In cOlnbination with fixed bearings not designed for capacity design effects. 

(c) In the longitudinal direction at n10veable end-supports between the deck and the 
abutn1ent or pier of existing bridges being retrofitted, if the requiren1ents for 
minin1un1 overlap length in 6.6.4 are not met. 
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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 seisn1ic links of the previous paragraph shall be 
determined as follows. 

In cases (a), (b) and (c) of (2) as capacity design effects (the horizontal resistance of 
the bearings shall be assun1ed to be equal to zero). 

In the case of (d) of (2), and unless a 1110re accurate analysis is n1ade taking into 
account the dynan1ic interaction of adjacent sections of the deck, the linkage 

elen1ents n1ay be designed for an action equal to 1,5agSMd where is the design 
ground acceleration on type A ground, S is the soil factor from 1998-1: 2004, 
3.2.2.2 and Me! is the mass of the section of the deck linked to a pier or abutment, or 
the least of the masses of the t\VO deck sections on either side of the intern1ediate 
separation joint. 

(4)P The links shall be provided with adequate slack or ll1argins, so as to remaIn 
inactive: 

under the design seisn1ic action in cases (c) and (d) of (2) 

under any non-seislnic actions in case (a) of (2). 

(5) When using seismic links, Ineans for reducing shock effects should be provided. 

6.6.3.2 Holding-down devices 

(l)P Holding down devices shall be provided at all supports where the total vertical 
reaction due to the design seislnic action opposes and exceeds a percentage, PH, of the 
c0111pressive (downward) reaction due to the pen11anent load. 

NOTE The value ascribed to PH for LIse in a country may be found in its National Annex. The 
recommended value are as follows: 

- PH 80(% in bridges of ductile behaviour, where the vertical reaction due to the design 
seismic action is determined as a capacity effect. 

- PH 50% in bridges of limited ductile behaviour, where the vertical reaction due to the 
design seismic action is determined from the analysis under the seismic action alone 
(including the contribution of the vertical seismic component). 

(2) The requiren1ent (1) 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 seisn1ic design situation in accordance with 
5.5. 

6.6.3.3 Shock transmission units (STUs) 

(1) Shock transll1ission units (STUs) are devices which provide velocity-dependent 
restraint of the relative displacelnent between the deck and the supporting element (pier 
or abutn1ent), as follows. 
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For low velocity nl0Vetnents (v "'I), such as those due to telnperature effects or 
creep and shrinkage of the deck, the movetnent is practically free (with very low 
reaction). 

- For high velocity 1110Vetnents (v V2), such as those due to seismic or braking 
actions, the nlovenlent is blocked and the device acts practically as rigid connection. 

- The units can also have a force limiting function, that ]i111its the force transt11itted 
through it (for v "'2) to a defined upper bound, beyond which movement 
takes place. 

NOTE The properties and the design of STUs will be covered by prEl\ 15 J 29:200X 
(Antiseismic Devices). The order of magnitude of the velocities mentioned above is VI ~ 0,1 

mm/s, V2 ~ 1,0 mm/s. 

(2)P Full description of the laws defining the behaviour of the units used (force
displacenlent and force-velocity relationships) sha1l be available at the design 
(fron1 the n1anufacturer of the units), including any influence of environnlental factors 
(mainly ten1perature, ageing, cunlulative travel) on this behaviour. All values of 
parameters necessary for the definition of the behaviour of the units (including the 
values of VI, V2, F mux, for the cases luentioned in (1)), as well as the geonletric data and 
design resistance FRd of the units and their connections, shall also be available. Such 
infonnation shall be based on appropriate official test resu1ts, or an ETA. 

(3)P When STUs without force limiting function are used to resist seis111ic forces, 
they shall have a design resistance, PRJ, as follows. 

- For ductile bridges: F Rd should be not less than the reaction corresponding to the 
capacity design effects, 

For linlited ductile bridges: F Rd should be not less than the reaction due to the 
design seis111ic action fro111 the analysis, multiplied by the q-factor used. 

The devices shall provide sufficient displacenlent capability for all slow velocity actions 
and shall retain their force capacity at their displaced state. 

(4)P When STUs with force lilniting function are used to resist seisnlic forces, the 
devices shall provide sufficient displacelnent capability to accOlnn10date the total design 
value of the relative displacenlent, dEd, in the seisnlic design situation deternlined in 
accordance with 2.3.6.3(2)P, or in accordance with 7.6.2(2) for bridges with seismic 
1sola60n. 

(5)P All STUs shall be accessible for inspection and nlaintenance/replacenlent. 

6.6.4 Minimum overlap lengths 

(l)P At supports where relative displacenlent between sllPPOlied and supporting 
men1bers is intended under seisnlic conditions, a Inininlu111 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 extrenle seisnlic displacelnents. 
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(3) At an end support of an abutnlent the I111111mum overlap length loy may be 
estill1ated as follows: 

(6.12) 

(6.13) 

( 6.14) 

\vhere: 

1m is the ll1ininlu111 support length ensuring the safe transnl1ssion of the vertical 
reaction, but no less than 400 mm, 

deg is the effective displacenlent of the two parts due to the spatial variation of the 
seisnlic ground displaceillent. When the bridge is at a distance than 5kl11 
of a known seisnlically active fault, capable of producing a seisnl1c event of 
l11agnitude M 2 6.5, and unless a specific seisl11ological investigation is 
available, the value of deg to be used should be taken as double that obtained 
fronl expression (6.l3). 

is the design ground displacell1ent in accordance with EN 1998-1 :2004, 3.2.2.4, 

is the distance paranleter specified in 3.3(6). 

Lefr is the effective length of the deck, taken as the distance fronl 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 nlore than one piers, then Leff shall be taken as 
the distance bet\veen the support and the centre of the group of piers. In this 
context "fu11 connection" l11eans a connection of the deck or deck section to a 
substructure member, either nlonolithically or through fixed bearings, seisnlic 
11nks, or STUs, without force limiting function. 

is the effective seisillic displacenlent of the support due to the defornlation of the 
structure, estill1ated as follows. 

For decks connected to piers either monolithically or through fixed bearings acting 
as full seisll1ic links: 

(6.15a) 

where dEd is the total design value of the longitudinal displacell1ent in the seisnlic 
design situation detell11ined 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.l5b) 

(4) In the case of an internlediate separation joint between two sections of the deck, 
loy should be estil11ated by taking the square root of the sunl of the squares of the values 
calculated each of the two sections of the deck in accordance with (3). At an end 
support of a deck section on an inte1111ediate pier, should be taken as the value 

90 



BS EN 1998-2:2005+A2:2011 
EN 1998-2:2005+A2:2011 (E) 

estinlated in accordance with (3) plus the 111axinlu111 displacen1ent of the top of the pier 
in the seistl1ic design situation, dE. 

6.7 Concrete abutments and retaining walls 

6.7.1 General requirements 

(l)P All critical structural conlponents of the abutIl1ents shall be designed to renlain 
essentially elastic under the design seismic action. The design of the foundation shall be 
in accordance with 5.S. Depending on the structural function of the horizontal 
connection between the abutnlent and the deck the provisions of6.7.2 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 abutlnents flexibly connected to the deck, the deck is supported through 
sliding or elastonleric bearings. The elastonleric bearings (or the seisnlic 11nks, if 
provided) may be designed to contribute to the seisnlic resistance of the deck, but not to 
that of the abutlnents. 

(2) The following actions, assunled to act in phase, should be taken into account for 
the seismic design of these abutnlents. 

a. Earth pressures including seisnlic effects deternlined 111 accordance with EN 
1998-5 :2004, Section 7. 

b. Inertia forces acting on the 1nass of the abutn1ent and on the Inass of earthfi1l 
lying over its foundation. In general these effects l11ay be determined on the basis of the 
design ground acceleration at the top of the ground of the site, agS. 

c. Actions fr0111 the bearings dete1111ined as capacity design effects in accordance 
with 5.3(7)P and 5.3(S)P if a ductile behaviour has been assul11ed for the bridge. If the 
bridge is designed for q 1,0, then the reactions on the bearings resulting fronl the 
seislnic analysis shall be used. 

(3) When the earth pressures assulned in (2)a are determined in accordance with EN 
1998-5:2004, on the basis of an acceptable displacement of the abutInent, provision for 
this displacement should be n1ade in deternlining the gap between the deck and the 
abutnlent back-wall. In this case it should also be ensured that the displacenlent 
assUlned in detern1ining the actions in (2)a, can actually take place before a potential 
failure of the abutment itself occurs. This requirenlent is deenled to be satisfied if the 
design of the body of the abutnlent is effected using the seisnlic part of the actions in 
(2)a increased by 30%. 

6.7.3 Abutments rigidly connected to the deck 

(1) The connection of the abutnlent to the deck is considered as rigid, if it is either 
monolithic, or through fixed bearings, or through links designed to carry the seisnlic 
action. Such abutnlents have a major contribution to the seisll1ic resistance, both in the 
longitudinal and in the transverse direction. 
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(2) The analysis n10del should incorporate the effect of interaction of the soil and 
the abutn1ents~ using either best-estin1ate values of the relevant soil stiffness paran1eters 
or values corresponding to upper and lower bound stiffness. 

(3) \Vhen the seisn1ic resistance of the bridge is provided by both piers and 
abutn1ents~ the use of upper and lower bound estimates of the soil stiffness is 
recon1n1ended, in order to arrive at results which are on the safe side both for the 
abutl11ents and for the piers. 

(4)P A behaviour factor q 1,5 shall be used, in the analysis of the bridge. 

(5) The following actions should be taken into account in the longitudinal direction. 

a. Inertia forces acting on the lnass of the structure, which may be estin1ated using 
the Fundal11ental Mode l\1ethod (see 4.2.2). 

b. Static earth pressures acting on both abutn1ents (Eo). 

c. The additional seisn1ic earth pressures 

(6.16) 

where: 

Ed is the total earth pressure acting on the abutment under the design seis111ic action 
in accordance with EN 1998-5:2004. The pressures LIEd are assun1ed to act in 
the san1e direction on both abutn1ents. 

(6) The connection of the deck to the abutment (including fixed bearings or links, if 
provided) should be designed for the action effects resulting froln the above paragraphs. 
Reactions on the passive side ITIay be taken into account in accordance with (8). 

(7) In order that dalnage of the soil or the embankn1ent behind an abutment rigidly 
connected to the deck is kept within acceptable limits, the design seisn1ic displacen1ent 
should not exceed a limit value, d1im, depending on the in1portance class of the bridge. 

NOTE: The value ascribed to for use in country may be found in its National Annex. The 
recommended values of djjm are as follows: 
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Table 6.2N. Recommended limit value of design seismic displacement at abutments rigidly 
connected to the deck 

Bridge Importance Class 

III 

Il 

Displacement Limit d1illl (mm) 

30 

60 

No limitation 

(8) The soil reaction activated by the moven1ent of the abutnlent, and of any wing
walls nl0nolithically connected to it, towards the fill is assunled to act 011 the following 
surfaces. 
- In the longitudinal direction, on the external face of the back-wall of that abutment 

which nloves against the soi I or fill. 
- In the transverse direction, on the internal face of those wing-walls which 1110ve 

against the filL 

These reactions nlay be estilnated on the basis of horizontal soil 1110duli corresponding 
to the specific geotechnical conditions. 

The relevant abutn1ent should be designed to resist this soil reaction, in addition to the 
static earth pressures. 

(9) When an abutment is enlbedded in stiff natural soil forn1ations over n10re than 
80% of its height, it can be considered as fully locked-in. In that case q 1 should be 
used and the inertia forces should be deternlined on the basis of the design ground 
acceleration at the top of the ground of the site, agS (that is without spectral 
anlplification). 

6.7.4 Culverts with large overburden 

(1) In culverts with a large depth fill over the top slab (exceeding 50% of its 
span), the assumptions of inertial seisnlic 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 the basis of kinen1atic conlpatibility between 
the culvert structure and free-field seisnlic deforIl1ation of the surrounding soil 
corresponding to the design seismic action. 

(2) To this end the free-field seisnlic soil defornlation nlay be assulned as a unifonn 
shear-strain field (see Figure 6.3) with shear strain: 

Ys = (6.17) 

where 

Vg is the peak ground velocity (see (3) below) 
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Vs is the shear wave velocity in the soil under the shear strain corresponding to the 
ground acceleration. This value n1ay be estilnated from the value Vs,max for sl1Jall 
strains, frol11 EN 1998-5 :2004, Table 4.1. 

9(1' - Ys 

Key 

Y5: 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 
fron1 the design ground acceleration ag on type A ground, using the relation 

STCa g v = __ w 

g 27r 
(6.18) 

where Sand Te are in accordance with EN 1998-1 :2004, 3.2.2.2. 

6.7.5 Retaining walls 

(l)P Free standing retaining walls shall be designed in accordance with 6.7.2(2) and 
(3), without any action from bearings. 

94 



BS EN 1998-2:2005+A2:2011 
EN 1998-2:2005+A2:2011 (E) 

7 BRIDGES WITH SEISl\1IC ISOLATION 

7.1 General 

(l)P This Section covers the design of bridges that are provided with a special 
isolating systenl, aill1ing to reduce their response clue to horizontal seisnlic action. The 
isolating units are arranged over the isolation interface, usually located under the deck 
and over the top of the piers/abutlnents. 

(2) The reduction of the response may be achieved: 

- by lengthening of the fundanlental period of the structure (effect of period shift in 
the response spectrum), which reduces forces but increases displacements; 

by increasing the dall1ping, which reduces displacenlents and 111ay reduce forces; 

- (preferably) by a conlbination of the two effects. 

7.2 Definitions 

isolating system 
co11ection of conlponents used for providing seisll1ic isolation, located at the isolation 
interface 

isolator units or isolators 
the individual conlponents, constituting the isolation systelTI. Each unit provides a single 
or a c0111bination of the following functions: 

- vertical-load carrying capability, c0111bined with high lateral flexibility and high 
vertical rigidity; 

- energy dissipation (hysteretic, viscous, tJjctional); 

- lateral restoring capability; 

horizontal restraint (sufficient elastic stiffness) under non-seisnlic service horizontal 
loads 

substructure(s) 
partes) of the structure located under the isolation interface, usually consisting of the 
piers and abutnlents. The horizontal flexibility of the substructures should in general be 
accounted for. 

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 (dcd) of the isolating system in a principal direction 
maxinlum horizontal displacement (relative to the ground) of the superstructure at the 
stiffness centre, occurring under the design seisn1ic action 
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design displacement (tlbi) of an isolator i 
displacement of superstructure relative to the substructure at the location of the 
isolator, corresponding to the design displacelnent of the isolating systenl 

increased design displacement (tlbi,a) of isolator i 
design displacement of the isolator, multiplied by the anlphfication factor f1s In 
accordance with 7.6.2 

maximum total displacement of isolator unit i 
sum of the increased design displacement, the offset displacenlent due to pernlanent 
actions, long-tenn defomlations of the superstructure (post-tensioning, shrinkage and 
creep for concrete decks) and 50% of the dispJacelnent due to thennallnovenlents. 

effective stiffness of the isolating system in a principal direction 
ratio of the value of total horizontal force transferred through the isolation interface, 
concurrent to the design displacelnent in the sanle direction, divided by the absolute 
value of the design displacement (secant stiffness). 

effective period 
fundanlental period in the direction considered, of a single-degree-of-freedom systel11 
having the mass of the superstructure and stiffness equal to the effective stiffness of the 
isolating systenl, as speci fi ed in 7.5.4 

effective damping of the isolating system 
value of viscous damping ratio, corresponding to the energy dissipated by the isolation 
systenl during cyclic response at the design dispJacelnent 

simple low-damping elastomeric bearings 
lanlinated low-damping elastOlneric bearings in accordance with EN 1337-3:2005, not 
subject to prEN 15129:200X (Antiseislnic Devices) (see 7.5.2.3.3(5)) 

special elastomeric bearings 
la111inated high danlping elastomeric bearings successfuUy tested in accordance with the 
requirenlents of prEN 15129:200X (Antiseislnic Devices) (see 7.5.2.3.3(7)). 

7.3 Basic requirenlents and compliance criteria 

(l)P The basic requirelnents set forth in 2.2 shan be satisfied. 

(2)P seis111ic response of the superstructure and substructures under the ___ ~""~~ 
seislnic design situations shall be assunled as linlited ductile (q :::; 1,5). 

(3) The bridge is deenled to satisfy the basic requirements, if it IS designed In 
accordance with 7.4 and 7.5 and confonns to 7.6 and 7.7. 

(4)P Increased reliability is required for the strength and integrity of the isolating 
systenl, due to the critical role of its displacelnent capability for the safety of the bridge. 
This reliability is deenled to be achieved if the isolating systeln is designed in 
accordance with the requirell1ents of 7.6.2. 
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(5)P For all types of isolator units, with the exception of sin1ple elastomeric low
dan1ping 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 lS129:200X (,'Anti-seismic devices") does not include detailed requirements for type 
testing 

7.4 Seismic action 

7.4.1 Design spectra 

(l)P The spectrUlTI 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 vallie of period 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 vallie of specifically 
for the design of bridges with seismic isolation that is more conservative (longer) than the value 
ascribed to TD in the National Annex to EN 1998-1 :2004 (see also 3.2.2.3). 

7.4.2 Time-history representation 

(l)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 seislnic isolation. 

a) Fundamentallnode spectrU111 analysis 

b) Multi-mode spectru111 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-displacen1ent relationship of the isolating systen1 shall 
be approxin1ated with sufficient accuracy by the effective stiffness (KelT), i.e. the 
secant value of the stiffness at the design displacen1ent (see Figure 7.1). This 
representation shall be based on successive approxin1ations of the design 
displacen1ent (ded). 

The energy dissipation of the isolating system shall be expressed 111 tell11S of an 
equivalent viscous damping as the "effective dan1ping" «(eft). 
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(3) If the isolating systenl consists exclusively of simple lo\v-danlping elastolneric 
bearings (equivalent viscous dmnping ratio approximately 0,05), the normal linear 
dynamic analysis nlethods specified in 4.2 nlay be applied. The elastonleric bearings 
111ay be considered as linear elastic nlenlbers, deforming in shear (and possibly in 
c0111pression). Their dmnping may be assumed equal to the global viscous danlping 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 

(L)P All isolators shall confonn to prl5129:200X (Antiseismic Devices) or be 
covered by an ETA (European Technical Approval) . 

. :-JOTE I: prE~ ] 5 129:200X: Antiseismic Devices is being prepared by CENlTC340. Until this 
EN is published by CEN, as well as for the case of isolators whose Prototype tests are 110t flllly 
covered by this latter the requirements given in Informative Annex K of the present 
standard may be L1sed. 

NOTE 2: Regarding simple low-damping eJastomeric bearings in accordance with 7.5.2.3.3(4), 
(5) and (6) and lubricated PTFE (polytetratluorethylene) flat sliding bearings L1sed 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 

(l )P The isolator units that carry vertical loads shall be sufficiently stiff in the 
vertical direction. 

(2) The requirenlent in (1)P is deelned to be satisfied if the horizontal displacement 
at the centre of ll1ass of the superstructure, due to the vertical flexibility of the isolator 
units, is less than 5% of the design displacelnent ded. This condition need not be 
checked 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 11lay be 
one or a cOlnbination 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-displacelnent relationship of the isolator unit in the horizontal 
direction nlay be approxinlated by a bi-linear relationship, as shown in Figure 7.1, for 
an isolator unit i (index i is 0111itted). 
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Figure 7.1: Bilinear approximation of hysteretic force-displacenlent behaviour 

(2) The parameters of the bi-linear approxit11ation are the fonowing: 

dy yield displacement; 

dbd = design displacel11ent of the isolator corresponding to the design displacement ded 

of the isolating systenl; 

ED dissipated energy per cycle at the design displacement dbej, equal to the area 
enclosed by the actual hysteresis loop = 4(Fydbd - Fmaxdy); 

Fy yield force under Inonotonic loading; 

Fo force at zero displacel11ent under cyclic loading 

= Inaxin1unl force, corresponding to the design displacenlent dbd ; 

Kc = elastic stiffness at nlonotonic loading = , equal also to the unloading 
stiffness in cyclic loading; 

Kp = post-elastic (tangent) stiffness 

7.5.2.3.3 Behaviour of elastomeric bearings 

(l) Elastonleric bearings considered in this Part are lanlinated rubber bearings 
consisting of Illbber layers reinforced by integrally bonded steel plates. With regard to 
danlping, elastOlneric bearings are distinguished in low-damping and high-da111ping 
bearings. 

(2) Low-dan1ping elastolneric bearings are those with an equivalent viscous 
damping ratio .; less than 0,06. Such bearings have a cyclic behaviour sinlilar to 
hysteretic behaviour with very slender hysteresis loops. Their behaviour should be 
approxilnated by that of a linear elastic nlelnber with equivalent elastic stiffness in the 
horizontal direction equal to GbAbltc where Gb is the shear lnodulus of the elaston1er 
(see 7.5.2.4(5)), Ab its effective horizontal area and tc is the total thickness of the 
elastomer. 
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(3) High-damping elasto111eric bearings exhibit substantial hysteresis loops, 
corresponding to an equivalent viscous danlping ratio;: usually between 0, I 0 and 0,20. 
Their behaviour should be considered as linear hysteretic. 

(4) Fronl the point of view of required special tests for seisll1ic perfofll1ance, 
elastonleric bearings are distinguished in this part as sinlple low-danlping and special 
elastonleric bearings. 

(5) Low-darnping bearings confolming to EN 1337-3:2005 are defined as sinlple 
low-damping elastomeric bearings. 

(6) Sinlple low-danlping elastonleric bearings may be used as isolators, without 
being subjected to specia1 tests for SeiS111ic perforrnance. 

(7) Special elastOlneric bearings are high damping elastomeric bearings specially 
tested in accordance with the requirenlents of pr l5l29:200X (Antiseisnlic Devices). 

(8) The design properties of elastonleric bearings used in this Section should cover 
both the unscragged and the scragged conditions of the bearings. 

NOTE is exhibited by elastomeric bearings if have been previollsly (i.e. before 
testing) subjected to one or more cycles of high shear deformation. Scragged bearings shmv a 
significant drop of the shear stiffness in subsequent cycles. It appears however that the original 
(virgin) shear stiffness of the is practically recovered after a certain time (a few 
months). This effect is prominent mainly in high and in lmv 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 n1ay be represented by the bilinear 
approxinlation shown in Figure 7.1 with the following pararneters: 

Elastic stiffness: Kc = KL + KR 

where KR and KL are the shear stiffnesses of the elast0111eric and lead parts of the 
device, respectively; 

- Post-elastic stiffness: Kp KR; 

Yield force: Fy 

where FLy is the yield force of the lead core. 

NOTE 1: When then K~ 

NOTE 2: LRBs shou1d be in accordance with EN pr15129:200X: Antiseismic Devices. 

7.5.2.3.4 Fluid viscous dampers 

(1) The reaction of fluid viscous danlpers is proportional to , where 
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v = db = ~(d ) is the velocity of motion. This reaction is zero at the maXlmmll 
dt b 

displacement d l11ax = dbd and therefore does not contribute to the eflectlve stiffness of the 
isolating systen1. The force-displaceillent relationship of a fluid viscous danlper is 

shown in Figure7.2 (for sinusoidal n10tion), depending on the value of the exponent abo 

Figure 7.2: Viscous force-displacement behaviour 

db = dbd sin(wt), with w = 2n/Tcff 

F = Cv a
" = F l11ax ( cos( wt)) a" 

f( ) = is the gamn1a function 

NOTE: In certain cases of viscous devices (fluid dampers) with low ab-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 \vith test results for 
ED. However this has only minor influence on the energy (ED) dissipated by the device. 

7.5.2.3.5 Friction behaviour 

(1) Sliding devices with a flat sliding surface limit the force transn1itted to the 
superstructure to: 

. 
F l11ax = )1dNsdsign ( db) (7.1) 

where: 

)1d is the dynamic friction coefficient 

NSd is the normal force through the device, and 
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. . 
sign( db) is the sign of the velocity vector db 

db is the relative displacenlent of the t\VO sliding surfaces 

Such devices however can result in substantial pel111anent displacements. Therefore 
they should be used in cOlnbination with devices providing adequate restoring 
capability (see 7.7.1). 

I 

i.-
I 
i 
! Fmax 
I 

F 

Figure 7.3: Friction force-displacement behaviour 

(2) Sliding devices with a spherical sliding surface of radius Rb provide a restoring 
force at displacenlent db equal to JVsddblRb. For such a device the force displacement 
relationship is: 

NSd .• 
Fmax = Rdbd + PdNSdslgn (d bel) 

b 

NOTE: (7.2) offers sufficient approximation when dblRb ~ 0,25 

(3) In both the above cases the energy dissipated per cycle ED (see 
the design displacenlent dbd anlounts to: 

(4) The dynanlic friction coefficient Jid depends mainly on: 

- the c01npositioll of the sliding 

the use or not of lubrication; 
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NOTE: Information on tests that may be Llsed 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 Illay be 
quite low (~ 0,01) at the range of velocities corresponding to seismic Illotions and under lhe 
lIslial range of bearing pressures on the sliding surface in the seismic design situation. 

(5) Provided that the equivalent danlping of the isolating system is assessed 
ignoring any contribution fron1 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 elastOlneric bearings with sliding lubricated PTFE elenlents allowing 
sliding in one horizontal direction, while in the other direction they behave as simple 
low danlping elastonleric bearings, in accordance with EN 1337-2:2000 and EN 1337-
3 :2005, are not subject to special tests for seismic perfornlance. 

7.5.2.4 Variability of properties of the isolator units 

(l)P The nOlninal design properties (DP) of isolator units shall be validated in general 
in accordance with prEN 15129:200X: Antiseisnlic Devices or be included in a ETA, 
with the exception of the special cases of sinlple low dan1ping elastonleric 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 nOl11inal properties of the isolator units, and hence those of the isolating 
systen1, may be affected by ageing, temperature, loading history (scragging\ 
contamination, and cUI11ulative 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 (DBDP), and 

Lower bound design properties (LBDP). 

(3)P In general and independently of the ll1ethod of analysis, two analyses shall be 
perfolll1ed: 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 nlaxinlUI11 displacelnents 
of the isolating systenl and the deck. 

(4) Multi-l11ode spectrun1 analysis or Til11e-history analysis 111ay be perfonned on 
the basis of the set of the n0111inal design properties, only if the design displacements 
ded, resulting from a Fundanlental nlode analysis, in accordance with 7.5.4, based on 
UBDPs and LBDPs, do not differ fron1 that corresponding to the design properties by 
more than ±15%. 

~ (5) The n0111inal design properties of simple low-damping elastol11eric bearings in 
accordance with 7.5.2.3.3(5) and (6), may be assunled as follows: ®J 

- Shear modulus 

103 



BS EN 1998-2:2005+A2:2011 
EN 1998-2:2005+A2:2011 (E) 

NOTE: The value of a typically ranges from 1 J to 1,4. The appropriate value is best determined by 

testing of the device. 

where Gg is the value of the "apparent conventional shear nl0dulus" in accordance 
with EN 1337-3:2005; 

Equivalent viscous damping ~elT 0,05 

(6) The variability of the design properties of sinlple low-datnping elastomeric bearings, 
due to ageing and tenlperature, Inay be linlited to the value of Gb and assumed as follows: 

LBDPs 

UBDPs depend on the .... nlinilTIUnl bearing tenlperature for seisnlic design" ~nin,b (see 
J .1(2)) as follows: 

the value of Gb,max should correspond to 

NOTE: In tbe absence of relevant test results, the Gb.max value for < O°C may be obtained 

from G b adjusted regarding temperature and ageing in accordance with the values corresponding 
to Kp, specified in Tables .Ill and .112. ®I 

(7) Values of friction paranleters of the sliding elenlents 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 

(l)P The Fundanlental 1110de spectrunl analysis may be applied if all of the following 
conditions are nlet: 

a. The distance of the bridge site to the nearest known seisnlically 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 danlping ratio does not exceed 0,30. 

(2)P Multj-nlode Spectrum Analysis may be applied if both conditions band c of 
(l)P are nlet. 

(3) Tinle-history non-linear analysis nlay be applied for the design of any isolated 
bridge. 

7.5.4 Fundamental mode spectrum analysis 

(1) The rigid deck 1110del (see 4.2.2.3) should be used in all cases. 
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(2)P The shear force transferred through the isolating interface in each principal 
direction shall be deternlined considering the superstructure as a single-degree-of
freedom system and using: 

the effective stiffness of the isolation systelTI, Kef'!' 

the effective daolping of the isolation systenl, (efT 

the mass of the superstructure, MI 

the spectral acceleration Sc(Tcfr, '7crr) (see EN 1998-1 :2004, 3.2.2.2) corresponding 
to the effective period, with '7e[f= J7((elT) 

The va1ues of these paranleters should be determined as foHows: 

- Effective stiffness 

J: Kcff,i (7.4) 

where K~/li is the conlposite stiffness of the isolator unit and the corresponding 
substructure (pier) i. 

Effective dan1ping 

SCff 
1 r J:EO.i ] 

- Keffd;d 
(7.5) 

where: 

is the sun1 of dissipated energies of all isolators i in a full deformation cycle at 
the design displacenlent ded . 

Effective Period 

(7.6) 

15> (3) This leads to the results shown in Table 7.1 and Figure 7.4. 

Table 7.1: Spectral acceleration Se and design displacenlent dcd 

Tefl Se ded 

Tc 
de Tc S TeJT< To 2,5 - OgS17eff 

Tctl c 

TcTo 
de To sTeff s 4 s 2,5 --') - U g S'7 efr 

Tefl' ~ C 

vvhere: 

)'rOg,R (7.7) 
and 

(7.8) <51 
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E1) The value of Ilerr should be taken fron1 the expression 

'7c tT = 1----~0,40 

Maxilnun1 shear force 

where: 

(7.9) 

(7.10) 

S, and TD are paran1eters of the design spectrU111 depending on the ground type, 
in accordance with 7.4.1 (1)P and EN 1998-1 :2004, 3.2.2.2; 

is the design ground acceleration on type A ground corresponding to the inlportance 
category of the bridge; 

)11 is the ilnportance factor of the bridge; and 

ag,R is the reference design ground acceleration (corresponding to the reference retunl 
period). 

T[/7;: ------------------.~----

1,0 

Figure 7.4: Acceleration and displacement spectra 

NOTE 1: The elastic response spectrum in EN 1998-1 :2004, )P applies up to periods of 4 s. For 
values of longer than 4 the clastic 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 TelT 

4 deserve special attention, due to their inherently low stiffness against any horizontal action. 

NOTE 2: For a of height Hi with a displacement stiffness Ksi (kN/m), supported by a foundation with 
translation stiffness (kN/m), rotation stiffness Kfi (kNm/rad), and isolator unit i with effective 
stiffness Kbi (kN/m), the composite stiffness KefLi is Figure 7.5N): 

1 1 

K 
-+-+ 
Kbi K 

(7.1 ] 

F 
The flexibility of the isolator and its relative displacement typica1ly is much larger than the other 

Kbi 

components ofthe superstructure displacement. For this reason the effective damping ofthe system depends 
only on the sum of dissipated energies of the isolators, and the relative displacement ofihe isolator is 
practically equal to the displacement of the superstructure at this point = KefC/Kbi 1). ®I 
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Figure 7.SN: Composite stiffness of pier and i isolator (5) 

(4) In essentially non-linear systems, Ketf and (eff depend on the design displacement 
dcd (see dbd in Figure 7.1). Successive approxinlations of dcd should be performed to 
lilnit deviations between the assun1ed and calculated values within ±5%. 

(5) For the detern1ination of the seismic action effects on the isolating systenl and the 
substructures in the principal transverse direction (let's say direction y), 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 did over pier i, should 
be evaluated as follows: 

(7.12) 

.s. ex 
u' =1+--x· I 1 

(7.13 ) 
r rx 

with: 

I:{x.2 K ' + y2 K .) 
r2 = 1 yl 1 Xl 

X I:Kyi 
(7.14) 

where: 

ex is the eccentricity in the longitudinal direction; 

r is the radius of gyration of the deck Inass about the vertical axis through its 
centre of mass; 
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Xi andy! are the coordinates of pier i relative to the effective stiffness center; 

Kyi and Kxi are the effective conlposite LLU • ..., ... " .. " .. ""J of isolator unit and pier i, in the y 
and x directions~ respectlvely. 

NOTE: In straight bridges usuallY}'i In sllch cases the term v:C J( . ll1 eXJ)rt:S~\1Ul1 
•• I XI 

14) 

may be omitted. 

(6)P Subclause 4.2.1.4(2) shall be app1ied for the conlbination of cOlnpo11ents of the 
seislnic action. 

7.5.5 Multi-mode Spectrum Analysis 

(l)P The modelling of the isolating systelll 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 vertical axis 
of the superstructure. 

(2)P The 1110delling of the superstructure shall reflect with sufficient accuracy its 
defornlatiol1 in plan. Accidental ll1ass eccentricity need not be considered. 

(3) modelling of the substIuctures should reflect with sufficient accuracy the 
distribution of their stiffness properties and at least the rotational stiftiless of the 
foundation. When the pier has significantlnass and height, or if it is iInlllersed in water, 
its mass distribution should also be properly Inodelled. 

(4) The effective danlping given by expression (7.5) may be applied only to nlodes 
having periods higher than 0,8 Tcff. For al1 other nlodes, unless a nlore accurate 
estilnation of the relevant danlping ratio is 11lade, the dmnping ratio corresponding to the 
structure without seisnlic isolation should be used. 

(5)P Subclause 4.2.1.4(2) shall be applled for the conlbination of the horizontal 
cOlllponents of the seis111ic action. 

(6) The resulting displacenlent of the stiffness centre of the isolating system (ded) 

and the resulting total shear force transfened through the isolation interface (Vd) in each 
of the two-horizontal directions, are subject to lower bounds as follows: 

(7.15) 

Pv 0,80 (7.16) 

where: 

del" Vr are respectively the design displacen1ent and the shear force transferred through 
the isolation interface, calculated in accordance with the FundaInental tTIode 
spectlU111 analysis of 7.5.4. For the needs of the verification of expressions 
(7.15) and (7.16), the 11mitations of 7.5.3(I)P do not apply. 
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(7) In case the conditions in (6) are not illet, the relevant effects on the isolation 
systeln, the deck and the substructures should be Inultiplied tinles: 

0,80 4-' I ' 'd' 1 -- lor t le se1S1111C ]SP acenlents, or (7.17) 
Pd 

0,80 4-' 1 ' . 4-' d -- lor t le SelSlTIIC lorces an nl0111ents (7.18) 
Pv 

(8) The limitations of (6) and the relevant corrections in (7), need not be applied if 
the bridge cannot be approxinlated (even crudely) as a single-degree-of-freedom nl0del. 
Such cases 111ay appear in: 

bridges with high piers, the nlass of which has a significant influence on the 
displacelnent of the deck 

- bridges with a substantial eccentricity ex in the longitudinal direction between the 
centre of lTIaSS of the deck and the effective stiffness centre (ex> 0,1 OL) 

In such cases it is recOlTImended that the lill1itations and corrections of (6) and (7) are 
applied in each direction to displacenlents and forces derived fron1 the fundamental 
Inode of the actual bridge nlodel in the saIne direction. 

7.5.6 Time history analysis 

(l)P Subc1auses 7.5.5(l)P, (2)P, (3), (6), (7)P and (8)P apply, using in expressions 
(7.15) and (7.16) as values of ded and Vd the cOlTesponding design action effects in 
accordance with 4.2.4.3(I)P. 

7.5.7 Vertical component of seisnlic action 

(l) The effects of the vertical cOlnponent of the SeiSl11ic action ll1ay be deternlined 
by linear response spectrunl analysis, regardless of the method used for the 
detemlination of the response to the horizontal SeiSlTIic action. For the conlbination of 
the action effects 4.2.1.4 applies. 

7.6 Verifications 

7.6.1 Seismic design situation 

(l)P The SeiSlTIic design situation is described by expression (5.4) in 5.5(l)P. 

(2)P The design seisn1ic action effects for the isolating systenl 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 

~ (l)P The required increased reliability of the isolating systenl (see 7.3(4)P) shall be 
inlplenlented by designing each isolator i for increased design displacenlents dbi,a: ~ 
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(7.19) 

where )1s is an an1plification factor that is applied only on the design seisn1ic displacen1ent 
dbi.d of each isolator i resulting fron1 one of the procedures specified in 7.5. 

If the spatial variability of the seismic action is accounted for through the Sil11plified 
n1ethod of 3.3(4), (5), (6) and (7)P, the increased design displacen1ents shall be estin1ated 
by application of the rule of3.3(7)P, where the displacements dbi.d due the inertia response 
detern1ined in accordance with one of the n1ethods in 7.5 shall be an1plified in 
accordance with expression (7.19) above, while those corresponding to the spatial 
variability detern1ined in accordance with 3.3.(5) and (6), need not be an1plified. 

NOTE The value ascribed 10 Ifs for use in a country may be defined in its National Annex. The 
recommended value is Ifs = 1,50. 

(2)P The n1axin1um total displacen1ent of each isolator unit in each direction dm.i 

shall be verified fron1 expression (7 .l9a) by adding to the above increased design seis111ic 
displacement, the offset displacen1ent dG.i potentially induced by: 

a) the pern1anent actions; 

b) the long-term deformations (post-tensioning, shrinkage and creep for concrete decks) 
of the superstructure; and 

c) 500/0 of the thern1al action. 

(7.l9a) 

NOTE An additional condition for the displacement capacity dll1 . i of the isolators is given in 7.7.1 (4). 

(3)P All con1ponents of the isolating systenl shall be capable of functioning without 
significant change in isolation properties up to their displacen1ent capacity dm•i in the 
relevant direction. 

(4)P The design resistance of each load-carrying 111ember of the isolation systen1, 
including its anchorage, shaH exceed the force acting on the men1ber at the total111axin1um 
displacen1ent. It shall also exceed the design force caused by wind loading of the 
structure in the re levant direction. 

NOTE The maximum reaction of hydraulic viscolls dampers (see 7.5.2.3.4) cOlTesponding to the 

increased displacement may be estimated by multiplying the reaction resulting from the 

analysis times , with (Xb as defined in 7.5.2.3.4 

(5) Isolator units consisting of simple 10w-dan1ping elasto111eric bearings should be 
verified for the action effects in (I)P to (4)P, in accordance with the relevant rules of 
EN 1337-3:2005 as follows. The maxin1um total design shear strain in the bearing should 
be calculated as the SUI11 of 

a) the design shear strain due to vertical c01l1pression, 

b) the shear strain corresponding to the total design horizontal displacen1ent and 

c) the shear strain corresponding to the total design angular rotation <51 

110 



BS EN 1998-2:2005+A2:2011 
EN 1998-2:2005+A2:2011 (E) 

15> of the bearing in the seis111ic design situation, \vithout nlultiplication of this SU111 by an 
anlplification 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 1 :2005. 

NOTE The value ascribed to the partial t~lctor Xn in the relation for C:u.d for lise in (1 coulltry for the 
calculation of the design resistance of simple low-damping elastomeric bearings in the seismic 
design situation may be specified in the ~ational Annex of the country. The recommended value is 
Xll 1,00. ®l 

(6) For simple low da111ping elaston1eric bearings, in addition to the verification of 
(S), the following condition should be verified: 

2,0 (7.20) 

where Cq,d is the shear strain calculated in accordance with expression (10) in EN 1337-
3:2005, 5.3.3.3. In this context Vx,d and should be taken equal to the 111axinlunl total 
relative displacelnents 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 seis111ic action as specified by 7.4. 

(8) The sliding elelnents Inentioned in 7.S.2.3.S(S) should be designed in 
accordance with EN 1337-2:2000, for seisn1ic design displacenlent in accordance with 
(l)P above. 

7.6.3 Substructures and superstructure 

(l)P The seisnlic internal forces E EA in the substructures and superstructure due to the 
design seisn1ic action alone, shall be derived from the results of an analysis in 
accordance with 7.S. 

(2) design seisn1ic forces due to the design seismic action alone, may be 
derived fronl the forces EEA of (l)P, after division by the q-factor corresponding to 
lilllited ductile/essentially elastic behaviour, i.e. FE with q ::;; 1,50. 

(3) All ll1en1bers of the structure should be verified to have an essentially elastic 
behaviour in accordance with the rules of 5.6.2 and 6.S. 

(4)P Design action effects for the foundation shall be in accordance with S.8.2(2)P. 

(5) The design horizontal forces of supporting lnembers (piers or abutn1ents) 
carrying sliding bearings described in 7.S.2.3.S(5), should be derived froll1 the 
maximuln friction values in accordance with the relevant provision of EN 1337-2:2000. 

(6) In the case of (S) above and when the san1e supporting n1ember also carries 
viscous fluid dampers, then: 

(a) the design horizontal seisl11ic force of the supporting nlen1ber in the direction of the 
action of the dalnper should be increased by the lnaxilnunl seis111ic force of the 
damper (see expression (7.21 )). 
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(b) the design horizontal force of non-seisnlic design situations under imposed 
deformation actions (tenlperature variation) should be increased by the damper 
reaction, estinlated as 100/0 of the lTIaxinlU1TI seisnlic force of the danlper, used in (a) 
above. 

(7) When or nlultiple mode spectral analysis is carried out for isolating 
systenls consisting of con1bination of elaston1eric bearings and f1uid viscous danlpers 
supported on the same supporting elenlent(s), the phase difference between the 111axinla 
of the elastic and the viscous elements may be taken ill to account, by the following 
approxin1ation. The seisnlic forces should be detenTIined as the n10st adverse of those 
corresponding to the following characteristic states: 

a. At the state of nlaximunl displacenlent, as gIven by expression (7.10). The 
damper forces are then equal to zero. 

b. At the state of nlaxinlull1 velocity and zero displacenlent, when the maXilTIUnl 
dan1per forces should be determined by assuiTIing the lTIaxilTIUm velocity to be: 

Vmax = (7.21 ) 

where is the lTIaxinlUnl danlper displacement corresponding to the 
displacenlent ded of the isolating systenl. 

c. At the state of the nlaxilTIUlTI inertial force on the superstructure, that should be 
estimated as follows: 

(7.22) 

where Sc is deternlined from Table 7.1 with l(cff in accordance with expression (7.4), 
without any stiffness contribution from the dampers, and 

/i = cos[arctan(2~b)] 

/2 sin[arctan(2(b)] 

(7.23a) 

(7.23b) 

where is the contribution of the dampers to the effective dan1ping of expression 
(7.5). 
At this state the displacenlent amounts to fidcd and the velocity of the dan1pers to v = 

.hvll1ax 

(8) In isolating systenls consisting of a combination of f1uid viscous dampers and 
elastOlneric bearings, as in the case of (7), without sliding elements, the design 
horizontal force acting on supporting elenlent(s) that calTY both bearings and dan1pers, 
for non-seisnlic situations of inlposed defonnation actions (telnperature variation, etc.) 
should be detenl1ined by assuming that the dalnper reactions are zero. 

7.7 Special requirements for the isolating system 

(5) 7.7.1 Lateral restoring capability 

(L)P The isolating shall present self-restoring capability in both principal 
horizontal directions, to prevent cUlTIulative build-up of displacenlents. This capability is 
available when the systen1 has slTIall residual displacenlents in relation to its displacelllent 
capacity dm. 
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IE]) (2) The requirenlents in (1)P are considered to be satisfied in a direction when the 
displacelllent do as defined below meets the following condition in the exanlined 
direction: 

(7.24) 

where: 

ded is the design displacement of the isolating systenl in the exanlined direction, as 
defined in 7.2, 

do is the ll1axinlull1 residual displacenlent for which the isolating systenl can be in static 
equilibriunl in the considered direction using systenl properties as defined in this 
paragraph and in (5) below. Thereby no account should be taken of any lilnitation 
due to the displacement capacity of the isolators (unlinlited capacity). For systenls 
with bilinear behaviour, according to 7.5.2.3.2 or systems that can be approxinlated 
as such, do is given as: 

(7.25) 

8 is a numerical value 

NOTE 1: The value of ratio 8 for use in a country may be found in its National Annex. The 
recommended value is 8= 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 ofthe design displacement dccl 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 = FolKp depends on properties ofthe isolating system 
considered independently 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 Kp is positive, negative when Kp is negative, and (IJ when Kp is zero. Systems with negative 
Kp should not be used. 

NOTE 4: For systems of sliding devices with spherical sliding surface (see 7.5.2.3.5(2)) do = JldRb' 

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 yield displacement dv may be assumed equal 
to zero, for increased reliability. ®I ~ 
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Figure 7.6N: Definition of the equivalent bilinear model for the evaluation of restoring capability ~ 
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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 l11ay be considered 
to meet the requiren1ents of l(P) if they have sufficient displacen1ent capacity 
in order to accolnnl0date, with adequate reliability, the accumulation of residual 
displacenlents in this direction during the service life of the structure. 

(4) The condition in (3) is considered to be Inet when the following relation is satisfied 
for evelY isolator: 

dm,i ~ dG,i + Ydudbi,dPd 

where: Pd 
1 (d / d )0.6 

1 + 1 35 . y cd 

, 1 + 80(d / d )1,5 
cd 0 

and is depicted in Figure 7.8 

and 

(7.26a) 

(7.26b) 

dm,i is the displacen1ent capacity of the isolator i in the considered direction, i.e. the 
n1aximum displacel11ent that the isolator can acconlmodate in this direction, <51 
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Ydu 

1.1 

2.0 

1,9 

1,8 

1J 

1,13 

1,5 

1,4 

1 t3 

1,2 

1,1 

1,0 

is the design displacelnent of isolator i in the exanlined direction, as defined In 
7.6.2(1)P, 

is the non-seismic offset displacenlent of isolator i according to 7.6.2(2)P, 

is the yield displacelnent of the equivalent bilinear systenl that is detennined 
in accordance to (2) above. For sliding systems dy can be aSSllnled zero. When 
uncertainties regarding the magnitude of d" are present it should be assulned zero. 

is a nunlerical coefficient ref1ecting uncertainties in the estinlation of design 
displacenlents. 

NOTE 1: The value ascribed to Ydll for lise in a country may be found in its l\ational Annex. 
The recommended value is: ;\111 1.20. 

NOTE 2: The second term in the expression for Pel 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 vvith d,jdo ::::: 0,50, the accumulation of residual displacements is insignificant (see Figure 
7.8). For systems with < () the maximum dllli value should be derived either from expression 
(7.26a) or from expression (7.193), whichever gives the greater value. 
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Figure 7.8: Plot of Pd according to expression (7.26b) 

(5) The sanle properties of the isolators under dynalnic conditions should be used for the 
estilnation of both dec! and do. The lateral restoring conditions (7.24) and (7.26) do not 
account for effects of velocity variation on the forces of isolators. ®I 
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7.7.2 Lateral restraint at the isolation interface 

(l)P The isolating systelTI shall provide sufficient lateral restraint at the isolation 
interface to satisfy any relevant requirements of other Eurocodes or Standards regarding 
1in1itation of displacelnents/defoll11ations under serviceability criteria. 

NOTE This requirement is lIsually critical for braking action in railway bridges. 

(2) When sacrificial bracings (a fuse syste111) are used at certain support(s) in the 
final bridge system for inlplementing serviceability displacement restraints between the 
deck and substructures, their yield capacity should not exceed 40% of the design 
seiSlllic force transferred through the isolation interface of the isolated structure, at the 
SaIne support and direction. If this requirement is not Inet, the serviceability state 
requirements ( except fatigue) of the relevant nlaterial Eurocodes (EN 1992-2:2005, 
1993-2:2005 or EN 1994-2:2005) should be satisfied for the menlbers 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 
be used to provide lateral restraint at the isolation interface. 

connection devices that can 

(3) When shock trans111ission units with force linliting function (see 6.6.3.3) are 
used for ilnplementing serviceability displacenlent restraints, the shock tranS1111ssion 
units should be included in the n10del, in the verifications and in the testing procedure 
of the isolating systenl. 

7.7.3 Inspection and 1Vlaintenance 

(l)P All isolator units shall be accessible for inspection and nlaintenance. 

(2)P An inspection and nlaintenance progran1me for the isolating systenl and a11 
components crossing the isolation interface shall be prepared. 

(3)P Repair, replacement or retrofitting of any isolator unit or con1ponent crossing the 
isolation interface shaH be perfOlTIled under the direction of the entity responsible for 
the n1aintenance of the bridge, and shall be recorded in detail in a relevant report. 
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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.I Reference seismic action 

(I) The reference seismic action can be defined by selecting an acceptably low 
probability (P) of it being exceeded within the design life (tL) of the structure. Then the 
return period of the event (rR) is given by the expression: 

(A. 1) 

(2) The reference seisnlic action (corresponding to)1 1,0) usually reflects a 
seisnlic event with a reference return period, TNCR , of 475 years. Such an event has a 
probability of exceedance between 0,1 0 and 0,19 for a design life ranging between 50 
and 100 years respectively. This level of design action is applicable to the l11ajority of 
the bridges considered to be of average importance. 

A.2 Design seismic action for the construction phase 

(1) Assunling that Ie is the duration of the construction phase of a bridge and p is the 
acceptable probability of exceedance of the design seisnlic event during this phase, the 
return period TRe is given by expression (A.1), using Ie instead of tL. For the relatively 

snlall values usually associated with te (te :::; 5 years), expression (A.l) ll1ay be 
approxinlated by the following sil11pler relationship: 

(A.2) 

It is reconl111ended that the value of p does not exceed 0,05. 

(2) value of the design ground acceleration corresponding to a return period 
TRe, depends on the seismicity of the region. In Inany cases the follovving relationship 
offers an acceptable approxinlation 

where: 

Clg,R 

(A.3) 

is the ,-"",1-,,,"1-0'''''''' peak ground acceleration conesponding to the reference return 
period TNcR. 

The value of the exponent k depends on the seisl11icity of the region. Normally, values 
in the range of 0,30 - OAO ulay be used. 

(3) The robustness of all partial bridge structures should be ensured during the 
construction phases independently of the design seislllic actions. 
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ANNEX B(INFORl\tlATIVE) 
RELATIONSHIP BET\VEEN DISPLACE1\1ENT DUCTILITY AND 
CURVATURE DUCTILITY FACTORS OF PLASTIC HINGES IN 

CONCRETE PIERS 

(1) ASSUtlling that: 

- the horizontal displacenlent at the centre of nlass of the deck is due only to the 
defornlation of a fully fixed cantilever pier of length L, that 

- the lTIaSS of the pier is negligible c0111pared to that of the deck, and that 

is the length of the plastic hinge developing at the base of the pier, 

the required curvature ductility factor p(J) of the hinge conesponding to a structure 

displacement ductility factor /-ld, as defined in 2.3.5.2, 

/-l -1 
1+ d 

3) (1- O,5A) 
(B.l) 

where: A LplL 

(2) In reinforced concrete sections (where the curvature ductility factor is used as a 
nleasure of the ductility of the plastic hinge), the value of the ratio )L is influenced by 
such effects as the reinforcenlent tensile strain penetration in the adjoining nlenlber, the 
inclined cracking due to shear-flexure interaction etc. The value of Lp in accordance 
with E.3.2(5) ll1ay be used. 

(3) When a considerable part of the deck displacement is due to the defornlation of 
other components which remain elastic after the fOlmation of the plastic hinge, the 
required curvature ductility factor /-lWd is given by the expression 

/-lwd 1 +f(jl(j) - 1) (B.2) 

where: 

dtotfdp is the ratio of the total deck displacement dlOl to the displacenlent dp, due 
to the deformation of the pier only, and 

fhv is calculated frolTI expression (B.l). 

NOTE: If the seismic action is transferred between deck and pier through flexible elastomeric 
h."'~rlnlrTC inducing for example a value off= 5 and assuming that for example 1'(1) = 15, would be 
required in the case of connection between the deck and the the required value 
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 practical1y elastic overall behaviour of the 
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ANNEX C (lNFORMA TIVE) 
ESTIMATION OF THE EFFECTIVcE STIFFNESS OF REINFORCcED 

CONCRETE DUCTILE MEMBERS 

C.l General 

(1) The effective stiffness of ductile concrete conlponents used in linear seislnic 
analysis should be equal to the secant stiffness at the theoretical yield point. Unless 
otherwise substantiated by calculation, one of the following approximate 111ethods nlay 
be used to detelll1ine the secant stiffness at the theoretical yield point: 

C.2 Method 1 

(1) The effective mOIDent of inertia lelT of a pier of constant cross section 111ay be 
estinlated as follows: 

lell = 0,08 lun + leI' (C.l) 

where: 

lun is the lTIOn1ent of inertia of the gross section of the uncracked pier; 

icr is the 11101nent of inertia of the cracked section at the yield point of the tensile 
reinforcelnent. This lnay be estimated from the expression: 

(C.2) 

in which lolly and (/Jy are the yield mOlnent and curvature of the section respectively and 
is the elastic Inodulus of concrete. 

(2) These expressions have been derived fronl a paratnetric analysis of a silnplified 
non-linear 1110del of a cantilever pier with hollo'w rectangular and hollow and solid 
circular cross-sections. 

C.3 Method 2 

(1) The effective stiffness may be estimated from the design ultinlate mOlnent MRd 

and the yield curvature (/Jy of the plastic hinge section as follows: 

(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 (/Jy ll1ay be deternlined as follows: 

(/Jy = (csy - Cry)/ ds (CA) 

and 

120 



BS EN 1998-2:2005+A2:2011 
EN 1998-2:2005+A2:2011 (E) 

ds is the depth of the section to the centre of the tension reinforcelnent 

is the yield strain of the reinforcement, 

ccy is the compressive strain of concrete at yielding of the tension reinforcelnent. 

The value of &cy may be estilnated by a section analysis on the basis of &sy and the actual 
force in the seisnlic design situation, NEd. 

(2) The assunlptions of the following value for the yield curvature: 

for rectangular sections: <1Jy = 2,1 &sy/d (C.5) 

and for circular sections: <1Jy 2,4 &syfd (C.6) 

where d is the effective depth of the section, give in general satisfactory approxinlation. 

(3) The analysis perfornled on the basis of a value of EcJcff based on an assunled 
value of M~d needs to be cOlTected only if the finally required value of flexural capacity, 
MRd,rcq is significantly higher than the assunled value MRd. If AiJ~d,rcq A1Rd, the 
correction may just entail lTIultiplication of the displacelnents resulting fron1 the first 
analysis times the ratio MRd/ MRd,rcq' 
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ANNEX D (INFORMATIVE) 
SPATIAL VARIABILITY OF EARTHQUAKE GROUND MOTION: 

MODEL AND METHODS OF ANALYSIS 

0.1 Description of the model 

(I) Spatial variability can be described by n1eans of a vector of zero-mean random 
processes. Under the assumption of stationarity, this vector is fully defined by means of 
its synlmetric n x n ll1atrix of auto- and cross-power spectral density functions: 

C(ev) = 

Gil (w) GI2 (ev) 

Gn (ev) 

Gill (ev) 

G21l (ev) 

GI/I/(ev) 

where n is the nun1ber of supports. 

(D.1) 

It js useful to introduce the following non-dinlensional conlplex-valued function, called 
coherencyfill1ction: 

(D.2) 

Its nlodulus is bounded by ° and 1,0 and provides a Ineasure of the linear statistical 
dependence of the two processes at the supports i and}, whose distance is dU. 

(2) The following fornl of the coherency function is frequently referred to [1][2]: 

where: 

Vs is the shear-wave velocity, 

a is a constant, 

vapp is the so-called apparent velocity of waves, 

dij
L is the distance between supports i and} projected along the direction of propagation 

of the waves, and 

~l ev) is a frequency-dependent phase angle. 

(3) The factors )'ij, I ((v), )'ij,2( w) and )'ij,3( w) account for the loss of cOlTelation due to 
reflectionslrefractions in the propagation mediun1, 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 
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two supports is taken into account in the Inodel 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 colu111ns are characterised by transfer functions H i ( 0)) and Hi UJ), 
respectively, \vhich are such as to provide the desired spectral content and intensity of 
the l11otion at the upper surface in locations i and} 

(D.4) 

(4)P The power density spectrUln at the site shall be consistent with the elastic 
response spectrun1 as given in EN 1998-1: 2004, 3.2.2.2. 

It can also be shown that: 

( ) 
_ ~~l {Im[H/ (rv)Hi (V )l} 

eij OJ - tan [ () ( )] . Re H. w H. - W 
I / 

(D.S) 

D.2 Generation of samples 

(l) For the purposes of structural analysis samples of the vector of randOI11 
processes described in D.l1nay need to be derived. To this end the nlatrix G( cu) is first 
deconlposed into the product: 

G(w) = L(UJ )L''T (w) (0.6) 

between matrix L( w) and the transpose of its cOl11plex conjugate. If Cholesky 
decomposition is enlployed L( w) is a lower triangular Inatrix. 

According to [3] a sanlple of the acceleration 1110tio11 at the generic support i is obtained 
from the series: 

i N 

aj (t) = 2 L L ILu ((Uk ~v' 8w cos[wkt - eu (wk ) + ¢jk ] (D.7) 
i=1 k=l 

where: 

N is the total number of frequencies lUk into which the significant bandwidth of 
Lij( w) is discretised; 

8w UJmaxlN, and the angles cAk are, for any j, a set of N independent randonl variables 
uniformly distributed between zero and 2n. 

Sanlples generated according to Expression (D.7) are characterised by the desired local 
frequency content as well as the assigned degree of correlation. 
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D.3 Methods of analysis 

D.3.1 General 

(1) Based on D.l and D.2, the options described in D.3.2 to D.3.4 are available for 
deternlining the stlllctural response to spatially varying ground l1l0tions. 

D.3.2 Linear random vibration analysis 

(I) A linear randon1 vibration analysis is performed, using either modal analysis of 
frequency-dependent transfer Inatrices and input given by the ll1atrix G( co). 

(2) The elastic action effects are assumed as the nlean values fron1 the probability 
distribution of the largest extrenle value of the response for the duration consistent with 
the seisn1ic event underlying the establishnlent of 

(3) The design values are deternlined by dividing the elastic effects by the 
appropriate behaviour factor q and ductile response is assured by conformity to the 
relevant 11lles of the nornlative part of this Standard. 

D.3.3 Time history analysis with sanlples of correlated Inotions 

(1) Linear time-history analysis can be performed using sanlple motions generated 
as indicated in D.2, starting froln power spectra consistent with the elastic response 
spectra at the supports. 

(2) The number of samples used should be such as to yield stable estinlates of the 
nlean of the 111axinlunl responses of interest. The elastic action effects are assumed as 
the nlean values of the above nlaxilna. The design values are deternlined by dividing the 
elastic action by the appropriate behaviour factor q and ductile response is 
assured by conformity to the relevant rules of the nomlative part of this Standard. 

(3) Non-linear tinle-history analysis nlay be perfol111ed using sample motions 
generated as indicated in D.2 starting £i'onl power spectra consistent with the elastic 
response spectra at the supports. The number of samples used should be such as to yield 
stable estinlates of the nlean of the maxinluln responses of interest. 

(4) The design values of the action effects Ed are assumed as the mean values of the 
above Inaxinla. The comparison bet\veen action effect Ed and design resistance Rd is to 
be performed in accordance with EN 1998-1 :2004. 

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 1n ternlS of response spectra has been derived in [4]. An outline is given here. For 
complete infornlation to [4]. 
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D.3.4.2 Linear response to multiple-support input 

(1) The equations of Illotion for a discretised, n-degrees of freedon1 linear systenl 
subjected to 171 support n10110ns can be written as: 

(D.8) 

\\There: 

x is the n-vector of the total displacenlents at the unconstrained degrees of 
freedom; 

u is the i11-vector of prescribed support displacen1ents; 

M, C and K are the 11 x n Inass, dan1ping and stiffness Illatrices associated with the 
unconstrained degrees of freedom, respectively; 

M g, C g and Kg are the 111 x m ll1ass, dmllPing and stiffness nlatrices associated with the 
support degrees of freed o Ill, respectively; 

Me, Ce and Ke are the 11 x 111 coupling nlatrices; and 

F is the m-vector of the reacting forces at the support degrees of freedo111. 

(2) The total response is decolnposed as: 

x (D.9) 

where xS
, called pseudo-static component, is the solution of expression (D.8) without 

the inertia and danlping ternls, i.e.: 

(D.lO) 

Substituting expression (D.9) and (D.l 0) into expression (D.8), the differential equation 
for the dynanlic conlponent is obtained in the form: 

after elinlinating the comparatively negligible term (CR + Cc)u . 

(3) Let <Il, 0Jj and ?i be the Inatrix of modal shapes, the Inodal frequencies and 
corresponding danlping ratios of the fixed base stlucture. Setting xd =<Ily in Expression 
(D. 1 1 ), the uncoupled nl0dal equations are obtained as: 

.. 2~' ~ 2:111 fJ .. ( ) Y· + .my. + m-y. = f, u" t 
I I I I I I k=l d , . 

i l, ... ,n (D.12) 

where the modal participation factor has the form: 
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q> J' (]VIr" + Mc i Ii ) 

q> J'l\1q> i 
(0.13) 

in which rk is the k-th C01U11111 of Rand ik is the k-th COlU11111 of a n x n identity l11atrix. 

(4) It is convenient to define a nonnalised modal response Ski(t), representing the 
response of a single-degree-of-freedonl oscillator with frequency and danlping ratio of 
the ;-th mode, and subjected to the base acceleration iik (t): 

(0.14) 

Clearly one has: 

(0.15) 

(5) A generic response quantity of interest z(t) (nodal displacement, internal force, 
etc) can be expressed as a linear function of the nodal displacement x(t): 

Substituting for the expressions obtained for and xd one arrives at: 

(t) (D.17) 

in which: 

(0.18) 

D.3.4.3 Response spectrum solution 

(1) Using basic randonl 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 telnlS of the standard deviations of 
the input processes u(t) and of the nonnalised nl0dal responses set), 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, G uu (CU)5, and the above standard deviations and 

correlations, as well as the relationships between power spectral density of the response 

G'iii(rU) denotes the power spectral densities matrix of the ground acceleration processes which. for simplicity of notation, is 
denoted in D.I simply by G«(u). 
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process and response spectrUt11, the following expression is derived for the lnean value 
of the ll1axill1ull1 response (i.e. the elastic action efIectt: 

+ t t t t bkibu P'AiSII Dk (coi , ~i )D/ (cv j , (0.19) 
k=1 1=1 1=1 

where Uk.max and UI,max are the peak ground displacements at supports k and 1 consistent 
with the respective local elastic response spectrum as given in EN 1998-1 :2004, 
3.2.2.4;Dk( OJj, c;i) and DI( ct1, g) are the elastic displacelnent response spectra values at 
supports k and 1 for frequencies and d31nping ratios of the considered 1110des, consistent 
with the respective local elastic response spectnul1 as given in EN 1998-1 :2004, 3.2.2.2. 

(3) The con-elation coefficients PUk/(I' between peak ground displacements, and 

, between notmalised modal responses, are given by: 

Pllklll 

(D.20) 

O'z;. = f:o G"k ll , (m )dcu 

[
J IR.(oJ)l2 G .... (m)dm 
x;. I JI li,li. 

G
llkll

! (m) is the kl-tenn of the po\ver spectral densities matrix of the ground 

displacement processes, related to the con-esponding one for the acceleration processes 

by: Guu(CU)=~Giiii(m); R/co) is the frequency transfer function of the norn1alised 
co 

modal displacement, given by: 

(0.21 ) 

(4) In order to evaluate the integrals in Expression (0.20) 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 approxill1ate 
expression, slightly adjusted froln that proposed in [4], can be used to relate response 
and power spectrull1 at any station: 

In Exprcssion (D. J 9) one contribution has becn omitted. which accounts for the correlatioll betwecn the U -l.crms and the S 

terms, i.e. PUkS
Ii

' Numerical analyses show that this contribution is insignificant and can be disrcgardcd. 
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G .... (OJ) = 
///1 

(D.22) 

where r is the duration of the stationary part of the ground motion to be taken 
consistently with the seisnl1c event underlying the establishnlent of ago 

(5) In practical cases, when local soil conditions differ frOlTI one support to another, 
the effect of this difference tends to dOlTIinate over the other two phenOl1lena generating 
loss of correlation. Nunlerical analyses show in addition that the consideration of the 
third term )\j)( w) in the coherency function has sn1a11 influence on the results so that it 
can be, in approximation, set to zero. Based on these considerations and taking into 
account the approxin1ate character of the described response spectrunl procedure, a 
significant sinlplification is to consider a diagonal ITIatrix 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. COlTespondingly, Expression 
(D.19) simplifies to: 

m 

L + t t t bkibki PIA/I/;i Dk ({Vi' ~i )Dk (CVJ , ) (D.23) 
k=1 k=1 i=1 j=1 
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ANNEX E (INFORl\1ATIVE) 
PROBABLEMA TERIAL PROPERTIES AND PLASTIC HINGE 
DEFOR~1ATION CAPACITIES FOR NON-LINEAR ANALYSES 

E.1 General 

(l) This Annex provides guidance for the selection of the probable ll1aterial 
properties and for the estilnation of the deforn1ation capacities of the plastic hinges. 
80th are intended for use exclusively for non-linear analyses in accordance with 4.2.4 
and 4.2.5. 

E.2 Probable material properties 

E.2.1 Concrete 

(1) Mean va1uesj~m, 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 Ecl 

and &cul as specified in Table 3.1 of the san1e standard. 

(3) For confined concrete the following procedure may be used, as an alternative to 
EN 1992-1-1:2004,3.1.9 (see Figure E.1): 

Key 
A Confined concrete 
B Unconfined concrete 

Figure E.1: Stress-strain relationship for confined concrete 

NOTE This model of confined concrete properties is compatible with the values for (/Ju and 
given in expressions 18) and (E.19) respectively. 
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(a) Concrete stress O"c: 

xr 

where: 

x= 

r = ----'-'''-'---
Eem - Escc 

secant modulus to ultimate strength: 

ultimate strength: 

strain at ultin1ate strength: 

L'c I ,c = 0,002l1 + 5( fem,e -lJl l fem 

(b) Effective confining stress O"e: 

1) 

(E.2) 

(E.3) 

(E.4) 

(E.5) 

1,254 (E.6) 

(E.7) 

O"e is the effective confining stress acting in both transverse directions 2 and 3 (O"e 
O"e2 This stress n1ay be estin1ated 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 as 
follows: 

For circular hoops or spirals: 

1 
(Je = 2apwfym (E.8) 

- For rectangular hoops or ties: 

(E.9) 

where a is the confinen1ent effectiveness factor (see EN 1998-1: 2004, 5.4.3.2.2) 
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For bridge piers confined in accordance \vith the detailing rules of 6.2.1 and with a 
Inininlunl dinlension bmin == 1,0 nl, the value a 1,0 may be aSSU111ed. 

NOTE lfl in the case of orthogonal hoops, the values of PI\' in the two transverse directions are 

not equal (p\\] =F Pw]), the etlective confining stress may be estimated as (J"" = 

( c) Ultinlate concrete strain 

This strain should correspond to the first fracture of confining hoop reinforcenlent. 
Unless otherwise substantiated, it may be assunled as follo\vs: 

1,4 Ps.f~n/~· 
0004 + su 

, > 

/C11l,C 

where: 

ps = pw for circular spirals or hoops 

ps = 2pw for orthogonal hoops, and 

(E.IO) 

5su = 5uIll 

force 
is the l11ean value of the reinforcenlent steel elongation at nlaxinll1111 

1992-1-1 :2004, 3.2.2.2) 

E.2.2 Reinforcenlent steel 

(l) In the absence of relevant information on the specific steel for the project, the 
following values ll1ay be used: 

f 
~=115 
f yk ' 

= 1,20 
.f.k 

Csu 5uk 

E.2.3 Structural steel 

11 ) 

(E.12) 

(E.13) 

(l) In the absence of relevant information on the specific steel for the project, the 
following values nlay be used: 

f 
~=125 
f
' , 

. yn 

= 1,30 
fun 

(E.14) 

(E.15) 
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where ,hn and fun are the nonlinal 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, Op,ll (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 sinli1ar cOlnponents. This applies for the deformation 
capacities of tensile nlenlbers or of plastic shear nlechanisnlS used in eccentric stnlctural 
steel bracings. 

(2) The silnilarity nlentioned above refers to the following aspects of the 
conlponents where relevant: 

- geolnetry of the conlponent 

loading rate 

ratios between action effects (bending nlOlnent, axial force, shear) 

reinforcenlent configuration (longitudinal and transverse reinforcenlent, including 
confinenlent), for reinforced concrete conlponents 

local and/or shear buckling conditions for steel conlponents 

(3) in the absence of specific justification based on actual data, the reduction factor 

}1<,p of expression (4.21) nlay be assunled as }1<.p 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 Op,u, and the total chord rotation Oll of plastic hinges (see Figure 
2.4) may be estiinated on the basis of the ultimate curvature (/Ju and the plastic hinge 
length Lp (see Figure E.2), as follows: 

where: 

+ ~),Ll 

L 
(qJu - 1\)L (1-

p 

(E.16a) 

16b) 

L is the distance froin the end section of the plastic hinge to the point of zero 
mOlnent in the pier 

(/)y is the yield curvature 
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For linear variation of the bending moment, the yield rotation By n1ay be assun1ed as: 

(E.l7) 

(2) Both C/Jyand C/Ju should be determined by n1eans of a n101nent curvature analysis 
of the section under the axial load corresponding to the design seisD1ic c0111binatlon (see 

also (4)). When Cc ~ CC1I1, only the confined concrete core section should be taken into an 
account. 

(3) C/Jy should be evaluated by idealising the actual M-<D diagran1 by a bilinear 
diagram of equal area beyond the first yie1d of reinforcement, as shown in Figure E.3. 

Key 

Y - Yield of first bar 

Figure E.3: Definition of C/Jy 

(4) The ultimate curvature C/Ju at the plastic hinge of the melnber should be taken as: 

(E.18) 
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where 

d is the effective section depth 

~'i and Ee are the reinforcement and concrete strains respectively (conlpressive 
strains negative), derived fronl the condition that either of the two or both have 
reached the following ultinlate values: 

- Eelll for the compression strain of unconfined concrete (see EN 1992-1-
1 :2004, Table 3.1) 

- Eell .e for the compression strain of confined concrete (see E.2.1(3)(e) or EN 
1992-1-1: 2004,3.1.9(2») 

ESli for the tensile strain of reinforcenlent (see E.2.1(3)( e)) 

(5) For a plastic hinge occurring at the top or the bottoln junction of a pier with the 
deck or the foundation body (footing or pile cap), with longitudinal reinforcenlent of 
characteristic yie1d stress (in MPa) and bar diameter dbL, the plastic hinge length Lp 
Inay be assunled as follows: 

(E.19) 

where L is the distance fron1 the plastic hinge section to the section of zero mOlnent, 
under the seisnlic action. 

(6) The above estimation of the plastic rotation capacity is valid for piers with shear 
span ratio 

L 
as ~ ~ 3,0 (E.20) 

d 

For 1,0 ~ as 3,0 the plastic rotation capacity should be nlultiplied by the reduction 
factor 
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ANNEXF(INFORMATIVE) 
ADDED I\IASS OF ENTRAINED \VATER FORl~1MERSED PIERS 

(1) Unless othenvise substantiated by calculation, the total effective mass 111 a 
horizontal direction of an immersed pier should be assunled equal to the SUD1 of: 

the actual mass of the pier (without allowance for buoyancy); 

- the Inass of water possibly enclosed within the pier (for hollow piers); 

- the added ll1ass 111[\ of externally entrained water per unit length of inlmersed pier. 

(2) For piers of circular cross-section of radius R, 111[\ may be estimated as: 

(F.l) 

where p is the water density. 

(3) For piers of elliptical section (see Figure F 1) with axes 2ax and 2ay and 
horizontal seisnlic action at an angle e to the x-axis of the section, l11a ll1ay be estinlated 
as: 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ , \ 

\~ 
a x 

FigureF.l: Definition of dimensions of elliptical pier section 
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14 

FigureF.2: Definition of dimensions of rectangular pier section 

(F.2) 

(4) F or piers of rectangular section with dil11ensions 2ax by 2ay and for earthquake 
action in the x-direction (see Figure F.2), rna may be estimated as: 
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Ina kprr,a/ 

where the value of k is taken from Table F.l (linear interpolation is permitted). 

(F.3) 

Table F.l Dependence of added mass coefficient of rectangular piers on cross
fIt f sec 1011a aspec ra 10 

a/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 

00 1,00 

136 



BS EN 1998-2 :2005+A2:2011 
EN 1998-2:2005+A2:2011 (E) 

ANNEX G (NORl\IATIVE) 
CALCULATION OF CAPACITY DESIGN EFFECTS 

G.I General procedure 

(l)P The following procedure shall be applied in general, separately for each of the 
two horizontal conlponents of the seismic action with signs or 

(2)P Step 1: 

Calculation of the design flexural strengths lURd.h of the sections of the intended plastic 
hinges, corresponding to the selected horizontal direction of the seisnlic action (A rJ wi th 
the sign considered or The strengths shall be based on the actual dinlcnsions of 
the cross-sections and the final amount of longitudinal reinforce111ent. The calculation 
shall consider the interaction with the axial force and possibly with the bending 1110nlent 
in the orthogonal direction, both resulting fro 111 the analysis in the design seisn1ic 
situation of expression (5.4) of 5.5. 

(3)P Step 2: 

Calculation of the change of action effects LlAc of the plastic Inechanisn1, corresponding 
to the increase of the n10ments of the plastic hinges (LIM)), fron1 (a) the values due to 
the permanent actions to (b) the overstrength m0111ents of the sections. 

(G. 1) 

where Yo is the overstrength factor specified in 5.3. 

(4) The effects LlAc may in general be estinlated frOlTI equilibrimTI conditions, while 
reasonable approximations regarding the compatibility of defofn1ations are acceptable. 

(5)P Step 3: 

The final capacity design effects Ae shall be obtained by superin1posing the change Me 
to the permanent action effects AG 

Ac (G.2) 

G.2 Simplifications 

(1) Simplifications of the general procedure specified in G.I are allowed, as long as 
G.I(4) is satisfied. 

(2) When the bending 1110111ent due to the permanent actions at the plastic hinge is 
negbgible cOlnpared to the nl0ment overstrength of the section (A1G,h < < )1IMRd.h), Step 2 
in G.I(3)P nlay be replaced by a direct estinlation of the effects L1I1c froID 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 estinlated as follows: 
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yoMRd,h,I V VC,i = LlVi = ----M. E,i 
E,I 

(G.3) 

and the capacity design effects on the deck and on the abutments may be estinlated from 
the relationship: 
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ANNEX H (INFORMATIVE) 
STATIC NON-LINEAR ANALYSIS (PUSHOVER) 

H.I Analysis directions, reference point and target displacements 

(l) 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 assul11ed to be orthogonal to the 
longitudinal direction. 

(2) The reference point should be the centre of n1ass of the deforn1ed 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 displacen1ents of the reference point are reached: 

- in x-direction (longitudinal): 

dr,x = dEx (H. I) 

- in y-direction: (transverse): 

dr,y = dEy (H.2) 

where: 

dE,x is the displacement in the x-direction, at the centre of n1ass of the defonl1ed 
deck, resulting fr0111 equivalent linear n1ulti-l11ode spectrum analysis (in 
accordance with 4.2.1.3) assun1ing q = 1,0 due to Ex "+" 0,3Ey . The spectrul11 
analysis should be carried out using effective stiffness of ductile n1en1bers as 
specified in 2.3.6.1. 

dE,y is the displacen1ent in y-direction at the san1e point calculated sin1ilarly to dE,x 

above. 

H.2 Load distribution 

(1) The horizontal load incren1ents L1Fj,j assu111ed acting on lun1ped n1ass Mj, in the 
direction investigated, at each loading step j, should be taken as equal to: 

(H.3) 

where: 

L1 aj is the horizontal force increment, norn1alized to the weight gMj, applied in step}, 
and 

{; is a shape factor defining the load distribution along the structure. 
~ 1 
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(2) Unless a better approxinlation is used, both of the following distributions should 
be investigated: 

a) constant along the deck, where 

for the deck 

(HA) 

and for the piers connected to the deck 

t = 
~ I (H.5) 

where 

Zj is the height of point i above the foundation of the individual pier and 

Zp 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 

G is proportional to the cOlnponent, in the considered horizontal direction, of the 
Inodal displacenlent at point i, of the first nlode, in the Saine direction. The Inode with 
the largest participation factor in the considered direction, should be taken as first mode 
in this direction. Especially for the piers, the following approxinlation may be used 
alternatively 

(H.6) 

where is the value of!; corresponding to the joint connecting the deck and pier P. 

H.3 Deformation demands 

(1) Deformation denlands at each plastic hinge should be verified using expression 
(4.20) where denotes the maxinlunl 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) becOlne equal at any plastic hinge, defines the design ultinlate 
defornlation state of the bridge. at this state, the displacelnent of the reference point 
is less than the target displacement in the relevant direction, the design should be 
considered unsatisfactory and should be modified. 
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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 HJ (3), and of the deformation demands 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. 
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NOTE 2: A design procedure of the ductile members along these lines involves only 
deformation/displacement verifications (no strength verifications). However, non-ductile f~liJure 
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 disp]acen1ents 
of all pier heads connected to the deck are practically equal to the displacen1ent of the 
reference point. In this case the defonnation del11ands of the plastic hinges can be 
assessed directly frOl11 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 displacen1ent is reached (see 
4.2.4.4(2)d). 

(2) Up-lift of all bearings at the san1e support, before the target displacernent is 
reached, should be avoided. Up-lift of individual bearings of the san1e support, before 
the target displacelnent is reached, is acceptable, if it has no detrin1ental 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 1110des (shear), in 
accordance with 4.2.4.4(2)e, using the force distribution corresponding to the target 
displacement as design actions. The same applles for the verification of the foundation 
soil. 
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ANNEX J (NORMATIVE) 
VARIATION OF DESIGN PROPERTIES OF SEIS1\tIC ISOLATOR UNITS 

J.1Factors causing variation of design properties 

0) The assessment of Upper Bound Design Properties and Lower Bound Design 
Properties (UBDPs and LBDPs) required for the design of the isolating systenl in 
accordance with 7.5.2.4, should be established by evaluating the influence of the 
following factors on each property: 

- /i: ageing (including corrosion); 

/2: tenlperature (nlininlU111 isolator design tenlperature Tmin,b); 

- /j: contanlination; 

/4: cunlulative travel (wear). 

In general the design properties of cyclic response influenced by the above factors are 
the fo]]owing (see Figure 7.1 and Figure 7.3). 

The post elastic stiffness Kp. 

- The force at zero displacementFo. 

~ (2) The minimum isolator temperature for the seismic design situation, 
climatic conditions of the bridge location. 

should correspond to the 

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: 

where 

rw is the annual average shade air temperature at the 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 ! 

bridge location, in accordance with EN 1991-1-5:2003, 6.1.3.2 i.e. Tal' = + If no specific informativl' 
is available the value = 10°C may be used. 

IfJ2 is the combination factor for thermal actions for seismic design situations, in accordance with EN 
1990:2002 and EN 1990:2002/A 1 :2005, Annex A2 and 

is the difference between the minimum uniform bridge temperature component Te.min and 
the minimum shade air temperature , in accordance with EN 1991-1-5: 2003 and EI\l 1991-1-
5:2003/AC:2009, 6.1.3.1 (4). ~ 

J.2 Evaluation of the variation 

(1) In general the effect of each of the factors./i (i 1 to 4) listed in J.1 on each 
design property, should be evaluated by comparing: (a) the ll1aximunl and mininlunl 
values (maxDP ri and minDPn) of the design property, resulting fronl the influence of 
factor./i" to (b) the ll1aximull1 and mini111U111110n1inal values (maxDPnol11 and minDPnom) 

respectively, of the same property, as ll1easured by Prototype tests. The following ratios 
should be the established for the influence of each factor Ii on the investigated design 
property. 
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(J.2) 

0·3) 

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 used isolators, i.e. special 
elastomeric bearings, lead-rubber bearings, sliding units and hydraulic viscous 
dampers, is given in Infonnative Annex JJ. 

(2) The effective UBDP used in the design should be estimated as follows: 

UBDP = lnaxDPnom.AU,fI. (J.4) 

with Inodification factors 

1 1) lj/j'j (J.S) 

where, the combination factors If/fi account for the reduced probability of sinlultaneous 
occurrence of the maxinlU111 adverse effects of all factors and should be assunled in 
accordance with Table J.2: 

Table J.2: Combination factors 'l/ti 

(3) In general, for the effective LBDP (and relevant 1110dification factors AUl) a 
similar fonnat as that of expressions (J.4) and (J.S) should be used, in conjunction with 

However for the conl1nonly used elasto111eric and friction bearings, it nlay be 
assulned in general that: 

(1.6) 

and therefore 

LBDP minDPnom (J.7) 

(4) For hydraulic danlpers and in the absence of specific tests, 1t ll1ay be assunled 
that: 

U BDP = mGxDPnoJll 

LBDP = minDPnol11 
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ANNEX JJ (INFORMA TIVE) 
A-FACTORS FOR COMMON ISOLATOR TYPES 

JJ.l I.. m:n -values for elastomeric bearings 

(1) Unless different values are substantiated by appropriate tests, the )lma:Cva!ues 
specified in following Tables 11.1 to 11.4 may be used for estimation of the UBDP. 

Table JJ.1:./i - Ageing 

Conlponent 
)Lmax. n for 

Kp 0 

LORB 1,1 1,1 
HORB1 1,2 1,2 
BORB2 1,3 1,3 

Lead core - 1,0 

with the following designation for the rubber components: 

LORB: Low daInping rubber bearing with shear nl0dulus, at shear defonnation of 
100%, larger than 0,5 MPa 

HORB 1: High dalnping rubber bearing with _ 0,15 and shear Inodulus, at shear 
defornlation of 100%, larger than 0,5 MPa 

HORB2: High danlping rubber bearing with > 0,15 or shear 1110dulus, at shear 
defonl1ation of 100%

, sll1aller or equal to 0,5 lVIPa 

Lead core: Lead core for Lead rubber bearings (LRB) 

Table JJ.2:./2 - Temperature 

Design .A,max. f2 for 
Tenlperature Kp 0 

min,b eC) LORB HORB1 BDRB2 LORB HDRB1 BORB2 
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 

I -10 1,1 1,2 1,4 1,4 1,4 1,4 
-30 1,3 1,4 2,0 1,5 2,0 2,5 

Tmin,b is the mlllinlUll1 isolator temperature for seismic design situation, 
corresponding to the bridge location (see (2) of J.l of Annex J). ~ 

Table JJ.3:.13 - Contamination 

Table JJ.4:./4 Cumulative travel 
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JJ.2 ),max-values for sliding isolator units 

(l) Unless different values are substantiated by appropriate test results, the 
values specified in the following Tables JJ.5 to .1J.8 may be used for the estilnation of 
the maximunl force at zero displacenlent Fo corresponding to the USDP. The values 
given for unlubricated PTFE 111ay be taken to apply also for Friction PendulUlTI 
bearings. 

Table JJ.S:.1i - Ageing 
'1 

Arnax,f] 

Component Unlubricated Lubricated Binletallic Interfaces 
PTFE PTFE 

Environment Sealed Unsealed Sealed Unsealed 
Normal 1,1 1,2 1,3 1,4 
Severe 1,2 1,5 1,4 1,8 

The values in Table J.1.5 refer to the following conditions: 

- Stainless steel sliding plates are assumed 

• Sealed Unsealed 
2,0 2,2 
2,2 2,5 

- Unsealed conditions are assumed, to allow exposure of the sliding surfaces to water 
and salt 

Severe envirolIDlent includes marine and industrial conditions 

Values for binletallic interfaces apply to stainless steel and bronze interface. 

Table JJ.6:ji - Temperature 

Design 
Temperature 

Tmin,b (0 C) 
Unlubricated Lubricated Binletallic 

PTFE PTFE Interfaces 
20 1,0 1,0 

To be 

° 1,1 1,3 

-1 ° i,2 1,5 
established 

-30 1,5 3,0 
by test 

Table JJ.7:/, - Contamination 

)~l11ax.f3 
Installation Unlubricated Lubricated Binletallic 

PTFE PTFE Interfaces 
Sealed, with stainless 
steel surface facing 1,0 1,0 1,0 

down 
Sealed} with stainless 

1,1 1,1 Ll 
steel surface facing up 

Unsealed, with 
stainless steel surface 1,2 3,0 1,1 

facing down 

The values in Table JJ. 7 refer to the following conditions: 
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Sealing of bearings is assumed to offer contamination protection under all 
serviceability conditions 

Table JJ.8: 14 - Cumulative travel 

Il.max. f4 

Cunlulative Unlubricated Lubricated Bimetallic 
Travel (km) PIFE PIFE Interfaces 

To be 

I 

< 1,0 1,0 1,0 established 
by test 

• To be 

I 

1,0 < and :S 2 1,2 1,0 established 
by test 
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ANNEX K (INFORMATIVE) 
TESTS FOR VALIDATION OF DESIGN PROPERTIES OF SEIS1\1IC 

ISOLATOR UNITS 

K.l Scope 

(l) This lnfornlative Annex is intended to provide guidance on prototype (or type) 
testing in cases where prEN 15129:200X (HAnti-seislTIic devices") does not include 
detailed requirements for such testing. 

(2) The range of values of the deformation characteristics and danlping values of the 
isolator units used in the design and analysis of seisITIic-isolated bridges lTIay 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 ain1 to establish or validate the range of 
nOITIinal design properties of the isolator units assun1ed in the design. These tests in 
general lTIay be project specific. However, available results of tests perfornled on 
specimens of si111ilar type and size and with sinli1ar values of design parameters are 
acceptable. 

(4) The purpose of the tests ofK.3 is to substantiate properties of the isolators, 
which are usually not project specific. 

K.2 Prototype tests 

K.2.1 General 

(l) The tests should be perfonned on a 111ininlunl of two specimens. Specinlens 
should not be subjected to any lateral or vertical loading prior to prototype testing. 

(2) In general, full size specilnens should be used. The conlpetent authority nlay 
al10w performance of certain tests on reduced scale speciInens, only when existing 
testing facilities do not have the capacity required for testing full-size specinlens. 

(3) When reduced scale specinlens are used, they should be of the sanle material and 
type, geo111etrically silnilar to the full-size specilnens, and should be n1anufactured with 
the SalTIe process and quality control. 

K.2.2 Sequence of tests 

(l) The following sequence of tests should be perfornled for the prescribed number 
of cycles, at a vertical load equal to the average pernlaoent load, on all isolator units of a 
C01111110n type and size. 

TJ Three fully reversed cycles at plus and minus the n1axinlU111 thernlal 
displacement at a test velocity not less thao 0,1 lUlu/olin. 
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Twenty fully reversed cycles of loading at plus and nlinus the nlaxinlU111 non
seisnlic design reaction, at an average test frequency of 0,5 Hz. Following the 
cyclic testing, the load should be held on the specinlen for 1 nlinute. 

T.1 Five fully reversed cycles at the increased design seismic displacenlent. 

T4 Fifteen fully reversed cycles at the increased design displacenlent, starting at the 
offset dispiacenlent (7.6.2(2)P). The cycles l11ay be applied in three groups of 
five cycles each, with each group separated by idle tilDe to a110w for specimen 
cooling down. 

Ts Repetition of test but with the llunlber of cycles reduced to three. 

T6 I f an isolator unit is also a vertical load-carrying elenlent, then it should also be 
tested for one fully reversed cycle at the total design seisnlic displacement under 
the following vertical loads: 

where 

QG is the pennanent load and 

&Ed is the additional vertical load due to seislnic overturning effects, based on peak 
response under the design seismic action. 

(2) Tests T3, T4 and T6 should be perfornled at a frequency equal to the inverse of the 
effective period of the isolating systenl. Exception fronl this rule is pern1itted for isolator 
units that are not dependent on the rate of loading (the rate of loading has as prinlary 
effect the viscous or frictional heating of the specinlen). The force displacenlent 
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 Fo and ](p defining the 
hysteresis loop (see Figure 7.1), when tested for three fully reversed cycles at the design 
displacelnent and frequencies in the range of 0,2 to 2 times the inverse of the effective 
period of the isolating systenl. 

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: 

F -F 
K 

efT 

p 11 
(K.l) 

d -d 
p 11 

where: 

dp and dn are the IDaxilDunl positive and nlaXInlU111 negative test displacenlent, 
respectively, and 
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Fp and Fn are the luaxinlum positive and negative forces, respectively, for units 
with hysteretic and frictional behaviour, or the positive and negative forces 
corresponding to dp and ~l' respectively, for units with viscoelastic behaviour. 

FigureKl: Force-displacement diagrams of tests (Left: hysteretic or friction 
behaviour; right: viscous behaviour) 

K.2.3.2 Damping characteristics 

(l) The energy dissipated per cycle EOi of an isolator unit i, should be deternlined 
for each cycle of loading as the area of the relevant hysteresis loop of the five fully 
reversed cycles at the total design displacenlent of test T3 of K.2.2. 

K.2.3.3 System adequacy 

(l) The perfonnance of the test specinlens should be considered as adequate if the 
following requirenlents are satisfied: 

Rl except for fluid viscous dmnpers, the force-displacenlent plots of all tests specified 
in K.2.2 should have a positive incremental force-carrying capacity. 

R2 in test TJ of K.2.2 the luaximu111 nleasured force should not exceed the design 
value by more than 50/0. 

(5) R3 in tests T2 and Ts of K.2.2 the nlaxinlum Ineasured displacelnent should not 
exceed 110% of the design value. <51 

R4 in test T3 of K.2.2, the maxinlum and luinimunl values of the effective stiffness 
Kenl of isolator unit i (and the corresponding force-displacenlent diagrams), as 
well as of the energy dissipated per cycle, EDi , should be determined as the 
Inaximum 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, assunled by the design. 

Rs In test T4 of K.2.2, the ratio of the nlininlunl to the nlaxinlunl effective stiffness 
measured in each of the 15 cycles should be not less than 0,7. 

R6 In test T4 of K.2.2, the ratio minEo/nlaxED for each of the 15 cycles should not be 
less than 0,7. 
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R7 AI1 vertical load-carrying units should remain stable (i.e. with positive incren1ental 
stiffness) during the test T6 of K.2.2. 

Rs Following the conclusion of the tests~ all test specilnens should be inspected for 
evidence of significant deterioration, which may constitute cause for rejection, 
such as (where relevant): 

Lack of rubber to 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 to nletal bond over n10re than of the bonded area 

- Scoring of stainless steel plate by 111arks deeper or wider than 0,5 nlnl and over a 
length exceeding 20 nl111 

- Pennanent defonnation 

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 
displacen1ents caused by thennal and traffic loadings, over a service life to at least 30 
years. 

(2) For bridges of nornlallength (up to about 200 nl) and unless a different value is 
substantiated by calculation, the InininlU111 cUlnulative travel n1ay be taken as 2000 111. 

K.3.2 Lo\" temperature tests 

(1) If the isolator units are intended to be used in low temperature areas, with 
minimum isolator ten1perature for seisluic design T;11in,b < O°C (see J.l(2»), then a test 
should be perfonned at this tenlperature, consisting of five fully reversed cycles at the 
design displacelnent, with the renlaining conditions as specified in test T3 of K.2.2. The 
specin1en 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 perfornled under temperature 
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