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Introduction
This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
Annotated drafts are not acceptable and will beregjected.

Template for comments and secr etariat observations

All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

an alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 3 4 5 (6) 7
MB | Clause No./ Subclause| Paragraph/Figure/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Table/Note comment for change) by theMB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs [JAmend to read '...so that the mains
clarifying. connector to which no connection...'
6.4 Paragraph 2 te The use of the UV photometer as  ||[Delete reference to UV photometer.

Full document details: 23/30458281DC

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/23-30458281-dc
http://www.avadocuments.com/doc/23-30458281-dc

EUROPEAN STANDARD DRAFT
NORME EUROPEENNE prEN 1998-2
EUROPAISCHE NORM

March 2023
[1CS91.120.25; 93.040 Will supersede EN 1998-2:2005

English Version

Eurocode 8 - Design of structures for earthquake
resistance - Part 2: Bridges

Eurocode 8 - Calcul des structures pour leur résistance Eurocode 8 - Auslegung von Bauwerken gegen
aux séismes - Partie 2: Ponts Erdbeben - Teil 2: Briicken

This draft European Standard is submitted to CEN members for enquiry. It has been drawn up by the Technical Committee
CEN/TC 250.

If this draft becomes a European Standard, CEN members are bound to comply with the CEN/CENELEC Internal Regulations
which stipulate the conditions for giving this European Standard the status of a national standard without any alteration.

This draft European Standard was established by CEN in three official versions (English, French, German). A version in any other
language made by translation under the responsibility of a CEN member into its own language and notified to the CEN-CENELEC
Management Centre has the same status as the official versions.

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway,
Poland, Portugal, Republic of North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Tiirkiye and
United Kingdom.

Recipients of this draft are invited to submit, with their comments, notification of any relevant patent rights of which they are
aware and to provide supporting documentation.

Warning : This document is not a European Standard. It is distributed for review and comments. It is subject to change without
notice and shall not be referred to as a European Standard.

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

CEN-CENELEC Management Centre: Rue de la Science 23, B-1040 Brussels

© 2023 CEN  All rights of exploitation in any form and by any means reserved Ref. No. prEN 1998-2:2023 E
worldwide for CEN national Members.

Documents

Document Sharing Hub

Full document details: 23/30458281DC


https://doi.org/10.3403/30094287?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/23-30458281-dc
http://www.avadocuments.com/doc/23-30458281-dc

prEN 1998-2:2022 (E)

Contents Page
EUTOPEAN fOT@WOTIM ...cviiiieieseiassssssssssssssssssssssssssssassssssssssssssssssssssssasssasassssssssssssssssssssasasssassnsn s ss s st snsssmsssasassssssssnsnssssasans 5
00100300715 U 00 ) o 6
1 R Y6 0 8
1.1 SCOPE Of EN 1998-2.......ccecermsminisismsmsssmsssssssssssssssssssasassssssssssssssssssssssssssssasas s s s s ssssss st st st sssssssasasssssssssssssssssassssns 8
1.2 2 X 10001 0110 ) 1, 8
2 I\ (00T U g ) ) 4 L 9
3 Terms, definitions and SYMDOIS ... ————————————— 9
31 Terms and defiNitions ... ————————————————————— 9
3.2 Symbols and abbreviations ... —————————————— 10
K30 0 1 1) i 1 10
K30 4 11 1010 ) 11
R J078C RN 0] 1) (4 b U 0 013 18
3.3 R0 (R 1) L 19
4 L33 ] 0 (L 19
4.1 5= 1) Lo =T LD U0 = 11T 1 L, 19
4.2 Y= £ 11 ) Lol Lot 1) 1 . 19
oy R 7] T - . 19
4.2.2 Spatial variability of the SeiSmMIC ACHON ..o —————————— 21
4.3 Characteristics of earthquake resistant bridges ... ———— 21
T T 000 (ot o1 ¥ LT T 21
4.3.2 Primary and secondary S€iSmMIiC MEMDETS.......cocuiiiimsmssmsmnmsmsmsssssssssssss s 22
4.3.3 Resistance and ductility conditions - Capacity design rules..........uu————" 22
T 0 T T 0 114 U0 1 23
4.3.5 Control of displacements - Detailing of ancillary elements..........c.cocunmnmsmsmsmnssmsmsmssssssssssesesssssnns 23
4.3.6 Choice of ductility class - Limits of seismic action for design to DC1, DC2 and DC3............. 24
S T 1111 0] 01T 0 ) - 25
5 Modelling and structural analysis ... ——————————— 25
5.1 107 (0T L L 25
LS I 7 1 1) 1 25
5.1.2 Torsional effects about a vertical aXiS.....cuumsss s ————————— 27
5.1.3  SecONd-0Order effeCts ... ————————————————— 28
52 Methods Of ANALYSIS ... sEsE s 29
LS 7 1 L) i 1 29
5.2.2 Force-based approach.......sisimsssssssssssssssssssssssss s sssssssssssssssssssssssssssssssssasasasasass 29
5.2.3 Displacement-based apProach .......————————————————————— 35
53 Methods of analysis accounting for spatial variability of ground motion...........e. 36
LS T N 7 1) i 1 36
5.3.2 Long bridges on uniform SOil....... s ————————— 38
5.3.3 Short to medium length bridges on non-uniform Soil ... ————— 39
5.3.4 Long bridges on non-uniform SOIl....... s —————— 39
54 Combination of the seismic action with other actions ... —— 40
6 Verifications of structural members to limit states ..o ————— 41
Documents

Document Sharing Hub

2
Full document details: 23/30458281DC


https://doi.org/10.3403/30094287U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/23-30458281-dc
http://www.avadocuments.com/doc/23-30458281-dc

prEN 1998-2:2022 (E)

6.1 T 1<) | . 41
6.2 Material FeQUITEIMENLTS ... s n e e RS 41
L < 1 U i 41
6.2.2 Design for DC2 and DC3..... s ssssss s s sssssssssssssssssasasases 41
6.3 Verification of Significant Damage (SD) limit State.........ccouvmnmnnnnn———. 42
L 200 T €< 1 V) 1Y 42
6.3.2 Capacity design effeCtS.....u s ——————————————— 42
(a0 T8 T 00 4 U o/t 10 L) 10 ) 43
6.3.4 Steel and steel-concrete composite MEMDbBErs.........co————_—_—— 47
6.3.5  FOUNAATIONS ...ucoriririnsisnsnsessssssssnsssssssssssssssssssssasa s E AR R AR AR AR AR AR AR R R AR R AR R AR R AR RR RS 48
LS T G 0 1 4 U o150 ) 4 48
6.3.7 CONCrete abULIMENES. ... RS RsEEEEeeAsAREEee naes 49
6.3.8 Verification for the displacement-based approach.........—————— 49
6.4 Verification to other limit StAtes ... —————— 49
6.4.1 Verification of Near Collapse (NC) limit State........ccoummmmnmnmnmnmsmssssmsmssssssssssssssssssssssssssssssssssssssssens 49
6.4.2 Verification of Damage Limitation (DL) limit State ... 50
6.4.3 Verification of Operational (OP) limit State.........c.commmmmnmmmss s 50
7 Detailing for dUCHIILY ... s 50
7.1 L0 1T i | 50
7.2 L0705 T3 0 1 ] L) 50
2 T - 1 1) - ) 50
7.2.2 Longitudinal reinforCement ... 50
728 T 00 3 L U0 T B o3 () 50
72 T 00 1§ 0 1 1) 10 L) 4 51
7.2.5 Buckling of longitudinal compression reinforcement..........———————— 54
2 T 0.1 T ol 1 T 54
20 A & 0) 0 ) () o 55
7.2.8 Joints adjacent to critical reGIiONS ..o ————————— 55
7.3 YT 100 T 57
7.4 2010 0T L ) o 57
7.4.1 Spread foundation ... ——————————————————_—_—— 57
W% 372 o 1) 1o b U0 U 57
8 Specific rules for bridges equipped with antiseismic deviCes........cconnmismnmnmsmsmsssnsssssssssssnans 57
8.1 =3 1T - 57
8.2 Seismic action, basic requirements and compliance criteria.......—————— 57
8.3 General provisions concerning antiseismic deviCes.......um————— 58
8.4 Methods Of ANAlYSIS. ... 58
L2 0 T €< 1 V) Y 58
8.4.2 Equivalent linear lateral force method.........—————— 58
8.4.3 Equivalent linear response spectrum method........————— 60
8.4.4 Response-hiStory analysSis.... s 60
8.5 Minimum overlap length at CONNECLIONS ... ———————— 60
9 Specific rules for cable-stayed and extradosed bridges ... 61
9.1 L= 1T - 61
9.2 33 R 0 LE g 61
9.3 Modelling and structural analysis .....—————————————— 62
9.4 R 23 9 T2 U (1) o 62
L2 2 R < 1 T i 62
9.4.2 Avoidance of brittle failure of specific non-ductile components ..........ccoovrsmsnsnsrsrsmsmsmsnsnsnsains 62
9.5 D L 2 63
10 Specific rules for integral abutment bridges ... ———————— 63

Documents

Document SharingsHub

Full document details: 23/30458281DC


http://www.avadocuments.com/doc/23-30458281-dc
http://www.avadocuments.com/doc/23-30458281-dc

prEN 1998-2:2022 (E)

L0200 S 7 1 1) 1 63
B 2 T L 0 i (T o 64
10.3 Modelling and structural ANAlYSIS ... ————————————— 65
00 00 B 7 1 1) 1 65
10.3.2 Force-based apProach.... s ns 65
10.3.3 Displacement-based appProach ... ————————————————— 68
B R 001 o 68
02 O T ) o= L0 (S, 69
10.4.1 Verification of Significant Damage limit State ... ——————— 69
10.4.2 Verification to other limit STAteS ... ————————— 69
Annex A (informative) Characteristics of earthquake resistant bridges.........coouunmnsnnssssesnnen 70
A1l USE Of thiS QININEX i e E AR AR SRR e e e e RS 70
A.2 Scope and field of APPLICALION ... ——————————— 70
A3 D L o 70
4 W Y (o e 0 3 (1 F 70
A5 Choice of supporting members resisting the seismic action.........uuu—— 71
A.6 Choice of AUCHIItY Class......umiiss s ——————— 72
Annex B (informative) Added mass of entrained water for immersed piers........un. 73
B.1 USE Of thiS QININEX . R RS s s S 73
B.2 Scope and field of APPLICATION ... ———————————— 73
B.3 Effective mass of an immersed PIer ... s 73
Annex C (informative) Additional information on timber bridges.......cccuinn———— 75
C1 LT 0] 1) T 10 = G 75
C.2 Scope and field of APPLICATION ... ——————————— 75
C.3 20 R 0 0 LT T o 77
C.4 107 (0T L | 78
C.5 Force-based apProach.... s 78
Annex D (normative) Displacement-based approach for integral abutment bridges.........cccecesuueu. 80
D.1  USe Of thiS QNMNEeX .o sssssss s s s s s 80
D.2 Scope and field of APPlICALION ... ———————_——————_————————— 80
D.3 Modelling for nONIINEar aNAlYSIS ... ————————— 80
D.4  Nonlinear statiC aNalySiS ... sssssssssssssssssasasasasass 82
D.5 Nonlinear response-history analysis.....usssssssssss s 84
133 10) U0 ) 1] 1 86
Documents
4 Document Sharing Hub

Full document details: 23/30458281DC


http://www.avadocuments.com/doc/23-30458281-dc
http://www.avadocuments.com/doc/23-30458281-dc

prEN 1998-2:2022 (E)

European foreword

This document (prEN 1998-2:2022) has been prepared by Technical Committee CEN/TC 250
“Structural Eurocodes”, the secretariat of which is held by BSI. CEN/TC 250 is responsible for all
Structural Eurocodes and has been assigned responsibility for structural and geotechnical design
matters by CEN.

This document will supersede EN 1998-2:2005,

The first generation of EN Eurocodes was published between 2002 and 2007. This document forms part
of the second generation of the Eurocodes, which have been prepared under Mandate M/515 issued to
CEN by the European Commission and the European Free Trade Association.

The Eurocodes have been drafted to be used in conjunction with relevant execution, material, product
and test standards, and to identify requirements for execution, materials, products and testing that are
relied upon by the Eurocodes.

The Eurocodes recognize the responsibility of each Member State and have safeguarded their right to

determine values related to regulatory safety matters at national level through the use of National
Annexes.
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Introduction

0.1 Introduction to the Eurocodes
The Structural Eurocodes comprise the following standards generally consisting of a number of Parts:

. Eurocode: Basis of structural and geotechnical design

e EN 1991 Eurocode 1: Actions on structures

e EN 1992 Eurocode 2: Design of concrete structures

e EN 1993 Eurocode 3: Design of steel structures

e EN 1994 Eurocode 4: Design of composite steel and concrete structures
e EN 1995 Eurocode 5: Design of timber structures

e EN 1996 Eurocode 6: Design of masonry structures

e EN 1997 Eurocode 7: Geotechnical design

e EN 1998 Eurocode 8: Design of structures for earthquake resistance

e EN 1999 Eurocode 9: Design of aluminium structures

e New parts are under development, e.g. Eurocode for design of structural glass

The Eurocodes are intended for use by designers, clients, manufacturers, constructors, relevant
authorities (in exercising their duties in accordance with national or international regulations),
educators, software developers, and committees drafting standards for related product, testing and
execution standards.

NOTE Some aspects of design are most appropriately specified by relevant authorities or, where not
specified, can be agreed on a project-specific basis between relevant parties such as designers and clients. The
Eurocodes identify such aspects making explicit reference to relevant authorities and relevant parties.

0.2 Introduction to EN 1998 Eurocode 8

EN 1998 defines the rules for the seismic design of new buildings and engineering works and the
assessment and retrofit of existing ones, including geotechnical aspects, as well as temporary
structures.

NOTE This standard also covers the verification of structures in the seismic situation during construction,
when required.

Attention has to be paid to the fact that, for the design of structures in seismic regions, the provisions of
EN 1998 should be applied in addition to the relevant provisions of to EN 1997 and EN 1999.
In particular, EN 1998 should be applied to structures of consequence classes CC1, CC2 and CC3, as
defined in prEN 1990:2021, 4.3. Structures of consequence class CC4 are not fully covered by the
Eurocodes but may be required to follow EN 1998, or parts of it, by the relevant authorities.

By nature, perfect protection (a null seismic risk) against earthquakes is not feasible in practice, in
particular because the knowledge of the hazard itself is characterized by a significant uncertainty.
Therefore, in Eurocode 8, the seismic action is represented in a conventional form, proportional in
amplitude to earthquakes likely to occur at a given location and representative of their frequency
content. This representation is not the prediction of a particular seismic movement, and such a
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movement could give rise to more severe effects than those of the seismic action considered, inflicting
damage greater than the one described by the Limit States contemplated in this Standard.

Not only the seismic action cannot be predicted but, in addition, it should be recognized that
engineering methods are not perfectly predictive when considering the effects of this specific action,
under which structures are assumed to respond in the nonlinear regime. Such uncertainties are taken
into account according to the general framework of , with a residual risk of underestimation of
their effects.

0.3 Introduction to EN 1998-2

EN 1998-2 provides general requirements for earthquake resistant design of new bridges. Except
where otherwise specified in this Part, the seismic actions are as defined in prEN 1998-1-1:2022, 5. The
scope of this Part of EN 1998 is defined in 1.1.

Since the seismic action is mainly resisted by the piers and the latter are usually constructed of
reinforced concrete, a greater emphasis has been given to such piers. Additionally, bearings are in many
cases important parts of the seismic resisting system of a bridge and are therefore treated accordingly.
The same holds for seismic isolation devices.

EN 1998-2 is subdivided in ten clauses and includes four annexes, where AnnexesA to C are
informative and Annex D is normative.

0.4 Verbal forms used in the Eurocodes

The verb “shall” expresses a requirement strictly to be followed and from which no deviation is
permitted in order to comply with the Eurocodes.

The verb “should” expresses a highly recommended choice or course of action. Subject to national
regulation and/or any relevant contractual provisions, alternative approaches could be used/adopted
where technically justified.

The verb “may” expresses a course of action permissible within the limits of the Eurocodes.

The verb “can” expresses possibility and capability; it is used for statements of fact and clarification of
concepts.

0.5 National annex for [EN 1998-2

National choice is allowed in this document where explicitly stated within notes. National choice
includes the selection of values for Nationally Determined Parameters (NDPs).

The national standard implementing [EN 1998-2 can have a National Annex containing all national
choices to be used for the design of new bridges to be constructed in the relevant country.

When no national choice is given, the default choice given in this document is to be used.

When no national choice is made and no default is given in this document, the choice can be specified by
a relevant authority or, where not specified, agreed for a specific project by appropriate parties.

National choice is allowed in EN 1998-2 through notes to the following:
4.1(4) 4.2.1(1) 4.3.5(8) 4.3.7(1)

6.3.2(2)
National choice is allowed in EN 1998-2 on the application of the following informative annexes:

Annex A Annex B Annex C

The National Annex can contain, directly or by reference, non-contradictory complementary
information for ease of implementation, provided it does not alter any provisions of the Eurocodes.
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1 Scope
1.1Scope of EN 1998-2

(1) This document is applicable to the design and verification of new bridges in seismic regions. It
gives general rules for the design and verification relevant to bridges of consequence classes CC1, CC2
and CC3, as defined in prEN 1990:2021, A.2.

NOTE 1 N 1998-2 covers the design of reinforced concrete, steel and composite steel-concrete bridges, with
the exception of prestressed piers. Guidance for design of timber bridges is given in Informative Annex C.

NOTE 2  The assessment of existing bridges is covered in EN 1998-3.

(2) Unless specifically stated, prEN 1998-1-1:2022 and prEN 1998-5:2022 apply.
(3) [EN 1998-2is applicable in complement to the other relevant Eurocodes.

NOTE N 1998-2 contains only those provisions that, in addition to the provisions of the other relevant
Eurocodes, are used for the design of new bridges in seismic regions. EN 1998-2 complements in this respect the
other Eurocodes.

(4) EN 1998-2 provides basic performance requirements and compliance criteria applicable to new
bridges in seismic regions.

(5) EN_1998-2 is applicable to the seismic design of bridges exploiting ductility in structural members
or through the use of antiseismic devices.

(6) EN 1998-2 gives detailing rules for ductility of the structural members in bridges designed to
ﬁ

exploit ductility as a means of seismic protection. When ductility is exploited, 1998-2 primarily
covers bridges in which the horizontal seismic actions are mainly resisted through bending of the piers
or at the abutments, i.e. of bridges composed of vertical or nearly vertical pier systems supporting the
traffic deck superstructure.

(7) [EN_1998-2 gives specific rules for bridges equipped with antiseismic devices, for cable-stayed and
extradosed bridges and for integral abutment bridges.

(8) [EN 1998-Zis also applicable to the seismic design of arched bridges, although its provisions should
not be considered as fully covering these cases.

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

1.2 Assumptions

(1) The assumptions of prEN 1998-1-1:2022, 1.2, are assumed to be applied.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

NOTE See the Bibliography for a list of other documents cited that are not normative references, including
those referenced as recommendations (i.e. in ‘should’ clauses), permissions (‘may’ clauses), possibilities (‘can’
clauses), and in notes.

prEN 1998-1-1:2022 Eurocode 8 — Design of structures for earthquake resistance - Part 1-1: General rules
and seismic action

prEN 1998-5:2022, Eurocode 8 - Design of structures for earthquake resistance - Part 5: Geotechnical
aspects, foundations, retaining and underground structures

[SO 80000 (all parts), Quantities and units

3 Terms, definitions and symbols
3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in EN 1990, prEN 1998-1-1:2022,
3.1 and the following apply.

3.11
positive linkage
connection implemented by seismic links

3.1.2

spatial variability (of seismic action)

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

3.1.3

longitudinal and transverse directions of the bridge

the longitudinal direction x is defined by the line connecting the centres of the two end-sections of the
deck. The transverse direction y is assumed to be orthogonal to the longitudinal direction

Note 1 to entry: In skew bridges, the above defined horizontal directions generally do not coincide with the
bearings’ principal axes of inertia, which can underestimate seismic effects if the two directions are considered
independently. For this reason, it is important that the skew is properly accounted for in the numerical model and
that the two horizontal directions of seismic action are properly combined.

3.14

seismic links

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

3.1.5

minimum overlap length

safety measure in the form of a minimum distance between the inner edge of the supported and the
outer edge of the supporting member. The minimum overlap is intended to ensure that the function of
the support is maintained under extreme seismic displacements
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3.1.6
design seismic displacement
displacement induced by the design seismic actions

3.1.7

total design displacement in the seismic design situation

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

3.1.8

critical region, critical zone

region/zone of a primary seismic member, where the most adverse combination of action effects (M, N,
V, T) occurs and where plastic hinges can form

Note 1 to entry: In concrete bridge piers, critical regions are potential dissipative zones such as defined in
prEN 1998-1-1:2022, 3.1.10. The length of the critical region is defined in 7.2.1.

3.1.9

skew bridge

bridge whose spans are not perpendicular to the axis of the supports, with an angle of skew (3.2.2.2)
larger than 20°

3.1.10

curved bridge

bridge with an angle between the initial and final tangents to the curved longitudinal axis larger than
25°. All other bridges are considered straight

3.1.11
ductile member
primary seismic member where a plastic hinge can form

3.2Symbols and abbreviations

3.2.1 General

The symbols and abbreviations listed in prEN 1990:2021, 3.2 and in prEN 1998-1-1:2022, 3.2, apply.

For the symbols related to materials, as well as for symbols not specifically related to the seismic
situation, the provisions of the relevant Eurocodes should be applied.

Further symbols and abbreviations, used in connection with seismic actions, are defined in the present
standard where they occur, for ease of use. However, in addition, the most frequently occurring symbols
used in EN 1998-2 are listed and defined in 3.2.2 and additional abbreviations are given in 3.2.3.
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3.2.2 Symbols

3.2.2.1 Symbols used in 4

3.2.2.1.1 Lower case Latin symbols

de
dra
de
dr
ky, ka

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

Total design displacement in the seismic design situation

Long-term relative displacement due to permanent and quasi-permanent actions
Displacement due to thermal movements

Stiffness of timber fasteners or connectors

3.2.2.1.2 Lower case Greek symbols

nx  Normalised axial force

¥, Combination factor for the quasi-permanent value of the thermal action
3.2.2.2 Symbols used in 5

3.2.2.2.1 Upper case Latin symbols

Ac
B
Eq

Llim

M,

Concrete area of the cross-section

Width of the deck

Seismic action effects

Deformation energy induced in component i by the seismic action

Quasi-static part of the seismic action effect
Dynamic part of the seismic action effect
Contribution of the k-th static mode under the peak ground displacement at support k.

Seismic action effects due to higher quasi-antisymmetric modes
Seismic action effects due to uniform excitation

Contribution of the i-th mode under the design seismic action

i-th mode response to the seismic input (response spectrum) at the k-th support

Horizontal force

Static force on pier i in the lateral forces method

Static forces due to the contribution of higher quasi-antisymmetric modes
Seismic base shear force

Total length of the continuous deck

Total length of the bridge

Total bridge mass above the foundations

Equivalent modal mass
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Mk,
MRrq;i

M
Nkq

Ns,
Np

Prot
Qui
SF
T:
Ti
Vo

Maximum value of design moment at the intended plastic hinge location of ductile member i
as derived from the analysis for the seismic design situation

Design flexural resistance of the same section with its actual reinforcement under the
concurrent action of the non-seismic action effects in the seismic design situation

Equivalent static moment
Axial force at the plastic hinge seismic design situation

Number of static and dynamic modes used in the analysis of long bridges on non-uniform
soil

Total vertical force acting at the top of the pier
Variable gravity loads as appearing in the seismic design situation

Mode amplification factor

Fundamental period in the considered direction
Fundamental period of the i-th pier or i-th modal period from modal analysis

Shear force acting on the pier in the seismic design situation

3.2.2.2.2 Lower case Latin symbols

as
dE‘p
dm

€o

€a

€d

fex

dpN
qp,ssI
mj

ri

I'k
Fmin

rmax

12

Shear span ratio (=Lv/h)
Design pier top displacement under the design seismic action

Average of the piers top displacements under a transverse uniformly distributed load on the
deck

Total eccentricity (e. + ed)

Theoretical eccentricity between the centre of stiffness of the supporting members and the
centre of mass of the deck

Accidental eccentricity

Additional eccentricity reflecting the dynamic effect of simultaneous translational and
torsional vibration

Characteristic concrete strength

Depth of basin or pier height

Reduced value of g-factor

Reduced value of the ductility-related g-factor component due to axial force

Reduced value of the ductility-related g-factor component due to soil-structure interaction

Mass over the i-th support

. Ed,i
Parameter defined as 1, = g——=
Rd.i

Correlation coefficient between dynamic modes

Vector collecting the k-th static mode
Minimum value of r; among all ductile members i

Maximum value of r; among all ductile members i
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Displacement over the i-th support in the horizontal direction when the structure is acted
upon by the acceleration of gravity

3.2.2.2.3 Upper case Greek symbols

I
Ad

i-th modal participation factor due to spatially variable excitation

Maximum difference in displacement between any two pier tops under a transverse uniformly
distributed load on the deck

3.2.2.2.4 Lower case Greek symbols

Nk

&
Eetr

2
Po

Pxl
@

Qi
Yk,

Damping correction factor for the elastic response spectrum
Normalised axial force

Pier top displacement sensitivity coefficient

Factor for the calculation of behaviour factor q

Equivalent viscous damping ratio

Equivalent viscous damping ratio of component i

Effective viscous damping of the structure

Parameters for regular seismic behaviour

Correlation coefficient between seismic input motion at different supports

Parameter for calculating 1g; or skew angle (angle between the longitudinal axis of the bridge
and a line perpendicular to the alignment of intermediate or end supports)

i-th modal shape from modal analysis

Combination coefficients

3.2.2.3 Symbols used in 6

3.2.2.3.1 Upper case Latin symbols

Akd
Ajeft
Mgq
M,
Mgq
N
Ned

Design action effects in the seismic design situation

Effective area of the joint

Design moment in the seismic design situation

Overstrength moment

Design value of the flexural resistance of the section

Axial force of the pier under the non-seismic actions in the seismic design situation
Axial force in the seismic design situation

Vertical axial joint force

Horizontal axial joint force

Horizontal axial joint force in the transverse direction

Resultant force of the tensile reinforcement of the pier corresponding to the design
flexural resistance, Mg, of the plastic hinge

Shear force of the horizontal member adjacent to the tensile face of the pier,
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corresponding to the capacity design effects of the plastic hinge
Vrdjmin Minimum joint shear resistance
Vix Design horizontal shear force of the joint
Vi Design vertical shear force of the joint

3.2.2.3.2 Lower case Latin symbols

b, Cross-section width of the pier

b;,  Effective width of the joint

b,  Cross-section width of the web of the deck

d. Diameter of circular pier

fea  Design value of the tensile strength of concrete

fyan  Design value of the tensile strength of the horizontal reinforcement in the joint
hy  Cross-section depth of the “beam” (e.g. deck)

h.  Cross-section depth of the pier

lc  Critical region length

3.2.2.3.3 Lower case Greek symbols

ny, Ny, n, Joint axial stresses

Vx, Vy, V2 Joint shear stresses

Ze, Zb Internal lever arms of pier and deck, respectively

B Angle between the vertical and the diagonal of the joint
YRd Overstrength factor

Nk Normalised axial force

0 Chord rotation

Osh Stress in the horizontal reinforcement in the joint

Wrm Material randomness factor

Wsh Strain hardening factor

3.2.2.4 Further symbols used in 7

3.2.2.4.1 Upper case Latin symbols

A: Area of the gross concrete section

Ac.  Confined (core) concrete area of the section to the hoop centre line

Asp  Area of the spiral or hoop bar

Asx  Area of the horizontal joint reinforcement

As,  Area of the vertical joint reinforcement

Asw Total area of a layer of hoops or ties in the one direction of confinement
A:  Area of one tie leg

Dy, Diameter of the spiral or hoop bar
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Internal diameter of hollow circular piers

Axial force in the seismic design situation

3.2.2.4.2 Lower case Latin symbols

SL

ST

Dimension of the concrete core perpendicular to the direction of confinement under
consideration, measured to the outside of the perimeter hoop

Smallest dimension of the concrete core

Diameter of longitudinal bar

Characteristic concrete strength

Design value of yield strength of the joint reinforcement

Yield strength of the longitudinal reinforcement

Yield strength of the tie

Thickness of walls making up the cross-section of hollow-core piers
Critical region length

Spacing of hoops or ties in the longitudinal direction

Transverse distance between hoop legs or supplementary cross-ties

3.2.2.4.3 Upper case Greek symbols

AAs
AAs,

Area of horizontal joint reinforcement placed outside the joint body

Area of vertical joint reinforcement placed outside the joint body

3.2.2.4.4 Lower case Greek symbols

Ecuz
Nk
P
Pz
Pmin
Px
Py

Pw
Pz

by,
du

Wwd

Ww,req

Maximum compressive strain in the concrete
Normalised axial force

Longitudinal reinforcement ratio

Vertical stirrups reinforcement ratio
Minimum joint reinforcement ratio

Ratio of horizontal reinforcement in the joint

Reinforcement ratio of closed stirrups in the transverse direction of the joint panel
(orthogonal to the plane of action)

Transverse reinforcement volumetric ratio
Ratio of vertical reinforcement in the joint

Curvature at yield and ultimate

Mechanical reinforcement ratio of confining reinforcement

Mechanical ratio of minimum confinement
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3.2.2.5 Symbols used in 8

3.2.2.5.1 Upper case Latin symbols

H; Height of pier i

Kb Effective stiffness of isolator of pier i

Kese Effective stiffness of the isolation system in the principal horizontal direction under
consideration

Kefri Composite stiffness of isolator units and the corresponding pier i

Ksi Rotational stiffness of the foundation of pier i

Ksi Displacement stiffness of pier i

Kii Translational stiffness of the foundation of pier i

Ky, Effective composite stiffnesses of isolator unit and pier i in the x and y directions,

Ky respectively

Lest Effective length of the deck
Lg Distance parameter
My Mass of the superstructure (deck)

3.2.2.5.2 Lower case Latin symbols

da  Displacement at the centre of mass of the superstructure (deck)

des  Effective displacement due to the spatial variation of the seismic ground displacement
d;  Expected ground displacement under the design seismic action

dea  Total seismic design displacement

des  Effective seismic displacement of the support due to the deformation of the structure
dia  Superstructure displacement over pier i

ex Eccentricity in the longitudinal direction

Im Minimum support length

loy  Minimum overlap length

r Radius of gyration of the deck mass about the vertical axis through its centre of mass
s Slack of the seismic link

xi, ¥i Coordinates of pier i relative to the effective stiffness centre

3.2.2.5.3 Lower case Greek symbols

6i  Amplification factor for the superstructure displacement over pier i

&t Effective damping of the isolation system
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3.2.2.6 Symbols used in 10

3.2.2.6.1 Upper case Latin symbols

E, Total earth pressure acting on the abutment in the seismic design situation
K, At-rest pressure coefficient

Ko Passive pressure coefficient in the seismic design situation

Kot o Mobilised passive pressure coefficient at depth z from the top of the abutment

3.2.2.6.2 Lower case Latin symbols

iu Function that interpolates the pressure coefficient between at-rest and passive values
u Abutment displacement at depth z from the top of the abutment
a Non-dimensional soil-dependent parameter

d

Design seismic displacement limit

lim

3.2.2.6.3 Lower case Greek symbols

y Weight density of soil or backfill material behind the abutment
Opmob Mobilised passive pressure at depth z from the top of the abutment

3.2.2.7 Symbols used in Annex B

3.2.2.7.1 Upper case Latin symbols

R Radius of the immersed pier (circular cross section)

3.2.2.7.2 Lower case Latin symbols

k Mass coefficient of rectangular immersed pier
Mma Total effective mass in a horizontal direction of immersed pier
ax, ay Dimensions of immersed pier (elliptical or rectangular cross section)

3.2.2.7.3 Lower case Greek symbols

6 Angle of horizontal seismic action
p Water density
3.2.2.8 Symbols used in Annex C

[ Bridge span limit
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3.2.2.9 Symbols used in Annex D

3.2.2.9.1 Upper case Latin symbols

Aco(2)
Es
Gemb
Hap
Hemb
L

La

Ly
PGV,
Spe

Temb

Contact area between structure and soil or backfill material at depth z
Young’s modulus of the soil

Embankment material shear modulus

Abutment height

Embankment height

Horizontal characteristic length

Horizontal characteristic length for active condition

Horizontal characteristic length for passive condition

Design peak value of horizontal ground velocity

Spectral displacement at the fundamental period of the embankment vibrating in the
longitudinal direction of the bridge

Fundamental period of the embankment vibrating in the longitudinal direction of the
bridge

3.2.2.9.2 Lower case Latin symbols

k. Stiffness for displacement towards the active limit pressure

k, Stiffness for displacement towards the passive limit pressure

3.2.2.9.3 Lower case Greek symbols

Pemb
Oo
Oa
Op
¢
(7

Embankment material mass density

Initial pressure

Active pressure resistance limit

Passive pressure resistance limit
First-mode shape of the embankment in the longitudinal direction of the bridge

Combination factor for the quasi-permanent value of thermal action

3.2.3 Abbreviations

MSRS

Multiple Support Response Spectrum

UBDP Upper bound design properties of device

LBDP

18

Lower bound design properties of device
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3.3S.1. Units
S.I. Units in accordance with [SO 80000 shall be used.

For calculations, the following units should be used when applicable:

-  mass: kg, t

- mass density: kg/m3, t/m3

- forces and loads: KN, KN/m, kN /m?
- weight density: kN/m3

- stresses and strengths: Pa (= N/m?2), kPa (= kN/m?2), MPa (= MN/m?2)

- moments (bending, etc.): kNm

- acceleration: m/s2
4 Basis of design

4.1Basic requirements

(1) Consequence class CC3 should be divided into CC3a and CC3b according to prEN 1998-1-1:2022,
4.2(3).

NOTE The definition of consequence classes for bridges is given in prEN 1990:2021, Table A.2.1(NDP).

(2) For the application of prEN 1998-1-1:2022, 4.1(4), 6 values should be determined.

NOTE The values of § applicable to bridges are those in Table 4.1 (NDP), unless the relevant authorities or
the National Annex give different values for use in a country.

Table 4.1 (NDP) — ¢ values for bridges

Consequence class
CC1 CC2 CC3a CC3b
') 0,6 1,0 1,25 1,6

4.2 Seismic actions

4.2.1 General

(1) prEN 1998-1-1:2022, 4.3, should be applied.

NOTE Values of return period Tiscc or performance factor yuscc are those given in Table 4.2(NDP) and
Table 4.3(NDP), respectively, unless the relevant authorities or the National Annex give different values for use in
a country.

Table 4.2 (NDP) — Return period Tiscc values, in years, for bridges

Consequence class
Limit state
CC1 CC2 CC3a CC3b
NC 800 1600 2500 5000
SD 250 475 800 1600
DL 50 60 100 200
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Table 4.3 (NDP) — Performance factor yiscc values for bridges

Consequence class
Limit state
CC1 CC2 CC3a CC3b
NC 1,2 1,5 1,8 2,2
SD 0,8 1,0 1,25 1,5
DL 0,5 0,5 0,6 0,7
NOTE The values of the performance factor in Table 4.3 correspond to the ratios of the intensities

characterized by the return periods in Table 4.2 to the intensity characterized by the reference return period for
CC2 and SD equal to 475 years, calculated with a value of the hazard slope k = 3, appropriate for the seismicity

T k
. - . . . LS,CC
corresponding to the Moderate seismic action class, using the expression J;¢. = . See also

TSD,Z

prEN 1998-1-1:2022, 5.2.1(2).

(2) The seismic action should be taken as given in prEN 1998-1-1:2022, 5.2.

(3) The vertical component of the seismic action should be considered for the verification of the
structural members in a) to d):

a) prestressed concrete decks;
b) cable-stayed bridges;
c) antiseismic devices;

d) piers, in case of high seismic action class, if subjected to bending stresses due to vertical permanent
actions of the deck, or if the bridge is located within 5 km of an active seismo-tectonic fault.

NOTE Case d) refers to inclined piers or vertical piers with monolithic connection to the deck.
(4) The effects of the vertical component may be omitted for piers in cases of low and moderate

seismic action classes.

(5) If expected to be relevant, ground permanent displacements should be evaluated through specific
studies. Their consequences should be minimized by appropriate measures, such as selecting a suitable
structural system.

NOTE1 Ground permanent displacements are expected to be important in close vicinity to active and shallow
faults.

NOTE2  The seismic action in prEN 1998-1-1:2022, 5.2, accounts only for ground shaking or transient
displacement, not for permanent displacements. The latter, arising from ground failure or fault rupture, can result
in imposed deformations with severe consequences for bridges.

(6) When included in the model, soil-structure interaction (SSI) should conform to prEN 1998-5:2022,
8.

NOTE The seismic action application depends on the adopted model of SSI.
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4.2.2 Spatial variability of the seismic action
(1) Spatial variability of earthquake ground motion should be considered according to Table 5.3, when
any of the conditions in a) to c) holds:

a) The maximum and minimum values of the average shear wave velocity Vsu calculated for the soil
profiles under each bridge support (piers and abutments) differ by more than 200 m/s.

b) The total length of the bridge exceeds L, , equal to the smallest characteristic length value L,
among all bridge supports as given in prEN 1998-1-1:2022, 5.2.3.2(3).

c) The maximum span length between two successive supports exceeds 50 m (for bridges having two
spans or more).

NOTE At abutments, the evaluation of Vs involves only the foundation soil, not the embankment/backfill.

(2) When spatial variability of earthquake ground motion is not considered but the supports rest on
soil belonging to different site categories, the seismic action for the most demanding category should be
used.

NOTE Short to medium length bridges with span length not exceeding 50 m, can span over moderately
varying soils with difference in Vsu at different supports lower than 200 m/s but leading to different site
classification.

4.3 Characteristics of earthquake resistant bridges
4.3.1 Conceptual design

(1) Abridge structure shall be able to resist the seismic action in any direction.

(2) Seismic performance of a bridge should be considered since the early stage of conceptual design,
achieving a structural system that, with acceptable costs, satisfies the performance requirements
specified in prEN 1998-1-1:2022, 4.1.

NOTE1 (2) applies to all seismic action classes.

NOTE 2  Guidance for good practice is given in informative Annex A.

(3) Satisfaction of performance requirements in the seismic design situation should be achieved by

means of either a), b) or their combination:

a) resistance through structural members, possibly involving energy dissipation in clearly identified
critical zones (design to ductility classes DC1, DC2 or DC3);

b) use of antiseismic devices.

(4) The seismic performance of structural members should be verified according to 6.

” o«

NOTE Specific rules for “bridges equipped with antiseismic devices”, “cable-stayed and extradosed bridges”
and “integral abutment bridges” are given in 8, 9 and 10, respectively.

(5) The torsional resistance of a bridge structure around the vertical axis should not rely on the
torsional rigidity of a single pier.
(6) Insingle span bridges, the bearings should be designed to resist torsional effects.

(7) If a bridge crosses a potentially active tectonic fault, the discontinuity of the ground displacement
should be accommodated either by adequate flexibility of the structure or by provision of suitable
movement joints.

Documents
Document Shari@lHub

Full document details: 23/30458281DC


http://www.avadocuments.com/doc/23-30458281-dc
http://www.avadocuments.com/doc/23-30458281-dc

prEN 1998-2:2022 (E)

NOTE The total differential displacement at a fault crossing consists of the sum of the differential
displacement in the seismic design situation, which should be calculated consistently with the return period of the
design seismic action, and of a quasi-static differential displacement due to slow movement on the fault developed
over the design life of the bridge. Information on the seismic part of the differential displacement at fault crossing
can be found in prEN 1998-41, Annex E. This Standard does not give information on the quasi-static component of
the differential displacement.

(8) Slope stability should be verified and the effect of potential instability on the bridge assessed
according to prEN 1998-5:2022, 7.2.

(9) The liquefaction potential of the foundation soil should be investigated in accordance with
prEN 1998-5:2022, 7.3.

(10) Bridge foundations should not be intentionally used as sources of hysteretic energy dissipation and
therefore should, as far as practicable, be designed to remain elastic under the design seismic action.

4.3.2 Primary and secondary seismic members

(1) Supporting members (piers and abutments) resisting the seismic forces in the longitudinal and
transverse directions should be designated as primary. The number of primary members may be less
than the total number of supporting members, by using sliding or flexible bearings between the deck
and some piers. Supporting members other than primary should be designated as secondary.

NOTE For example, disconnection in the longitudinal direction can be used to reduce the stresses arising
from imposed deck deformations due to thermal actions, shrinkage and other non-seismic actions. Disconnection
in the transverse direction can lead to a better distribution of forces among supporting members, as shown in A.5.

(2) All primary structural members should be modelled in the structural analysis, designed and
detailed for earthquake resistance in accordance with 5 to 10.

(3) In addition to compliance with their own seismic design requirements, the secondary seismic
members and their connections should be designed and detailed to maintain support of non-seismic
actions in the seismic design situation when subjected to the displacements caused by the most
unfavourable seismic design condition.

NOTE In addition to those of EN 1992, EN 1993, EN 1994, EN 1995, EN 1996 and EN 1999, Clauses 5 to 10
give rules for the analysis, design and detailing of secondary seismic members.

(4) When an abutment-deck connection is rigid, either because it is monolithic or through fixed
bearings or seismic links, and the corresponding abutment contributes significantly to the seismic
resistance both in the longitudinal and transverse direction, it should be designated as primary
member. A rigid connection may be exploited for seismic resistance, especially with shorter and
medium length bridges (see specific provisions in 10).

NOTE1 Culverts are a special case of this protection strategy.
NOTE 2  Eliminating joints reduces maintenance costs and increases durability.
4.3.3 Resistance and ductility conditions - Capacity design rules

(1) The locations of critical zones should be chosen to ensure accessibility for inspection and repair.
Such locations should be clearly indicated in the appropriate design documents.

(2) The location of areas of potential or expected seismic damage in addition to critical zones, should
be identified and the difficulty of repairs should be minimized.

NOTE Abutments’ back-walls can represent such locations, if designed as sacrificial elements.

(3) For DC2Z and DC3 structures (see 4.3.6), a dependably stable partial or full mechanism should
develop in the structure through the formation of flexural plastic hinges.
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NOTE1 These hinges normally form in the piers and act as the primary energy dissipating components.

NOTE 2  Flexural plastic hinges do not necessarily form in all piers, according to 4.3.2(1) (partial plastic
mechanism).

(4) An appropriate hierarchy of resistance should exist within the various structural components. This
should be achieved by designing all members against all brittle modes of failure as well as all members
or parts of members intended to remain elastic, using “capacity design effects” as specified in 6.3.2.

NOTE (4) is to ensure that the intended configuration of plastic hinges as stated in (3) will form and that
brittle failure modes are avoided.

(5) Plastic hinges should not be formed in reinforced concrete members where the normalized axial
force n« defined in Formula (5).7) exceeds 0,6.

(6) The bridge deck should remain within the elastic range under the design seismic action, except as
given in 5.1.1(8).

(7) Plastic hinges (in bending about the transverse axis) may form in continuity slabs.

NOTE Continuity slabs are cast-in-place slabs commonly employed to provide top slab continuity between
adjacent simply supported spans formed of precast concrete girders completed by a top reinforced concrete slab.
(8) Prestressed members should be protected from formation of plastic hinges under the design
seismic action.

NOTE1  This standard does not contain rules for ductility of such members.

NOTE 2  This standard does not contain rules for post-tensioning of piers used as a seismic protection system

(post-tensioning to provide a conventional cast-in-place pier or a precast pier rocking on the foundation with a
recentering force).

4.3.4 Connections

(1) Connections between supporting and supported members shall be designed in order to ensure
structural integrity and avoid unseating under the design seismic displacements with increased
reliability.

(2) (1) should be ensured by designing connections used for securing structural integrity according to
8.

(3) Appropriate overlap lengths should be provided between supporting and supported members at
moveable connections, to avoid unseating (see 6.3.6 and 8.5).

4.3.5 Control of displacements - Detailing of ancillary elements
(1) Detailing of structural components and ancillary elements shall be provided to accommodate the
displacements in the seismic design situation.

(2) Clearances between adjacent members should be provided for protection of deck extremities. Such
clearances should accommodate the total design value of the relative displacement in the seismic design
situation, dgg, determined as given by Formula (4).1).

dEd — dG H_;’_H dE H_’_szdT (4-1)
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where

dq is the governing value between the short-term (opening) and long-term (end of
design service life) values of the relative displacement due to the permanent and
quasi-permanent actions (e.g. post-tensioning, shrinkage and creep for concrete
decks);

dr is the design seismic relative displacement;

dr is the displacement due to thermal movements;

Y2 is the combination factor for the quasi-permanent value of thermal action, given
in prEN 1990:2021, Table A.2.7(NDP);

“4” means combined with + or - sign to obtain the most unfavourable effect.

(3) If abutment displacements towards the deck are larger or equal than the smaller of the
displacements in (2), they should be added to d; in Formula (4).1).

NOTE Tall reinforced earth abutments can exhibit larger displacements than reinforced concrete ones.

(4) Second-order effects according to 5.1.3 should be taken into account in the calculation of the total
design value of the displacement in the seismic design situation.

(5) The design seismic relative displacement, dg, between two independent sections of a bridge,
defined in (2), may be estimated as the square root of the sum of squares of the values of the design
seismic displacement calculated for each section.

(6) Large shock forces on sensitive components such as prestressing anchorages, caused by
unpredictable impact between deck extremities, should be prevented by means of ductile/resilient
members or special energy absorbing devices (buffers). Such members should possess a slack at least
equal to the total design value of the relative displacement in the seismic design situation, dgq.

(7) Ancillary elements of importance for crisis management (e.g. bridge equipment such as carried
water pipes, electric or gas lead), expected not to be damaged in the seismic design situation at SD limit
state, should be designed and detailed accordingly.

NOTE Such ancillary elements are defined by the relevant authorities. Continuity of service of essential
utilities such as water and power is key to a faster recovery in the aftermath of an earthquake.

(8) The detailing of ancillary elements not addressed in (7) (e.g. deck movement joints, bridge
equipment such as holding devices, noise barriers, lighting masts, directional portal frames, and
abutment back-walls) should cater for a predictable mode of damage, minimize risks to persons in case
of failure and provide for the possibility of repair. Clearances should accommodate the design seismic
displacement at DL limit state and the movement due to temperature, creep and shrinkage.

NOTE At joints of railway bridges, transverse differential displacement can be either avoided or limited to
values appropriate for preventing derailment. Limiting values can be found in the National Annex or be agreed
with the railway operating authority.

(9) Anchorage of ancillary elements to structural members should be designed according to
prEN 1998-1-1:2022, Annex F.

4.3.6 Choice of ductility class - Limits of seismic action for design to DC1, DC2 and DC3

(1) 4.3.6 should be applied to reinforced concrete, steel and composite steel-concrete bridges with one

or more support (pier or abutment) rigidly connected to the deck (either monolithically or through
fixed bearings or links) and exploiting ductility for seismic protection.

NOTE Bridges equipped with antiseismic devices, cable-stayed and extradosed bridges, integral abutment
bridges and timber bridges are covered in 8, 9, 10 and Annex C respectively.
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(2) The primary structure should be assigned a ductility class according to prEN 1998-1-1:2022,
4.4.2(3).

NOTE Bridge supports can be classified as primary seismic members in one local direction and secondary in
the orthogonal one, depending on the type of bearings used (e.g. unidirectional sliders allow relative displacement
with minimum friction in the longitudinal direction, while restraining the movement in the transverse one).

(3) The ductility class should be unique for the bridge and the same in all directions.

(4) Inhigh seismic action class, bridges should be designed for DC3.

(5) Seismic design for DC1 should not be adopted in moderate and high seismic action class.

4.3.7 Simplified criteria

(1) Non-frame culverts, i.e. pipe culvert and single- or multi-cell box culvert, may be designed
according to prEN 1998-1-1:2022, 4.1(7), with the further provisions given in 10.3.4(3).

(2) In cases of low seismic action class, simplified design criteria may be established for certain types
of bridges.

NOTE1 The selection of the categories of bridges and ground types for which the simplified criteria apply and
the corresponding rules can be found in the National Annex for use in a Country.

NOTE 2 In some countries, this selection and the associated rules are given by the relevant authorities.

5 Modelling and structural analysis
5.1Modelling
5.1.1 General

(1) The model of the bridge should comply with prEN 1998-1-1:2022, 6.2.

(2) The wvalues of combination coefficients wg; defined in prEN 1998-1-1:2022, 6.2.1(3),
Formula (6).1), for the masses associated to variable actions should account for the severity of traffic
conditions. In the absence of more accurate values based on traffic analysis, values of 1)g; may be taken
as given in Table 5.1.

NOTE1 Road bridges with severe traffic conditions can be considered as applying to motorways and other
roads of national importance. Railway bridges with severe traffic conditions can be considered as applying to
inter-city rail links and high-speed railways.

NOTE 2  Inapplying prEN 1998-1-1:2022, 6.2.1(3), Formula (6).1), Qk, is the UDL system of load model LM1 for
road and of load model LM71 for railway bridges, respectively.

Table 5.1 — Values of yg;

Type of variable action Yk,

Traffic variable action (normal traffic and footbridges) | 0,0

Road traffic action (severe traffic conditions) 0,2
Railway traffic action (severe traffic conditions) 0,3
Other variable actions 0,0

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