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TABLE OF CONTENTS

Page
FOREWORD TO EN 1998-2:2005 .......cccceeverrerensunsensunsunsansacssessessessessessassassassassassscssces 6
FOREWORD TO EN 1998-2:2005/A1:2009......c.coocerurrumrunsuisuesrecsecsessensessassasncsssscsnces 6
FOREWORD TO EN 1998-2:2005/A2:2011....ccccerurrunsunsunsucsuessecsessessessassassassscsssscsnces 7
1 INTRODUCTION .coiiinriiensnnsenssissessessessessassessassasssessessessesssssassasssssassssssssssssssses 12
1.1 SCOPE ...ttt 12
1.1.1 SCOPE Of EN 1998-2 ...t 12
1.1.2 Further parts 0f EN 1998 .......c.oociiiioiiiiiiieiieteee e 13
1.2 NORMATIVE REFERENCES.......cccttttiiiiieiiiirieeeeeeesinrrrereeeeesessnnnsseeeeessessssnssnns 13
1.2.1 US@ ..o 13
1.2.2 General reference Standards ..................ccoccooieviinoiiniiiiiniiiiiienee, 13
1.2.3 Reference Codes and Standards ..................cccccooveviiiiniiiiiiciniecn, 13
1.2.4 Additional general and other reference standards for bridges............... 13
1.3 ASSUMPTIONS. ...cceutiteitteeiteeeiteeeiteestteestteesabeeesateessbeessteesabeeesabeessabeesnnseenns 14
1.4 DISTINCTION BETWEEN PRINCIPLES AND APPLICATION RULES .................... 14
1.5 DEFINITIONS ..cceiiiitteteeiitte ettt ettt e ettt e ettt e e et e e e s saataeeesabbeeeessaaeeesaneee 14
1.5.1 GOMETAL ... e 14
1.5.2 Terms common t0 all EUrocodes ...................cccccuvievinciniiiiieniaenn, 14
1.5.3 Further terms used in EN 1998-2..........cccoouiiiioiiiiiiiiiniiiiee e, 14
1.6 SYMBOLS ...ttt eitte ettt ettt ettt et e ettt e e bt e sbbee st e e sabteesabeeesabeeenaseesnneesanee 16
1.6.1 GOMETAL ... 16
1.6.2 Further symbols used in Sections 2 and 3 of EN 1998-2..........cccccceu... 16
1.6.3 Further symbols used in Section 4 of EN 1998-2 ........ccccccoovicvniencnnann. 17
1.6.4 Further symbols used in Section 5 of EN 1998-2 ........cccccooviivivnienennnn. 18
1.6.5 Further symbols used in Section 6 of EN 1998-2 ........cccccoovvvevenievennenn. 19
1.6.6 Further symbols used in Section 7 and Annexes J, JJ and K of
EN 19982 .ot 21
2 BASIC REQUIREMENTS AND COMPLIANCE CRITERIA....................... 24
2.1 DESIGN SEISMIC ACTION .....ovivieeeeeeeeeeeeseeeeseseesees s ese e ees e 24
2.2 BASIC REQUIREMENTS ......cuuiiiiitteeeeeieinrirreeeeessassnnesseeresseessssnsssseeeeessessssnnssens 25
2.2.1 GOMETAL ... e 25
2.2.2 No-collapse (ultimate limit State) ...............cccoeeeeviiiiianieiiaiieeeeeeee 25
2.2.3 Minimisation of damage (serviceability limit state)................................ 26
2.3 COMPLIANCE CRITERIA ......uuttiieiiiiieeesiiieeeesiteeeesiveeeessssseeessssseeesnssseeessssseeens 26
2.3.1 GOMETAL ... e 26
2.3.2 Intended seismic behAVIOUT ..................cccccueviiiiiiiiiiiiieiet e 26
2.3.3 ReSiStance VerifiCations ..............ccoceeiuoiieiniiciiiieieeeseee e 29
2.3.4 CAPACTLY AESTGN ...t 29
2.3.5 Provisions for dUCtility ..............cccocoiviiiiiniiiiiiiiiiecee e 29
2.3.6 Connections - Control of displacements - Detailing ............................... 32
2.3.7 SImPLfied CPIteriQ...............ccooviiiiiiiiiiieeie e 36
2.4 CONCEPTUAL DESIGN....cciiitiiieeeiiieeeesiieeeesssteeeessreeeesssssesesssssseesssssessessssseens 36
3 SEISMIC ACTION ...iiiiinensnnseisnisscssessessessessassassasssssssssessssssssassassassasssssssssesss 39
3.1 DEFINITION OF THE SEISMIC ACTION ......cctttieeieeieirriiereeeeeeessnnnreeereeesesssnnnnenns 39
3.1.1 GOMETAL ... e 39
3.1.2 Application of the components of the MOLION ................ccccoceevieeennennn.n. 39
3.2 QUANTIFICATION OF THE COMPONENTS.......c.ovueueereeeeeeeeeeeereeeeersesreseeeseeeeae 39



3.2.1 GO AL ... e 39

3.2.2 Site dependent elastic reSpONSe SPECIIUM ...............cccveeeceeeeeeeeniieenneanns 40
3.2.3 Time-hisStory repreSeNtAtiON ...............cccueeeeveeeeeeesiieeeiieeeieeeeieeeenee s 40
3.2.4 Site dependent design spectrum for linear analysis ..................ccccou.... 41
3.3 SPATIAL VARIABILITY OF THE SEISMIC ACTION .....cccocectinuieienienienienieeneenne 41
D NA 2N DAY I 45
4.1 MODELLING ......cciiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeee 45
4.1.1 Dynamic degrees of freedom ................cccccvveveieenciiiiiiiieiiieeieeeee e 45
4.1.2 MASSES ... s 45
4.1.3 Damping of the structure and stiffness of members ...............cc.cccveenn.... 46
4.1.4 Modelling of the SOIL...............ccooveviiieiiiieiieeee e 46
4.1.5 TOVSIONAL EffECLS ..o 47
4.1.6 Behaviour factors for linear analysis .............cccccoecvevcceeneiieencieennreennen. 48
4.1.7 Vertical component of the S€iSMIC ACIHON ...............cccoeeeeeeeceeeeiieaaieaane, 51
4.1.8 Regular and irregular seismic behaviour of ductile bridges................... 51
4.1.9 Non-linear analysis of irregular bridges..............cc.ccccovvvvvevvivencnnannn.. 52
4.2 METHODS OF ANALYSIS ..coiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 52
4.2.1 Linear dynamic analysis - Response spectrum method........................... 52
4.2.2 Fundamental mode method ...................cccccovviiiiiiiiiniiiiiiiiieece 54
4.2.3 Alternative linear Methods................c.ccccccovviiviiiiiiiiiiaiiiiieeee e 58
4.2.4 Non-linear dynamic time-history analysis..............c.ccccevevveecveeenceeennnnn. 58
4.2.5 Static non-linear analysis (pushover analysis)..............ccccceuevvereeueenennnnns 60
STRENGTH VERIFICATION ....uciovininsisrensecsenssesssesssnssessanssssssessssssssssssssesssses 62
5.1 GENERAL ...ttt ettt e ettt e e e e tta e e e e et e e e e eaaaeeeeeaaaaeeeeeasseeeeannsaeeeennneens 62
5.2 MATERIALS AND DESIGN STRENGTH ....cceeottriiniiiiinreniieieeieneenre e seeeneennes 62
5.2.1 MALEFIALS.......c...cieiiiie e 62
5.2.2 DeSIGN SIFENGHN........ooocevieeiieeiieee et 62
5.3 CAPACITY DESIGN ....ooiiiiitiiiieieeeeeeeeeeiieeeee e e e eeeeeaareeeeeseeeeesnsaaareeeeeseessnansrenees 62
5.4 SECOND ORDER EFFECTS.....ccoocuutvttiieeeeiieiirieeeeeeeeeeeinsreeeeeseeeeeessssreessesesssnnnnes 64
5.5 COMBINATION OF THE SEISMIC ACTION WITH OTHER ACTIONS ...........c....... 65
5.6  RESISTANCE VERIFICATION OF CONCRETE SECTIONS .......cccccovvenuiruennenenne. 66
5.6.1 DESIGN FESISIANCE. ..ot 66
5.6.2 Structures of limited ductile behaviour ....................ccccovveveveviencinennnnn, 66
5.6.3 Structures of ductile behaviour................c...ccccueevceieiiieiiiieeiieeeie e 66
5.7 RESISTANCE VERIFICATION FOR STEEL AND COMPOSITE MEMBERS ............ 74
5.7.1 SOOI PITS ...t 74
5.7.2 Steel or cOmpOSite deCk ..............ccccuevviueiiiiieiiiiiiiieeeee e 75
5.8 FOUNDATIONS ...oottiieei ettt e ettt e e e e e e eatv e e e e e e e e e anaaaaaeeeeeeeennnnnssanenas 75
5.8.1 GONEFAL ... s 75
5.8.2 DeSign ACHION EffECtS........cccvviviiiiiiiieiiie et 76
5.8.3 ResSiStance VerifiCation.............cc.cccueeeueeviieeeiieeeie et 76
DETAILING ...uucoiiuiineicnisecsaesssisesssessssssssssssssssssssssssssssasssssssssssssssssssssssssssssssssssns 77
6.1 GENERAL «...uttiieeiiie ettt e ettt e e e et e e e e et e e e e eatae e e eeaaaeeeeesasseeeeannsaaeeennneens 77
6.2 CONCRETE PIERS ...oooiiiiiieiiitieieeeeeeeeeeiieeeeeeeeeeeenanneeeeeeseeeeesnsasareessesesesnnnssneees 77
6.2.1 CONSINEIENL ...ttt e s 77
6.2.2 Buckling of longitudinal compression reinforcement.............................. 81
6.2.3 OBREY TULES ... 82
6.2.4 HOIIOW DIEFS ... 83



6.3 STEEL PIERS ....cteiuttteiiieesieeeriteeesiteeesiteesiteesteeesaseeesaseesnsseesnnseesnseesnsseesnseeennnes 83

6.4 FOUNDATIONS ..o 83
6.4.1 Spread foundation ...................ccccccoeeiiiviiiiiiiiieiieee e 83
6.4.2 Pile foundations...............ccccccoovieiiieiiieiieeieee e 83

6.5 STRUCTURES OF LIMITED DUCTILE BEHAVIOUR ........cccccoviiiinieniieiiereneenne. 84
6.5.1 Verification of ductility of critical SECHIONS ................ccoeveeecveeeraiiannan. 84
6.5.2 Avoidance of brittle failure of specific non-ductile components ............. 84

6.6 BEARINGS AND SEISMIC LINKS......ccottiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 85
6.6.1 General reqUITEMENLES .............c..cccueeeeeieieeieeee et 85
6.6.2 BOAFINGS ..o 86
6.6.3 Seismic links, holding-down devices, shock transmission units............... 87
6.6.4 Minimum overlap Lengths ...............ccccoveveeieiieiiiiiieiieee e 89

6.7  CONCRETE ABUTMENTS AND RETAINING WALLS.......cccceoiiiiirieniiiiieienneenne. 91
6.7.1 General reqUITEMENLES ............c..cccveeeeeiieeieee et 91
6.7.2 Abutments flexibly connected to the deck ...................cccccevvvevvencinan.nn. 91
6.7.3 Abutments rigidly connected to the deck ................cc.cccooevvvviavveninannn. 91
6.7.4 Culverts with large overburden...................ccccccovvvvecieniiaiieniieeeeeeene 93
6.7.5 Retaining WaAlLS ................ccoooviiiiiiiiiiieeie et 94

7  BRIDGES WITH SEISMIC ISOLATION ....ccuivinininissensessensessasssssasssessessesses 95

7.1 (€121 23 27N SRR 95

7.2 DEFINITIONS ...coeiiieieeeeeeeeeeeeeeeeeeeeeeeeeeee e 95

7.3 BASIC REQUIREMENTS AND COMPLIANCE CRITERIA .......ccoovvvviiiiiiiiiiiiieenennn, 96

7.4 SEISMIC ACTION ....uuuuivrieeieeeeeieeinrreeeeeeeeeeniitrreeeeeeeeeesssssrreeeeeeeeessisrreseeseesennnnes 97
7.4.1 DSIGH SPECIFA ...t 97
7.4.2 Time-hiStory FepreSentation ...............ccoccueeeeeeeeeseeeieeeeieeieeeieeeieeneee e 97

7.5 ANALYSIS PROCEDURES AND MODELLING ......cocveruiiiieiiiiieieniienieeieeneeneenne 97
7.5.1 GONEFAL ... 97
7.5.2 Design properties of the isolating SyStem.................cccoccevvvevveecnannnennnn. 98
7.5.3 Conditions for application of analysis methods ................c..cc.cc......... 104
7.5.4 Fundamental mode spectrum analysis .............ccccccoovveveienieeieeninannnn. 105
7.5.5 Multi-mode Spectrum ARQLYSIS ............cccccevevieviiiiieiieiieee e 108
7.5.6 Time RiStOry ARALYSIS ..........occeeeiiiiiieeieeie et 109
7.5.7 Vertical component of SCISMIC ACHION..............c..cccveveeeceeiieeiieeieeeeene, 109

7.6 VERIFICATIONS. .. euttttttttererrsrssesssssssssssssssssssssssssssssssssssssssssssssssassssssrsssrssrr... 109
7.6.1 Seismic deSign STTUALION ...............ccooovueeiieiiieiieee e, 109
7.6.2 ISOIALING SYSEEM ... 110
7.6.3 Substructures and SUPEFSIIUCIUTE...................ccceeveeeeiiaeieeeeeieeeeeeeeeen, 111

7.7 SPECIAL REQUIREMENTS FOR THE ISOLATING SYSTEM.....c..ccceecuinureuennnene 113
7.7.1 Lateral restoring capability...............ccooveeviiviieiiiiiiieiieeie e 113
7.7.2 Lateral restraint at the isolation interface .................cccccceveveecvennene. 116
7.7.3 Inspection and Maintenance......................cccoccveeeeeeceeceesceeeeeeeeeeenn, 117

ANNEX A (informative) PROBABILITIES RELATED TO THE
REFERENCE SEISMIC ACTION. GUIDANCE FOR THE SELECTION OF
DESIGN SEISMIC ACTION DURING THE CONSTRUCTION PHASE ......... 118

ANNEX B (informative) RELATIONSHIP BETWEEN DISPLACEMENT
DUCTILITY AND CURVATURE DUCTILITY FACTORS OF PLASTIC
HINGES IN CONCRETE PIERS.......iininninnennnsninnesnsssessnessnsssesnessesssesssssns 119



ANNEX C (informative) ESTIMATION OF THE EFFECTIVE

STIFFNESS OF REINFORCED CONCRETE DUCTILE MEMBERS..........

ANNEX D (informative) SPATIAL VARIABILITY OF EARTHQUAKE

GROUND MOTION: MODEL AND METHODS OF ANALYSIS.......cccceeueee.

ANNEX E (informative) PROBABLE MATERIAL PROPERTIES AND
PLASTIC HINGE DEFORMATION CAPACITIES FOR NON-LINEAR

ANALYSES oeteirnttnnnenneennecsnessnesssessssessssssssssssassssessssssssssssassssssssssssassssssssss

ANNEX F (informative) ADDED MASS OF ENTRAINED WATER FOR

IMMERSED PIERS ...couuiintiniiniinninnnensnecnsnecsnnsssesssessssessssssssssssasssssssssssssssssasssns

ANNEX G (normative) CALCULATION OF CAPACITY DESIGN

EFFECTS uoiintininntennennnenssisssesssessssessssssssssssssssssssssssssssssssssassssssssssssassssasssses

ANNEX H (informative) STATIC NON-LINEAR ANALYSIS

(PUSHOVER) ..ouu.oennremssenssssssssssssssssssssssssssssssssssssssssssssssssssssasssssassssssssssssssanses

ANNEX J (normative) VARIATION OF DESIGN PROPERTIES OF

SEISMIC ISOLATOR UNITS..couiiiiinuinnnensnnnsnecssnssssesssnssssesssnsssassssassssasssssssasss

ANNEX JJ (informative) A-FACTORS FOR COMMON ISOLATOR
TYPES aoooeireninntenttennennnecnensnessessssesssessssessssssssssssassssessssees

ANNEX K (informative) TESTS FOR VALIDATION OF DESIGN

PROPERTIES OF SEISMIC ISOLATOR UNITS....ccooveineensnensnncsaensncssaecssns



		2026-04-19T07:53:22+0000
	DIN Deutsches Institut fuer Normung e. V.
	Dokument ist zertifiziert




