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FIRST VS SECOND-GENERATION EUROCODE 8 PART 2

1

1 Introduction (1.1.1 Scope of EN 1998-2)
2 Basic requirements & compliance criteria
3 Seismic action
4 Analysis
5 Strength verification
6 Detailing
7 Bridges with seismic isolation
Annexes:
A Probabilities related to the reference seismic action…
B  Relationship between displ. ductility & curv. ductility
C Estimation of effective stiffness of RC ductile members
D Spatial variability of ground motion: models & analysis
E  Probable mat. prop.’s & PH def. cap for NL analysis
F  Added mass of entrained water for immersed piers
G Calculation of capacity design effects
H Static NL analysis (pushover)
J  Variation of design prop.’s for isolator units
JJ λ-factors for common isolator types
K  Tests for validation of design prop.’s  of isolator units

EN1998-2:2005 FprEN1998-2:2024 (CEN/TC250/SC8 N1307)
1 Scope (1.1Scope of EN 1998-2)
2 Normative references
3 Terms, definitions and symbols
4 Basis of design
5 Modelling and structural analysis
6 Verifications of structural members to limit states
7 Detailing for ductility
8 Specific rules: bridges with antiseismic devices
9 Specific rules: cable-stayed & extradosed bridges
10 Specific rules: integral abutment bridges
Annexes:
A Characteristics of earthquake resistant bridges
B Added mass of entrained water for immersed piers
C Additional information on timber bridges
D Displacement-based approach for integral abutment bridges

FprEN1998-1-1:2023 (CEN/TC250/SC8 N1283)
EN15129
FprEN1990-1:2023,A2 (CEN/TC250/SC10 N667)
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4. BASIS OF DESIGN
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5. MODELLING & STRUCTURAL ANALYSIS

OUTLINE OF WEBINAR 2.1

4.1 Basic requirements
4.2 Seismic actions

4.2.1 General
4.2.2 Spatial variability of the seismic action

4.3 Characteristics of earthquake resistant bridges
4.3.1 Conceptual design
4.3.2 Primary and secondary seismic members
4.3.3 Resistance & ductility conditions –
Capacity design
4.3.4 Connections
4.3.5 Control of displacements – Ancillary 
elements
4.3.6 Choice of DC – Seismic action limits for 
DC1 to DC3
4.3.7 Simplified criteria 

5.1 Modelling
5.1.1 General
5.1.2 Torsional effects about a vertical axis
5.1.3 Second-order effects

5.2 Methods of analysis
5.2.1 General
5.2.2 Force-based approach
5.2.3 Displacement-based approach

5.3 Methods of analysis accounting for spatial variability 
of ground motion

5.3.1 General
5.3.2 Long bridges on uniform soil
5.3.3 Short to medium bridges, non-uniform soil
5.3.4 Long bridges on non-uniform soil 

5.4 Combination of the seismic action with other actions

National Annex
for low seismic action class

Webinar 2.2
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4. BASIS OF DESIGN

4.1 Basic requirements

• Importance Classes (IC) replaced by 
Consequence Classes (CC) in 2nd gen. 
EN1998

• CCs for bridges are not redefined here. 
CCs from EN1990 A.2 are adopted
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4. BASIS OF DESIGN

• 𝑇𝑇LS,CC are the same as in Part 1-2 for 
buildings for the same LS & CC

• 𝑇𝑇LS,CC depend on target reliability index 
(NDP) suggested in Part 1-1(*):

𝑇𝑇LS,CC = −
𝑡𝑡L

lnΦ 0,8𝛽𝛽t,LS,CC

(*) Not to be confused with the well-known formula
𝑇𝑇LS,CC = − 𝑡𝑡L

ln 1−𝑝𝑝
since 𝑝𝑝 is the probability of the design 

seismic action being exceeded, while 𝛽𝛽t,LS,CC is related to 
the probability 𝑝𝑝𝑓𝑓 < 𝑝𝑝 that the limit state is exceed

• Performance factor 𝛾𝛾LS,CC (formerly, 
importance factor 𝛾𝛾I) depends on 𝑇𝑇LS,CC

𝛾𝛾LS,CC =
𝑇𝑇LS,CC
𝑇𝑇ref

1
𝑘𝑘

4.2 Seismic action (1/3)

𝛾𝛾I = 0,85 𝛾𝛾I = 1,30
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4. BASIS OF DESIGN

4.2 Seismic action (2/3)

• Guidance for evaluation of 𝐹𝐹T in bridges

• A set of values is obtained, one per 
support!

• Note: if deck level is the free flat ground 
surface, deamplification would occur, 
but this is not considered

• Unless spatial variability is considered in 
the analysis, �𝐹𝐹T is used to amplify the 
input motion

• This applies when the model does not 
include the soil domain with its
geometry
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4. BASIS OF DESIGN

4.2 Seismic action (3/3)

• Site considerations: 
• co-seismic displacement

This is one place where the code gives
a recommandation but few indications
(topic not yet amenable of simplified
treatment). 

• Some indication on displacements in 
Part 4 (pipelines share the vulnerability 
with bridges due to their extended 
nature)

• slope stability

• liquefaction susceptibility

Webinar 5
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4. BASIS OF DESIGN

4.3 Characteristics of earthquake 
resistant bridges (1/5)
• Energy dissipation in members, devices 

or both, but…
• …not in the foundation!

• Torsion

Ok, because fixed transversely @ abutments

Meloland overpass, CA
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4. BASIS OF DESIGN

4.3 Characteristics of earthquake 
resistant bridges (2/5)
• Primary & secondary members
• Sacrificial elements

L:Secondary
Dampers to reduce displacement for 
moderate and high seismic action class

Deck used to restrain displacements in 
taller piers (ductility)

L:Primary

All supports primary in the transverse direction
P2, P3 and A2 primary in the longitudinal one
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4. BASIS OF DESIGN

4.3 Characteristics of earthquake 
resistant bridges (3/5)
• 4.3.6 applies to bridges exploiting ductility

• All supports primary in transverse dir.
A1 and P2 secondary in longitudinal one

• Unique ductility FODVV���same 𝑞𝑞 factor
• Not all DC’s can be used irrespective of 

seismic action class (DC determines
detailing, not just value of 𝑞𝑞)

DC1 DC2 DC3

Low Ok Ok Ok

Moderate - Ok Ok

High - Ok (CC1) Ok
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4. BASIS OF DESIGN

4.3 Characteristics of earthquake 
resistant bridges (4/5)

Cantilever Portal 
frame 

Primary Primary
Secondary

(sliding)
Secondary

(sliding)
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4. BASIS OF DESIGN

4.3 Characteristics of earthquake 
resistant bridges (5/5)
• Avoid UNSEATING! (principle)
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4. BASIS OF DESIGN

4.3 Characteristics of earthquake 
resistant bridges (5/5)
• Avoid UNSEATING! (principle)

• Avoid pounding (exception: sacrificial
backwall, but deck must be tolerant, i.e., 
exclude prestressed decks)

• 𝑑𝑑G = max 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡 𝑡𝑡𝑡𝑡𝑠𝑠𝑡𝑡, 𝑙𝑙𝑠𝑠𝑙𝑙𝑙𝑙 𝑡𝑡𝑡𝑡𝑠𝑠𝑡𝑡 creep, 
shrinkage, prestressing and losses

• 𝑑𝑑G =SRSS of displ. of adjacent portions
• Annex C, for timber bridges Formula (4.1) 

should include also 𝑑𝑑ω the displacement due 
to average moisture content variation Δ𝜔𝜔

• Second order effects accounted for 
amplifying displacements when

0,1 ≤ 𝜃𝜃 =
𝑀𝑀II

𝑀𝑀I
=

𝑞𝑞𝑞𝑞Ed𝑑𝑑
𝑞𝑞s𝑞𝑞R𝑉𝑉Ed𝑠

< 0,2

or by nonlinear analysis when
0,2 ≤ 𝜃𝜃 < 0,3



Clause 5 - Modelling & structural analysis
Mass, stiffness and damping
Torsion and second-order effects
Force-based approach (linear analysis)
Displacement-based approach (nonlinear analysis)
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5. MODELLING & ANALYSIS

125th April 2024

5.1 Modelling (1/5)

• Masses additional to structural ones:

• Traffic: only the uniform distributed
load (UDL)of the corresponding
load model in EN1991 is
considered (LM1 for roads and 
LM71 for railways)

• Water: Annex B is the same as in 
EN1998-2:2005
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5. MODELLING & ANALYSIS

5.1 Modelling (2/5)

• Stiffness: secant to elastic limit
• Piers: secant to yield 𝐸𝐸c𝐼𝐼y (50% FBA)
• Deck, flexural:

• gross stiffness (=100%)
• continuity slabs 25%

• Deck, torsional:
• Open section or slabs 0%

• Prestressed box section 50%
• RC box sections 30%

Krystallopigi brisge, Greece

Curved deck
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3. TERMS AND DEFINITIONS

3.1 Definitions

𝛼𝛼 ≫ 25°

𝛼𝛼 > 25°

𝜃𝜃 > 20°

…Curved…
…or both

𝜃𝜃 > 20°

Skew…



Paolo Franchin 155th April 2024

5.1 Modelling (3/5)

• Torsion: dynamic phenomenon

• Equivalent static moment
𝑀𝑀t = ±𝐹𝐹b𝑡𝑡td

𝑡𝑡td = L 0,03 + 0,1sin𝜑𝜑 or 𝐵𝐵 0,03 + 0,1sin𝜑𝜑

• Can be used also with RSA

5. MODELLING & ANALYSIS
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5. MODELLING & ANALYSIS

5.1 Modelling (4/5)

• Damping:
• Note: values are given for use in 

elastic RSA (to calculate 𝜂𝜂) or 
elastic RHA, NOT for q-factor
approach

• Weighted damping useful only for 
elastic RSA, for RHA individual
damping assigned to each
component
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5.1 Modelling (5/5)

• Second-order effects

• Sensitivity coefficient is computed
differently, depending on whether
analysis is linear (FBA) or NL (DBA)

𝑑𝑑E,p = 𝑞𝑞disp𝑑𝑑r

𝑑𝑑E,p from (NL) analysis

5. MODELLING & ANALYSIS
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5.2 Analysis (1/5)

• Vertical component

• Consider
• Neglect

Viaduct over the Reno river, Italy

5. MODELLING & ANALYSIS

---(5)
---(4)
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5.2 Analysis (2/5)

• Behaviour factor
• DC1: overstrength only
• DC2/DC3: also redundancy & ductility

5. MODELLING & ANALYSIS
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5.2 Analysis (3/5)

• Behaviour factor ��'&

• Reductions:
• Foundation flexibility
• High axial force
• Non-accessibility of critical zones
• Irregular inelastic demand

5. MODELLING & ANALYSIS
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5.2 Analysis (4/5)

• Pushover
• This is the traditional single-mode 

invariant N2 version of the method
• Applicable only to straight bridges

with two modes having effective
modal mass larger than 60% in the 
two plan directions

5. MODELLING & ANALYSIS



Paolo Franchin 225th April 2024

5.2 Analysis (5/5)

• Pushover
• Permission to use alternative methods

(e.g., MPA) but without guidance and 
with warning about limitations = when
N2 is not applicable, better to resort 
to RHA

• N2 is simple and should stay simple: 
independent analyses and 
verifications in the tLong. And 
Transversal directions

5. MODELLING & ANALYSIS



Questions & answers
Webinar 2.1 Bridge classification & structural analysis
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