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Specific rules for Integral abutment bridges
Force-based approach (linear analysis)
Displacement-based approach (nonlinear analysis)
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10.1 General (1/5)

10. INTEGRAL ABUTMENT BRIDGES

• Unless intentionally reduced, SSI is an 
essential part of the response: vibration
cannot happen without engaging
embankment/soil

(a) Conventional backfill

(b) Stabilized backfill

Tsinidis, G., M. Papantou, and S. Mitoulis. 2019. “On the response of integral abutment bridges under a sequence of thermal loading and ground seismic shaking.” Earthquakes and Structures, 16 (1): 11–28. Techno-Press.
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10.1 General (2/5)

10. INTEGRAL ABUTMENT BRIDGES

• Integral vs semi-integral bridges
(permission to use Clause 10 for the latter)

White, H. 2007. Integral Abutment Bridges: Comparison of Current Practice between European Countries and the United States of America. FHWA.

Free rotation

Backwall
integral with 
the deck
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10.1 General (3/5)

10. INTEGRAL ABUTMENT BRIDGES

• Practice of IAB construction are different

Gatteo overpass, A1 motorway, Italy

Single-span composite deck with straight abutments

Ferretti Torricelli, A. Marchiondelli, R. Pefano, and R. Stucchi. 2012. “Integral bridge design solutions for Italian highway overpasses.” Proceedings of the Sixth International IABMAS Conference. Stresa, Italy.
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10.1 General (4/5)

10. INTEGRAL ABUTMENT BRIDGES

• Practice of IAB construction are different

Feldmann, M., J. Naumes, D. Pak, M. Veljkovic, J. Eriksen, O. Hechler, N. Popa, G. Seidl, and A. Braun. 2010. Design guide - Economic and Durable Design of Composite Bridges with Integral Abutments. CEN/TC 250/SC 10 N 0216.

BAB A8 bridge structure 5, Germany

Single-span composite deck with straight abutments

Braun  A.,  Seidl  G.  and  Weizenegger G. Rahmentragwerke  im  Brückenbau, Beton-und-Stahlbetonbau 101. 2006. - Heft 3. - pp.187-197.

A73, Munich, Germany

Single-span composite deck with inclined abutments
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10.1 General (5/5)

10. INTEGRAL ABUTMENT BRIDGES

• Practice of IAB construction are different

Pržulj, M. (2015). Mostovi: zasnova, projektiranje, konstruiranje, zanesljivost, gradnja, gospodarjenje, obnova. Beletrina, Ljubljana
Pržulj, M. (2008). Integralni betonski mostovi. V: Zbornik 9. slovenski kongres o cestah in prometu. Portorož, 22. – 24. Oktober 2008. Ljubljana, Družba za raziskave v cestni in prometni stroki Slovenije: str. 53-72.

Highway overpass near Bled, Slovenia

Three-span precast deck, monolithic pier-deck connection
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10.2 Basis of design (1/3)

10. INTEGRAL ABUTMENT BRIDGES

• Two sets of soil properties in general
• Often softer soil will lead to worst

condition in both piers, 
abutments and foundations

• Approach enbankment material
more controlled than natural soil

• Permission to consider:
• construction sequence
• thermal history

Feldmann, M., J. Naumes, D. Pak, M. Veljkovic, J. Eriksen, O. Hechler, N. Popa, G. Seidl, and A. Braun. 2010. Design guide - Economic and Durable Design of Composite Bridges with Integral Abutments. CEN/TC 250/SC 10 N 0216.
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10.2 Basis of design (2/3)

10. INTEGRAL ABUTMENT BRIDGES

Thermal pre-seismic Seismic

Conventional
Stabilized

Compressive 
inclusion

Tsinidis, G., M. Papantou, and S. Mitoulis. 2019. “On the response of integral abutment bridges under a sequence of thermal loading and ground seismic shaking.” Earthquakes and Structures, 16 (1): 11–28. Techno-Press.

• Two sets of soil properties in general
• Often softer soil will lead to worst

condition in both piers, 
abutments and foundations

• Approach enbankment material
more controlled than natural soil

• Permission to consider:
• construction sequence
• thermal history
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10.2 Basis of design (3/3)

10. INTEGRAL ABUTMENT BRIDGES

• Displacement-compatibility = 
displacement-dependent soil pressures

• Response not symmetric even in 
symmetric IAB

• Target performance is quasi-elastic (DC1)

• Not accessible for repair (not with 
reasonable difficulty, especially for tall
abutments)

• By extension, target performance for IABs
is the same

• Exception for piers framing into the deck, 
if design wants to exploit their ductility
(e.g., Slovenian practice)→DBA most
suited
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10.3 Modelling and analysis (1/9)

10. INTEGRAL ABUTMENT BRIDGES

• Target performance for the 
abutments is substantially elastic
under the design seismic action
• DC1 & 𝑞 = 𝑞! = 1,5

• Note: no 𝑆",$%& =
'!
(

but 𝑆" →𝑀)&,)
* and 

𝑀)&,) =
+"#,"
%

(
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10.3 Modelling and analysis (2/9)

10. INTEGRAL ABUTMENT BRIDGES

• Pressure distribution is not symmetric
as for thermal expansion/contraction
cycles

• Mobilised passive stresses:
pressures on the downstream side 
(where the bridge leans against the 
soil/enbankment), similarly to thermal
exapansion, are intermediate 
between at rest and passive

• For thermal cycles they are self-
equilibrated stresses…

Feldmann, M., J. Naumes, D. Pak, M. Veljkovic, J. Eriksen, O. Hechler, N. Popa, G. Seidl, and A. Braun. 2010. Design guide - Economic and Durable Design of Composite Bridges with Integral Abutments. CEN/TC 250/SC 10 N 0216.
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10.3 Modelling and analysis (3/9)

10. INTEGRAL ABUTMENT BRIDGES

• Mobilised passive stresses:
Seismic case: different! external action!
passive   𝜎,,-./ 𝑧 = 𝐾0)𝛾 ⋅ min 𝑧; Δ𝐻
until Δ𝐻 = 𝑐𝛼𝐻"/
increasing with intensity 𝛼 = 1'&

'
(23)"45!*

(

• What doesn’t go to the abutment, goes
to the foundation
• Value of 𝑐 permitted not recommended, 

can be reduced/increased depending on 
foundation type (e.g., steel pipes)

Marchi, A., and P. Franchin. 2023. “Equivalent static methods for seismic design of straight integral abutment bridges.” Earthq. Eng. Struct. Dyn. Wiley. https://doi.org/10.1002/eqe.4052.

Bridge-
enbankment
modes
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10.3 Modelling and analysis (4/9)

10. INTEGRAL ABUTMENT BRIDGES

• Background to pressure distribution

Marchi, A., and P. Franchin. 2023. “Equivalent static methods for seismic design of straight integral abutment bridges.” Earthq. Eng. Struct. Dyn. Wiley. https://doi.org/10.1002/eqe.4052.

Validated NL dynamic model Pressure distributions @ instant(s) of max internal forces
(see later)
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10.3 Modelling and analysis (5/9)

10. INTEGRAL ABUTMENT BRIDGES

Marchi, A., and P. Franchin. 2023. “Equivalent static methods for seismic design of straight integral abutment bridges.” Earthq. Eng. Struct. Dyn. Wiley. https://doi.org/10.1002/eqe.4052.

Parametric study (12+12+6 cases)

NL dynamic vs Linear static: deck-abutment joint + piles head
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10.3 Modelling and analysis (6/9)

10. INTEGRAL ABUTMENT BRIDGES

• Static impedances = springs
• FprEN1998-5, 8.2.1:
• (2) Ground reaction may be represented 

by springs for all degrees of freedom.
NOTE 1 In general, the springs are non-
linear and frequency-dependent.

• (4) For certain shallow foundation shapes 
(circle, strip, rectangle), piles and ground 
profiles (for example, homogeneous half-
space and soil layer on rock), values for 
spring stiffnesses may be obtained from 
available elasticity-based solutions.

• (5) A frequency-independent stiffness value 
may be assigned to each spring, at the 
fundamental mode period, accounting for 
SSI in the considered direction. If this period 
is difficult to determine reliably, the static 
stiffnesses may be used instead.
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10.3 Modelling and analysis (7/9)

10. INTEGRAL ABUTMENT BRIDGES

• Static impedances = springs
• Piles must be designed with an appropriate model

• Piles that satisfy the geotechnical verifications 
(bearing capacity & settlements under vertical 
loads) may turn out to be too heavily reinforced

Credits: Tomic, M. 2024

EN1997-1:2004

FprEN1997-3:2024 (CEN/TC250/SC7 N1753)
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10.3 Modelling and analysis (8/9)

10. INTEGRAL ABUTMENT BRIDGES

• Static impedances = springs

• Transverse directon: in general separate 
model and even RSA (note that RSA not 
considered for longitudinal direction)
• Warning: some abutment types can 

be very flexible, assuming them rigid
will decrease transverse
deflections/internal actions

• Skew bridge = spatial model…
easier said than done, more easily
implemented with nonlinear analysis
methods (DBA)

Feldmann, M., J. Naumes, D. Pak, M. Veljkovic, J. Eriksen, O. Hechler, N. Popa, G. Seidl, and A. Braun. 2010. Design guide - Economic and Durable Design of Composite Bridges with Integral Abutments. CEN/TC 250/SC 10 N 0216.
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10.3 Modelling and analysis (9/9)

10. INTEGRAL ABUTMENT BRIDGES

• DBA = nonlinear analysis

• NL-RHA: model should include everything
• Complete SSI, refer to EN1998-5

Marchi, A., D. Gallese, D. N. Gorini, P. Franchin, and L. Callisto. 2023. “On the seismic performance of straight integral abutment bridges: From advanced numerical modelling to a practice-oriented analysis method.” Earthq. Eng. Struct. Dyn., 52 (1): 164–182. Wiley.
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D.2 Scope & field of application

D. DBA for IABs

• No discretised inelastic continuum?
Winkler approach then

• Relevant material in Informative Annex D

Greimann, L. F., P.-S. Yang, and A. M. Wolde-Tinsae. 1986. “Nonlinear analysis of integral abutment bridges.” Journal of Structural Engineering, 112: 2263–2280.

Well-established technique 
(at least from the ’80s)
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D.3 Modelling for NL analysis

D. DBA for IABs

• Common case, foundations:
horizontal distribution of costant springs

• Earth-retaining structures (and abutments): 
vertical distribution of depth-dependent
springs

Minimum four…

Winkler spring 𝑘,

…but then again three… …even tension-compression

Winkler spring 𝑘- 𝑧

Becci, B., and R. Nova. 1987. “Un metodo di calcolo automatico per il progetto di paratie.” Rivista Italiana di Geotecnica.
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D.3 Modelling for NL analysis

D. DBA for IABs

• At-rest pressure 𝝈𝐨 possibly increased
←10.2(3): ‘Calculation of the effects of the 
seismic action may incorporate the effects of 
the construction sequence and thermal cycling’

• Stiffnesses given in Annex D
• Strength from EN1998-5, Annex F

←D.3(1) NOTE 2: ‘FprEN1998-5, Annex F,F.3 gives
guidance for calculating active and passive 
earth pressures in the seismic design situation’
• 𝜎" = 𝐾7)4 𝜎8 − 𝑢 +𝐾7)(𝑞 − 𝐾7)9𝑐 + 𝑢
• 𝜎, = 𝐾0)4 𝜎8 − 𝑢 +𝐾0)(𝑞 + 𝐾0)9𝑐 + 𝑢
• in practice 𝜎. = 𝐾/01𝜎2 and 𝜎3 = 𝐾401𝜎2

𝐴56 = contact area

𝐻.7 = abutment height

Becci, B., and R. Nova. 1987. “Un metodo di calcolo automatico per il progetto di paratie.” Rivista Italiana di Geotecnica.
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D.4 Nonlinear static analysis

D. DBA for IABs

• Lateral forces
• Concurrent displacement profile

Franchin, P., and P. E. Pinto. 2013. “Performance-based seismic design of integral abutment bridges.” Bull. Earthquake Eng., 12 (2): 939–960. Springer.
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D.4 Nonlinear static analysis

D. DBA for IABs

• Validation

Marchi, A., and P. Franchin. 2023. “Equivalent static methods for seismic design of straight integral abutment bridges.” Earthq. Eng. Struct. Dyn. Wiley. https://doi.org/10.1002/eqe.4052.

Same NL dynamic model & parametric study 
(12+12+6 cases) used for FBA
Moments @ deck-abutment joint + piles head
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D.5 NL response-history analysis

D. DBA for IABs

• Text

Marchi, A., D. Gallese, D. N. Gorini, P. Franchin, and L. Callisto. 2023. “On the seismic performance of straight integral abutment bridges: From advanced numerical modelling to a practice-oriented analysis method.” Earthq. Eng. Struct. Dyn., 52 (1): 164–182. Wiley.
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D.5 NL response-history analysis

D. DBA for IABs

Marchi, A., D. Gallese, D. N. Gorini, P. Franchin, and L. Callisto. 2023. “On the seismic performance of straight integral abutment bridges: From advanced numerical modelling to a practice-oriented analysis method.” Earthq. Eng. Struct. Dyn., 52 (1): 164–182. Wiley.

High-fidelity complete NL model

Winkler-based complete NL model

Modal properties
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D.5 NL response-history analysis

D. DBA for IABs

Deng, Y., B. M. Phares, L. Greimann, G. L. Shryack, and J. J. Hoffman. 2015. “Behavior of curved and skewed bridges with integral abutments.” J. Constr. Steel Res., 109: 115–136.

• Single three-dimensional model for 
longitudinal and transverse seismic action 
analysis (mandatory for curved and/or 
skew bridges)

• Well-established, shown to be reliable for 
temperature and live (traffic) loads



Cable-stayed and extradosed bridges
Force-based approach (linear analysis)
Displacement-based approach (nonlinear analysis)



Paolo Franchin 105th April 2024

9.2 Basis of design

9. CABLE-STAYED & EXTRADOSED BRIDGES

Credits: Rellini Lerz, G. 2013
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9.3 Modelling & analysis

9. CABLE-STAYED & EXTRADOSED BRIDGES

• Strong statement: RHA recommended
(only exception, permission for multimode
equivalent RSA in low s.a.c.)

• Global 3D model recommended

Effect of construction sequence (see 9.2)
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9.3 Modelling & analysis

9. CABLE-STAYED & EXTRADOSED BRIDGES

• Further reason for NL-RHA: Damping is
non proportional!
• Damping of cables easily < 5%
• Antiseismic devices often employed

(with damping >5%)
• Large forces trasnferred to 

foundations → radiation damping
(at least impedances)
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9.4 Verifications

9. CABLE-STAYED & EXTRADOSED BRIDGES

• Performance requirement: except for 
antiseismic devices, elastic!

• Avoid deck-pylon impact!
• Δ𝑁

Rion-Antirion Main bridge deck damping @ Pylon with transverse viscous dampers, Greece
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9.5 Detailing

9. CABLE-STAYED & EXTRADOSED BRIDGES

• Continuous deck!
• Devices @ deck-pylon interface, for 

horizontal deck restraint (cables 
ineffective)

Rion-Antirion Main bridge deck damping @ Pylon with transverse viscous dampers, Greece



Questions & answers
Webinar 2.5 Integral abutment & cable-stayed bridges


