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Definition

EN 1998-2: 3.1.2



Can we realistically 
consider that 

earthquake excitation 
is identical across the 

the bridge supports?



Multiple 
support 
excitation

θjk(ω) =  tan-1 (Im[γjk(ω)]/ Re[γjk(ω)])

1 Wave passage/
Travelling  effect

different  earthquake motions excite 
at each support

                           (in terms of amplitude, 
phase and 

frequency content)



Multiple 
support 
excitation

2
Incoherency due to wave-
scattering
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Free field recordings at strong 
motion accelerometric arrays

Different functions prescribe 
different rates of coherency loss 

with distance and frequency



3 Incoherency due to local site 
conditions

Metsovon bridge



Metsovon bridge

4 Non-uniform Liquefaction along bridge length



Talübergang Warth bridge (VAB Project, PI: R. Flesch)

Flesch, R. G., Darin, E. M., Delgado, R., Pinto, A. V., Romanelli, F., Barbat, A., & Kahan, M. (2000). Seismic risk assessment of motorway bridge Warth, Austria. 12th World 
Conference on Earthquake Engineering, Auckland, New Zealand, 1–8.
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Fourier Transformation of the 
middle pier acceleration 
along the transverse direction

Synchronous Excitation
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Asynchronous Excitation
2.37Hz 3.95Hz

2.37Hz

3.95Hz

Propagation of excitation forces lock 
the bridge in different mode shapes



Asynchronous Excitation

Synchronous Excitation









Evripos bridge
Chalkida, Greece



0.03g

Sextos, A.G., Karakostas, C., Lekidis, V., Papadopoulos, S. (2014) Multiple support seismic excitation of the Evripos bridge based on free-field and on-structure 
recordings, Structure and Infrastructure Engineering, 11(11), 1510-152.
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Excitation of higher 
modes



Previous Eurocode 8 provisions for 
spatially variable seismic action

• The possibility to account for spatial variability effects was mentioned in EN1998-
1:2005, without any further development 

• a quantification of the phenomenon was introduced in EN1998-2:2005. 
• A simplified approach was also presented in EN1998-2:2005



Previous seismic code framework: Eurocode 8 – Part 2 (2005)

For a soil-dependent limit length of the continuous deck 

SVGM shall always be accounted for in cases of 
soils changing two or more classes along the 

bridge length 

When to 
account 

for multiple 
support 

excitation?



Displacement 
set A

Displacement 
set B
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Previous seismic code framework: 
Eurocode 8 – Part 2 (2005)



Previous seismic code framework: 
Eurocode 8 – Part 2 (2005)
• Time history analysis 

(multiple support inputs)

• Multiple response 
spectrum solution

D3.4.3

D.2 Generation of 
samples

Der Kiureghian, A. and Neuenhofer, A., 1992, “Response spectrum method for multi-support seismic excitations” 
Earthquake Engineering & Structural Dynamics, 21: 713-740



New Eurocode 8 provisions for 
spatially variable ground motions



Seismic Action Provisions EC8-1-1 Bridge-specific Provisions EC8-2

5.2.3.2 Spatial model of 
the seismic action 

4.2.2 Spatial variability of the seismic action 

5.3 Methods of analysis accounting 
for spatial variability of ground motion 



When to account for spatially variable ground motion?

EN1998-1-1 5.2.3.2 Spatial model of the seismic action 

EN1998-2 4.2.2 Spatial variability of the seismic action 

60 m



EN1998-25.2.3.2 Spatial model of the seismic action  



accounts for a faster correlation drop for
non-uniform soils.



Characteristic bridge lengths beyond which SVGM needs to be accounted for

Source: EN1998-1-1 BD Document, Prof. Pierre Labbe



60 m 60 m

Short bridge AND short span Long bridge OR long span

Uniform soil conditions



60 m 60 m

Short bridge AND short span Long bridge OR long span

Non-uniform soil conditions 
but no 2D/3D site effects

Multiple 1D site response 
analysis (wave passage not 

significant, problem dominated 
by local soil conditions)

Proper SVGM analysis



60 m 60 m

Non-uniform soil conditions 
but no 2D/3D site effects

Exceptions Exceptions

Short bridge AND short span Long bridge OR long span



60 m 60 m

Short bridge AND short span Long bridge OR long span

Non-uniform soil conditions 
AND 2D/3D site effects

Rigorous 2D/3D Site Response Analysis

Exceptions



Background of the simplified 
method for spatial variability in 

uniform soils

• do not generate samples of spatially variable ground motions because these are too 
sensitive to a number of parameters and a probabilistic approach would be required

• identify the 1st and 2nd antisymmetric modes of the bridge (which are typically more 
critically affected by asynchronous motion) and amplify ONLY the design quantifies that 
are associated with these modes.

Concept: shift focus from ground motion variability to impact on structural design quantities



Step 1: Target coherency, intensity and frequency content of ground motions
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Papadopoulos, S. P., & Sextos, A. G. (2020). Simplified design of bridges for multiple-support earthquake 
excitation. Soil Dynamics and Earthquake Engineering, 131, 106013.



Step 2: Bridge finite element model development - Modal analysis



Step 3: Influence matrix R (M static analyses)

each column {rk} of matrix R represents the static displacements of the structure’s 

unconstrained DOF when its kth support experiences unit displacement while the rest ones 

  

influence matrix [NxM] 

= -1
cR -K K



Step 4: Modal participation factors

the modal participation factors for each mode i (i=1,…N) associated with the kth support 

excitation (k=1,…M) are calculated by:
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where eigenmodes φi {Nx1} and mass matrix M [NxN] are determined in Step 2, and {rk} is 

the kth column of the influence matrix R computed in Step 3. 



Step 5: Non-dimensional spatial variability parameter Ψ(ω) 
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1. Assign the “reference” ground motion at one of the abutments in the 
frequency domain Uο(ω)

2. Ground motions at the supports U(ω) (forming an {Mx1} array) are 
described in the frequency domain as a function of the “reference” one:
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Step 6: Generalized participation factor Bi
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Bi(ω) is:
• a frequency-dependent 

complex number for SVFM 
• the conventional modal 

participation factor Γi for 
uniform excitation 

Since Bi does not depend on the 
properties of the “actual” support 
time histories but on the model 
used to represent SVGM, the ratio: 

quantifies the potentially amplified 
contribution of the excited anti-
symmetric modes 



Step 7: Frequency-dependent scale factor SFi(ω) 

( ) ( ) ,max

i i,max

B B
Γ B

= i i
iSF

ω
ωScaling factor to account for the amplification 

of anti-symmetric modes across all frequencies 
of excitation

Wave passage only Wave passage + incoherency Uniform excitation (SF=1)



Step 8: Frequency range to calculate SF

Bandwidth for estimating the mean SF in the case of the Clough & Penzien - for (a) firm soil: 
0.86-2.94Hz, (b) medium stiffness soil: 0.955-1.83Hz, and (c) soft soil: 0.655-0.865Hz soil (Der 
Kiureghian & Neuenhofer [11] parameters used for the spectra). 

How to define the excitation range of frequencies across which we can take a mean SF? 



EC8 application of the simplified 
method for spatial variability in 

uniform soils



Simplified Implementation in Eurocode 8 
1.  Run Modal Analysis
2. Run two static analyses using modal load 
profiles for the first and second antisymmetric 
mode

 Set SF1=4 and SF2=2 
for the first and 
second 
antisymmetric mode



Simplified Implementation in Eurocode 8 

3. Run conventional (uniform) response 
spectrum or time history analysis

4. Superimpose the design quantities of the 
above three loading conditions 

2 2
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5th April 2024Davi

Thank you for your kind attention
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Further information: www.asextos.net 

http://www.asextos.net/
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