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RESUMEN 
 
En el marco del proyecto SISMOVALP (Seismic Hazard and Alpine Valley Response 

Analysis), se han realizado en el Valais, la región con la peligrosidad sísmica más alta en 
Suiza, observaciones del movimiento del suelo, modelización 2D y cálculo de la peligrosidad 
local . En este trabajo se presentan los aspectos de la modelización, el cálculo numérico de 
la respuesta local y de la peligrosidad sísmica en emplazamientos situados en la valle 
sedimentario del Rhone. Para evaluar la amplificación en dichos emplazamientos se han 
utilizado tres modelos de valle: el modelo M0 que es un modelo de referencia de valle alpino 
que reune las principales características de este tipo de valles, y los modelos “Vétroz” y 
“Martigny” que representan  la geología del  centro/este y oeste de la cuenca sedimentaria 
respectivamente. La respuesta sísmica se cálcula con la aplicación del método directo de 
elementos de contorno (DBEM). Dicha respuesta se convoluciona con registros de 
movimiento fuerte de la base de datos europea (para pares magnitud-distancia 
caraterísticos), y con series temporales estocásticas. Los resultados se comparan con la 
peligrosidad regional en términos de espectro de respuesta en roca y en emplazamientos 
específicos. 
 

SUMMARY 
 
In the frame of the SISMOVALP (Seismic Hazard and Alpine Valley Response 

Analysis) project, ground motion measurements, 2D modelling and local hazard 
computations have been carried out for the Valais, the region with the highest seismic hazard 
in Switzerland. Here we will focus on modelling aspects, computation of site response and 
hazard spectra for sites in the deep sediment-filled Rhone valley. In order to evaluate local 
amplification effects, 3 types of models had been used as inputs for seismic response 
simulations: a so-called layered alpine reference model M0 which is a general and realistic 
representative alpine valley that summarizes the main features detected in different alpine 
valleys under study; the “Vétroz” and the “Martigny” models representing the geology of the 
central/eastern and western part of the Rhone valley, respectively. The seismic response is 
being computed by the use of the direct boundary element method (DBEM). The simulation 
outputs are also convolved with the strong motion records (for hazard-characteristic 
magnitude-distance pairs) produced by stochastic simulation and downloaded from the 
European strong motion database. The results are compared with the regional hazard in 
terms of response spectra for rock and the specific sites. 
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Introduction  
 
In the frame of the SISMOVALP Project, the Swiss Seismological Service (SED) has 

performed field surveys, modelling and the computation of response spectra for sites in the 
Rhone Valley (Figure 1). The field surveys included noise measurements (H/V and Arrays) to 
better define the valley geometry and the characteristics of the different types of sediments. 
A sand layer observed in many places in the Rhone valley is the most critical ground 
condition in addition to some alluvial cones. Such sites will be the places of severe ground 
shaking and liquefaction in future earthquakes. The information from the field investigations 
allowed us to build new 2D and 3D models of the valley; they were used as input for 
numerical simulation of the ground response. The results obtained from 2D modelling were 
used to estimate the local hazard at different sites in the valley. Related results are 
compared with the guidelines of the Swiss building code SIA261 and the European reference 
spectra in EC8. Two strategies were selected for the computation of the local hazard in order 
to illustrate different types of procedures and related uncertainties – here, the main 
procedure adopted within the SISMOVALP project will be outlined. Ongoing developments 
also include work regarding the suitability of building code spectra, 1D and 3D numerical 
analyses, and investigations of the sand layer present in the Rhone valley. 
 
Field measurements using ambient vibrations 
 

The Swiss Seismological Service (SED) performed a series of measurements in the 
Valais. These included measurements along valley cross-sections in order to determine the 
2D fundamental frequencies of resonance of the structure, and small arrays in order to 
determine the S-wave velocity structure. Typical soil profiles and the variability of the 
different soil types were defined. Measurements of ambient noise were performed at various 
sites in the Rhone valley, see Figure 1. As results of the analysis of these measurements, 
detailed geological, topographical and geophysical information has been derived, (Roten and 
Fäh, 2006), This information has been used to define the models at Vétroz and Martigny for 
numerical seismic response computation purposes. 
 
Numerical quantification of local seismic effect in alpine valleys: the direct boundary 
element method (DBEM) 
 

The method that is applied to study 2D cross-sections is the Direct Boundary Element 
Method (DBEM) in its frequency formulation. The DBEM has been first validated (Alvarez et 
al., 2004; 2005), and then applied to the quantification of site effects in the Rhone Valley. 
The problem is solved in the visco-elastic domain, and transfer functions have been 
computed, in some cases up to frequencies of 10 Hz. Simulations have been carried out for 
the in-plane P-SV case considering different incident angles. 
Different models of alpine valleys have been studied. The first one is the so-called reference 
alpine valley model M0. The geological and topographical information compiled in this model 
is the result of the analysis of the main features of significant alpine valleys, such as the 
Grenoble basin, the Rhone valley, and the sites of Tolmezzo, Gemona and Saco. Figure 2 
shows the geometry of the M0 basin and the geological and dynamical information used in 
the simulations. 

Models with more realistic detailed geological and topographical information have 
been used for the sites Martigny and Vétroz, see Figure 1. The seismic response computed 
for these models is closer to the realistic situation. The geological and dynamical properties 
of the models used for the computation of the transfer function of these sites are given in 
Figure 3. 
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Figure 1.  Sensor positions of the circular (green) and linear arrays (red) in the Rhone valley, 
and cross-sections for 2D modeling (black lines). Response spectra were computed for sites 
in the Rhone Valley close to the two profiles at Vetroz and Martigny 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 2. Geometrical and dynamical properties of the reference alpine valley model M0 

 
Ground motion computations were compared to the results of ambient vibration 

surveys in terms of fundamental frequencies of resonance of the basins (Roten at al., 2005) 
and a good agreement was found. The transfer functions have been used to study the local 
seismic hazard, and the results are shown in the next section. Additional computations are 

-4000 0 4000 8000
-3000 -2000 -1000 1000 2000 3000 5000 6000 7000

X(m)

-400

-200

0

200

-350

-300

-250

-150

-100

-50

50

100

150

-450

-500

Z(
m

)

R1 R2
A1....A28, x=150 m

B1....A13, x=1350 m

MODEL MO

P0(1350,-900)m
P1(1400,-650)m

Model 0 (M0) 
Stratigraphic 
layout 

Units H  
(m) 

VS 
(m/s) 

Vp 
(m/s) 

VP/VS ρ 
(kg/m3) 

QS  Qp  

Recent Deposits Sandy Gravel 0-15 250 500 2.5 1600 20 40 
Fine Deposits Silt & clay 15-30 350 700 2.5 1700 20 40 
Fluvial & 
Lacustrine 
Deposits 

Silt, clay and 
gravel  

30-100 450 900 2.5 1800 30 50 

Fluvial & 
Lacustrine 
Deposits 

Silt, clay and 
gravel 

100-350 600 1200 2.5 1900 30 50 

Moraine = 350-450 800 1600 2 2000 50 100 
Bedrock Limestone 450-∞ 2800 5200 1.85 2500 200 400 

 



Asociación Española de Ingeniería Sísmica 
Girona, 8-11 mayo 2007 

 
 

planned that include the sand top layers and additional features of the bedrock-sediment 
interface. 
 
Response spectra: methodology-inputs 
 

The results obtained from 2D modelling were used to estimate the local hazard at 
different sites in the Rhone valley. These results are compared with the guidelines of the 
Swiss building code SIA261 and the European reference spectra in EC8. Two strategies 
were selected for the computation of the local hazard in order to illustrate different types of 
procedures and related uncertainties. The one adopted in the SISMOVALP project  is 
outlined here.  

For the computation of the response spectra two independent information were taken 
into consideration: the regional seismic hazard (Giardini et al., 2004; Wiemer et al., 2005) 
and the results of the modelling of local amplification effects. 

The deaggregation of the regional seismic hazard allowed us to determine 
magnitude-distance pairs, which significantly contribute to the seismic hazard. Figure 4 
illustrates this procedure for 4 sites considered within the SISMOVALP project. The results 
for the 4 sites are quite similar. They show that events with magnitudes of 4.5-6 at epicentre 
distances of 5-20 km most significantly contribute to the seismic hazard spectrum. The rock 
hazard spectrum for the four sites is given in Figure 5, for a return period of 475 years (90% 
probability of non-exceedence in 50 years). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Models for cross-sections at sites Martigny (upper part) and Vétroz (lower part) in 
the Rhone Valley. 
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The seismic hazard information from the deaggregation was also used to select 9 

accelerograms for the relevant magnitude distance pairs. Inherent rock site amplification had 
to be removed, and the time histories have been deconvolved considering the (linear) 
transfer function of a generic rock profile. By removing the generic rock amplification function 
from the response spectra of the original accelerograms (average original response is the 
yellow curve in Figure 6) an average response spectrum on hard rock with 5% damping has 
been obtained (blue curve in Figure 6). 
 
 
 

 

 
Figure 4. Deaggregation of regional seismic hazard for 4 sites of interest in the Rhone valley: 
Monthey, Martigny, Sion, Sierre (Giardini et al., 2004; Wiemer et al., 2005). 
 

Additionally, synthetic input accelerograms were modeled using the stochastic 
simulation proposed by Sabetta and Pugliese (1996) for relevant magnitude distance pairs  
(5<M<6, 5 <Epicentral Distance (Repi) < 20) by associating smaller magnitudes with smaller 
distances and larger magnitudes with larger distances (e.g.: M=5 … 5<Repi<12; M=6… 
10<Repi<20) – according to the deaggregation. 
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Figure 5. Rock hazard spectra for 4 sites in the Rhone Valley. Spectral acceleration with 5% 
damping. The values between 2 and 5s period have been extrapolated from the direct 
computations provided by Giardini et al. (2004) and Wiemer et al. (2005). 
 

As shown in Figure 6, the average response spectrum of the 9 selected 
accelerograms fits more or less the EC8 type 2 response spectrum, while the average 
spectrum of the deconvolved accelerograms fits the EC8 type 2 spectrum divided by the 
amplification function. 
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Figure 6. Comparison of the average response spectra before and after deconvolution with 
the EC8 type 2 spectrum and the one obtained by dividing the EC8 spectrum by the generic 
rock amplification function. 
 

The input from the numerical modelling consists of the transfer functions computed 
for receivers along the surface of 2D models for the cross-sections Martigny and Vetroz. For 
Martigny (western part of Rhone Valley), we used as input the transfer functions computed 
for the Martigny model. The transfer functions simulated for the Vetroz models were the 
inputs for the soil response spectra estimations for sites in the central part of Rhone Valley 
(e.g. Sion). 
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For the selected sites, characteristic soil response spectra were computed using as 
input the ‘rock’ response spectrum obtained from the deconvolved accelerograms of the 
records. In this approach the set of response spectra of accelerograms on soft sediments is 
used to characterize the average soil response spectrum; it is noted ‘SaSurf’. This consists 
of the convolution product between the deconvolved input accelerograms and the transfer 
function obtained at a certain receiver along the surface of one of the two models (Martigny 
or Vetroz). Soil response spectra were computed for all receivers along the model surface – 
an overview of related results is shown in terms of contour plots. Further, each profile was 
divided into five zones (2 small zones close to the two edges and a larger central zone) in 
order to classify the findings.   

For each of the five zones in the two models, response spectra computed from the 2D 
transfer function (SaSurf2D) are compared with the response spectra computed from 1D 
modelling using the 1D profile in the centre of the zone (SaSurf1D). Results are then 
presented in terms of 2D–1D aggravation factors (SaSurf2D/SaSurf1D). 

In the following figures, it is shown an example of the results achieved by the above-
explained methodology in Vetroz. The results are compared as: 

1. Contour plots of response spectral amplification for a general overview (Figure7). 
2. Graph of the average response spectra SaSurf2D – compared with the building code 

spectra for soil class C and reference spectral shape of type 1 and 2. SIA 261 uses 
type 1 spectra (Figure 8). 

3. Graph of 2D response spectra amplification functions and graph of 1D – 2D 
aggravation factors (Figure 9) 

The zones in the model are defined as: Zone1: 0-300; Zone2: 300-600; Zone3: 600-2000; 
Zone4: 2000-2500; Zone5: 2500-3000 
 

 
 

Figure 7. Vétroz – contour plot of response amplification functions. 
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Figure 8. Vétroz – Response spectra compared with the building code spectrum for soil class 
C, type 1 spectrum (left) and type 2 spectrum (right). 
 

 
 
Figure 9. Vétroz – Plot of response spectra 2D amplification functions for 5 zones (left) and 

of 1D – 2D aggravation factors for each zone (right). 
 
 
Conclusions 

 
By comparing the 2D response spectra with the reference C spectra of the building 

code, it can be observed that they tend to exceed type 1 and 2 spectra at smaller periods 
(<1s), and may exceed C type 2 reference spectra at larger periods (> 1s). The latter is 
related to the fundamental 2D resonance at 2-4s in the central parts of the valley (see also 
aggravation factors in Figure 9). Generally the type 1 spectrum used in the Swiss building 
code is more conservative over a larger period range and therefore is more adequate for the 
Valais situation.  

Further, first comparisons between response spectra from 1D and 2D computations, 
as well as simulated and measured response spectra amplification functions revealed that 
the modelling results are valid for the long period range (> 1s), and reproduce well the 
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fundamental 2D resonance of the valley. However, the high frequency response seems to be 
underestimated by the simulations. This is probably due to missing complexity and detail of 
the input models. Therefore, it is planned to use in near future more detailed models for 
simulations. 
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