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ABSTRACT: 
The following document reports the tests for EC8 categorization performed by Résonance 
Ingénieurs-Conseils SA using Geopsy tools. The tests were carried out with ambient 
vibration measurements acquired at the AIGIO site in Greece, within the framework of 
Task C of the JRA4 activity. All analyses were performed without any knowledge about 
the site conditions (geological environment and geotechnical/geophysical information). 
H/V, arrays analysis (FK and HRFK techniques) and inversion were computed only using 
Geopsy tools. 
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1. Introduction 

This appendix reports the tests performed by Résonance Ingénieurs-Conseils SA for 

EC8 soil classification. This study is devoted to the testing of the "low cost" Geopsy 

tools. In the following, all steps required for determining the site class from array 

ambient vibration measurements with Geopsy are presented. 

 

The tests were carried out with ambient vibration measurements acquired at the 

AIGIO site in Greece, within the framework of Task C of the JRA4 activity. All 

analyses were performed without knowledge about the site conditions (geological 

environment and geotechnical/geophysical information). H/V, arrays analysis (FK 

and HRFK techniques) and inversion were computed using only Geopsy tools. All 

figures presented here were made with figue a tool of Geopsy (except the figures 

for site categorization which were made with Excel). 

 

The version of Geopsy used in this study is the Snapshot of 21 February 2010, 

running in a Windows environment. 

 

 

 

2.  Data set 

The ambient vibration measurements were acquired at the AIGIO site, in Greece. 

Details on the in-situ measurements can be found in the NERIES (JRA4, Task C) 

Deliverable D2 "Report on in-situ measurements at the 20 selected sites". The setup 

of the array geometry and the number of stations is not discussed in this report. 

 

Three ambient vibration datasets (arrays A, B and C), with different locations of 

sensors, were recorded at the site. The array geometry and the array response of 

each dataset, computed with Warangps, are shown in Figure 1. This first step is a 

key point because it determines, for each of the array, the aliasing limits for which 

the frequency-phase velocity estimates of the dispersion curves are valid. 

 

Using Warangps is very easy. It does not take too much time to determine the 

aliasing limits of the arrays. This tool is also used to handle with GPS coordinates for 

the location of the array receivers. However, this functionality was not used or 

tested in this study. 
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Figure 1 : Array geometry (a), array transfer function (b and d ) and aliasing 

limits (c) for the three Aigio datasets (A) array A, (B) array B and (C) 

array C. 

 

 

 

 

3. Horizontal-to-Vertical ratio spectra (H/V) 

The aim of using the Horizontal-to-Vertical ratio spectra method (H/V) is first to 

determine the fundamental resonance frequency of the site under study. The 

second objective is to evaluate if the underground structure of the site can be 

approximated by a 1D medium. 

 

Since the array techniques are based on the hypothesis that the underground 

structure is horizontally stratified (i.e., 1 D media), it is of the utmost importance to 

check the geometry of the site. The H/V method allows to check it. Indeed, if the 

site has 2D/3D geometry, then the H/V peak frequency may be different at each 

array receiver. Moreover, in such case, the shape of the H/V curve may exhibit 

broad peaks or peaks of low amplitude. 

 

Here, the H/V ratios were computed for each ambient vibration recording. Figure 2 

shows that the H/V peak is located at about 5.6 Hz and the shape of the curves is 

similar whatever the sensor location. Note that, in Figure 2(B), a few points are seen 

to have been pointed at the 1st upper frequency value (10 – 40 Hz) instead of the 

fundamental frequency. This is only due to the automatic calculation of the 
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maximum of the H/V curve and do not modify the conclusion, namely that the H/V 

peak frequencies are stable in space. 

The spatial stability of the H/V peak frequency suggests that the underground 

structure of the AIGIO site can be approximated by a 1D structure. The array 

technique can thus be used with confidence. 

 

 
Figure 2 : (A) H/V results for ambient vibration records computed at each of the 

array receivers. (B) Spatial distribution of the H/V peak frequency. 

 

 

 

 

4. Ambient vibration array processings 

Two array processing techniques implemented in Geopsy (F-K and HRFK) were 

applied to the AIGIO vertical ambient vibration recordings. 

 

The conventional frequency wavenumber technique (F-K), as implemented in 

Geopsy, is based on the simple idea of delay and sum (or shift and sum). This 

technique applied in the frequency domain is an effective way to estimate the 

frequency dependent phase velocity (i.e dispersion curve). The high resolution 
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frequency wavenumber (HRFK) algorithm can be viewed as a generalized 

beamforming algorithm. It is implemented in Geopsy using an auto-adaptive 

(optimal) complex spatial weighting scheme for analysis of narrowband stationary 

signals. It is one of the most common and preferred frequency wavenumber 

techniques applied to ambient vibration analysis. The results obtained with the two 

methods are shown hereafter. 

 

 

4.1 Conventional frequency wavenumber technique (FK) 

The conventional F-K technique was applied using the default parameters set up in 

the F-K tool box, except for the values of the minimum velocity (set to 300 m/s for 

arrays B and C) and the frequency range for the calculation (set from 5 Hz to 

40 Hz). The total length of the recordings was taken for calculations. 

 

The grid step and the grid size were kept as defined in the tool box. Note that the 

automatic computation of these parameters (from the array receiver layout) is 

very useful. This helps the user who has not necessarily too much knowledge in 

array techniques to run the program. 

 

The results for the three arrays (A, B and C) are displayed in Figure 3. The distribution 

of the frequency - phase velocity estimates corresponds to the raw results, whereas 

the mean dispersion curves (black curves in the plots) were computed after 

processing statistics with Max2curve.  

 

There is no evidence of Rayleigh higher modes in the ambient vibration wavefield 

at the AIGIO site. 

 

 
Figure 3 : FK results for Aigio site, from left to right: array A, B and C. The colour 

scale displays the raw distribution of the frequency - slowness 

estimates. The black curves with error bars show the computed 

dispersion curves after processing statistics on the raw results. The 

smooth black lines (continuous, dotted and dashed) indicate the 

aliasing limits for each array. 
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4.2 High resolution frequency wavenumber technique (HRFK) 

As in the previous paragraph, the high resolution frequency wavenumber 

technique (HRFK) was applied using the default parameters set up in the HRFK tool 

box, except for the values of the minimum velocity (set to 300 m/s for arrays B and 

C) and the frequency range for the calculation (set from 5 Hz to 40 Hz). The total 

length of the recordings was taken for calculations. The grid step and the grid size 

were kept as defined in the tool box. 

 

The results for the three arrays (A, B and C) are displayed in Figure 4. The distribution 

of the frequency - phase velocity estimates corresponds to the raw results, whereas 

the mean dispersion curves (black curves in the plots) were computed after 

processing statistics with Max2curve. Once again, there is no evidence of Rayleigh 

higher modes in the wavefield. 

 

 
Figure 4 : HRFK results for Aigio site, from left to right: array A, B and C. The 

colour scale displays the raw distribution of the frequency - slowness 

estimates. The black curves with error bars show the computed 

dispersion curves after processing statistics on the raw results. The 

smooth black lines (continuous, dotted and dashed) indicate the 

aliasing limits for each array. 

 

 

 

 

5. Determination of the Vs profile 

5.1 Selection of dispersion curve 

The dispersion curves computed for the 3 arrays (A, B and C) using both F-K and 

HRFK techniques were compared in Figure 5. For frequencies higher than 20 Hz 

(array A), the dispersion curves show up too much scatter and are discarded for 

the inversion. For the frequencies between 8.8 and 20 Hz, the dispersion curves 

estimated from arrays B and C are very similar, highlighting the robustness of the 

analysis. For the sake of simplicity, the dispersion curve computed from the array B 

with the HRFK technique (dark blue curve in Figure 5) was kept for the inversion. This 

curve is identified as being the fundamental Rayleigh mode only (no higher mode 

were considered for the inversion). 
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Figure 5 : Dispersion curves computed with FK and HRFK techniques from array 

A, B and C. The aliasing limits are also displayed. The definitions of the 

curves are displayed within the figure. 

 

 

 

 

5.2 Inversion 

The inversion of the Rayleigh wave dispersion curve for retrieving the shear-wave 

velocity profile (Vs) is the most time consuming and critical part of the process. The 

two main concerns are: 

– How to determine whether the inversion results are "correct"? 

– How to select the best Vs profiles? 

 

 

5.2.1 Results discrimination 

The inversion was made using the dinver tool. To run the inversion the user must 

define the parameter space. This is the key point of the inversion. At this step the 

user has to figure out what information he already knows about the ground 

structure and what information he would like to extract. 

 

The parameterization describes a ground structure with a given number of layers 

over a half-space. The range for the thickness and the shear wave velocity of each 

layer must be defined. The shear wave velocity (Vs) may be uniform or be forced 

to vary with depth (gradient). There is no unique way of defining a correct 

parameterization and there is currently no commonly accepted strategy to 

conduct an inversion. 

 

Figure 6 to Figure 8 show the results obtained for 7 parameterizations: 

– Model 1, one uniform layer over a half-space, 

– Model 2, two uniform layers over a half-space, 

– Model 3, three uniform layers over a half-space, 

– Model 4, one gradient layer over a half-space, 
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– Model 5, one uniform layer and one gradient layer over a half-space, 

– Model 6, one gradient layer and one uniform layer over a half-space, 

– Model 7, three uniform layers (allowing a decrease of Vs with depth) over a 

half-space. 

 

For each model, the thickness of the layers was defined using gpparam. 

According to the minimum and maximum wavelength of the dispersion curve, this 

tool computes the minimum and maximum layer thickness that could be resolved 

by the inversion.  

 

Whatever the model, the estimate of Vs at the surface is well defined. The Vs value 

at the surface is always lower than 600 m/s for each model. For the models 2, 3, 5, 

6 and 7, the range of Vs values starts at 200 m/s. On the contrary, the depth of the 

interface between soft and stiff sediments is varying between models, from 14 to 

22 m (models 1, 2 and 7) to about 32 m (models 3, 4 and 6). Besides, model 5 does 

not show any clear interface at any depth. 

 

There are several possibilities to help discriminate between models. First, the 

comparison between the values of the minim misfit (i.e., the error between 

observed data and forward computation) of each model may indicate which 

models are better than the others. However, this is sometimes not sufficient as 

shown by the results presented here. Indeed, although the models exhibit distinct 

structures, their misfits are comparable (see the fit between data and forward 

dispersion curves in the left panels of Figure 6 to Figure 8). Another tool to 

discriminate between models is to compare the ellipticity curves computed from 

the inverted Vs profiles and the H/V ratio curves computed from the recordings. 

However, as shown in the right panel of Figure 6 to Figure 8, for each model 

considered here, the ellipticity curves are too scattered. Therefore, the comparison 

with H/V data does not help. 

 

In such situation, it is thus very difficult to discriminate between models. The 

establishment of guidelines would be very useful to help engineers in the selection 

of the most realistic models. 

 

Note that, for test purpose, the inversion was made without any knowledge about 

a priori information of the site conditions. However, it is very important, in practice, 

to use all available information to better constrain the inversion process. This may 

help to select the most realistic model. In the present case, in the area of the array 

experiment, information on the geology (stiff soil) and depth of the rock interface 

(about 20 m) is available (see Deliverable D1, JRA4, Report on selected sites and 

available information). 
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Figure 6 : Results of the inversion procedure for three a priori soil models, with 

one to three layers over a half-space (from top to bottom). The plot 

on the left panel displays the forward dispersion curves (coloured 

curves) together with the measured dispersion curve (black curve). 

The colour scale indicates the misfit. The plot in the central part 

displays the inverted velocity profiles (coloured curves). The 

description of the a priori soil model is described in the upper part of 

the right panel. The plot below displays the forwarded ellipticity 

curves (black curves) together with the H/V curve (red curve). 
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Figure 7 : Results of the inversion procedure for 3 a priori soil models, with 

gradient S-wave velocity layers over a half-space (from top to 

bottom). The plot on the left panel displays the forward dispersion 

curves (coloured curves) together with the measured dispersion curve 

(black curve). The colour scale indicates the misfit. The plot in the 

central part displays the inverted velocity profiles (coloured curves). 

The description of the a priori soil model is described in the upper part 

of the right panel. The plot below displays the forwarded ellipticity 

curves (black curves) together with the H/V curve (red curve). 
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Figure 8 : Results of the inversion procedure for a priori soil model with three 

layers over a half-space allowing a decrease of the shear wave 

velocity with depth. The plot on the left panel displays the forward 

dispersion curves (coloured curves) together with the measured 

dispersion curve (black curve). The colour scale indicates the misfit. 

The plot in the central part displays the inverted velocity profiles 

(coloured curves). The description of the a priori soil model is 

described in the upper part of the right panel. The plot below displays 

the forwarded ellipticity curves (black curves) together with the H/V 

curve (red curve). 

 

 

 

5.2.2 Selection of the best profiles 

Once the model that seems to be the most realistic one is selected, the question 

raises of selecting the best mean Vs profile. The determination of the best mean Vs 

profile is a key point for engineers. The best procedure would be to keep all Vs 

profiles determined by the inversion procedure, having a misfit less than one, for 

soil site response computations. However, this is not an easy task, mainly because 

many inputs have to be introduced by hand in software that compute soil seismic 

response. Therefore it would be required to define a procedure to select – or help 

to estimate – at least three Vs profiles that describe the variability of the velocity 

profiles: 

– the best mean Vs profile, 

– the min and max profiles that cover the physically acceptable uncertainties. 

 

Common sense suggests that the inverted soil profile with the minimum misfit is the 

closed soil profile of the solution. However, in practice, this is not necessarily the 

case. This comes from the nature of the neighbourhood algorithm used for the 

inversion. 

 

If no strategy is proposed for the determination of the best mean Vs profile, there is 

a danger that the engineer takes only the Vs profile with the minimum misfit 

without any further considerations. 
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6. Site categorization 

In the Eurocode 8, the soil classification is based on the value of the average shear 

wave velocity down to 30 m (Vs30). It is possible, with the aid of Gpec8, a tool of 

Geopsy, to determine the EC8 category of a site for horizontally layered models. 

The definition of EC8 site classes computed here are based only on the Vs30 

values. 

Figure 9 shows the distribution of Vs30 computed using Gpec8 for the inverted Vs 

profiles of the 7 soil models. The distribution of Vs30 is rather homogenous between 

models and leads to a site class B for more than 99% Vs profiles (Figure 10). The 

determination of the site categorization seems to be robust. However, after the 

Deliverable D1, JRA4, (Report on selected sites and available information), the 

class for the AIGIO site is B/C. It goes beyond the objectives of the appendix to 

discuss the reasons for this slight discrepancy. 
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Figure 9 : Distribution of Vs30 computed (with Gpec8) for each Vs profile of the 

7 soil models. 
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Figure 10 : Distribution of the soil class computed for each Vs profile of the 7 soil 

models. 

7. Cost estimates for engineers 
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The cost, in terms of engineer time, to determine the site class with the aid of 

ambient vibration array analysis could be roughly evaluated as following: 

– In situ measurement: two engineer days per site. Indeed, at least, a number of 

2 persons is required on the field for the measurements , 

– Computation of the dispersion curve: one engineer day per site, 

– Determination of the Vs profile and the site class: at least one engineer day per 

site. The number of engineer days may increase if particular difficulties occur 

during the inversion process.  

 

In addition to this estimation, time should be added for the preparation of the 

experimental measurements and data processing (extracting data from the 

acquisition system, GPS processing from receiver locations, etc.). Therefore, a 

minimum of 5 engineer days must be considered in order to determine the site 

categorization for a given site with the procedure tested here. 

 

For estimating a budget, the cost for the equipments (dataloggers, sensors, etc.) 

and travel time to the site must be taking into account. 

 

 

 

8. Concluding remarks 

This case study shows that ambient vibration array analysis allows to give a rough 

estimate of the site conditions. Therefore, this is a valuable tool for engineers for 

computing Vs30 and attributing a site class to a site. However, it is strongly 

recommended to use all available information about a priori site conditions in 

order to better constrain the inversion process. This may help to select the most 

realistic model. 

 


