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This paper describes an application of feedforward neural network to analyse the SASW (Spectral Anal
ysis of Surface Waves) measurements of the soil. The free field dynamic experiment was performed to 
determine the soil dynamic properties. An inversion process is based on the comparison of experimental 
and theoretical phase velocity curves. The results of the experiment are pre-processed by a neural network. 
The dynamic soil profile is compared with the real soil profile based on the geotechnical site prospect. 

1. INTRODUCTION 

The Spectral Analysis of Surface Waves (SASW) is a non-destructive, and a non-invasive geotech
nical prospection method performed to determine horizontal layering of a soil, or e.g. a layered strip 
or plate. It may be applied to obtain near-surface site characteristics such as dynamic Young elastic 
moduli, layer thickness and/ or Poisson ratio estimate for small strains. One of the objectives of this 
method is to estimate the experimental dispersion curve, describing the relationship between the 
propagation velocity of the Rayleigh waves and frequency. Furthermore, an inversion process based 
on the comparison of the results of experimental and theoretical phase velocity curves is needed. 
The procedure generally assumes horizontal, isotropic, elastic and homogeneous layers. 

A number of authors described theoretical solutions for the SASW method, e.g. [5, 6] . Al
Hunaidi [1] applied the multiple filter and cross correlation technique to process SASW signals. 
Williams and Gucunski [13] used a neural network approach to the SASW tests for training the 
back-propagation (BPNN) and general regression neural networks (GRNN). Furthermore, the net
works have been applied to the inversion procedure in which dynamic soil characteristics have been 
obtained with satisfactory results. 

In the present paper artificial neural networks are applied to process SASW signals instead of 
the technique described in [1]. The free field dynamic experiment results are pre-processed and then 
used to obtain the alternative experimental phase velocity curve. Furthermore , the soil dynamic 
characteristics are determined , using Kausel dynamic stiffness matrix, alternatively to Pyl and 
Degrande [11] . The dynamic soil profile is compared with the results of intrusive methods used at 
the test site, such as SCPT (Seismic Cone Penetration Test) and borehole tests performed there [7]. 

2. SOIL CHARACTERISTICS 

2.1. The test site 

The test site is located on a field between the Rue de la Bruyere and the High Speed Train track 
Brussels- Cologne in Lincent, Belgium. Figure 1 presents the site as well as all the characteristic 
points and distances. An elaborated soil testing campaign was performed by TucRail - Belgian 
track construction company in preparation of the construction works on the track. The tests included 
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Table 2. Soil dynamic parameters 

d Edyn Cp Cs 1/ 

[m] [106 N/ m 2
] [m/ s] [m/ s] [-] 

1.16 53 210 105 0.333 
0.79 247 454 227 0.333 
0.52 218 426 213 0.333 
0.12 274 478 239 0.333 

+00 305 505 252 0.333 

o,---~--~----~==~~~ 
-- SCPT4 

2 

6 

- SCPT5 
-- SASW 

100 200 300 400 
S-wave velocity [m/s] 

500 

P 
[kg/ m3] 

1800 
1800 
1800 
1800 
1800 

Fig. 9. Comparison of the shear wave velocity profiles derived from SCPT and SASW results 

4. CONCLUSIONS 

J. Kogut 

In the present paper artificial neural networks are applied to process of SASW signal instead of 
using the multiple filter and cross correlation technique. The free field dynamic experiment results 
are pre-processed and then used by a neural network to obtain the alternative experimental phase 
velocity curve. Furthermore, the determination of the soil dynamic characteristics is done, using 
Kausel dynamic stiffness matrix [l1J. Moreover, the results are compared with the results of intrusive 
methods - SCPT tests and borehole tests, used at the testing site. The tests performed on the spot 
reveal that the site consists of a layer of silt with the thickness of 1.20 m and shear wave velocity of 
about 105 mls over several stiffer layers of sands and sandy clays with shear wave velocities between 
213 mls and 239 mls upon the underlying halfspace with shear wave velocity of 252 m/s. The results 
demonstrate good agreement of different methods applied. 
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