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ABSTRACT: Multichannel Analysis of Surface Waves (MASW) is seismic exploration method to evaluate shear wave velocity 
profiles of near-surface soil materials based on analysis of horizontally travelling Rayleigh waves. The MASW method has been 
applied at four loose sandy sites in South Iceland providing shear wave velocity (VS) profiles for the uppermost 25 m at each site. The 
VS-profile obtained for one of the test sites was compared to empirical profiles estimated on the bases of CPT measurements carried 
out at the site. The results indicate that the MASW profile corresponds adequately well to the empirical estimations, strengthening the 
results obtained by MASW. However, further comparison of MASW and CPT data is needed in order to evaluate the overall 
applicability of existing CPT-VS correlations at Icelandic sand sites. 

RÉSUMÉ: L'analyse multicanal des ondes de surface (MASW) est une méthode d'exploration sismique pour évaluer les profils de 
vélocité de cisaillement des matériaux de sol proches de la surface à partir de l'analyse des ondes de Rayleigh qui se déplacent 
horizontalement. La méthode MASW a été appliquée dans quatre sites sablonneux du sud de l'Islande, offrant des profils de vitesse 
d'onde de cisaillement (VS) pour les 25 m les plus hauts de chaque site. Le profil VS obtenu pour l'un des sites d'essai a été comparé à 
des profils empiriques estimés sur la base des mesures de CPT réalisées sur le site. Les résultats indiquent que le profil MASW 
correspond adéquatement aux estimations empiriques, renforçant les résultats obtenus par MASW. Cependant, une comparaison plus 
poussée des données MASW et CPT est nécessaire afin d'évaluer l'applicabilité globale des corrélations CPT-VS existantes sur des 
sites de sable islandais. 
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1  INTRODUCTION 

Multichannel Analysis of Surface Waves (MASW) is a seismic 
exploration method to evaluate shear wave velocity (VS) 
profiles of soil sites based on simultaneous analysis of multiple 
surface wave traces acquired by an equally spaced line of 
receivers. MASW is a further development of the two-receiver 
Spectral Analysis of Surface Waves (SASW) method that has 
been used for few decades. The MASW method has several 
advantages over SASW such as a more efficient data 
acquisition routine in the field, faster data processing 
procedures, improved identification and elimination of noise 
from recordings and an increased investigation depth when 
using the same impact source. In recent years, the MASW 
method has attracted increasingly more attention and has 
become one of the main surface wave analysis methods for 
evaluation of shear wave velocity profiles for applications in 
civil engineering (Xia 2014). 

Direct in-situ measurements of shear wave velocity are, in 
general, preferable to indirect estimations. However, equations 
that correlate shear wave velocity to data obtained by other field 
measurement techniques, e.g. Cone Penetration Testing (CPT), 
can be useful at sites where direct measurements are not 
available. 

The objective of the study presented in the paper is to map 
shear wave velocity profiles of four loose sandy sites in South 
Iceland by MASW. In order to preliminary evaluate the 
applicability of selected CPT-VS correlation equations, as well 

as to strengthen the results obtained by MASW, the VS-profile 
obtained for one of the test sites is compared to empirical 
profiles computed based on CPT data acquired at the site. 

2  MULTICHANNEL ANALYSIS OF SURFACE WAVES 

In its basic form, the MASW method consists of three steps as 
illustrated in Fig. 1 (Park et al. 1999): 

 Data acquisition in the field. 
 Data processing to extract an experimental Rayleigh wave 

dispersion curve from the acquired data (dispersion 
analysis). 

 Evaluation of the shear wave velocity profile by inversion 
of the experimental dispersion curve (inversion analysis).  

The investigation depth of a MASW survey is determined 
by the longest Rayleigh wave wavelength that is retrieved in the 
dispersion analysis. A commonly used rule-of-thumb for 
interpretation of fundamental mode Rayleigh wave dispersion 
curves is that the maximum depth of the shear wave velocity 
profile should not be greater than one third to half the longest 
wavelength (Garofalo et al. 2016). The investigation depth that 
can be achieved by MASW is, in general, few tens of meters, 
assuming that the surface waves are generated by a reasonably 
heavy impact load, e.g. a sledgehammer, (Park et al. 2005).
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Figure 1. Application of the MASW method. (a) Geophones are lined up on the surface of the test site with equal receiver spacing dx. A wave is 
generated using an impulsive source that is applied at a distance x1 from one end of the receiver spread. (b) The wave propagation is recorded. (c) 
Steps (a) and (b) are repeated several times using different values of dx and/or x1 while keeping the midpoint of the receiver spread fixed. (d) A 
dispersion image is obtained based on each multichannel surface wave record. (e) The high-amplitude bands display the dispersion characteristics and 
are used to identify and extract the fundamental mode Rayleigh wave dispersion curve. (f) Steps (d) and (e) are carried out for each acquired surface 
wave record. (g) The extracted dispersion curves are added up to obtain a combined (mean) experimental curve along with upper/lower boundary 
curves. (h) An initial estimate of a layered soil model for the test site is obtained. The parameters required to describe the properties of each layer are 
shear wave velocity (VS), compressional wave velocity (VP), mass density (ρ) and layer thickness (h). The last layer is assumed to be a half-space. (i) A 
theoretical dispersion curve is obtained based on the assumed soil model and compared to the experimental (combined) dispersion curve. (j) The shear 
wave velocity values and/or the layer thicknesses are updated and the theoretical dispersion curve is recomputed until the misfit between the 
theoretical and experimental curves has reached an acceptably small value. (k) The shear wave velocity profile and the layer structure that result in an 
acceptable fit are taken as the results of the survey. 

 

3  MASW MEASUREMENTS 

3.1  Test sites and measurements set-up 

MASW measurements have been conducted at several locations 
in Iceland. The four test sites reported in this paper are all 
located in South Iceland. They are all at sites that were created 
by some mixture of ordinary fluvial and Aeolian processes, 
glacial outwash, sub-glacial outburst floods, coastal sediment 
transport and ash fall from volcanic eruptions. The exact origin 
is not well known.  

At the four test sites, multichannel surface wave records 
were collected using a linear array of 24 vertical geophones 
with a natural frequency of 4.5 Hz. A 6.3 kg sledgehammer or a 
single jump at the end of the geophone line were used as impact 
sources.  

Previous applications of the MASW method at Icelandic 
sites have indicated that an increased range in investigation 
depth can be obtained by combining data acquired by using 
measurement profiles of different lengths (Olafsdottir et al. 
2016). Hence, up to three measurement profiles with the same 
midpoint but different receiver spacing lengths (dx), i.e. dx = 
[0.5, 1.0, 2.0] m, were used at each test site. For each receiver 

spacing, up to seven different source offset (x1) in the range of 
3-50 m were used (Fig. 1a-c). This resulted in 26-95 
multichannel surface wave records for each of the four sites. 

3.2  Results of MASW measurements 

Figure 2 shows the combined fundamental mode dispersion 
curves (see Fig. 1g) for the four test sites, obtained by grouping 
data points from each set of elementary dispersion curves (see 
Fig. 1d-f) within 1/3 octave wavelength intervals. The shaded 
areas in Fig. 2a correspond to 95% confidence intervals for the 
mean phase velocity within each wavelength interval. In general, 
the longer wavelength parts of the dispersion curves are 
characterized by higher uncertainty than the shorter wavelength 
regions. 

The results of the inversion analysis (see Fig. 1h-k) are 
illustrated in Fig. 2b. A broken line indicates the half-space 
shear wave velocity in each case. The average shear wave 
velocity ( , ) of the uppermost d = [10, 20, 30] m at each site 
is further provided in Table 1. The ,  velocity is obtained as 
(CEN 2004) 
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  , ∑ ,     (1) 

where VS,j and hj denote the shear wave velocity and thickness 
of the j-th layer, respectively, for a total of N layers down to 
depth d. When an estimated shear wave velocity profile goes 
down to a depth less than d, the profile is extrapolated using the 
half-space velocity (Fig. 2b) down to depth d. 
 

 

 
Figure 2. (a) Combined dispersion curves with 95% confidence 
intervals and (b) estimated shear wave velocity profiles for the MASW 
test sites in South Iceland. 
 
Table 1. Average shear wave velocity of the uppermost 10 m, 20 m and 
30 m at the MASW test sites in South Iceland. 

Site VS,10 [m/s] VS,20 [m/s] VS,30 [m/s]

Arnarbaeli 129.0 178.4 215.0

Bakkafjara 174.0 223.5 258.0

Mulakvisl 180.0 231.2 275.3

Thorlakshofn 173.3 192.0 222.2

4  CPT MEASUREMENTS AND SOIL CLASSIFICATION 

CPT measurements were carried out at the test site at 
Thorlakshofn. Results of CPT measurements are commonly 
used for soil classification by the use of charts that link the cone 
parameters to soil type (Robertson 2009). Fig. 3 shows the 
normalized soil behaviour type (SBTn) chart for the CPT test 
results acquired at the Thorlakshofn site.  

Based on the results presented in Fig. 3, most of the data 
points are classified as soil behaviour type 6 “sands – clean 
sand to silty sand”. However, some data points, mainly in the 

depth range of 5.0-5.7 m, are classified as type 5 “sand mixtures 
– silty sand to sandy silt”. 

 
Figure 3. Normalized soil behaviour type (SBTn) chart, after Robertson 
(2009), with results of CPT measurements at the Thorlakshofn site. SBT 
zones and soil behaviour type descriptions after Robertson (1990). 

5  COMPARISON OF MASW AND CPT 

Various correlation equations exist between shear wave velocity 
and different CPT-related parameters, such as cone resistance 
(qc), corrected cone resistance (qt), sleeve friction (fs), 
overburden stress (σv0), effective stress (σ’

v0) and depth (z). 
Examples of CPT-VS correlations, either intended for sands or 
for all soil types, are provided in Table 2.  
 
Table 2. Examples of CPT-VS correlation equations. 17.48 . . Baldi et al. (1989) (2a)10.1 log 11.4 . .

 
Hegazy and Mayne 
(1995) 

(2b)118.8 log 18.5 Mayne (2007) (2c)32.3 . . . Piratheepan (2002) (2d)134.1 0.0052   Sykora and Stokoe 
(1983) 

(2e)

, , ,  and ′  in kPa and  in meters. 100 kPa. 
 

The CPT-VS correlations in Table 2 were applied to the 
acquired CPT data. Fig. 4a shows comparison of the VS-profiles 
predicted based on the CPT-VS correlation equations and the 
profile that was obtained by the MASW method (Fig. 2b). Only 
the top-most 10 m of the MASW profile is shown in Fig. 4a.  

The difference of the shear wave velocity estimates in the 
depth interval of 1.5-8 m, where Eqs. (2a)-(2e) all provide non-
zero estimates of the shear wave velocity, is further illustrated 
in Fig. 4b. The shear wave velocity bias (VS,bias) (McGann et al. 
2015) is defined as the ratio between the shear wave velocity 
values estimated by each of the five CPT-VS correlation 
equations (estimated VS) and the values obtained by MASW 
(measured VS) 
 , 		    (3) 

 
Hence, a value of VS,bias lower than one indicates that the 

shear wave velocity estimates obtained based on the CPT 
measurements at a given depth are lower than those obtained by 
MASW. Fig. 4b shows the shear wave velocity bias 
corresponding each of the five selected CPT-VS correlations as a 
function of depth, as well as providing the average VS,bias value 
in each case. 

The results presented in Fig. 4 indicate that the MASW VS-
profile can be fitted adequately well with empirical correlations 
based on results of CPT measurements. In the depth range of 
1.5-8 m, the mean bias for the correlations of Hegazy and 
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 Mayne (1995), Mayne (2007) and Sykora and Stokoe (1983) is 
close to 1.0, indicating, on average, very comparable results to 
those obtained by MASW. In the depth interval of 5-5.7 m, 
where the results of the CPT measurements indicated the 
presence of a siltier sand layer (Fig. 3), the correlations of 
Hegazy and Mayne (1995) and Mayne (2007) provide, however, 
considerably lower shear wave velocity estimates than were 
obtained by MASW with VS,bias as low as 0.5 to 0.6. Of these 
three correlation equations, the equation of Sykora and Stokoe 
(1983) provides the most similar shear wave velocity values as 
MASW for the top-most 1.5 m at the site. The correlation 
equations of Baldi et al. (1989) and Piratheepan (2002) tend to 
provide lower shear wave velocity estimates than the results 
obtained by the MASW method indicate. 

 

 
Figure 4. (a) VS-profiles for the Thorlakshofn site predicted based on 
selected CPT-VS correlations [Eqs. (2a)-(2e)] and obtained by MASW. 
(b) Comparison of the VS-profiles in Fig. 4a in the depth range of 1.5-8 
m. 

6.  CONCLUSIONS 

MASW is seismic exploration method to evaluate shear wave 
velocity (VS) profiles of near-surface materials. In this paper, 
results of MASW measurements carried out at four test sites in 
South Iceland are presented. Several different source offset 
and/or receiver spacing configurations were used at each site in 
order to maximize the investigation depth range of the survey. 
Dispersion analysis and inversion was then applied to evaluate 
the combined dispersion curve and the VS-profile for each site. 
Using this set-up, VS-profiles down to approximately 25 m 
could be evaluated.  

Equations that correlate CPT-based parameters to shear 

wave velocity can be useful at sites where CPT data are 
available but direct measurements of shear wave velocity have 
not been carried out. Such equations can also serve to 
strengthen the results of the MASW measurements by 
comparison to an another VS-profile evaluation technique. The 
MASW VS-profile obtained for the Thorlakshofn test site was 
compared to empirical shear wave velocity profiles estimated 
on the bases of CPT measurements carried out at the site using 
selected CPT-VS correlations. The results indicated that the 
MASW shear wave velocity profile corresponds adequately 
well with the empirical profiles. Further comparison of MASW 
and CPT data is, however, needed in order to evaluate the 
overall applicability of existing CPT-VS correlations at Icelandic 
sand sites. 
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