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ABSTRACT: MASW (Multichannel Analysis of Surface Waves) is an active-source surface wave method that provides
information on shear wave velocity (Vs) distribution down to 10—30 m depth. The technique has been found well-suited for
profiling of Icelandic soil sites, including gravelly sites and sites with partly cemented materials or mixed soils containing
cobbles or boulders. This paper introduces a database where results of MASW measurements conducted in Iceland can be
accessed. The database is available in open-access online and provides the user with an interface which allows results from
different sites to be viewed simultaneously and compared in terms of dispersion curves, Vs profiles and time-averaged Vs.

RESUME: MASW est une méthode d'onde de surface & source active qui fournit des informations sur la distribution de la
vitesse des ondes de cisaillement (V5) jusqu'a 10 a 30 m de profondeur. La technique s'est avérée bien adaptée au profilage
des sites de sols islandais, y compris les sites graveleux et les sites avec des matériaux partiellement cimentés ou des sols
mixtes contenant des galets ou des rochers. Cet article présente une base de données ou les résultats des mesures MASW
effectuées en Islande peuvent étre consultés. La base de données est disponible en libre accés en ligne et offre a I'utilisateur
une interface permettant de visualiser simultanément les résultats de différents sites et de les comparer en termes de courbes
de dispersion, de profils Vs et de Vg moyenné dans le temps.
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1 INTRODUCTION

Seismic site characterization is a fundamental aspect
of engineering design of structures in seismically
active areas. The seismic hazard in Iceland is
considered moderate to high, with the largest
earthquakes occurring within two complex fracture
zones: the South Iceland Seismic Zone (SISZ) in the
south and the Tjornes Fracture Zone (TFZ) in the north
(Einarsson, 2008). The soil site conditions in Iceland
are shaped by a combination of volcanic activity,
glacial drift, and sea level variations through the ages.
The soil deposits largely consist of coarse-grained
granular materials of basaltic origin (i.e., coarse silt,
sand, gravel, and coarser grains), although thick peat
deposits exist in some locations. Clayey materials are
uncommon in Iceland (Erlingsson, 2019).

Surface wave methods have been found well-suited
for profiling of Icelandic soil sites, including gravelly
sites and sites characterized by conglomerated
materials or mixed soils containing cobbles or
boulders. From 2013 to 2021, MASW (Multichannel
Analysis of Surface Waves) measurements were
conducted in 19 areas in Iceland. Together, the tested
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sites represent the three most commonly encountered
types of natural soil deposits in Iceland, in addition to
engineered fills. This paper describes the first efforts
made to create a database where the measurement
results, along with supporting data, can be accessed.
The database is accessible in open access at
https://serice.hi.is. The user interface allows results
from different sites to be viewed simultaneously and
compared in terms of dispersion curves and measured
shear wave velocity (Vs) profiles. The Vg profiles are
further presented as time-averaged shear wave
velocity (Vs ,) in line with the site categorization in the
current Eurocode 8 [EC8] (CEN, 2004).

2 ANALYSIS PROCEDURE

The term MASW describes a linear data acquisition
layout where a vertical impact source is applied in-line
with an array of equally spaced receivers that are
placed on the surface. The interval Vg profile of the
underlying soil stratum is then obtained by inverting
the dispersion characteristics of the recorded Rayleigh
waves.
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The same data acquisition and analysis approach
was used for all the sites that are currently included in
the database (Figure 1). The in-situ measurements
were generally conducted using 24 vertical 4.5 Hz
geophones with a spacing of 0.5 m, 1 m, and/or 2 m,
depending on site conditions. In exceptional cases, the
number of receivers was 12 or 16. Rayleigh waves
were generated with a sledgehammer that was struck
at various distances (usually in the range of 3—30 m)
from one or both ends of each geophone array. Several
shot gathers were recorded for each array length and
impact point location. Each multi-channel record was
analysed separately to quantify the variability of the
dispersion curve estimates prior to the inversion.
Comparison of dispersion curves obtained at different
impact points (i.e., different source offset lengths and
forward/reverse shot gathers) was further used during
the data analysis for detection of possible near-field
effects at certain source offsets and for validation of
the 1D assumption adopted in the inversion process.
For each test site, the resulting dataset was merged into
a single composite curve by adding up the elementary

dispersion curves within log-spaced wavelength
bands. The composite experimental dispersion curve is
subsequently referred to by the abbreviation EDC. A
Monte Carlo global search process was then used to
identify a set of Vs profiles that fit the observed data,
given the uncertainty of the mean EDC and the
assumed ground model. A comprehensive description
of the data processing and inversion procedures is
provided in Olafsdottir et al. (2023).

3 DATABASE OF MEASURED Vg
PROFILES

The soil site database currently stores measured
dispersion curves, Vg profiles and Vg , from 19 sites in
Iceland. Between one and seven measurements are
available for each site with an inter-profile distance
below 1.1 km and an investigation depth between 10
m and 30 m (Olafsdottir et al., 2023).
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Figure 1. MASW survey by the Olfus River in South Iceland, illustrating the workflow used for all sites. (a) Spectral image
of a single shot gather. (b) Dispersion curves identified from repeated shot gathers (left-hand axis) and variation of the
phase velocity values (right-hand axis). (c,d) Sampled Vs profiles (six-layered model) whose theoretical dispersion curves
(TDC) fall within the boundary EDCs. The median and 10" to 90" percentile range of the Vs models, and the TDC
corresponding to the median Vg profile, are shown in red. (e) Distribution of the shear wave velocity in the i-th layer, i €

{1, ...,6}, and (f) the depth of the i-th layer interface, i € {1, ..
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.,5}, for the set of velocity models shown in (d).
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The user interface is based on an interactive map
that shows the surveyed sites (Figure 2). By clicking
on a specific map marker, the measurement locations
at the given site are displayed (Figure 3a) and the
profile(s) of interest can be selected by clicking their
unique identifiers (IDs) (Figure 3b). The data are
presented in figure form as shown in Figures 3d-f.
Results from an unlimited number of measurements
(from any survey sites) can be viewed simultaneously.
The selected measurements are managed using the
check boxes (view/hide) and cross marks (remove) by
their profile IDs (Figure 3c).

The interval Vs profile shown for each
measurement (Figure 3e) is the median of the subset of
sampled Vs profiles whose associated theoretical
dispersion curves fall within the boundary EDCs at all
wavelengths. The 10" and 90™ percentiles of Vs ; and
z; are further provided (here Vs; and z; denote the
shear wave velocity in the i-th layer and the depth of
the i-th layer interface, respectively).

The mean EDC and its boundary curves are
presented as shown in Figure 3d. The boundary EDCs
are defined as one standard deviation (SD) above and
below the mean curve, except for measurements
conducted on top of earth-rockfill dams with a central
core, where they are specified as 1.5 SDs from the
mean EDC. In those cases, the acquired multi-channel
time series likely represent a mixture of the response
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of the core and shell materials. The theoretical
dispersion curve of the median Vs profile is given, thus
allowing the user to visually evaluate its fit to the EDC.

The median Vg profile is also given as time-
averaged shear wave velocity (Vs ,, Figure 3f), defined
by Eq. (1) where Vg; and h; are the velocity and
thickness of the i-th layer for a total of N layers down
to depth z:
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Figure 2. The map interface of the soil site database. The
current test sites are shown with red markers.
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Figure 3. The user interface of the soil site database. (a) Measurement locations and (b) their profile IDs. (c) List of selected
measurements. Results presented in terms of (d) dispersion curves, (e) median Vs profiles, and (f) time-averaged Vs.
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Figure 4. (a) Shear wave velocity (Vs) and (b) time-averaged shear wave velocity (Vs ,) profiles in the database. The Vs,
profiles are shown with dashed lines at depths z > Z,,, for natural sites with a survey depth of Zya, < 30 m. The grey
shaded areas in (b) illustrate the Vs 3, ranges defining ground types B, C, and D in the current EC8 (CEN, 2004).

The V; , profile of each natural soil site is evaluated
down to 30 m. In instances where the survey depth
(Zmax) 18 less than 30 m, the median Vs is extended to
30 m using the half-space velocity for calculation of
Vs, at z > Zp 4, When Vs increases with depth, as is
expected for all the sites currently included in the
database, this approach provides a conservative
estimate of Vs 3.

Figure 4 shows the current collection of median Vs
profiles and the corresponding Vs ,. The tested sites are
classified by general soil characteristics as (i) peat and
peaty sites, (ii) silty, sandy, or gravelly sites, (iii) well-
compacted engineered fills, and (iv) cemented or
conglomerated materials. As shown, there is a distinct
separation between the four classes. The estimated
Vs 30 values further provide a general indication of the
expected EC8 site category of sites within each class.
It is though worth mentioning that a Vgs3q
categorization of the peat and peaty sites included in
this work is considered uncertain as they might also be
categorized as type E or, in some cases, type S or Ss.

4 CONCLUSIONS

Here we present a database (https://serice.hi.is) of
surface wave measurements conducted in Iceland. The
main purpose is to give researchers and professional
engineers access to data and interpreted velocity
profiles for design and further analysis.

Future work is aimed at extending the database by
adding results from additional sites, as well as adding
information on key site effect proxies. Future
surveying efforts will also be aimed at assessing the
depth of the seismic bedrock formation or the
fundamental frequency of the soil deposits, which are
required for site categorisation according to the 2"
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gen. EC8 (CEN/TC250/SC8, 2021). Further research
in this field is believed to be of high value for
professional engineers to implement the new site
classification scheme and aid simplified identification
of site categories in cases where little (or no) site-
specific information is available.
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