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Editorial

The use of surface waves (SW) in seismology is well known since the
pioneering works after the First World War in the 1920s and 1930s. In
the 1950s and 1960s, thanks to computer and instrumental
improvements, surface waves started to be intensively adopted in
global seismology [1-3]. Engineering applications started shortly after,
but for their diffusion we have to wait the work of Stokoe and
colleagues which introduced the SASW method (Spectral Analysis of
Surface Waves) [4,5]. After the introduction of multi-channels
methods, Multi channels Analysis of Surface Waves, SWs rapidly
become standard practice in engineering geophysical prospecting.
Nowadays surface wave methods are the most powerful and used tools
for in situ shear wave velocity estimation, basing on the dispersive
properties of the layered media [6-8].

Despite the scale difference from global seismology and site
geotechnical characterization, the basic principles are in fact the same.
The core of the measurement is based on the geometrical dispersion,
which makes SW velocity frequency dependent in vertically
heterogeneous media. If we measure the properties of surface wave
propagation frequency by frequency (e.g. Rayleigh waves frequency
dispersion properties) and we apply a correct procedure for the
inversion of the extracted dispersion feature, we can obtain the subsoil
physical properties that affect the wave field propagation (which is
mainly the shear wave velocity-vs.-profile). The possibility to retrieve
easily vs. profiles is the main reason of the of SW methods diffusion in
geotechnical engineering. It is in fact well known that the shear wave
profile is one of the most important parameter in site characterization,
from the seismic response analysis to dozens of others geotechnical
design purposes [9,10].

As a matter of fact, for common geotechnical engineering needs,
SW method nowadays replaced the classic shear wave prospecting (e.g.
SH reflection and refraction surveys). SW methods are in fact easier
than the classical SH surveys that present higher logistic demands,
especially in terms of source generation and relative depth of
exploration. In the last decades the development of passive surface
wave analysis as the REMI method (Refraction Microtremor) found
more appealing applications, especially in urban and logistically
complex sites [11]. The use of seismic noise allows in fact exploring
very low frequencies (and then deeper structures) that are difficult to
reach with controlled seismic sources. Can we image the modern SW
methods as the final remedy for the geotechnical engineering
characterization requirements?

The answer is obviously no because surface waves methods are, as
all the geophysical prospecting, affected by a number of limitations.
The most common (and neglected) is the low resolution we have in
limited length arrays describing the dispersion properties (e.g. modes
misidentification). Modes misidentification can easily bring to wrong
inversion assumption and then to totally wrong site characterization

[12]. On the other hand the very appealing passive SW arrays are
moreover affected to site dependent unknowns, as directional noise
problems [13].

The use of passive linear arrays, in case of preferential noise path,
can lead to a huge over-estimation of the seismic velocity profile. In
addition, some local geological conditions, as low velocity layers or
very hard impedance contrasts, can make particularly difficult the
interpretation of the common SW analysis [14]. These evidences
clearly point out as the SW methods cannot be considered as an overall
remedy and that rigorous and careful analysis are always mandatory.
Despite the growing popularity of SW methods, an expert analysis
should suggest that in several practical cases other classic geophysical
prospecting techniques are still preferable.

Apart from the well-established described role of SW techniques,
what can we expect from surface wave analysis development in the
future? The frontier and most promising fields in SW studies are the
multi-dimensional characterization and the improvement of
attenuation studies. 3D and 2D surface waves analysis are nowadays
realities in rapid growing (e.g. MOPA analysis [15,16]. These
approaches are able to provide sections and volumes of properties as
the shear modulus that can dramatically help the geotechnical design.
Moreover the successful applications of SW analysis for extended
multi-dimensional profiles are increasing their popularity in the oil
and gas industries interested in deep explorations. SW studies are in
fact successfully adopted as support to statics correction [17].

In some cases the SW acquisition can be done with the same
arrangement of the reflection surveys, with a huge logistically
advantages and a relevant improvement in information. On the other
hand the evaluation of damping and attenuation effects from the SW
analysis is the most recent promising tools for site estimation of energy
dissipation [18]. The possibility to evaluate quickly on site the dynamic
dissipation of energy, to be compared with the classical laboratory
tests, is in fact of crucial interest for earthquake engineering.

It was recently demonstrated as, in some geological conditions; the
damping characteristics of the site can play a greater role then shear
wave velocities profile affecting seismic local response [19]. It is
author’s opinion, considering the already well-established role of some
techniques and the promising recent researches about this topic, the
surface waves methods will play again a key role in the next future for
geotechnical engineering characterization.
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