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Abstract — The paper focus on the realization of a wave velocity (Vs). The aim of this paper is toidate
reliable geotechnical model for a study on Seismic the most widespread test of seismic surface for the
Response Analysis, for which one of the most determination of the shear wave velocity profiley b
important steps is represented by the accurate means of the measurements of the Rayleigh waves
knowledge of shear wave velocity profiles of soithe  velocity. The audit was performed by comparing the
implementation of these tests, however, must alsake  results of MASW (Multichannel Analysis of Surface
into account economical aspects since, especially i Waves) with direct measurements of S-wave velocity
some cases of minor works, it may be convenient to performed by SDMT (Seismic Dilatometer Marchetti
combine traditional tests for direct measurement of Test) close to the MASW test. The test site isdaghe
shear wave velocity (Down-Hole, Cross-Hole, SDMT) INGV building, located in the city center (Figurg. 1n

with indirect and less expensive tests (MASW). order to contain the environmental noise and maeémi
The MASW test (Multichannel Analysis of Surface the s/n ratio, the MASW test was performed in the
Waves), is being performed by use of vertical courtyard behind the building and during the fitaytime
geophones and allows the reconstruction of the hours.

vertical profile of the velocity of the wave S baskon
the inversion of the dispersion curve of the Raylgh
waves. The use of this methodology is widespreadr fo
economic reasons, but requires however direct tegaty
for an accurate validation.

. INTRODUCTION

The city centre of Catania (Italy), which is recizgml
as a typical Mediterranean city at high seismik,rigas
investigated by in situ tests, including also Seétsm |

Analysis of Surface Waves Test MASW. Seismic
amplification of the ground motion phenomena weregg
reported by historical sources following the 16985 (= .
7.0-7.3, ) = X-XI MCS) and 1818 (Ms = 6.2, 1= IX :
MCS) Sicilian strong earthquakes [1-4]. Seismic
Dilatometer Marchetti Tests (SDMT) and Multichannel g
Analysis of Surface Waves Test (MASW) have beeao als§gés
carried out in the zone of the historical city cenPiazza
Roma, where is located the case study building
National Institute of Geophysics and Volcanology . i i

(INGV), with the aim of an accurate geotechnicaIF'g”re 1. Location of SDMT and MASW tests in thet te

characterisation, evaluating also the soil profifeshear  Sit€ Of INGV building.
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IIl.  SEISMICITY AND GEOLOGICAL
CHARACTERISTICS OF THE AREA

The city of Catania (Italy) was partially destroyey

curve can be obtained based on a multi-station test
configuration (Figure 2), in which receivers aredted at
several locations along a straight line. The waldfis

the Val di Noto earthquake of January 11, 1693; th&liscretized and truncated in both the time and epac

build-up areas suffered also heavy damage in omcadi domain during the data acquisition.

the February 20 , 1818 earthquake. The December 13.

1990 earthquake damaged also several public andteri } <
=

buildings in Catania. The Val di Noto earthquake of
—
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January, 11 1693 is the best remembered by Sisilian
The shock of January 11 which developed from the
epicentre (situated at sea but not far from thestyoa
measured Xl on MCS. The Etna earthquake that too
place on February 20, 1818 was one of the feeblest
occurred but its effects were noticed over a vast.a
This event as a whole show that the quake readied t
peak of IX on MCS.

Sicily consists basically of a plateau - the Hyhlea
Mountains - dissected by canyons and bounded t®ward
north and west by loawer, smoothly undulated ta fla
lands. In the Hyblean Mts., limestone, marlstone,
calcarenite and intermediate rock types, mostlyl wel
lithified, are predominant.

The test site is inside the INGV of Catania (lat® 30'
49" N; Long. 15° 4' 55" E) , where there are lalaws,
scoria cones, spatter ramparts and pyroclastidégbsit
(Pietracannone formation - lower member - Mongibell
Volcano), covering the sedimentary basement cangist
of blue-grey marly clays (lower-middle Plioceneher
latter emerge in the tested site. In detail, th& tBte
consists only of sedimentary soil, as describedvael
00.00 mt. - 01.50 mt.: top-soil; 01.50 mt. - 06.70.:
silty sand, weakly clayey, colored ranging fromeanoto
yellowish brown; ¥ = 20.4 KN/ni; ¢' = 11 KPa;¢ =
29°), with chalky rocky elements and sandy deciagetr

levels with sand_stone pebbles inc_:luded; 06.70 mg.sc? Rayleigh-type surface waves in layered medium piewi
mt.: grey-yellowish clay weaKly silty(= 20.1 KN/n¥; € key information regarding the properties of neafaze
= 38 KPa;@ = 16°); 09.50 mt. - 60.00 mt.: weakly silty materials.
clay blue-gray with blackish brown decimetres sandyrhe pasis of most surface wave analysis methods is
levels ¢ = 20 KN/, ¢' = 51 KPap = 20°). accurate determination of the frequency-dependease
velocity of the fundamental mode of Rayleigh waves
[10]. Apart from being a function of frequency, the
MULTICHANNEL ANALYSIS OF SURFACE Rayleigh wave phase velocity is related to sevgrailips
WAVES (MASW) TEST of soil properties, most importantly the shear wave
The Multichannel Analysis of Surface waves (MASW) velocity of individual soil layers. Thus, by invery the
method is one of the seismic survey methods evalyiat dispersive phase velocity of recorded Rayleigh watree
the condition of the ground for geotechnical engiimeg  shear wave velocity profile for the test site caa b
purposes. MASW allows measurement of seismic serrfacobtained [11].
waves generated from various types of seismic ssurc The shear wave velocity profile can then be used to
such as sledge hammer, analyzing the propagatievaluate the stiffness of the top-most soil layers.
velocities of those surface waves, and then finallyrurthermore, in earthquake geotechnical desigrshiear
deducting shear-wave velocity (Vs) variations beltn  wave velocity is a crucial parameter in both liaetfon
surveyed layers that is most responsible for ttdyaed  potential and soil amplification assessments ane&nwh
propagation velocity pattern of surface waves. defining site-specific earthquake design loading
More convenient and better estimation of dispersiomccording to Eurocode 8 [12-13].

AR3

v

Figure 2. A scheme of multi-station surface wagérig
with Rayleigh waves of different wavelengths
propagating through soil.

Under most circumstances, Vs is a direct indicafahe
ground strength and therefore commonly used toveleri
load-bearing capacity. After a relatively simple
procedure, final Vs information is provided in 1F9).

The Rayleigh-type surface waves are generated sed u
to infer the shear wave velocity profile of thettsite as a
function of depth.

The shear wave velocity of individual soil layers i
directly proportional to their shear modulus, whiish
their stiffness. Compared to other available meshod
surface wave methods are low-cost, as well as bsing
invasive and environmental-friendly since they meit
require heavy equipment and nor leave lasting marks
the surface of the test site. The dispersive natfre
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Figure 3. Spectral image (analysis Overtone) in W@ith creation of phase velocity/frequency/breautps.

For MASW, it has been used the DAQIink Il serial reported in Figure 3.

number 1333. This is the third generation of pdetab S EENE SRS R RN B A
seismograph systems. The system can be configsred a G T T B e
a stand-alone monitoring system, a refraction sysie 7 r&

a distributed seismic reflection system. The DA®Iin \ L ‘

T

Il Specification are: A/D 24 bit sigma delta contes,
Filters 0-10000 Hz, dynamic range 144 db, Anti-Alia
Filters 85% of Nyquist frequency, Low Cut Filter&Js
Selectable — DC, 0.1 Hz, 2 Hz, Filter Type Linear
Phase, Sample Rates 1/48, 1/16, 1/8, 1/4, 1/2,4,,&,

16 ms, PreAmp Gain x2 (6 dB) & x32 (30 dB) standard
x1 (0 dB) & x16 (24 dB) optional, Max Input at x2 0
(Standard) 3.58 Volts P-P x2 (Standard) 7.16 V3 '
x1 (Optional), Bandwidth DC to 15 kHz, Power Less
than 0.4 watts per channel, Input Impedance 100k
Ohms, Clock Sync GPS, Channels 24, Trigger 3-pin
weatherproof. For general inversion algorithmss it'
been used the SurfSeis 4.2. Using this software, th
MASW method can be divided into three main steps E B
[9]: 1. Data acquisition; 2. Dispersion analysis
(Determination of a Rayleigh wave dispersion curve)
3. Inversion analysis (Determination of a shear avav
velocity profile). 24 low frequency (4,5 h) geoplesn
have been placed at a distance of 1 m between them
with an impact mass of 6 kg. The seismic source was
placed at a distance of 3.0, 5.0 and 7. 0 m frazfitkt T
geophone. Using a 1 millisecond sample rate and 1 \
second recording time, it has acquired the registra %
of 24 geophones. Subsequently, it was obtained for
INGV site the spectral image (analysis Overtone) e
with creation of phase velocity/frequency maps,
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Figure 4. Experimental dispersion curve for INGtési
with inversion process to ten layers velocity model
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Subsequently, it was extracted the experimental
dispersion curve through interpretation of the phas
velocity/frequency spectrum (overtone image), with
inversion process to ten layers velocity modelpregl

in Figure 4.

Numerical values obtained in the interpretation are
reported in Table 1.

Table 1. Numerical values of MASW test at INGV

layer | bottom| Thickness| Vg H/Vs(s) | RMSE
depth (m) (m/s)
(m)
1 0.64 0.64 182.1 0.00353f 5.56
2 1.45 0.81 158.1 0.00507p 4.87
3 2.46 1.01 267.0 0.00376B 5.42
4 3.71 1.26 328.0 0.00383p 5.50
5 5.28 1.57 239.1 0.00657p 5.28
6 7.25 1.96 204.4  0.009608 5.2%
7 9.70 2.46 228.1 0.01073D 5.20
8 12.77 3.07 253.1 0.012126 5.12
9 16.61 3.84 235.3 0.016309 5.0b
10 20.76 4.15 276.9 0.014997 4.67

IV.  SEISMIC DILATOMETER MARCHETTI TEST

SDMT is the combination of the standard Flat
Dilatometer (DMT) introduced by [14] with a seismic
module. Such module is a probe outfitted with two
sensors, spaced 0.5 m, for measuring the shear wave
velocity Vs. From Vs one can determine the small
strain shear modulus,Gnay be determined using the
theory of elasticity. The Seismic Dilatometer Test
(SDMT) performed at INGV site has an effective dept
of about 35 m. The SDMT [14-16] provides a simple
means for determining the initial elastic stiffnests
very small strains and in situ shear strength patars
at high strains in natural soil deposits. Sourcevesa
are generated by striking a horizontal plank at the
surface that is oriented parallel to the axis of a
geophone connects by a co-axial cable with an
oscilloscope [17; 18]. The measured arrival timés a
successive depths provide pseudo interval Vs pofil
for horizontally polarized vertically propagatingesar
waves. The small strain shear modulug &
determined by the theory of elasticity by the well
known relationships: &= pVs® where: p = mass
density. SDMT obtained parameters are: Id: Material
Index; gives information on soil type (sand, silay),
figure 5a; M: Vertical Drained Constrained Modulus,
figure 5b; Cu: Undrained Cohesion, Figure 5c; Phi:
Angle of Shear Resistance, figure 5d;: KHorizontal
Stress Index, figure 5e (the profile of ks similar in
shape to the profile of the overconsolidation r@ioR.

Kp = 2 indicates in clays OCR = 1,k 2 indicates
overconsolidation. A first glance at the, Korofile is
helpful to "understand" the deposit).
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Figure 5. SDMT test at INGV site. a) Id: Material

Index; b) M: Vertical Drained Constrained Modulus;

Cu: Undrained Cohesion; d) Phi: Angle of Shear
Resistance; e) i Horizontal Stress Index.

Shear Waves Velocity profile obtained by SDMT is
reported in Figure 6.

V. COMPARISON OF THE RESULTS

The comparison between the results of MASW and
SDMT tests performed at INGV site in terms of Vs
profiles, is reported in Figure 7. The two testewgh
comparable values of shear wave velocity Vs, exitept
the range 4,0 m - 8,5 m for which the results oiViD
test show higher values of Vs. Probably this is ttua
disturbing factor in the upper soil strata.



Vs (m/s)
0 100

200 300 400 500

P

© O H~ N O

12
14
16
18

22
24
26
28
30
32
34

PV

0 100

200 300 400 500
Figure 6. Shear Waves Velocity profile obtained by

SDMT.

VI. CONCLUSIONS

In this paper some information concerning the
geotechnical characterisation of a test site incityeof
Catania (ltaly) have been presented. It focuseditabo
the direct and indirect methods on Vs measurements
performed through in-situ tests. The comparison
between the results of MASW and SDMT tests
performed at INGV site in terms of Vs profiles, sho
very comparable values of shear wave velocity Vs.
Also the V3o values are comparable between the two
tests: \zg MASW = 250 m/s, V3 SDMT = 280 m/s.
Thus it can be easily obtained a reliable geoteethni
model for the study on Seismic Response Analysis, f
which one of the most important steps is represkye
the accurate knowledge of shear wave velocity |a®fi
of soil. Similar studies have been performed fag th
zonation on seismic geotechnical hazards and also f
soil-structure interaction [19-21] and retrofittirig2-
26] in other sites of the city of Catania (Italy)dafor

the Abruzzo Region (Italy) during L’Aquila earthdua
[27-30].
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