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1 INTRODUCTION 

The city of Catania is located on the east coast of 
Sicily, which is one of the most seismically active 
areas of Italy. The east coast of Sicily has been 
struck by various disastrous earthquakes with an 
MKS intensity from IX to XI in the last 900 years. 
The earthquake of January, 11, 1693 is considered 
one of the biggest earthquakes which occurred in 
Italy. It is supposed that more than 1500 after shocks 
occurred along a period of more than two years after 
the main shock. This earthquake, with an intensity of 
XI degree of MKS scale in many centres, struck a 
vast territory of south-eastern Sicily and caused the 
partial, and in many cases total, destruction of 57 
cities and 60000 casualties. In order to study the dy-
namic characteristics of  soils in the Catania munici-
pal area, laboratory and in situ investigations have 
been carried out to obtain soil profiles with special 
attention being paid to the variation of the shear 
modulus (G) and damping ratio (D) with depth (Ca-
vallaro & Maugeri 2005, Cavallaro et al., 2006b, 
2007). This paper tries to summarise this infor-
mation in a comprehensive way for Bellini Garden 
area in order to provide a representative model of 
ground condition of different zones in the city for 
realistic seismic scenarios response analysis. Similar 
geotechnical study was successful performed for 
significant historical test sites (Cavallaro et al., 
2003, 2004, 2013c, 2014) 

2 THE BELLINI GARDEN 

The Bellini Garden (or Villa Bellini) is one of four 
major public gardens in Catania. Locally it is often 
referred to simply ''a Villa''. 

The oldest part of the garden dates back to the eight-
eenth century and belonged to the Prince Ignazio 
Paternò Castello of Biscari, who had wanted accord-
ing to the types of the time with hedges structured to 
form mazes, decorating statues in the walkways and 
numerous fountains of various shapes to gush of wa-
ter or waterfalls. This architectural conception had 
earned its name Labyrinth. The garden was entrusted 
to skilled gardeners among which the first was 
Pietro Paolo Arcidiacono and later Giuseppe Squil-
laci. After the death of the prince patron, which took 
place on 1 December 1786, the garden gradually de-
clined due to the absence of the heirs. It was offered 
for sale since 1820 but only after a long period of 
negotiations, September 29, 1854 the Labyrinth was 
bought by the city of Catania by the owner Anna 
Moncada Paternò Castello, descendants of the 
Prince's heirs. The transformation of the garden to 
accommodate public use encountered numerous dif-
ficulties not least economic ones as to make it suita-
ble for the intended purpose you had to solve related 
problems such as purchasing some adjacent private 
gardens. In 1858 the Marquis Antonio Paternò del 
Toscano, head of the city administration wrote a re-
port on the "Project for a walking public". 

The Bourbon government authorizes the financing 
of the work but arose rivalry between the experts re-
sponsible for blocking execution until, in the month 
of April 1863 was given the task of directing the ex-
ecution to architect Landolina Ignatius (1822 - 
1879). It was then that began the transformation of 
the private garden into a public garden whose works 
lasted until 1875.  
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In 1866 at the foot of the hill south, side Via Et-
nea, it was placed the bust of Vincenzo Bellini 
which is dedicated to the garden. 

In 1875 the municipality of Catania buys by the 
Dominican Fathers the land adjacent to the south-
west of the ancient Labyrinth, in 1877 the northern 
part of which belonged to the Prince Paterno di 
Manganelli and the vegetable garden of San Salva-
tore by Capuchin Fathers. 

On October 4, 1877, under the new direction of 
engineer Filadelfo Fichera (Catania, 1850 - 1909), 
they began the unification efforts of the new funds 
acquired. The Fichera worked to make the use of the 
area more functional and easier through the resolu-
tion of the delicate technical aspects due to the ter-
rain morphology, connecting the Biscari labyrinth 
garden with the land of San Salvatore. The Fichera - 
among the leading experts in the field of sanitary 
engineering of period - was able to remedy the said 
difficulties by an elegant and erudite use of stair-
ways, bridges and avenues, giving the Garden Belli-
ni the current setting. On the side facing Via Etnea 
were demolished, the Chiarenza house and stables of 
Majorana home. 

Overall it was made a grove rather rent crossed 
along the perimeter by a promenade with pedestrian 
paths and connected a ring avenue for carriages; on 
the north hill it was built with a square in the middle 
by an elegant wooden kiosk (named Chinese Pavil-
ion). 

 

 
 
Figure 1. The Chinese Pavilion (Photo by Mirko Chessari). 

 
The "Avenue of Illustrious Men" at West was com-
pleted in 1880 with busts on columns of the most 
famous characters of Italian and Catania history, but 
already in 1875 at the beginning of the avenue had 
been placed the bronze statue of Giuseppe Mazzini 
work of the sculptor Francesco Licata. 

The monumental entrance of Via Etnea was built 
and opened in 1932 as part of the reorganization of 
the area and the construction of the overpass on the 
Via Sant'Euplio according to the project of architects 
Antore, Samonà and Gessigrande. 

The following year, at the top of the staircase, in 
the square overlooking the Via Sant'Euplio tunnel at 
the center stands the large pool with fountain and 
swans were placed the four groups of monumental 
statues representing the arts, by the sculptor Dome-
nico Maria Lazzaro and the Seasons, by the work of 
sculptor Perrotta. At the end of the fifties it was re-
ordered the tunnel area of the Via Sant'Euplio and 
the adjacent ones. In those years it was extensively 
treated the floral aspect and expert gardeners created 
real drawings and inscriptions in the flower beds of 
the twin hills. A short time later it was increased the 
number of aviaries and exotic birds, then captured 
and reared aquatic birds such as ducks and swans, 
whose habitat had been equipped in large pools and 
fountains of which the garden was gifted. Around 
1960 the garden also became a small zoo with wild 
birds and animals, such as various species of mon-
keys, and finally even elephants. Since the mid-
seventies began a gradual downsizing of municipal 
funds allocated for routine maintenance and decay 
was not slow to manifest itself. The widely it rains 
ruined the flower beds on slopes of the southern part 
of the garden and the plants were badly treated. Sea-
sonal ones actually disappeared. No better fate befell 
the animals that slowly reduced. The Indian elephant 
donated to the city by the Orfei circus, last survivor 
of the small but rich zoo of Bellini Garden, died in 
the mid-eighties. 

During the last ninety years has been used for cul-
tural and religious events, concerts to singing, even 
for traditional fairs. However it lost the old attend-
ance of families with their children. After years of 
uncertainty and abandonment in 2001 an unknown 
origin fire totally destroyed the Chinese pavilion 
placed at the top of the north hill, together with its 
content of books and documents. For some years the 
usability was first reduced because of barriers and 
scaffolding that allowed only free transit along the 
length in the tree-lined avenue beside the Via 
Sant'Euplio and then completely denied. In 2007 he 
was tackled a functional recovery project much dis-
puted because if it had been made would upset the 
overall architectural appearance and botanical gar-
den. On September 23, 2010, the anniversary of the 
death of Vincenzo Bellini, with a pompous opening 
ceremony and a concert by the Carabinieri band held 
in the Chinese pavilion for long time inactive, after a 
rehabilitation, the garden was opened to the public.  
For the diversity of views that it offers, the Bellini 
Garden is considered one of the most beautiful in 
Europe (Di Blasi & Lanza 2007, Galeazzi 2010). 

3 INVESTIGATION PROGRAM AND BASIC 
SOIL PROPERTIES 

 
The central area of Catania, deposits mainly consist 
of silty clay with a natural moisture content wn  from 
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between 20 and 27 % and a plasticity index of PI = 
18 - 32 %. The soil unit weight  is prevalently in 
the range between 19.2 to 20.5 kN/m3, specific 
weight unit Gs is about 2.54 - 2.67, void index e is 
about 0.551 - 0.695, cohesion c' is about 43 kPa, an-
gle of shear resistance ' is about 24°. The angle of 
shear resistance was calculated from Direct Shear 
Test. 

Shear modulus G and damping ratio D of Catania 
deposits were obtained in the laboratory by Reso-
nant Column/Torsional shear apparatus (Cavallaro 
et al. 1999). 

G is the unload-reload shear modulus evaluated 
from RCT, while Go is the maximum value or also 
"plateau" value as observed in the G-log() plot. 
Generally G is constant until a certain strain limit is 
exceeded. This limit is called elastic threshold shear 
strain ( ) t

e  and it is believed that soils behave elas-
tically at strains smaller than  t

e . The elastic stiffness 
at < t

e  is thus the already defined Go. 
For resonant column tests (RCTs) the damping ra-

tio was determined, during the resonance condition, 
using the steady-state method. 
 
Table 1. Test Condition for Saint Nicola alla Rena Church ar-
ea. 

Test 
No. 

 

H 
[m] 

'vc 
[kPa] 

e PI 
[%] 

RCT Go 
[MPa] 

1 
 

22.00 246 0.582 28.60 U 64 
 

2 
 

35.70 375 0.653 20.02 U 77 

3 
 

39.00 411 0.695 31.40 U 93 

where: PI = Plasticity Index. U = Undrained. Go from RCT.  

 
The RCT conditions and the obtained small strain 
shear modulus Go are listed in Table 1. The undis-
turbed specimens that have platens attached to each 
end were isotropically reconsolidated to the best es-
timate of the in situ mean effective stress. The spec-
imen was subject to RCT after a rest period of 24 hrs 
with open drainage. The size of solid cylindrical 
specimens are Radius = 35 mm and Height = 140 
mm. An electromagnetic sinusoidal torsional excita-
tion is imposed to the top platen (free-end). The bot-
tom platen is rigidly fixed (fixed-end). The frequen-
cy of the excitation is adjusted until the first mode 
resonance of the specimen is established. Measure-
ments of the resonant frequency, acceleration and 
amplitude of the applied vibration excitation are 
made at the free-end. The measurements during tor-
sional excitation are then combined with the appa-
ratus characteristics to calculate the shear modulus 
G and shear damping ratio D of the soil. 
Figure 2 shows the results of RCTs normalised by 
dividing the shear modulus G() for the initial value 
Go at very low strain. 

The experimental results of specimens from Belli-

ni Garden area were used to determine the empirical 

parameters of the eq. proposed by Yokota et al. 

(1981) to describe the shear modulus decay with 

shear strain level: 

 

β
o (%)αγ1

1

G

)γG(




                                                 (1)          

 
in which: 
G() = strain dependent shear modulus; 
 = shear strain; 
,  = soil constants. 
The expression (1) allows the complete shear modu-

lus degradation to be considered with strain level. 
The values of  = 11 and  = 1.119 were obtained 
for Bellini Garden area clay. 
 

 
 

Figure 2. G/Go- curves from RCT tests. 

 

As suggested by Yokota et al. (1981), the inverse 

variation of damping ratio with respect to the nor-

malised shear modulus has an exponential form as 

that reported in Figure 3 for the central area of Ca-

tania: 

 










oG

γGλexpη)(%)γD(

                                (2) 

 
in which: 
D() = strain dependent damping ratio; 
 = shear strain; 
,  = soil constants. 
The values of  = 31 and  = 1.921 were obtained 
for Catania central area clay. 
The equation (3) assume maximum value Dmax = 31 
% for G()/Go = 0 and minimum value Dmin = 4.54 
% for G()/Go = 1. 

Therefore, eq. (2) can be re-written in the following 

normalised form: 
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Figure 3. D-G/Go curves from RCT tests. 

4 THE SEISMIC DILATOMETER (SDMT) 

The seismic dilatometer (SDMT) is the combination 
of the mechanical flat dilatometer (DMT), intro-
duced by Marchetti in 1980, with a seismic module 
for measuring the shear wave velocity Vs. 

A new SDMT system, described in Marchetti et 
al. (2008), has been recently developed in Italy. This 
apparatus was also used in offshore condition by 
Cavallaro et al. (2013a, 2013b). 

The schematic layout of the seismic dilatometer 
test is shown in Figure 4. The seismic module is a 
cylindrical element placed above the DMT blade, 
provided with two receivers spaced 0.50 m. The 
shear wave source at the surface is a pendulum 
hammer ( 10 kg) which hits horizontally a steel rec-
tangular plate, pressed vertically against the soil (by 
the weight of the truck) and oriented with its long 
axis parallel to the axis of the receivers, so that they 
can offer the highest sensitivity to the generated 
shear wave. The signal is amplified and digitized at 
depth. 

The true-interval test configuration with two re-
ceivers avoids possible inaccuracy in the determina-
tion of the "zero time" at the hammer impact, some-
times observed in the pseudo-interval one-receiver 
configuration. Moreover, the couple of seismograms 
recorded by the two receivers at a given test depth 
corresponds to the same hammer blow and not to 
different blows in sequence, which are not necessari-
ly identical. 
 
 

      

     
 
Figure 4. Schematic layout of the seismic dilatometer test. 

 
Hence the repeatability of Vs measurements is con-
siderably improved (observed Vs repeatability  1 - 
2 %). 

Vs is obtained (Figure 4) as the ratio between the 
difference in distance between the source and the 
two receivers (S2 - S1) and the delay of the arrival of 
the impulse from the first to the second receiver (in-
terval time t). Vs measurements are typically ob-
tained every 0.50 m of depth (while the mechanical 
DMT readings are taken every 0.20 m). 

The determination of the delay from SDMT seis-
mograms, normally obtained using a cross-
correlation algorithm, is generally well conditioned, 
being based on the waveform analysis of the two 
seismograms rather than relying on the first arrival 
time or specific single points in the seismogram. 
Validations of Vs measurements by SDMT com-
pared to Vs measurements by other in situ tech-
niques at various research sites are reported in Mar-
chetti et al. (2008). 

Besides the shear wave velocity Vs, the seismic 
dilatometer provides the usual DMT parameters by 
use of common correlations Figure 5 (Marchetti 
1980). 
 

 
 
Figure 5. Summary of SDMTs in Bellini Garden area. 

 
The measured arrival times at successive depths 
provide pseudo interval Vs profiles for horizontally 
polarized vertically propagating shear waves (Figure 
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4). Vs may be converted into the initial shear modu-
lus Go.  

The combined knowledge of Go and of the one 
dimensional modulus M (from DMT) may be help-
ful in the construction of the G- modulus degrada-
tion curves (Cavallaro et al., 2006a). A summary of 
SDMT parameters is shown in Figure 5 where,Id: 
Material Index; gives information on soil type (sand, 
silt, clay); M: Vertical Drained Constrained Modu-
lus; Cu: Undrained Shear Strength; ' Angle of Shear 
Resistance; Kd: Horizontal Stress Index; Vs: Shear 
Waves Velocity.  The profile of Kd is similar in 
shape to the profile of the overconsolidation ratio 
OCR. Kd = 2 indicates in clays OCR = 1, Kd > 2 in-
dicates overconsolidation. A first glance at the Kd 
profile is helpful to define the deposit characteris-
tics. 

5 GROUND RESPONSE ANALYSIS 

Since the areas studied here appear rather flat and 
characterized by lithological units trending sub-
horizontal, it was performed a one dimensional local 
seismic response analysis to assess the ground am-
plification due to local stratigraphic conditions. So, 
the analyses was performed using 1-D code, assum-
ing a geometric and geological model of substrate as 
1-D physical model. These analyses were carried out 
here with EERA (Bardet et al. 2000) and STRATA 
(Kottke & Rathje 2008), both linear equivalent 
codes operating in the frequency domain. The layers 
characteristic of the model have been carried out 
from geological surveys. The 16 1-D columns have 
a height of 35 m and are excited at the base by the 
synthetic scaled seismograms of 1693 earthquake, 
with a PGA of 0.200 - 0.225g  corresponding to a re-
turn period of 475 years in the current Italian seis-
mic code “seismic hazard and seismic classification 
criteria for the National territory” obtained by a 
probabilistic approach in the interactive seismic haz-
ard maps. Further analyses have been performed us-
ing scaled accelerograms of 1990 earthquake in the 
Sortino recording station. Figures 6 - 8 show the re-
sults i.e. for site 1 respectively in terms of maximum 
accelerations with depth, in terms of amplification 
ratio and in terms of response spectra. 

Similar studies have been performed for the zona-
tion on seismic geotechnical hazards in the city of 
Catania (Italy) (Bonaccorso et al. 2005, Cavallaro et 
al. 2012, Grasso & Maugeri 2005, 2009a, 2009b; 
Maugeri & Grasso 2012) and for the Abruzzo Re-
gion (Italy) during L’Aquila earthquake (Maugeri et 
al. 2011a, 2011b; Monaco et al. 2011a, 2011b). Re-
sults of site response analysis are useful for soil-
structure interaction behavior in the mitigation of 
seismic risk of buildings (Cavallaro et al. 2003). 

 
 
Figure 6. Maximum acceleration with depth. 

 

 
 

Figure 7. Fourier amplification ratio against Frequency. 

 

 
 

Figure 8. Response spectra against period. 

6 CONCLUSIONS 

A site characterization to evaluate the basic data for 
a seismic response analysis for Bellini Garden area  
in the city of Catania has been presented in this pa-
per, with particular reference to SDMTs. 
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On the basis of the data shown it is possible to draw 
the following conclusions: 
- SDMTs were performed up to a depth of 30 me-
ters; the results show a very detailed soil characteri-
zation profiles of the more relevant soil properties, 
such as the material index (Id), the constrained mod-
ulus M and the dilatometer modulus Ed, the angle of 
shear resistance φ' for sandy silty soil and undrained 
shear strength Cu for clayey soil, the shear wave ve-
locity Vs, the horizontal stress index KD. 
- for the evaluation of shear modulus at small strain, 
Resonant Column tests have been performed; 
- the results interpreted by the equations suggested 
by Yokota et al. (1988) describe the shear modulus 
decay with shear strain level and the inverse varia-
tion of damping ratio with respect to the normalized 
shear modulus. Results allowed also seismic ge-
otechnical hazard evaluation in the city of Catania 
(Italy) also for soil-structure interaction and for the 
retrofitting of buildings. 
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