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Alla scuotibilità 
contribuiscono effetti:

di sorgente
di attenuazione lungo il 

tragitto 
di amplificazione locale



The seismic hazard may be studied by

· probabilistic approaches (catalogues of both 
earthquakes and seismogenic structures)
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earthquakes and seismogenic structures)

· experimental methods (records of 
microearthquakes and/or seismic noise) 

· simulation methods



Massime intensità osservate in Sicilia
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Approccio

probabilistico:

assunzioni molto forti
risultati spesso discutibili

PGA 475 anni
(da GSHAP, 1999)
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Figura 2. Distribuzione temporale della sismicità
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Catania Ragusa Siracusa

Int Periodo di
ritorno

Periodo di
ritorno

Periodo di
ritorno

VI 28 � 8.6 41 � 15 38 � 15
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VII 41 � 12 96 � 44 78 � 36

VIII 98 � 44 155 � 84 127 � 62

IX 254 � 151 432 � 385 341 � 238

X 553 � 324 773 � 570 678 � 556

da Barbano  et al., 2001. Boll. Geofis. Teor. Appl.
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Acireale: catalogue of faults
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STRUTTURE SISMOGENICHE

Tipo Direzione Immersione Lunghezza
Cinematica 
della faglia Cinematica delle fratture

Evidenze 
mor fologiche

cosismiche da creep

a) Struttura 
sismogenetica 
con 
fratturazione 
al suolo 
cosismica; 
b)struttura 
caratterizzata 
da fenomeni 
di creep 
asismico; c)
Struttura 
sismogenetica 
con 
fratturazione 
al suolo 
cosismica e 
con fenomeni 

1) Normale;             
2) inversa;
3) trascorrente 
sx; 4)
trascorrente dx;                         
5) estensionale

Geometr ia 
delle fenditure 
al suolo:       L) 
lunghezza
La) larghezza ;  
V) disl.
verticale; DX)
trascorrenza 
destra; SX) 
dislocazione 
sinistra;                  
A) ampiezza;                  
F) fratture non 
misurate;            

Geometr i
a delle 
fenditure 
al suolo: 
L)
lunghezza 
; La) 
larghezza; 
V) 
verticale;
DX)
trascorrenz
a destra;
SX) 
dislocazio
ne sinistra; 
A) 
ampiezza; 

Ratei di 
deforma
zione: R) 
negli 
ultimi 
100 anni 
(cm/a); 
Vel.) a 
breve 
per iodo 
(cm/min)

a) Scarpata;             
b) Flesso;              
c) frattura 
del suolo

con fenomeni 
di "creep 
asismico"; d)
Struttura 
sismogenetica 
senza 
fratturazione 
al suolo;  

ampiezza; 
F) fratture 
non 
misurate; 

(� ) (� ) (km) (m) (m)

c N160E N70E 9,6 1 - 4

L = 3000; V = 
0,30; DX = 
0,02-0,03

L = 2000; 
La = 5 -
20; V = 
0,05 -
0,30; A = 
0,05  R < 0,5 a - c

a N180E N270E 1,1 1 A = 0,02 a-c

a N160E N70E 2,0 1 V = 0,13 b-c

a N160E 0,9 F

L = 7000; La 
= 10 - 80;  V = 



Acireale: map and faults (zoom1)
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Acireale: map and faults (zoom2)



Acireale: map and faults (zoom3)



Macroseismic catalogue
64 different localities inside the Acireale 

municipality; 85 local earthquakes



Intensity values for a historical local earthquake.
only once I=VII, and six times I=VI in Acireale downtown
over 140 years (moderate seismic hazard).



Intensity values for a large historical local earthquake



A comparable earthquake in the recent past



Intensity map for the Oct 28, 2001 earthquake



Santa Maria Ammalati (damages at Chiesa Madre)

Municipality of Kalivia 
Thorikou Attika

Construction Technologies Institute
of The National Research Council

Association for the documentation, 
preservation and enhancement of the
Euro-Mediterranean Cultural Heritage 

NARPIMED
 

Universidad de Granada
Instituto Andaluz de Geofisica

NATURAL RISK PREVENTION IN 
MEDITERRANEAN  COUNTRIESCivil Protection Service  

Molise Region





Stratigrafy at the sites
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Cattedrale della Maria SS. Annunziata
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Basilica di San Sebastiano 

Chiesa dei Padri Filippini



Chiesa di Santa Maria degli Angeli

Basilica dei Santi 
Apostoli Pietro e Paolo

Biblioteca Zelantea



Municipality of Kalivia 
Thorikou Attika

Construction Technologies Institute
of The National Research Council

Association for the documentation, 
preservation and enhancement of the
Euro-Mediterranean Cultural Heritage 

NARPIMED
 

Universidad de Granada
Instituto Andaluz de Geofisica

NATURAL RISK PREVENTION IN 
MEDITERRANEAN  COUNTRIESCivil Protection Service  

Molise Region



We used a very 
portable instrument 
(14x10x7 cm, 1 Kg).

Inside: 3 different 
velocimeters, normally 
oriented and operating 
in the frequency range  

Measurements of seismic noise

in the frequency range  
0,1-200 Hz. 

The seismic noise has 
been recorded for 
about 10 minutes at 
each site, along the 3-
components: N-S, E-W 
and vertical.



Map of the Pinacoteca Zelantea
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External court 1
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Room 2



pinacoteca



Room A



Room D



The spectral ratio HV (horizontal/vertical) shows a significant
amplification at about 2 Hz (probably due to the 17 m deep
discontinuity of the layered crust).
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The same amplification (ca. 2 Hz) has been found inside the
building. At frequencies higher than 10 Hz the vertical
component is larger then thehorizontal one.
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SALA D

PINACOTECA

SALA D



PINACOTECA

SALA D



The fundamental (F.M.) and the highest (H.M.) 

modes of vibration of the building
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Simulations



Simulations 

The local lithostratigraphy is used for 
the computation of simulated spectra 
related to two earthquake scenarios:

1) Jan 11, 1693 in the Gulf of 
Catania. Magnitude M@7, epicentral 

distance from Acireale @25 km. 

2) a local earthquake (Feb 20, 1818); 
M@5.5, supposed about 5 km 

southward the downtown. 



Spectra obtained by simulating the two earthquake scenarios.
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Conclusions 1 - Acireale
1) the most important seismogenic structures affecting

the lower southern flank of Mt. Etna do not affect the
Acireale downtown;

2) local earthquakes highly attenuate their energy in
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2) local earthquakes highly attenuate their energy in
short (few km) distances;

3) during the last 140 years, the seismic intensity by
local earthquakes in Acireale downtown reached the
value of VII only once;

4) complex structure of the shallow subsoil;



Conclusions 2 - Acireale
• 5) microtremor measurements at the chosen sites

have evidenced moderate site amplification factors
(from 4 to 8).
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• 6) no particular amplifications due to the shape of
the buildings;

• 7) the simulated spectra have evidenced a slightly
larger acceleration value for the smaller M5.5 (but
closer) earthquake, with respect to our expected
“big one”.



Results as a suggested procedure:
• - geological survey (catalogue of faults),
• - seismic catalogue (observed intensities at the site),
• - geological and geotechnical survey at the site,
• - noise measurements (site amplification and building 

Municipality of Kalivia 
Thorikou Attika

Construction Technologies Institute
of The National Research Council

Association for the documentation, 
preservation and enhancement of the
Euro-Mediterranean Cultural Heritage 

NARPIMED
 

Universidad de Granada
Instituto Andaluz de Geofisica

NATURAL RISK PREVENTION IN 
MEDITERRANEAN  COUNTRIESCivil Protection Service  

Molise Region

• - noise measurements (site amplification and building 
frequency),

• - simulations for earthquake scenarios.

• Following this “procedure”, each investigated site 
might be characterized in terms of “seismic loading”. 
This can be helpful for the planning of the use, and/or 
the retrofit and restoring of buildings.


