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ABSTRACT: Seismic Microzonation studies of 3rd Level (SM3) have been performed for the emergency management 

and the reconstruction of several Municipalities in  the eastern flank of Mt. Etna (Southern Italy) hit by the 2018 seismic 

sequence. The most energetic event (Mw=4.9) occurred on 26th December 2018, causing  phenomena of superficial 

faulting along the Fiandaca Fault (FF), where the most damaged areas are located. In order to define  the subsoil model for 

each seismic homogeneous microzone (SHM) and to perform extensive numerical analyses, intense investigations have 

been carried out including in situ and laboratory tests.  For the estimation of the spatial variability in seismic response, the 

finite element code PLAXIS 2D has been employed.  Moreover, the Hardening Soil model with small-strain stiffness (HS 

small model), which includes an increased soil stiffness for small strains, has been adopted in order to consider the soil 

non-linearity.  For each SHM, results are presented in terms of acceleration response spectra and amplification factors 

(AFj). The latter are calculated for three different period intervals linked to the heights of buildings according to the Italian 

Guidelines and Standards. The results of this work provide important information for the development of urban planning 

aimed at reducing seismic risk. 

 

RÉSUMÉ: Des études de microzonage sismique de 3e niveau (SM3) ont été réalisées pour la gestion des urgences et la 

reconstruction de plusieurs municipalités du flanc oriental de l'Etna (sud de l'Italie) touchées par la séquence sismique de 

2018. L'événement le plus énergétique (Mw = 4,9) s'est produit le 26 décembre 2018, provoquant des phénomènes de 

failles superficielles le long de la faille de Fiandaca (FF), où se trouvent les zones les plus endommagées. Afin de définir le 

modèle de sous-sol pour chaque microzone sismique homogène (SHM) et d'effectuer des analyses numériques 

approfondies, des investigations intenses ont été menées, y compris des tests in situ et en laboratoire. Pour l'estimation de 

la variabilité spatiale de la réponse sismique, le code d'éléments finis PLAXIS 2D a été utilisé. De plus, le modèle 

Hardening Soil with small-strain stiffness (HS small model), qui inclut une rigidité accrue du sol pour les petites 

déformations, a été adopté afin de prendre en compte la non-linéarité du sol. Pour chaque SHM, les résultats sont présentés 

en termes de spectres de réponse d'accélération et de facteurs d'amplification (AFj). Ces derniers sont calculés pour trois 

intervalles de périodes différents liés aux hauteurs des bâtiments selon les directives et normes italiennes. Les résultats de 

ces travaux fournissent des informations importantes pour le développement d'une planification urbaine visant à réduire le 

risque sismique. 
 

Keywords: Seismic microzonation studies; amplification factors; FEM analysis. 

 

 

1 INTRODUCTION 

Due to the seismic sequence that began on 23rd 

December 2018 and hit the eastern flank of Mt. Etna 

(Southern Italy), 3rd Level Seismic Microzonation 

studies were performed for several municipalities 

located in Eastern Sicily (Cavallaro et al. 2022; 

Grasso and Sammito, 2022). The sequence peaked in 

the Mw=4.9 seismic event occured on 26th December 

2018 after many Mw>2.5 events causing serious 

damage to unreinforced masonry buildings.  

Through intense field activities, the geological and 

geomorphological setting of the municipalities 

affected by the sequence was investigated. The 

physical phenomena govering the site response were 

studied by the finite element code PLAXIS 2D using 
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the Hardening Soil model with small-strain stiffness 

(HS small model). 

2 DESCRIPTION OF THE CASE STUDY 

Laboratory and in situ tests were performed for the 

3rd Level Seismic Microzonation of several 

municipalities damaged by the 2018 seismic 

sequence. In this paper, the data collected for the 

municipality of Trecastagni are taken into 

consideration (Figure 1). 

 

  
Figure 1. Intensity map. Earthquake of 26th December 

2018 (from Rovida et al. 2020; 2022, modified). 

 

To evaluate the local seismic response,  laboratory 

and in situ tests were carried out including  n. 8 

Boreholes, n. 1 Down-Hole (DH) test, n. 9 

Multichannel Analysis of Surface Waves tests 

(MASW), n. 24 Horizontal Vertical Spectral Ratio 

Test (HVSR) and n. 1 Direct Shear tests (DST). The 

shear wave velocities, VS, obtained from the DH test, 

are shown against depth in Figure 2. In order to 

describe the dependence of the shear modulus and 

damping as a function of the shear strain, it was 

necessary to refer to dynamic curves from literature 

(Castelli et al., 2018). The definition of the 

Seismically Homogeneous Microzones (SHMs) is 

essential for the construction of the subsoil models 

(Castelli et al. 2023). Six SHMs were identified in the 

studied area. The SHMs Map includes also an 

“Attention zone for active and capable fault” (ACF) 
(Figure 3). 

 
Figure 2. VS  from DH test in the municipality of 

Trecastagni. 

 

 
Figure 3. SHMs map with the indication of the studied 

geological cross-sections. 

 

The main engineering-geological units (gt-units), 

identified by 2 to 4 letter acronyms, are the 

following: Backfill soil (RI), Silty gravels, gravel-

sand-clay mixtures (GM), Coarse scoriaceous 

products in a predominantly sandy matrix (GW), 

Well-graded sands and gravelly sands, little or no 

fines (SW), Cover lithoid (LC), Fractured / altered 

geological bedrock alternation of lithotypes (SFAL). 

The 2D subsoil models are based on geological cross-

sections that reproduce the geometry of the gt-units 

and the measured VS from the geophysical tests. As 

example, the geological cross-sections B-B’ is 

displayed in Figure 4. 

 

 
Figure 4. Geological cross-sections B-B’. 

1143 Proceedings of the XVIII ECSMGE 2024

2D Seismic response analyses from 3rd Level Seismic Microzonation in the Southern Italy: approaches and applications 



3 NUMERICAL MODELLING 

For each municipality, the input motions consisted of 

a set of seven unscaled natural records selected from 

the European Strong-motion Database (ESM) 

(https://esm.mi.ingv.it/) to be compatible on average 

in the 0.1-1.1 s interval of period with the reference 

response spectrum for Soil Class A and for a return 

period of 475 year according to the Italian Building 

Code (NTC, 2018).  

Natural records were selected using REXELite, a 

simplified online version of the computer program 

REXEL (Iervolino et al., 2009), through the 

Magnitude-Distance criterion based on  

disaggregation of seismic hazards (available at 

http://esse1-gis.mi.ingv.it).  

The accelerograms used as input motion for 

Trecastagni area are listed in Table 1. 

 
Table 1. Natural accelerograms selected as input motion 

for Trecastagni area. 

ID Mw R[km] 
A.MZ14.HNN.D 6.5 30.6 

3A.MZ19.HNE.D 6.5 22.6 

IT.CLO.HGN.D 5.9 10.8 

IT.MMO.HGN.D 6.5 19.2 

IT.SVN.HGE.D 4.9 4.5 

IT.SVN.HGN.D 4.9 4.5 

IV.T1212.HNN.D 6.5 10.5 

 

The 2D analyses were performed through the 

finite element code PLAXIS2D using the HS small 

model.  

The mesh was defined by 15-node triangular 

elements with a size that respects the Kuhlemeyer 

and Lysmer (1973) condition. With regard to the 

boundary conditions, the free field and compliant 

base boundary conditions were considered. The finite 

element mesh, reproducing the B-B’ geological cross 
section for Trecastagni area, is reported in Figure 5. 

The HS small describes the soil stiffness by using 

three different input parameters at the reference 

pressure pref: the secant stiffness in standard drained 

triaxial test, E50
ref, the unloading/reloading stiffness, 

Eur
ref, and the tangent stiffness for primary oedometer 

loading, Eoed
ref. To describe the variation of stiffness 

with strain, two additional parameters have to be 

considered: the reference shear modulus at very small 

strain, G0
ref, and the shear strain level, γ0.7, at which 

the secant shear modulus, GS, is reduced to 72.2 % of 

G0. 

Table 2 reports the input parameters of the HS 

small model, i.e. for a GM layer, where: γ is the unit 

weight of soil, m is the power for stress-level 

dependency of stiffness, c’ is the cohesion and  φ’ is 

the friction angle. 

 
Table 2. Input parameters for the HS small model. 

Symbol Value Unit 
γ 20 kN/m3 

E50
ref 36000 kN/m2 

Eoed
ref 36000 kN/m2 

Eur
ref 108000 kN/m2 

G0
ref 351324 kN/m2 

γ0.7 0.00018 - 

pref 100 kN/m2 

m 0.51 - 

c’ 10 kN/m2 

φ’ 36 ° 

4 RESULTS 

Once numerical ground response analyses is 

performed, another key aspect in a SM3 study is the 

evaluation of the Amplification Factors (AF) 

(Working Group ICMS 2008, 2011).  

They are calculated as the ratio between the 

integral of the pseudo-acceleration elastic response 

spectrum of the output motion (S,out)  and the pseudo-

acceleration elastic response spectrum of the input 

motion (S,inp)  in a defined interval of period 

(Pergalani et al., 2019): 

 

where Ta and Tb are the extremes of the defined 

interval of periods, Tn. The three different range of 

periods are: T1= 0.1–0.5 s; T2= 0.4–0.8 s and T3= 

0.7–1.1 s, in order to cover the fundamental periods 

of buildings in studied municipalities. 

 
Figure 5. Finite element mesh reproducing the B-B’ geological cross section used in numerical analyses for Trecastagni 

area. 
 

1144 Proceedings of the XVIII ECSMGE 2024

B – Geohazards



 

In Figure 6, results are presented in term of 

response spectrum at the surface, i.e. for a SHM 2, 

obtained by setting a structural damping of 5%. 

 

 
Figure 6. Elastic response spectrum obtained by numerical 

analyses. 

 

According to the guidelines for Seismic 

Microzonation studies (Working Group ICMS 2008, 

2011), AF factors were determined for each SHM  

encountered along the cross-sections, as summarize 

in Table 3. The amplification factors are named 

according to the related interval of periods: AF0105, 

AF0408 and AF0711. 

 
Table 3. AF factors for each SHM. 

SHM AF0105 AF0408 AF0711 
1 2.43 2.77 2.37 

2 1.76 1.61 1.65 

3 2.19 1.80 2.48 

4 1.62 2.08 2.95 

5 2.08 1.83 1.32 

 

5 CONCLUSIONS 

In this work, seismic microzonation studies were 

carried out for several municipalities in Eastern 

Sicily, after the effects of the 2018 seismic sequence. 

2D site response analyses are presented to highlight 

approaches that could be applied for seismic 

microzonation studies in similar conditions. Relevant 

key aspects are reported focusing on a specific case 

study. Results are presented in terms of amplification 

factors of spectral acceleration defined according to 

national guidelines and standards for microzonation 

studies. The outcome of this paper provides a 

valuable base in developing urban planning oriented 

to seismic risk management.  
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