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Structural height, amplification and damages during
the superficial earthquakes at Casamicciola, Ischia Island
(2017), and Santa Venerina, Catania (2018), Italy

Marco Gatti

Department of Engineering, University of Ferrara, Ferrara, Italy

ABSTRACT
A rapid method to assess the potential seismic risk of a building
due to its height or, equivalently, to the number of stories above
ground is described. It was applied, despite already existing studies
in this regard, to two earthquakes, those of Casamicciola, Ischia
Island, on 21 August 2017 and Santa Venerina, Catania, on 26
December 2018; although characterized by a moderate magnitude
(Mw 4.0 and Mw 4.8) and short duration, they produced victims
and considerable damage. Accelerometric recordings of seismic
stations in the areas of the two earthquakes were acquired and the
pseudoacceleration spectra and dynamic amplification factors of
the ground were obtained from them. By inversion of the algebraic
relation between a building’s elastic period of vibration T0 and its
height H, the so-called ‘critical’ heights (and corresponding number
of stories above ground) to which corresponded the ‘greatest’
dynamic amplifications were identified: buildings with a number of
stories above ground equal to the ‘critical’ values were considered
potentially more exposed to seismic risk. For verification of the
method, ca. 200 buildings in the areas of the earthquakes were sur-
veyed and the resulting damages were related to the number of
stories above ground. The results showed that, even though the
two earthquakes were of moderate magnitude and short duration,
the amplifications of the ground (at Casamicciola equal to 3 for
reinforced concrete buildings and 2.4 for masonry buildings; at
Santa Venerina 2 and 1.7 respectively) produced appreciable accel-
erations in buildings with two stories above ground, which turned
out to be the ones with the greatest damage. The principle under-
lying the method consists of rapid numerical calculations per-
formed on the pseudoacceleration spectra of the ground.
Therefore, in areas with historical seismicity where accelerometric
recordings are available, it is possible to identify buildings with
potential exposure to seismic risk based on the number of ‘critical’
stories above ground and to subject them to more careful controls.
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1. Introduction

Seismic Risk is the engineering measure for assessment of expected damages in build-
ings or other structures following a probable earthquake: it is the product of the haz-
ard [P], exposure [E] and vulnerability [V]. [P] is the acceleration, with a fixed
probability, transmitted by the earthquake to the ground: OPCM 3274/2003 (OPCM,
2003) has classified the Italian territory into four seismic categories; later, the
National Institute of Geophysics and Volcanology - INGV confirmed the classifica-
tion, making it more exact on the basis of geographical coordinates (NTC 2018). All
the municipalities in Italy (about 8700) are located in a seismic zone. [E] is related to
the importance of a construction within its social and economic fabric. There are
structures whose use or operation cannot be interrupted (hospitals, schools, univer-
sities, major roads and railway lines, airports, ports, bridges-viaducts, electrical, ther-
mal and nuclear power plants, aqueducts, gas pipelines, dams, etc.). For these
constructions, the seismic risk is estimated by means of a thorough structural ana-
lysis, although there are exceptions for road networks (Costa et al. 2020; El-Maissi
et al. 2020). [V] is the predisposition of a structure to suffer damage and collapse:
this predisposition is related to the size (in planimetry and height), geometry, materi-
als, design and construction types, degradation and damage mechanisms, i.e. to its
box-like behavior in the presence of a seismic stress.

Seismic risk estimation based on structural analysis requires long and complicated
computational processes as well as the work of many experts. Therefore, except for
structures that cannot be exposed to seismic risk, some countries have adopted sim-
plified estimation methodologies (FEMA 2003, 2015a, 2015b; Rai 2005) based on
rapid assessments and indicated in the literature by the term Rapid Visual Screening
(RVS): Italy (Dolce et al. 2021), Albania (World Bank Gpurl D-Ras Team 2019),
Algeria (Boutaraa et al. 2018), Bosnia (Ademovi�c et al. 2022), Canada (Ward 1966;
Fathi-Fazl et al. 2022), Japan (JBDPA 2001), Greece (EPPO 1984, 1997, 2000;
Pomonis et al. 2012), Indonesia (TDMRC (Tsunami Disaster Mitigation Research
Center) 2019), New Zealand (NZSEE 2006), India (Sarmaha and Dasab 2018),
Thailand (Warnitchai et al. 2000; Palasri and Ruangrassamee 2010; Ornthammarath
et al. 2011), Philippines (Vallejo 2010), Turkey (Ansal et al. 2003; Askan et al. 2010;
Işık et al. 2022), to name a few.

The RVS assessment has been aimed in particular at the elements characterizing
[V]: for example the damage (Bilgin et al. 2021; Freddi et al. 2021; Shkodrani et al.
2021; Leti and Bilgin 2022) or the geometry associated with the damage (Ozcebe
et al. 2004) or location, number of stories above ground, construction period, struc-
tural class, consolidation interventions, type of roof and pre-existing damage
(Zucconi et al. 2017) or, as in the case of Taiwan’s NCRRE (2018), ground
acceleration.

Other authors have studied the vulnerability (for single buildings or groups of
them) by reworking the methods centered on ‘soft computing’ techniques (Ghaboussi
2018; Falcone et al. 2020). Some of these techniques, such as artificial neural networks
(Kostinakis and Morfidis 2020; Oh et al. 2020; Lazaridis et al. 2021; Li et al. 2021),
fuzzy logic (Harirchian and Lahmer 2020; Yariyan et al. 2020), machine learning (Xie
et al. 2020; Sun et al. 2021; Thaler et al. 2021) and probabilistic approaches
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(Vrochidou et al. 2021), were recently reviewed by Harirchian et al. (2021), while Ji
et al. (2020), Zhou et al. (2020) and Yu et al. (2021) extended them to the post-earth-
quake vulnerability during aftershocks.

These examples indicate that the elements for assessment of the vulnerability of a
building consist of the dimensions (Abide et al. 2021), in particular the height on
account of its relation to the elastic period of vibration. In fact, it is known that the
ground vibrates in its natural period from ca. 0.1” for hard soils or rocks up to ca. 1”
for alluvial soils: hence, for heights of buildings corresponding to elastic periods of
vibration close to those of the ground, the acceleration transmitted by the earthquake
is appreciably amplified (Kanai 1957). Although this theory has been applied previ-
ously (Drimmel 1984; Celebi 2000; Balendra et al. 2002; Pan et al. 2011; Du et al.
2017; Gatti 2020), it seemed interesting to extend it to two recent earthquakes in
Italy, at Casamicciola, Ischia Island, on 21 August 2017 and at Santa Venerina,
Catania, on 26 December 2018; despite being of moderate magnitude (Mw 4.0 the
former, Mw 4.8 the latter) and short duration (30” the former, 35” the latter), they
produced victims and considerable damage to buildings.

The accelerometric recordings of two stations of the Italian national seismic net-
work located in the respective epicentral areas of the two earthquakes were acquired
and the pseudoacceleration response spectra and dynamic amplification factors
(DAF) of the ground were obtained from them.

By inversion of the algebraic relation T ¼ aHb between a building’s elastic period
of vibration T and its height H (vertical distance between the ground level or floor
and the attic level or floor), practically equivalent to the number of stories above
ground (hereafter simply ‘stories’), it was possible to obtain the so-called ‘critical’
heights or numbers of stories corresponding to the greatest dynamic amplification
factors of the ground: buildings with the number of stories coinciding with the crit-
ical ones were considered potentially most exposed to seismic risk.

To verify this hypothesis, a comparison was made between the number of stories
of the buildings that suffered the greatest damage during the earthquakes and the
number of critical stories with the greatest dynamic amplification factor. At
Casamicciola and at Santa Venerina, ca. 200 heterogeneous buildings were surveyed
from both a geometric and constructive point of view and the damages produced by
the earthquakes were visually associated (on the basis of a purposely defined damage
scale) with the number of stories of the buildings. In addition to the damage and the
number of stories, information was collected on the geometries and the structural
characteristics and types of the buildings.

The results showed that, even though the two earthquakes were of moderate mag-
nitude and short duration, the amplifications of the ground due to the earthquakes
(at Casamicciola equal to 3 for reinforced concrete buildings and 2.4 for masonry
buildings; at Santa Venerina 2 and 1.7 respectively) produced appreciable accelera-
tions in buildings with two stories, which turned out to be the ones with the greatest
recorded damage.

The principle underlying the method consists of rapid numerical calculations per-
formed on the pseudoacceleration spectra of the ground. Therefore, in areas with his-
torical seismicity where accelerometric recordings are available, it is possible to
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identify buildings with potential exposure to seismic risk based on the number of
‘critical’ stories above ground and to subject them to more careful controls.

2. Theoretical basis of the method

2.1. Relation between height H, elastic period of vibration T and dynamic
amplification factor DAF

The first step was to establish the relation between the elastic period of vibration T
and the height H (vertical distance between the level or floor of the ground and the
level or floor of the attic, practically equivalent to the number of stories above
ground) of the building. The formula proposed by Chopra (1995) was used:

T ¼ aHb (1)

where T was expressed in seconds and H in meters. The values of the coefficients a
and b, generally expressed on the basis of the building material (ATC 1978; Goel and
Chopra 1997; SEAOC 1998; Hong and Hwang 2000; CEN 2004) were: a equal to 0.05
for masonry and 0.075 for reinforced concrete; b equal to 0.75.

The second step was to calculate the dynamic amplification factor DAF produced
by the acceleration of the ground on the buildings. By definition, the DAF is the ratio
between a generic ordinate of the pseudoacceleration spectrum of the ground and its
ordinate at the origin (the latter coinciding with the peak ground acceleration PGA):

DAF Tð Þ ¼ Amplitude ðTÞ
PGA

(2)

The pseudoacceleration spectra of the ground were extracted from the accelerometer
recordings of the seismic stations in the study areas. In the fast Fourier transforms
(FFT) and anti-Fourier transforms (AFT), a value of the elastic period T ranging
from 0” to 0.5” was set on the abscissa, with increments of 0.002”, and a damping
ratio f equal to 5% for reinforced concrete and 8% for masonry. The latter choice
influences the calculation of DAF, for which the indications provided in the literature
by Jeary (1986), ESDU (1991), Chopra (1995), Fang et al. (1999), Satake et al. (2003),
Lin et al. (2005), Elnashai and Di Sarno (2008) were followed; this resulted in a lower
damping ratio f for reinforced concrete (5%) than for masonry (8%), confirmed by
Gatti (2018a). The same spectra were recalculated as a function of the height H
obtained by inversion of [1]: in particular, the interval of T from 0” to 0.5” has corre-
sponding H values between 0 and 12.5m (the latter value being the maximum height
of Italian buildings, especially masonry ones) (ISTAT 2018).

The buildings were divided into four classes: I, II, III and IV: each class was distin-
guished by a number of stories above ground of 1, 2, 3 and 4 respectively and by a
triad of distinct heights for discrete values typical of buildings constructed in Italy:
2.70, 2.85 and 3.00m for Class I; 5.50, 5.75 and 6.00m for Class II; 8.50, 8.75 and
9.00m for Class III and 11.50, 11.75 and 12.00m for Class IV.
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For each class, three dynamic amplification coefficients DAFi(Hi) were calculated
with i¼ 1, 2 and 3, with the numerator of (2) being the spectral ordinates corre-
sponding to the value of the elastic period T, from which, by inverting (1), were
obtained the respective three heights Hi and, from them, the mean value dDAFCJ of
each Class J¼ I, II, III and IV:

dDAFCJ ¼
X3
i¼1

DAFiðHiÞ
3

(3)

The number of so-called ‘critical’ stories Pc was then defined by extracting them from
the class with the greatest dDAFCJ values. The value of Pc represents the number of
stories corresponding to the highest value of amplification of the ground acceleration
due to the earthquake. In the assumption of this method, buildings with a number of
stories equal to Pc are potentially those most exposed to seismic risk. Figure 1 shows
a simplified scheme of the numerical steps.

2.2. Relation between the recorded damage and the structural height or
number of stories above ground

Before verifying the method, it was necessary to define a scale of the damage pro-
duced by the earthquake in the studied buildings. The damage was quantified on a
numerical scale between 0 and 10: zero corresponds to the absence of damage and
ten to the greatest damage. The intermediate values correspond to low, medium and
high damage. Each value was associated with a description of the visible damages.
The scale and corresponding descriptions are reported in Table 1.

Figure 2 shows some images of damage corresponding to the descriptions given in
Table 1.

During the survey after the earthquake to verify the method, the investigator
recorded on a form the number of stories above ground of the building and placed a
cross marking the damage most similar to that described in Table 1. Within the limits

Figure 1. Simplified scheme of the numerical steps.
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of this visual survey, not characterized by linear measurements and mainly carried
out from outside the buildings due to their instability, the investigator noted other
information on the form, with the aid of a supporting dictionary: planimetric shape
(square or rectangular, more or less regular), roof geometry (flat, single-pitched, dual-
pitched, hipped, shed, other), thickness of walls, distribution of the loads (permanent
and incidental), height regularity, construction materials of walls (full masonry, hol-
low masonry, unhewn stone, concrete, reinforced concrete, masonry and reinforced
concrete, steel, other) and of horizontal load-bearing structures (wood, hollow-core
concrete, steel and brick, other), presence of stairwells or elevator shafts, structural
type (full masonry, frame in reinforced concrete and infill walls, other), building use
(residential, industrial-agricultural-artisanal, public, religious, other), presumed year
of construction, presence of post-construction structural works (expansions, additions
of stories, replacement of horizontal load-bearing structures, other), building context
(isolated or attached/adjacent buildings), damage mechanisms of walls (shear, buck-
ling, crushing, simple or composite wall overturning) and of horizontal load-bearing
structures (thrusting roofs, ridge beam hammering, other); interactions with adjacent
buildings.

This information was used when assigning the numerical value of the damage to
the building: the operation was performed a posteriori, dividing the buildings by sur-
vey areas and for each building associating the definitive numerical damage value
with the corresponding number of stories.

Table 1. Numerical damage scale.
Damage Value Description

Absent 0 No damage
Low 1 Small number of light superficial fissures in the plaster a few millimeters

wide.
Horizontal displacements without expulsion of material

2 Diffuse light superficial fissures. Limited separations. Falls of small pieces of
plaster or stucco not bound to the wall and degraded

Medium 3 Superficial fissures and some deep fissures 1 cm wide. Damage to the roof.
Possible falls of non- structural objects

4 Numerous superficial fissures and deep fissures 1 cm wide or wider near the
openings (crushing mechanism). Slight separations between floor
assemblies and/or staircases and orthogonal walls (of 1mm). Lesions to
the vaults of several millimeters and/or with symptoms of crushing

5 Numerous superficial fissures and deep fissures 1 cm wide distributed on
parts of the building. Detachments in the secondary framework of the
floor assemblies and displacements of up to 1 cm of the main beam
supports. Significant damage to the roof with falls of tiles. Visible non-
verticalities

High 6 Structural damage compromising the safety of the residents. Parts of the
structure damaged but not in imminent danger

7 Structural damage causing instability. Parts of the structure damaged and
separated from the body of the building. Significant separations between
floor assemblies and/or staircases and walls and between orthogonal
walls of ca. 1 cm

8 Structural damage compromising stability. Parts of the structure detached by
building collapse and partial collapses. Non-verticality with lesions passing
through the masonry

Very high 9 Diffuse structural collapses, but most of the structure still recognizable with
danger risk for the residents (instability-dangerousness). Collapse of 50%
of the building

10 Complete or almost complete collapse
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3. Study cases

3.1. Casamicciola, Ischia Island. Earthquake of 2017

The earthquake occurred on 21 August 2017 18:57:51 UTC with the epicenter near
Casamicciola at a depth of 1.73 km, Mw 4.0, duration ca. 30”. It was classified as a
superficial-middle event (De Novellis et al. 2018; Devoti et al. 2018; Nappi et al.
2018) but with damage recorded on the EMS98 macroseismic scale (Gr€unthal 1998)
that reached values of 8 at Casamicciola Terme Zona Rossa, 7 at Bagni di
Casamicciola Terme and Fango di Lacco Ameno, 6 at Marina di Casamicciola Terme.
For this study, four localities were identified: Casamicciola, Bagni, Fango and Lacco
Ameno, which are about 1 km from the epicenter. There is only one seismic record-
ing station on the island, IOCA, ca. 0.65 km from the epicenter (Figure 3).

In summer 2018, 100 buildings were surveyed: 51 at Casamicciola, 10 at Bagni, 22
at Fango and 17 at Lacco Ameno. The average date of construction was prior to the
middle of the twentieth century, although many buildings had undergone interven-
tions of expansion or additional stories. Almost all the buildings were for residential
use (only 3% were places of worship), with 63% isolated and 37% attached/adjacent.
The planimetric geometry was mainly irregular (57% trapezoid with oblique sides),
present not only in attached/adjacent buildings but also in isolated ones, and the
height geometry was irregular for 55% of the buildings: this means that the structures
were geometrically eccentric in terms of mass/stiffness centers. Two-story buildings
made up 48% of the total versus 28% with one story and 24% with three stories
(there were no buildings with more than three stories in the surveyed localities) and
the prevalent roof geometry was flat (76%), typical of Mediterranean constructions,
with 11% dual-pitched and 13% four-pitched.

Figure 2. (a) Low damage. (b) Medium damage. (c) High damage. (d) Very high damage.
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The prevailing construction material was tuff, and thus the walls were mainly of
this material alternating with concrete blocks or hollow bricks, almost totally bedded
by hydraulic mortar (pozzolan); walls made only of concrete or brick blocks were
rare. Dry masonry walls were absent, while the extensions were made with materials
different from the original ones. The floor assemblies were almost equally in hollow-
core concrete (51%) or steel and brick (45%), while those in wood were almost
absent. The roof joists were almost in the same percentages with a slight increase of
those in wood and brick (þ6%). The walls were one- and two-headers thick. The
most frequent damage mechanisms were on the walls: 21% traction shear, 19% thrust
shear, 23% buckling, 17% crushing and a high percentage of composite overturning;
although the percentages of dual- and four-pitched roofs were small, damage mecha-
nisms related to ridge beam hammering and thrusting of the roof were recorded.
There were five buildings with total collapses and six with partial ones.

3.2. Santa Venerina, Catania. Earthquake of 2018

The case refers to the earthquake of 26 December 2018 02:19:14 UTC whose epicenter
was near Viagrande (Catania), on the southeastern slope of Etna, at a depth of ca.
1.2 km, Mw 4.8, duration 35”. Like the preceding event, this was a superficial volcanic-
tectonic event (Tusa and Langer 2016) typical of the zone in which tectonic move-
ments and eruptions of Etna are periodically combined, with the characteristic of
causing substantial damage (in relation to the magnitude) within a very limited range.
Many earthquakes have been recorded in this area and all with the same characteristics
(1875, 1914, 1919, 1931, 1984 and lastly 2002). The MCS macroseismic scale surveys
(Sieberg 1930) revealed damage to buildings up to degree VI, particularly at Fleri (a
portion of Zafferana Etnea), Santa Venerina and Aci Catena (Patan�e et al. 2022).

For this study, two localities were identified: Fleri and Pennisi (a portion of
Acireale), which are about 5 km from the epicenter. There are several RAN seismic
stations in the area: Santa Venerina (SVN), the closest to the two localities and the
epicenter, was chosen (Figure 4).

Figure 3. Epicenter of the earthquake of 21 August 2017. Localities and seismic station.
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In winter 2019, 102 buildings were surveyed: 84 at Fleri (a portion of Zafferana
Etnea) and 18 at Pennisi (a portion of Acireale). The dates of construction were after
the middle of the twentieth century and almost all the buildings had undergone struc-
tural interventions, since earthquakes had been frequent in the area (at least one
every 15 years). All the buildings were for residential use, with 38% isolated and 62%
attached/adjacent. Regular planimetric geometry was prevalent (only 11% irregular
trapezoids), present not only in attached/adjacent buildings but also in isolated ones,
while the percentage of buildings with irregular height geometry increased to 30%, so
that only 54% of the total presented both planimetric and height regularity: this
means that the structures were eccentric in terms of mass/stiffness centers. Two-story
buildings made up 47% of the total versus 22% with one story and 25% with three
stories. The prevalent roof geometry was dual-pitched (60%) and hipped (27%).

The structural type was reinforced concrete frame with light brick infill walls (97%
of those surveyed) with one or two headers. The floor assemblies were mainly in hol-
low-core concrete; those in wood were absent. The roof joists were in almost the
same percentages, with a slight increase of those in wood and brick (þ10%). The
most frequent damage mechanisms were separations of infill walls and stairwells
(80%) while, due to the high percentages of dual- and four-pitched roofs, there were
instances of ridge beam hammering and thrusting of the roofs. Only a single total
collapse (of a religious building) was recorded.

3.3. Computing DAF(H). Critical height Hc (or critical story Pc)

The two seismic stations located closest to the epicenters, IOCA Isola di Ischia and
SVN Santa Venerina, are equipped with triaxial accelerometers that continuously
record ground accelerations with a rate of 200Hz. Only the ground acceleration
measurements recorded at the time and day of the two largest earthquakes, along the
North/South and East/West directions, were acquired from them. To obtain the pseu-
doacceleration spectra of the ground along these directions, the acceleration

Figure 4. Epicenter of the earthquake of 26 December 2018. Localities and seismic station.
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measurements were filtered with the Butterworth bandpass algorithm of order 3 or 6
and variable range from 0.1 to 50Hz (Stearns and David 1996; Lynn and Fuerst 1998;
Boore and Akkar 2003), while the FFT and AFT were calculated with the interval
and increments of T and damping ratios f reported in Section 2.1. The amplitudes of
the two pseudoacceleration spectra were averaged and the dynamic amplification fac-
tors were obtained from the mean spectrum as a function of the period T and the
height H. In this regard, a code in Matlab environment was developed. As an
example, the trends of the dynamic amplification factors of the ground as a function
of the height H are represented in Figure 5 with f ¼ 8% (masonry buildings)
obtained from the mean spectrum of the IOCA accelerometric recordings and in
Figure 6 with f ¼ 5% (reinforced concrete buildings) from the mean spectrum of the
SVN – Santa Venerina recordings.

The numerical values reported in Tables 2 and 3 were obtained from the same cal-
culations and, for each of the study areas, refer to:

� distance de (Km) of the seismic station from the epicenter;
� mean significant duration td (sec) of the earthquake (Bolt 1973; Trifumac and

Brady 1975; Du and Wang 2017);
� peak ground acceleration PGA (g);
� elastic period of vibration To (sec) of the ground corresponding to the maximum

ordinate of the mean spectrum;
� ‘maximum’ dynamic amplification factor (obtained by placing the maximum

ordinate of the mean spectrum in the numerator of (2).

From Tables 2 and 3, it can be seen that at Casamicciola the PGA (0.214 g) is less
than half that recorded at Santa Venerina (0.519 g) while the maximum amplification
factor was higher, i.e. respectively 3 versus 2 for reinforced concrete buildings and 2.4
versus 1.7 for masonry ones. Independently of the damping ratios, this means that,
even though the maximum amplification factors at Casamicciola were higher than at

Figure 5. DAF(H) for f ¼ 8% (masonry buildings). Casamicciola. Earthquake of 21 August 2017
18:57:51 UTC Mw 4.0. IOCA station.
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Santa Venerina, the acceleration transmitted to the buildings of Santa Venerina due
to the ground amplification was much greater: 2 and 1.7 (multiplied by 0.514 g) ver-
sus 3 and 2.4 (multiplied by 0.214 g).

The dynamic amplification factors for each of the four classes and the correspond-
ing mean values were obtained from the same mean spectra. Tables 4 and 5 report
the highest values together with the class of the building, the triad of heights and the
corresponding critical story Pc; it should be noted that the values refer to masonry
buildings for Casamicciola (as they represent the main type) and to reinforced con-
crete ones for Santa Venerina (almost 100% of those surveyed).

From Tables 4 and 5, it can be deduced that the buildings that underwent the
greatest amplification due to ground accelerations during the earthquakes were those
of Class II: hence, those potentially most exposed to seismic risk had heights of 5.5,
5.75 and 6.0m, i.e. a number of stories equal to 2.

3.4. Mean damage and mean number of stories

The buildings surveyed in each case study were grouped by locality (Casamicciola,
Bagni, Fango and Lacco Ameno) Ischia Island; (Fleri and Pennisi) Catania; of these,

Figure 6. DAF(H) for f ¼ 5% (reinforced concrete buildings). Santa Venerina. Earthquake of 26
December 2018 02:19:14 UTC Mw 4.8. SVN station.

Table 2. Casamicciola. Earthquake of 21 August 2017 18:57:51 UTC Mw 4.0. IOCA station.
Maximum DAFm for f ¼ 5% (reinforced concrete buildings) and f ¼ 8% (masonry buildings).
Seismic
station

de
(km) PGA (g)

td
(sec)

To
(sec) f ¼ 5%

DAF max
f ¼ 5%

To
(sec) f ¼ 8%

DAF max
f ¼ 8%

IOCA 0.65 0.214 3 0.174 3.0 0.192 2.4

Table 3. Santa Venerina. Earthquake of 26 December 2018 02:19:14 UTC Mw 4.8. SVN station.
Maximum DAFm for f ¼ 5% (reinforced concrete buildings) and f ¼ 8% (masonry buildings).
Seismic
station

de
(Km)

PGA
(g) td (sec)

To
(sec) f ¼ 5%

DAFm
max f ¼ 5%

To
(sec) f ¼ 8%

DAFm
max f ¼ 8%

SVN 6.96 0.519 3 0.204 2.0 0.210 1.7
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only those with an assigned damage greater than 5 were considered (together with
their number of stories), with estimation of their mean damage Dm and mean num-
ber of stories Pm. Tables 6 and 7 report the name of the locality, its distance from the
epicenter, the percentage of surveyed buildings with damage greater than 5, the mean
damage Dm and the mean number of stories Pm, in masonry at Casamicciola and in
reinforced concrete at Santa Venerina.

3.5. Comparisons and verifications

The verification was carried out for each locality by comparing the ‘critical’ story Pc
deduced from the mean spectra (Tables 4 and 5) with the mean story Pm (Tables 6
and 7) extracted in correspondence of the mean damage greater than 5. The compari-
sons are summarized in Figures 6 and 7.

Table 6 shows that the mean damage on Ischia Island was ‘high’, with values close
to or above 6 and not always explainable by the distance from the epicenter; for
example, at Lacco Ameno 76% of the buildings suffered mean damage above 7, even
though the locality was the most distant one from the epicenter. Vice versa at Santa
Venerina the mean damage was just over 6 with close to 30% of the buildings suffer-
ing damage.

From the comparison reported in Figures 7 and 8 between the critical stories Pc
and those with the highest mean damage Pm, there is an almost identical convergence

Table 4. Casamicciola. Earthquake of 21 August 2017 18.57.51 UTC Mw 4.0. dDAFm, critical height
Hc, critical story Pc. a ¼ 0.05; b ¼ 0.75; f ¼ 8% (masonry buildings).
Seismic station dDAFm Class Hc (m) Pc
IOCA 2.4 II 5.5-5.75-6.0 2

Table 5. Santa Venerina. Earthquake of 26 December 2018 02:19:14 UTC Mw 4.8. dDAFm, critical
height Hc, critical story Pc. a ¼ 0.075; b ¼ 0.75; f ¼ 5% (reinforced concrete buildings).
Seismic station dDAFm Class Hc (m) Pc
SVN 1.8 II 5.5-5.75-6.0 2

Table 6. Casamicciola. Earthquake of 21 August 2017 18.57.51 UTC Mw 4.0. Locality, percentage
of buildings with damage greater than 5, mean damage Dm and mean story Pm.

Locality d epicenter (Km)
Residential buildings
Damage > 5 (%) Dm Pm

Casamicciola 0.5 46 7.4 1.9
Bagni 0.7 30 7.0 2.0
Fango 1.5 41 5.8 2.0
Lacco Ameno 1.9 76 7.2 2.0

Table 7. Santa Venerina. Earthquake of 26 December 2018 02:19:14 UTC Mw 4.8. Locality, percent-
age of buildings with damage greater than 5, mean damage Dm and mean story Pm.

Locality d epicenter (Km)
Residential buildings
Damage > 5 (%) Dm Pm

Fleri 4.8 32 6.2 2.1
Pennisi 5.4 33 6.0 2.0

12 M. GATTI



on the second story both for the four localities of Ischia and the two of Santa
Venerina independently of the structural material (tuff masonry in the former case,
reinforced concrete and masonry infill in the latter).

4. Conclusions

The proposed method is simple and can be automated. It consists of elementary
numerical calculations and requires limited resources (acquisition of accelerometric
recordings) in the seismic areas. It can be used to rapidly identify buildings poten-
tially most exposed to seismic risk, to increase their visualization on maps (or
Geographic Information System tools), to make more accurate vulnerability checks,
and to plan large-scale protection of the structural patrimony. More thought should

Figure 7. Casamicciola. Earthquake of 21 August 2017 18.57.51 UTC Mw 4.0. Masonry buildings:
locality, mean damage Dm > 5, Pc and Pm.

Figure 8. Santa Venerina. Earthquake of 26 December 2018 02:19:14 UTC Mw 4.8. Reinforced con-
crete buildings: locality, mean damage Dm > 5, Pc and Pm.
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be given to the values of the coefficients a and b of Equation (1), in the light of
recent studies (Gatti 2018b), and the subdivision of buildings into classes which,
although initially useful for application of the method, could be expanded to other
heights.

In the two case studies, it emerged that the earthquakes were characterized by
dynamic amplification values transmitting accelerations to two-story buildings that
were up to three times those recorded in the ground, thus explaining the recorded
levels of damage.

At Casamicciola the coincidence between the mean number of stories with the
greatest damage and the number of critical stories should be verified by separating
construction type and materials from the resonance in height, even though a conver-
gence independent of the structural material has already been confirmed in similar
construction contexts by sophisticated analytical studies (Hysenlliu and Bilgin 2021).
At Santa Venerina, where such coincidence is more realistic, the effect of the site on
the PGA should be investigated (Du and Pan 2016).
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