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Abstract
Eighteen examples of techniques, test cases and regulations, concerning seismic-risk assessment and mitigation,
are presented. They have been chosen so as to offer a quite representative, even if not exhaustive, picture of what

has been done in this field in Italy in the decade following the Irpinia earthquake.
Certain fundamental elements are specified for each example, iLe. the built system analyzed, the aims, the

methodology used.

Some general remarks about the most characteristic features of the Italian situation, reflected in the examples,

constitute the main body of this paper.

1. Premise

This kind of discussion for reasons of brevity
cannot include extensive references to the con-
cepts and definitions relative to the seismic risk.
These can be found in existing works, for
example that of the Working Group «Vulnera-
bility and Risk Analysis for Individual Structures
and Systems» of EAEE (Sandi, 1986), in which
the three fundamental components of risk, i.e.
hazard, vulnerability and exposure, are pointed
out; here we will implicitly make reference to it.

2. General considerations

The bibliographical material on the seismic
risk on the urban and regional scale in Italy,
relative to the decade following the Irpinia earth-
quake, which dramatically revealed to public opi-
nion that this risk was very high, gives a very
varied picture and is not easily adapted to subdi-
vision into classes, even though some classifica-
tions are possible.

The first classification can be referred to the
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nature of the published works; in this field in Italy
there are:

(W1) test cases;
(W2) techniques;
(W3) regulations.

A second classification is applicable to the
built systems analyzed, which can consist of:

(S1) stocks of buildings;
(S2) classes of buildings;
(S3) towns or cities;
(S4) areas;

(S5) regions;

(S6) networks.

A third classification may concern purposes;
there are works aimed at:

(P1) town planning;

(P2) codes;

(P3) risk mitigation policies;

(P4) management of the emergency;
(P5) increase in knowledge.
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A fourth classification is connected with the
methodologies used; this is more complicated
because, in the existing works about risk, there
are varied combinations of the different te-
chniques separately applicable to hazard, vul-
nerability and exposure, which essentially con-
sist of:

(M1) methods based on theoretical behaviour
models;

(M2) methods based on the statistics of ob-
served events;

(M3) methods based on conventional in-
dices;

(M4) qualitative methods;

(M5) mixed methods.

Because of the combinations, most of the
methodologies turn out to be of the mixed type.

Here follow eighteen examples, they have
been selected in order to offer a reasonably rep-
resentative panorama of the test cases, techniques
and regulations concerning Italy, developed in
the decade after the Irpinia earthquake.

The examples of test cases are taken from the
following towns, areas and Regions:

(01) Campania Region and Basilicata Region
(Siro, 1982);

(02) Gubbio (Benedetti et al., 1988);

(03) Noto (Coburn et al., 1984);

(04) Friuli Region (Yang et al., 1989);

(05) Etnean area (Lo Giudice and Novelli,
1989);

(06) Pozzuoli (Benedetti et al., 1984; Gian-
greco, 1985);

(07) St. Arsenio (Angeletti et al., 1990);

(08) Tuscany Region and Emilia Romagna
Region (Petrini et al., 1988);

(09) Syracuse (Giuffré et al., 1988);

(10) Ancona (Stucchi, 1988).

Table I. A scheme of the examples presented.

The regulations refer to the Regions indicated
here:

(11) Emilia Romagna Region (Bressan et al.,
1986; Regione Emilia Romagna, 1990);

(12) Marche Region (Dramis et al., 1986;
Regione Marche, 1990).

The techniques have been principally applied
in the following Regions and towns:

(13) Campania Region (Zuccaro, 1989);

(14) Abruzzo Region (Ciampoli et al., to ap-
pear);

(15) Tuscany Region (Imbesi, 1989);

(16) Umbria Region (Augusti and Borri, 1986);

(17) Calabria Region (Caldaretti et al., 1987);

(18) Rimini (Regione Emilia Romagna and
GNDT, 1989).

Table I has a summary scheme of the list of
examples, in which the nature of the works car-
ried out, the systems analyzed, the purposes and
the methodologies are illustrated.

3. Some remarks

This section offers informally some com-
ments on the examples, from the engineering
point of view.

The values at risk considered in the assess-
ments have been mainly economic values (e.g.,
Examples 02), 04), 08)), assumed to be conven-
tional measuring elements, and also human lives
(e.g., Examples 03), 08)). In some cases, risk has
been evaluated with reference to the interruption
of activities carried on in the buildings (e.g.,
Examples 06), 08)); in others, more tied to the
problems of the conservation of urban nuclei, the
fabric of buildings in itself has been considered
the element at risk (e.g., Examples 03), 09)).

Example 01 02 03 04 05 06 07
Type of work W1 W1 W1 W1 W1 W1 W1
System S3 S1 S1 S5 S4 S1 S3
Purpose P4 P3 P5S PS5 P2 P4 P3
Methodology M4 M5 M2 M2 M2 M3 M3

08 09 10 11 12 13 14 15 16 17 18
W1 W1 W1 W3 W3 W2 W2 W2 W2 W2 W2
S2 S3 S3 S5 S5 S4 S6 S4 S5 S5 S3
P3 P3 P1 P1 P1 P1 P5S P1 PS5 P3 Pl
M5 M4 M4 M5 M5 M5 M1 M5 M5 M1 M5
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The classic formulation of seismic-risk as-
sessment followed in different parts of the world
is of the probabilistic type. This is reflected in the
well-known definition given by the EERI Com-
mittee on Seismic Risk (1984): «the probability
that social or economic consequences of earth-
quakes will equal or exceed specified values at a
site, at several sites, or in an area, during a speci-
fied exposure time». It results from this that the
articulation of a risk assessment consists, for
hazard, of the determination of exceedance prob-
abilities concerning the intensity or other quan-
tities such as the ground acceleration; for vulner-
ability, of the specification of probabilities of
damage of built systems, given the intensity or
the ground acceleration (primary vulnerability),
and of the assigning of probabilities of adverse
consequences for elements atrisk, given the dam-
age (secondary vulnerability) or, directly, of the
specifying of probabilities of adverse conse-
quences, given the intensity or the ground ac-
celeration (summary vulnerability); for expo-
sure, of a measure of the value of the elements at
risk and in a probability of exposure. This scheme

is reflected in various examples given here, in

particular in Examples 02),...,08). There are how-
ever cases in which other approaches have been
used in place of the probabilistic one. In particu-
lar it should be noted how, also in this field as in
many others, lines of thinking are developing
which tend to exploit the qualitative methods and
to insert them in appropriate formal algorithms
(see, for instance, Examples 01), 09), 10)).

The use of indices for characterizing local
hazard (Example 02)), vulnerability (Examples
02), 06), 07), 08)), exposure (Examples 08), 10),
has had quite important developments in Italy.
Further research efforts are required for the prob-
lem of associating the indices with suitable rela-
tions between cause and effect, which, in the
cases quoted, have been instituted on statistical
bases or using expert judgement.

The majority of the examples given here have
used Poisson models of seismicity. The hazard
assessment has consequently produced inten-
sities or ground accelerations having certain
yearly probabilities of exceedance or certain re-
turn periods. In some cases instead (Examples
06), 09)) the maximum historical earthquake has
been used as a reference. As for the local hazard

variations due to the nature of the soil, semi-em-
pirical treatments based on geological data have
prevailed. The geotechnical characterization of
sites and the consequent possibilities of making
numeric models of the soil are, in effect, hindered
in Italy by the complexity of the environmental
scenarios and the frequent scarcity of available
means for on-site investigations.

A point of origin of risk assessment on the
urban scale in Italy can be found in Example 01)
(Siro, 1982). After the earthquake of 23 Novem-
ber 1980, the National Geodynamics Project
(PFG) organized, in collaboration with several
Regional Administrations, a campaign of quali-
tative microzoning in towns in Campania and
Basilicata (PFG, 1983), having the objective of
furnishing urgent indications for planning the
reconstruction. Some of the teams of researchers
involved in the operation did not limit themselves
to the hazard sector but extended it to the vulner-
ability and exposure sectors. Qualitative risk as-
sessments emerged from this, based on linguistic
variables and on rules, which were afterwards
formalized by means of the fuzzy set theory
(Corsanego, 1984).

A different and very particular qualitative-ap-
proach version is that given more recently by the
Example 09) (Giuffré et al., 1988), devoted to
offering guidelines for mitigating the risk to old
buildings; in this approach historical data and the
observation of building typologies have been
used. The chronology of the macroseismic in-
tensity (according to the MCS scale) manifested
in the past in the urban nuclei has been interpreted
as an instrument for arriving at the knowledge of
the damage caused by previous earthquakes and
for making forecasts for the future one, on the
hypothesis that the typology of the buildings has
remained substantially the same in time. In many
Italian urban nuclei, like that of Syracuse, this
hypothesis can be considered justified.

Examples 02) and 03) are relevant because, in
them, two alternative methodologies, today very
widespread in Italy, are used to assess vulnera-
bility. Both refer to Poisson laws for seismicity.
For exposure, the first has taken economic values
and human lives account while the second has not
introduced specific elements at risk.

Example 02) (Benedetti et al., 1988), which,
as its object, has the stock of ordinary buildings
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in Gubbio and which is part of a wider research
programme regarding Umbria (Augusti et al,
1986; Regione Umbria, 1989), is aimed at ident-
ifying upgrading strategies for the existing build-
ings. As has been mentioned above, this deter-
mines the vulnerability of the buildings in terms
of an index, assessed on the basis of a methodo-
logy of Benedetti and Petrini (1984). The mo-
dality for defining the index according to this
methodology is based on the definition of a cer-
tain number of behaviour factors (structural
layout, foundations, etc.). For each factor there is
a finite number of possible levels described by
detailed rules and characterizing progressively
worse behaviour. On the basis of the level asso-
ciated with the generic factor, a partial vulnera-
bility index is assigned to this. The global index
concerning the whole building is obtained from
the partial ones by means of a weighted average.
Also for the local fluctuations of the hazard due
to the soil, a conceptually analogous index, given
by a methodology of Augusti et al. (1985), has
been used: this is based on soil behaviour factors
(morphology, discontinuities, etc.) and on differ-
ent possible levels which can be associated with
each factor.

Example 03) (Coburn et al., 1984) has, as its
object, the stock of ordinary buildings in Noto.
Vulnerability has been estimated by applying a
statistical method introduced by Braga et al
(1982) and based on the observation of the dam-
age caused by recent Italian earthquakes. The
characteristic element of the methodology is the
introduction of typological building classes, ob-
tained through the intersection of types of vertical
structures (hewn stone masonry, brick masonry,
etc.) and horizontal structures (wooden floors,
r.c. floors, etc.); for each class probabilistic rela-
tions between intensity and damage are given.
The influence of the soil has been analyzed,
specifying a set of cases of soil-building typo-
logies, on the basis of the situations that recur in
that town (Hughes, 1984).

In the old Italian towns seismic risk is notably
influenced by a vulnerability added to the one
involving buildings, namely the so-called urban
vulnerability due to the configuration of the town
and the modality of its use. In Example 7) (Ange-
letti et al., 1990) which refers to an assessment
made in St.Arsenio and in which, as in the two

preceding examples, Poisson models of seis-
micity have been used and evaluations of the
local effects based on the geological charac-
terization have been carried out, urban vulnera-
bility has been taken into consideration with a
corrective index which takes account of the loca-
tion of the building within the urban structure, of
the distance between buildings and «safe places»
and of the morphology of the town.

While in the test cases discussed above the
objects of study were stocks of buildings belong-
ing to an urban nucleus, in Example 08) (Petrini,
1988) a functional class of buildings - Public
Buildings - has been examined in a vast area of
Tuscany and Emilia Romagna, with the objective
of formulating a preliminary classification, in
terms of risk, within the class. The vastness of the
area has clearly made it necessary to bear in mind,
in this case, the spatial variation of the seismicity
which was assumed to be uniform in the previous
cases. Another aspect that distinguishes this
example consists of the use of several techniques
to assess the vulnerability of the buildings ac-
cording to their type of structure; the unitary
approach has been maintained by assuming a
single linear law between ground acceleration
and damage, and each technique has been con-
sidered as an instrument to use only for quanti-
fying the linear law for each type of structure,
through the specifying of the accelerations that
produce the onset of damage and there the collapse.
A third aspect derives from the attempt to express
exposure by means of an index; as it is a question
of Public Buildings, the index has been made to
depend on both their occupation potential and
also on the activities carried out inside them.

A risk which cannot be ignored in Italy is the
one connected to surface seismicity. These phe-
nomena are examined, in very different contexts,
in Examples 05) and 06).

For Example 05) (Lo Giudice and Novelli,
1989) in which the risk in the area influenced by
Volcano Etna has been examined with the aim of
contributing to ad hoc regulations for mitigating
it, the particularity of the presence of two seismic
hazards is noticeable: one connected to regional
seismicity and one linked to the activity of the
volcano. The latter is characterized by surface
focal centres and therefore by noteworthy tremors
localized in restricted zones.
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Example 06) (Benedetti et al., 1984; Gian-
greco, 1985) refers to an assessment made in
Pozzuoli to evaluate the risk implied by the bra-
dyseismic phenomena which recur historically in
that town and which at the beginning of the
Eighties caused damage to buildings and made
some of them unusable. Hypothesizing an event
of intensity equal to 7MSK degree, the analysis
was mainly directed towards the risk of unusa-
bility. We can observe the use of a technique for
assessing vulnerability based on indices similar
to but not the same as those used in other cases
mentioned above; a clear difference is the con-
nection between indices and expected damage,
which in the cases in question had statistical
bases while in Pozzuoli it was based on expert
judgement.

A serious obstacle to the development of risk
assessments on the regional scale in Italy is the
high cost of the surveys to be carried out to obtain
the data about the buildings, necessary to assess
their vulnerability. Example 04) (Yang et al.,
1989) reveals the possibility of carrying out, even
in special situations, assessments using data
which already exist about building property.
With reference to Friuli, classes of buildings have
been constituted on the basis of their age (which
is a generally available element). The costs of
damage repair, assumed as measurers of the seis-
mic impact, have been evaluated for each class
on the basis of the MSK intensity, using data
from the earthquake of 6 May 1976. A Poisson
model of the region’s seismicity there has en-
abled the construction of regional maps of risk
for an assigned return period.

Among the different aims that a risk assess-
ment can have when carried out in a town, that of
giving support to the drawing up and up-dating
of the Town Plan is certainly very important. The
great value of this support has been little under-
stood, in Italy, by the Local Administrations.
Ancona is a notable exception where, for the
revision of the existing Town Plan, they decided
to make a risk assessment, which makes up
Example 10) (Stucchi, 1988); the work carried
out was based on relative-risk concepts which
deserve to be illustrated.

The town was subdivided into zones which
were sufficiently homogeneous within them-
selves. The seismic risk in each was considered

to be divisible into two parts: an average risk
characterizing the zone complex and a relative
risk which represents the fluctuation with respect
to the average given by the single zones. A
possible zone whose risk coincided with the aver-
age one and whose relative risk was therefore nil
was defined as «standard».

The following alternative was then estab-
lished:

a) the average risk is rather higher than that
considered acceptable in Italian towns; political
decisions are therefore called for.

b) The average risk is comparable with or less
than what is considered acceptable in Italian
towns; urban planning can then be relied upon to
level out the fluctuations, transforming the pres-
ent zones into standard zones.

The example of Ancona, where the maximum
historical earthquake was taken as a reference
point because of its non-high seismicity, is in
situation b).

The assessment in question should be men-
tioned also because of the wide use of qualitative
methods which fit it into a methodological cur-
rent already discussed.

Examples 13),..., 18) do not respond to effec-
tive-risk assessments because they have more
indirect objectives or because, up to now, they
have only developed preliminary phases; how-
ever, they have interesting elements which make,
at least, a summary appropriate.

In most of the works commented on here, we
see an examination process of inhabited territory
in which the starting point is the forecasting of
the damage to buildings and its direct conse-
quences (victims, costs of repair) and the sub-
stantial consideration of the other components of
the seismic impact as expressible in terms of
these consequences. This approach constitutes a
methodological way that is, by now, consoli-
dated. However, researchers nearer to the plan-
ning field on the regional scale have observed
that, reducing complex realities to a few global
parameters, it does not allow the reading of the
individualized risk of every inhabited centre,
each one of which is an organism with a history
and physiognomy. Other approaches have there-
fore been proposed (Imbesi, 1988), to be under-
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stood as complementary to the usual ones, in
which the course of the risk assessments passes
through the different forms of conurbation (city,
town, village, quarter).

This alternative vision is present in studies
carried out in Tuscany (Regione Toscana and
GNDT, 1986), where, starting from a preliminary
assessment on the regional scale in which only
hazard and exposure are examined, the studies
pass on to more and more circumscribed assess-
ments in which hazard, vulnerability and expo-
sure are determined by more and more detailed
procedures until reaching the single building
scale. Example 15) (Imbesi, 1989) refers to pre-
liminary assessment and has analyzed the part of
it that concerns exposure; using clustering oper-
ations it has classified the cities on the basis of
three requisites (population, functions, capacity
to attract) and the road networks on the basis of
five requisites (functions, impact, connection,
feeding, replaceability).

Investigations carried out in Emilia Romagna
at Rimini which make up Example 18) (Regione
Emilia Romagna and GNDT, 1989) can be con-
sidered similar with regard to the gradualness of
the approach. Also these are self-defined as pre-
liminary but put themselves in the urban scale
and therefore refer to more limited spatial ambits
than that in Example 15); their characteristic is
that of defining a certain number of indicators of
vulnerability and exposure by means of the pro-
cessing of already existing data, in particular the
information afforded by the ISTAT census, sav-
ing the carrying out of surveys to a later, more
detailed assessment phase.

The relationships between risk assessments
aimed at policies for its mitigation and the effec-
tive putting into action of those policies have
always been difficult in Italy. Knowing this it
seemed appropriate that extremely clear repre-
sentations of the consequences of the various
possible decisions and of the costs and benefits
connected to the modifications that each decision
could bring to seismic risk, were offered to Public
Bodies. Representations of this kind obviously
require computerized management of the data at
the regional level and of the processes for the
communication of these data. Example 13) (Zuc-
caro, 1989), concerning Campania and Example
16) (Augusti and Borri, 1986), concerning Um-

bria, show that research meant to give this sup-
port.

A considerable gap in the series of studies
made in Italy in the last decade is the scarcity of
research into the risk to the networks (communi-
cation systems, energy supply, etc.). It is well
known that the breakdown of a network can have
very serious consequences in the emergency after
an earthquake but can have grave effects also in
the next phase; the lack of a coordinated complex
of activities in this sector must be seen as a
negative factor. Among the few works produced
up to now, Example 14) (Ciampoli et al, to
appear) has examined a part of the medium-volt-
age electrical network serving an area round Pes-
cara in Abruzzo and assessed the collapse prob-
ability of the system, schematized in a graph,
using a minimal path set approach. In Example
17) (Caldaretti et al., 1987) the road network in
an area of Calabria has been analyzed; this has
also been schematized in a graph and an «incon-
venience» caused by seismic damage to the net-
work has been assumed as a significative par-
ameter for the estimate of risk.

We end these informal comments with some
considerations about the important question of
the introduction of Regulations and Guidelines
that establish criteria for the carrying out of seis-
mic-risk assessments and for their utilization for
the use of territory.

In Italy, Law 741 of 10 December 1981 stipu-
lates that the regional Administrations must issue
Regulations so that Town Planning contributes to
the mitigation of seismic risk.

In reality, the application of this law in the
following years has been very unequal in the
different Regions. In most of them, in effect, the
Regulations issued have only concerned
measures for the mitigation of the geological
components of seismic risk without facing the
theme of seismic risk in its complexity. There are
two important exceptions in Emilia Romagna
and Marche. In both these Regions the Regula-
tions have also been furnished with Guidelines,
which form Example 11) (Bressan et al., 1986;
Regione Emilia Romagna, 1990) and Example
12) (Dramis et al., 1986; Regione Marche, 1990)
and which have sufficiently similar general char-
acteristics to permit a single discussion.

The leading element in the Guidelines is,
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above all, the sub-division of the Region into
three zones with different seismicity. Within this
macrozoning inhabited centres are taken into
consideration and the urban planning is given the
task (among others) of rebalancing in them the
seismic risk, whose spatial fluctuations are taken
from a graduation, between homogeneous urban
areas, obtained by means of a triple classification
respectively of the soil (for local hazard), the
buildings (for vulnerability), the elements at risk
(for exposure). The conceptual approach is like
the one experimented in Ancona, which has been
an important «test-bench» for Marche; the
Rimini experience has provided the «test-bench»
for Emilia Romagna.

A notably positive element in these Gui-
delines is their flexibility which permits them to
be adapted to the multiplicity of local situations.

4. Conclusions

The picture presented here shows that the
seismic-risk assessments carried up out to now in
Italy and the methodologies associated with them
are a very varied mosaic.

The interesting elements that emerge from this
mosaic are quite numerous. But a gap is also
clear. It is the gross lack of a non-occasional link
between the world of research and that of deci-
sions about the use of territory.

The development in the coming years of valid
action for the mitigation of seismic risk in Italy
will depend on a better integration of these two
worlds.
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