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Introduction

Introduction

The preservation of the cultural heritage is a complex process not only because of the
intrinsic characteristics of the historical buildings, but also for the simultaneous
presence of real interest from the point of view of art, such as furniture and decorative
elements as works like stucco, frescoes. A similar task was much more difficult in an
area like the Italian one exposed to considerable natural hazards including
earthquakes. With the aim to support proper preventive actions and mitigation of
seismic risk, in recent times the regulatory framework has been heavily renovated.

In this context it is essential the knowledge of the main formal, structural, functional
characteristics of the protected works and to extend this knowledge to movable also in
seismic perspective. Such an objective could be pursued through simple and rapid
tools, able to characterize the object in a simple and standardized way, thus providing
a hierarchical structure of information that define it and provide the essence,
appreciating the quality and highlighting the criticality under exceptional actions.

The aim of this thesis is to discuss and extend the approach to the structural and non-
structural knowledge outlined in the "Guidelines for the evaluation and reduction of
seismic risk of cultural heritage", to the movable heritage.

After a brief definition of the seismic risk and the concept of cultural heritage, in the
first chapter it is given a summary of the methodologies currently available in the
context of seismic vulnerability assessment of the protected heritage and a
classification of the museum typologies that can be detected.

The second chapter provides an overview on the different methodological approaches
that have led to a differentiation on the contents of the terms conservation and
preservation, while seeking to emphasize the contribution that the history and new
technologies have provided in this wide field.

The third chapter traces the path of knowledge drawn in the Guidelines highlighting
the importance that it assumes in the context of the seismic vulnerability assessment.
The fourth chapter, starting with the general principles and standards defined in the
Guidelines on Artistic Limit State, analyses their state of art. Moreover, it highlighted

the need for an adequate protection strategy of movable heritage starting from the
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analysis both of the different typologies of artworks exposed in museums and their
behaviour in the case of an earthquake.

In the fifth chapter it is discussed a new and speedy survey protocol for the
preservation and knowledge of movable heritage in seismic zone. It also illustrates the
results of the investigation plan conducted on the case studies of the Museum Complex
of Santa Chiara in Naples and the Monastic Complex of Trisulti in Collepardo, of
which more details are given in Appendix.

The sixth chapter focuses on the problem of preservation and conservation in the early
stages of structural assessment from the application of methods of non-destructive test
on buildings. In this chapter it highlights the role of the investigation plan in relation to
the knowledge for the restoration and to the knowledge for structural assessment,
defining their sustainability as a function of the level of assessment that is to be

reached.
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1. Architectural and museum heritage

1.1. Introduction. The seismic risk

The risk is defined for a territory or a population of objects, buildings, goods and
people on the basis of expected damage as a result of possible natural or anthropic
origin events [1]. Generally, locate the seismic risk in a specific point means to define
the average frequency and the destructive potential of earthquakes felt in an area,
which is to identify the probability of damage in an area. If the damage due to seismic
activity in a time interval (#;, t») is expressed by d (t;, t»), random variable because
deterministically unpredictable, the risk is identified with the probability
distribution Py[d; t1;t,] = Pr{d(t;;t,) < d}, that is the probability that d does not
exceed a certain predetermined value d in the interval time from #; to t.. It's clear that
the damage depends parametrically by the instants ¢; and ¢, which delimit the interval
time that you want to observe [2].

The extent of the damage expected and, therefore, the risk depends on three factors,
linked to the nature, frequency and level of expected events; to the nature, quality and
quantity of exposed goods; to the ability of goods to resist insults.

The process of seismic risk assessment can therefore be expressed by a nonlinear
function, combination of the variables H (Hazard), V (vulnerability), E (exposure),
according to the expression R = f(H,V,E).

The seismic hazard (H) is represented by the frequency and strength of earthquakes
that interest it, or from the seismicity. It is defined as the probability that in a given area
and in a certain time interval occurring a seismic event that exceeds a threshold of intensity,
magnitude or peak accelerations (PGA) capable of causing damage [1]. Since it is impossible
to predict earthquakes or interfere with the frequency or intensity of these, the hazard
of a site is identified by the quantification of reference actions in each area, with the
definition of appropriate seismic hazard maps.

To define the parameters suitable for the quantification of the hazard, different
methodologies are used. These are based on different sizes; in fact, the hazard can be
defined in terms of macro seismic intensity or peak ground acceleration (Peak Ground

Acceleration - PGA) and spectral acceleration.

1
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The macro seismic intensity is an established and dimensionless characteristic that
describes the destructive potential of the earthquake on the base of observation of
effects and of any damage, caused by quake. The main scales of macro seismic
intensity are the Modified Mercalli (MMI) of 1931, the Medvedev - Sponheuer - Karnik
(MSK) of 1964, and the European Macro seismic Scale (EMS 98) of 1998, which provide
different macro seismic degrees directly related to the level of damage observed
following a seismic event.

The mechanical representation of the seismic input is given by the PGA and spectral
acceleration. The PGA is the maximum value of the ground acceleration reached
during the reference event and, based on this, it was possible to draw up maps
representative of seismic hazard area and which can be understood as possible “seismic
scenarios ” [3].

The term seismic exposure (E) refers to the extension, the quantity, the quality of the
different human elements that compose the territorial reality (population, buildings,
infrastructure systems, etc.) whose condition and performance may be damaged, altered or
destroyed by an earthquake [1]. In the assessment of seismic risk, the study of the seismic
exposure serves to reveal the amount and extent of all human elements at risk that may
be subject to damage as a result of the earthquake. The main risk categories to be
examined in the analysis of exposure are people, artefacts and property [3].

The seismic vulnerability (V) is defined as the propensity of people, objects, activities or
goods to suffer damage or changes as a result of an earthquake [1]: such damage can induce a
temporary loss or reduction of functionality of artefacts and structures or even a total
loss. However it is possible to reduce the expected damage by improving the structural

and non-structural features of artefacts through interventions.

1.2.The assessment of the seismic vulnerability

As stated in the previous paragraph, the seismic vulnerability is defined as the
propensity of people, objects, activities or goods to suffer damage or changes as a result of an
earthquake. In relation to the capacity of resistance to seismic actions of the same
elements it can be asserted that each system has its own vulnerability. So on the one

hand the vulnerability measures the loss or reduction of the system efficiency to the

1
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occurrence of a seismic event, on the other it measures the remaining capacity of the
same system to perform and ensure the functions that normally carries up to speed.
The concept of seismic vulnerability is extremely complex and articulated differently
depending on the object which it is applied, since the loss of functionality of a single
artefact causes a propagation of the damage so extensive as many elements are
functionally connected with the element damaged. Therefore it is useful to distinguish
the following components: direct vulnerability (Vi1), induced vulnerability (V2), deferred
vulnerability (Vs), in other words: V = (V3, V,, V3).

The direct vulnerability (V1) is defined in relation to the propensity of a single element,
simple or complex, to be damaged or collapse following an earthquake.

The induced vulnerability (V2) is defined in relation to the effects of the crisis of the
organization of the territory caused by the collapse of a simple element to the
subsystem to which it belongs; or from one subsystem to another functionally
contiguous to it.

The deferred vulnerability (Vs) is defined in relation to the effects that occur at a later
time of the seismic event that change, or overturn, the habits and behaviour of
populations.

Therefore, in view of a comprehensive analysis of vulnerability, there is the problem
not only of identifying single elements that can collapse under the impact of the
earthquake, but it is also important to identify and quantify the effects that their
collapse determines on the territorial system functioning (3).

Perform an analysis of seismic vulnerability means evaluating the consistency of the
built environment in a given area, both in terms of quantity and quality, and in
particular to estimate its propensity to be damaged by an earthquake. A methodology
for the analysis of vulnerability must specify how to take a census of the built
environment and its characteristics and develop appropriate models that correlate the
severity of seismic motion with the effects in terms of physical damage and economic

and intangible losses.

1.3.Methodologies and levels of vulnerability analysis

The vulnerability analysis on the ordinary territorial scale built environment involves

evaluations on a large number of samples. So, the use of models of structural

| 5
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calculation is unlikely both for the difficulty of identifying simple but reliable patterns,

and for the amount of data that should be detected on field. Therefore, methods must

be based on a few and empirical parameters and their validation depends on the
observation of the damage caused by real earthquakes.

The vulnerability models depend on the characteristics of the building (typology,

material, size, shape and construction details) and may be in different degrees of

accuracy, depending on the level of knowledge of the elements investigated.

The methods are distinguished by the accuracy and significance of the data collected

and catalogued according to three levels:

e Level 0: low degree of information of the collected data, which are described by the
inventory of buildings without specific data, with the exception of the typology (at
this level the vulnerability analysis is useful for a preliminary understanding of the
seismic risk of a region or of a big city);

e Level 1: collection, by means of a fast survey, of some additional information with
respect to the only typological identification and, in particular, of those data that
can be related to the structural behaviour of the building (regularity, quality of
materials, dimensions, interaction with adjacent buildings, state of maintenance,
transformations and interventions);

e Level 2: targeted investigations and surveys that allow the collection of detailed
information on individual artefacts and observation of detail of the damage. The
overall vulnerability of individual structures may be defined.

The framework of analysis methods of vulnerability is very complex, so different

classifications have been proposed [4].

A first classification is set on the type of result, distinguishing between:

e direct techniques: providing in one step the result as a prediction of seismic
damage;

e indirect techniques: they first involve the determination of a vulnerability index (V)
and subsequently use a correlation severity-damage which is also a function of the
vulnerability index;

e conventional techniques: the result is an indicator of vulnerability, but it is not

associated to it a prediction of damage. These techniques are useful for comparing

1
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different buildings located in areas of equal seismicity.

A second classification is based on the type of measurement that is used, therefore one

has:

quantitative methods: are the most common and provide the result (damage) in
numerical, probabilistic or deterministic form;

qualitative methods: they are based on descriptions of vulnerabilities with terms

such as "low," "medium," high "and the like.

A third classification is based on the predominant source of knowledge; it comes to

techniques based on:

the statistical processing of data;
the calculation of seismic response;
the subjective judgment of experts;

hybrids procedures, which combine multiple sources.

A further classification concerns the manner in which the building is considered;

distinguishes between:

typological techniques take the possibility to differentiate the seismic behaviour
(vulnerability) of buildings by defining a typological classification, according to the
quality of materials, features and construction techniques or other factors. Each
class is associated with a vulnerability curve or a probability matrix of damage. The
verification of the assumptions made in the construction of the vulnerability curves
or matrices of damage is entrusted to statistical processing of the damage caused by
earthquakes in the past to the buildings of that class (a posteriori analysis).In this
way, assigning a building to a certain class, it automatically confers the curve of
vulnerability or the probability matrix of damage that compete to the class. These
methods require rather simple field surveys, and can be used to get information
about extended urban areas;

mechanistic techniques are those which resort to modelling as realistic as possible of
the seismic behaviour of buildings. The predictions of damage are formulated on
the basis of analytical calculations of the seismic response of the building and on
the stress and strain that corresponds to them. Their reliability is the common one

for structural analysis applied to existing buildings, new and ancient. These

1
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methods are suitable for evaluations involving individual buildings or very similar
groups, and it can be of some help to other techniques, both on individual
buildings to transfer the results for typological classes, and for better validate the
vulnerability levels conferred through behavioural parameters;

e semiotic techniques are based on the ability to give each building an index of
vulnerability that is a number, which is determined on the basis of indicators no
longer interpreted with typological meaning, but behavioural, that is determined
by the capacity of the building to withstand earthquakes (for example, the
efficiency of the connections, the strength of materials). In a second time at each
value of the vulnerability index is associated a vulnerability curve or a probability
matrix of damage. Normally the vulnerability index is calculated as a function of
partial indexes corresponding to each indicator and that can be conferred
subsequently to qualitative assessment of the building. These techniques are very
versatile, because they synthesize a large number of information on buildings that
are examined. They imply a subjective judgment of experts and their reliability
depends on the clarification of a relationship between the levels and the expected
seismic damage.

Nationwide shared methodologies are not available, although different studies have

been made in the past, starting from the vulnerability observed on a large number of

buildings damaged by earthquakes.

1.4.Cultural heritage

The definition of cultural heritage - as a material product of the human culture, as
opposed to the natural good offered by nature [5]- is the culmination of a long path.
The concept of heritage is born and is measured by the discipline of restoration,
constituting the object of his debate and its praxis, starting from the French Revolution
and as a reaction to the abbé Gregoire's vandalism [6].

The evolution of the culture of the restoration is based on the collective dimension of
the heritage [6]. The coincidence between the origin of awareness of the heritage and
instances of conservation of monuments is extremely significant because the heritage is

something that for its cultural value must be protected and must be shared with the

| 8
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community. As reported by Aveta [6] the new vision of heritage “is to intersect with the
notion that the heritage has an economic charge, in fact, the same term heritage contains in itself
those meanings and the value that can be found in similar terms as legacy, good, resource, etc..
The diversification of meaning is taken as a result of the adjective accompanying the term: so we
can speak of cultural heritage in its historical and artistic meaning”. However, the cultural
heritage loses its economic sense when at this is recognized an additional factor that
characterizes the peculiarities of the cultural property, lies in the awareness and in the
feeling of belonging to the community.

It is well known that, the cultural heritage is representative of something that has come
before us and for this reason the concept is closely related with the term memory. From
this comes the desire to conservation based on the acknowledgment of the value of the
goods, or rather this desire comes from the encounter between the individual and the
collective dimension, from the recognition of something that is the testimony of
memory sharing [6].

In this framework, the contribution of Riegl highlights the significance of the presence
of the documents of the past in relation to the requests socio-anthropological:
“Monuments - warns Alois Riegl- seduce us as testimony to the fact that the collective of
which we form a part long before of us has lived and produced”.

But the concept of heritage as a shared wealth and to share was already present in the
thought of John Ruskin and William Morris, who had identified the profoundly social
dimension of the monuments. For this reason, their conservation represented “a
moment of apperception of the signs of their own memory” as collective and therefore linked
to the recognition of the passing of time [6].

Considering the various documents, such as Chats of Restoration and European
Recommendations, that took place during the twentieth century reveals, at first, the
expansion of the field corresponding to the concept of heritage. At movable heritage
was added heritage formed by buildings, sites, territory and the environment.
However, it certainly depends by the changed perception of history and to the change
of attitude by man against material evidences.

The definition of world heritage, which still refers, was established by the Paris

Convention of 1972 and, more precisely, by the “Convention concernant la protection du

1
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patrimoine mondial, culturel et naturel”, adopted by the General Conference of UNESCO
[6]. With this Convention we refers to a unique heritage, both cultural and natural, to
which belong, in addition to typically cultural and natural goods, also the mixed
goods, that are examples of a mutual adaptation, in the merger of the two types of
elements. This represents our cultural heritage and it guarantees the persistence of
historical memory belonging to every individual and common to all. With this
Convention the universal value of some goods generated by the individual cultures
and/or by nature is recognized. “The aim is not to preserve local cultures and expressions as
such, but as part of a heterogeneous mosaic that in its complexity is representative of the many
and various achievements that wherever the mediation between man and environment has
configured” [6].

From the analysis of the Charts of Restoration and the European Recommendations
sectoralisation heritage (something archaeological, artistic, church, etc.) arise [7].
Another important factor is related to correspondence to the need to safeguard and
protect local identities. These two factors are interrelated, since the second appears to
be the motivation of the first: that is to say that pushes and simultaneously explains the
drafting of documents and resolutions concerning the configuration of the heritage as a
set of elements traditionally not artistic, but more generally cultural, such as traditions,
languages, crafts, and so on.

It is therefore difficult to give a notion of cultural heritage pertinent to what appear to be
the needs of the community in relation to its wealth, both material and immaterial.
However, a valid definition can be found in the document proposed by the Italian
Committee ICOMOS in 1991 that identifies the cultural goods, and the cultural heritage,
as all the monuments and things that are testimony having the force of civilization and

that, as such, must be protected and valued.

1.5.Museum goods: definition, features and types

The term "museum" identifies the place where it is possible to collect and preserve
evidence (artistic, historical, cultural, scientific) and expose them to the public and

academics in order to increase knowledge of the nature and work of man [8].

| 10
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The main features of a museum are safeguarding and/or preserving the documents of
culture, promote access and consultation of this “heritage” to a growing number of
users and ensure the cataloguing of materials and information collected [9].

In the museum are included aspects that can be defined more strictly “static”, related
to the field of cultural heritage, which go to weld together with “dynamic” elements of
the reorganization of the matter. A museum, according to the definition established by
ICOM (International Council of Museums)! [10] appears to be: “a permanent institution,
non-profit, at the service of society and of its development. It is open to the public and conducts
research concerning the tangible and intangible evidence of people and their environment;
acquires, conserves, communicates and, above all, the exhibits, for purposes of study, education
and enjoyment” [11](Seoul 2004) and must be able to implement all the specific functions
related to the management of cultural heritage, which have been identified in the
protection, or activity responsible for the conservation and preservation of cultural
heritage; management, as an activity responsible for ensuring the use of cultural
heritage, through the disposal of human and material resources; enhancement, as
assets intended for optimizing the conditions of knowledge and conservation by
increasing the use; the promotion responsible to stimulate and support cultural
activities [12]. In the definition proposed by ICOM is highlighted the importance
acquired by the scientific research inside the same organizational structure and
emphasized the purely cultural purpose of the museum, as a place dedicated to
perpetuate the cultural memory of a civilization in terms of testimonials tangible and
intangible belonging to man and the environment in which he lives, this is the one that
comes closest to the definition of Italian museums.

In Italy, the museums were poorly regulated institutions, for this reason it was
necessary to define, through the DM May 10, 2001 “Guideline on technical and scientific
criteria and standards of functioning and development of museums” [13], the statutes and

regulations that defined the set of rules related to the specific function to be performed.

1The International Council of Museums - ICOM was created in 1946 in order to make known and
protect the world's cultural heritage through the improvement of the same organization and the
development of museums, entity specifically responsible for the activity of preservation and
dissemination of past history of every civilization, as well as to act for the advancement of the
museum itself.

| 11
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The statutes and regulations constitute the reference point for the organization and
operation of each museum and the tool to steer their activities, by defining the purpose
and functions, tasks and activities, rights and duties, sorting and financial structure,
organization internal and human resources, as well as the principles and rules for
administrative and especially capital, management and care of collections and service
delivery to the public.

The museums on the national territory are entities that, despite the structural and
dimensional features very different from each other, providing a joint service of
cultural nature.

The quality of the museum institute is not determined by reference to its level of merit,
to the collections held, to the attraction on the public, to the physical dimension, but in
relation to the ability to provide the service that is its purpose, and its ability to meet
the specific needs of museum management, care of collections and services to the
public.

In line with this methodological approach, the museum complexes are required to
ensure that the structures that characterize them are appropriate to the functions which
they are engaged, in accordance with the objectives of educational and cultural
promotion and with reference to the needs of the collections, staff and public [8].

For this purpose, the museum must make explicit the requirements to which intends to
follow, detailing those regarding exposure, conservation in time, registration,
documentation and restoration of the collections, as well as services for the public in
terms of knowledge, education, research and study and those for staff involved in the
continued operation of museum structures.

In addition, the museum must ensure the availability of adequate structures both in
typological and dimensional terms; they must therefore be characterized by:

e flexibility, or be able to adapt in relation to changing requirements;

e Easy to equip, have the capacity to satisfying different needs;

e functionality, be suitable to ensure the achievement of the objectives.

These museum structures should be also controllable (with modular performance in
relation to the actual needs), maintainable (such that they can be kept efficient in time),

accessible and recognizable.

| 12
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The classical model of the museum [14] is specified then in the articulation of two

functional cores aimed at these essential activities:

e spaces for custody (reserve) of evidences (artworks, archaeological, artworks of
technique, products the so-called “material culture”, etc.);

e spaces for the exhibition of artworks.

However this first and simple characterization is not sufficient to completely delineate

what the museum typologies are on the Italian territory, so it is necessary to refer to

some simple criteria, which often are intertwined in the definition of the role and

institutional purpose.

With reference to the dimensional parameter [14] they can be distinguished:

e small museums to local character (works by local artists, museums of folk traditions,
school science museums);

e museums of average size (of large municipalities, of school buildings, of university, of
research institutions);

e large museums (of cities, archaeological, large research institutions);

e national museums, with the role of distribution and dissemination of information
and artworks also to other structures of the national territory.

Based on the criterion of specificity of the user [14] - privileged recipient of the

information - can be distinguished (Figure 1.1)

e art museums (art gallery, intaglio, cabinet prints etc.);

e archaeological museums;

e science museums (thematic, of foundations, of research institutes and universities);

o museum of Popular Tradition or of “material culture”;

e museums of the costume.
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Figure 1.1. Classification museum according to the criterion of specificity of the
user: a)art museum; b)archaeological museum; c) science museums; d)museum of
Popular Tradition; e) museum of “material culture”; fymuseum of costume.

The rate of computerization is another important element in museum classification

[14], which can be so conducted

e traditional museums not computerized (some smaller museums, popular, lower grade
schools);

e museums at lower rate of computerization: only catalogue and its consultation are
computerized;

e museums in average rate of computerization: over the catalogue, it is possible to consult
through terminals or computer the reproductions, slides, films of some of the
documents and the information safeguarded; contemplates the presence of at least
one consultation room equipped with the necessary terminals;

o museums with a high rate of computerization: most of the evidences and information
have been reproduced and stored in a central memory and the consultation can
take place both through viewing the object that by the terminal or magnetic media;

o virtual museums: the originals (documents) are not accessible (except in special
cases) and all the activity of fruition and study is carried out on the basis of
reproductions, using terminals, magnetic media or printing from computer

support.
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According to the criterion of the presence and consistency of the "heritage" [14], it can

be distinguished:

e museums without its own collection, exhibiting artworks and objects from external
collections (galleries, palaces of exposures etc.);

e museums with their collections of artworks, objects or documents, but which also
expose periodically thematic collections from external sources;

e museums exposing only its artistic assets.

The classification criterion based on the characteristics of the buildings or areas that

housing the artworks gives the following distinction between:

e museums housed in spaces of building complexes with other destination (small museums,
schools, universities, municipalities, institutions);

e museums housed in buildings or spaces originally designed for other destinations: it is the
very frequent case of historical buildings, but also of complex industrial
archaeology, of significant buildings of modern architecture, etc. .; in these cases
the location of a museum is also a strategy of preservation and conservation of the
building;

e museums housed in buildings or spaces specifically designed;

e museums environment: urban or territorial contest bounded and preserved - often
built by the placement, in buildings or outdoors, of objects and artworks
historically homogeneous - to enable continuous and integrated experience of

historical or cultural environment.

1.6.The risk and cultural heritage

In the probability that a damaging event may occur, the risk is defined by a statistical
point of view, by relating the amount of damage on a specific object or individual of
the population considered and the event that it produces [15].

In the historical and artistic context, the application of a risk model strictly statistical is
not possible, because it should be defined a priori both the damaging event and the
stochastic context in which the event can take place (the probabilistic mechanism that
generates the event). If one considers that the damage suffered from a artistic assets is

the result of a process of deterioration which cannot be broken down into elementary

| 15

1



Chapter

events only expressible in probabilistic terms, and that the mechanism that produces
the damage involves a high number of variables related to each other in such a way
articulated and complex, it is easy to see that the historical and artistic context does not
allow a measure of risk in these terms.

Were then identified the variables that affect the physical and social deterioration
process to be used in the quantification of risk, putting in functional relationship the

Risk with the Risk Factors.

1.6.1. The risk model

Given a set of elements, the risk is defined by a statistical point of view, by relating the
amount of damage that produces an event on a particular object or individual of the
population considered and the probability that the event will occur. Applying this
approach to the cultural heritage we can be considered the historical and artistic
heritage as the units of a particular statistical population and calculate the levels of risk
to which such units are subject through the values that the Risk Factors can take for
each of them. This implies that these factors can be quantified, or better measured, for
each unit of the population and for each territorial unit to which the population insists.
Consequently, the implementation of the information system and its database has been
sized assuming the monument as a minimum units geo-referenced to scale of artistic
assets (statistical unit of the population considered) for which the risk of loss must be
calculated, and the municipality as a minimum territorial scale (territorial unit) that
need to quantify the risk factors. In relation to individuals that populate the cultural
heritage must be said that other asset classes and types, as panel paintings, paintings,
archaeological evidences etc., as movable heritage, have been considered associated
with an artwork/container, that best answers the dimensional scale.

If one considers that the damage suffered by an artwork is the result of a process of
deterioration which cannot be disassembled into elementary events expressible only in
probabilistic terms, and that the mechanism that produces the damage involves a high
number of variables related to each other in such a way articulated and complex, it is
easy to see that the application of a risk model strictly statistical is not possible because
one should define a priori both the damaging event both the stochastic context in

which the event can take place. Since the historical and artistic context does not allow a
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measure of risk in these terms, then the physical and social variables that affect the
process of deterioration to be used in the quantification of risk, have been identified
putting in functional relationship the Risk with the Risk Factors. This means that the
risk model described in the Risk Map of Cultural Heritage is a mixed model, which
uses at the same time deterministic and statistical methods in the process of calculating
the parameters and data analysis. From this mixed model is derived specifically the
logical organization of the SIT MARIS. In other words, the difficulty of a risk measure
purely probabilistic in practice has led to the construction of “Risk Indicators” to express
its level through the calculation of indices, regardless of their possible correlation with
an assessment of real probability.
Similarly, the measurement of the different Risk Factors was expressed in terms of
Indicators of Risk Factors. In practice, these factors have been divided and organized
according to a deterministic logic of cause and effect, which sees two main
components:
e Territorial Hazard (P), a function that indicates the level of possible aggression for
a given geographical area, independently from the presence or not of artistic assets;
¢ Individual Vulnerability (V), a function that indicates the level of exposure of a
given artwork to the aggression of territorial environmental factors, according to
the state of preservation of the artistic assets.
In this way it is possible to express the Risk as a function of these two components and
to measure its intensity through the measurement of physical quantities, which
contribute to their determination. The time () and the spatial location (x, y, z) of the
physical quantities considered are the other variables introduced in order to know the
distribution of the space/time parameters and phenomena that should be analysed:
this allows the geographic territorial representation and its evolution over time.
In addition to the quantification of the physical quantities that, characterizing the
domain of the vulnerability and the hazard, must be considered in their dynamic
interaction, in their different incidence than the typological variations of artefacts and
in the determination of different ratios of scale for the representation of information
and phenomena, it had to proceed with the preliminary definition of the physical

system of reference, that is the basic geographic elements that characterize the space in
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which the artistic assets are located. Another basic determination was to quantify the
elements that constitute the cultural heritage, in order to insert and consider cultural
heritage between the basic geographic features.

The Charter of the distribution of the Italian heritage produced by the MARIS between
1990/95 appears as the first census of immovable property (architectural and
archaeological) organized in spatial database. The source of which was carried out the
census is of bibliographic nature and data were obtained from the Guides of Italy

Italian Touring Club (TCI) and the Laterza Archaeological Guide.

1.6.2. The seismic risk of artistic assets

The model described above allows to express the risk as a function of the general

components of Vulnerability (V), of each unit of the population, and Hazard (P),

related to each territorial area on which the property is situated:

R=RWVy,Vy .., Vs P, Py, s B (1.1)

where R denotes the Risk Indicator and is set up as a weighted average of the

indicators of vulnerability (V) and hazard (P).

In order to build the Risk Model have been identified three different domains, valid for

both the Vulnerability and the Hazard.

The domains identified for Vulnerability (V) are:

e Environment-Air domain (defined by the feature of the surface), Vy;

e Static-Structural domain (defined by the constructional characteristics and static /
structural), Va;

e Anthropic domain (defined by use and safety), V.

Similarly, the domains identified for the hazard (P) are:

e Environmental-Air domain (characterized by climatic factors, microclimate and air
pollutants), Py;

e Static-Structural domain (defined by the geomorphological characteristics of the soil
and subsoil), P;

e Anthropic domain (characterized by the dynamics of demographic and

socioeconomic), Ps.
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1.6.3. Vulnerability

The ICR competence in the specific field of conservation was used to select variables
useful to define the state of conservation of the artistic assets and to develop a
standardized format for use on the field for data collection. In this context have also
been used also instrumental equipment to make geometric survey of artwork and
provide graphic and photographic support to the data of 1st level used to define the
state of conservation.

The preservation chart is divided into two sections:

e the first personal-identification data, where artwork is identified with the
standard defined by the Central Institute of the Catalogue and Documentation
(ICCD) for normal cataloguing activities;

e the second descriptive, aimed at detecting the state of preservation and the
calculation of vulnerability, through metrics assessments and of the constituent
elements and of the extent and severity of the different forms of degradation
present on the artefact.

The chart also provides a set of photographic and graphic attachments and

cartographic data.

Vulnerability is assessed through the many data collected during the study of the

structure, of the three domains of surfaces and structures, as well as that of the mode of

use of the artistic assets.

It is then used as an indicator of the level of exposure to damage in which the i-th

artwork ("individual") is:

Vi = Vl(t, XYZ, My, ..., My, )

Vai = Vo(t, xyz,ny, s T, ) (1.2)
V3 = Vg(t, XYZ, 01, -, Op, )
where:
mi,...mp are the variables used to quantify the state of conservation of the surface

according to the level of urgency, severity and extension of several types
of damage can assume in relation to the elements that characterize the

“superficial” aspect of the i-th artwork;
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are variables used to quantify the state of conservation of the structure
according to the degree of urgency, severity and extension that several
types of damage can assume in relation to the principal construction
elements of the i-th artwork;
are the variables used to quantify the dynamics of use and safety of the i-
th artwork.

1.6.4. Hazard

The hazard P is the component of risk that describes the physical process of

deterioration of the artistic assets determined by the potential aggression exercised by

the territory to the surface of the artefact, the structure and damage resulting from

direct human activities for the i-th artwork possibly present territorial area of the City

j-th:

where:

l/'ll, .o .an

bl,. . .bn

CI, .. .Cn

Pij = P,(t,xyz,ay,...a, ...)
Py; = P,(t,xyz, by, ... by ...) (1.3)

P3j = P3(t,xyz,Cq, . Cyp o)

are the variables used to quantifying the dynamics of the physical process
of potential damage to the surface of the artistic assets on the basis of the
values assumed by pollutants and climatic factors in the j-th territorial
unit;

are the variables used to quantify the physical process of potential
degradation of characteristics static/structural artistic assets based on the
values assumed in the j-th territorial units from catastrophic dynamics of
the soil and subsoil;

are the variables used to quantify the physical process of potential
degradation of the artistic assets based on the values assumed by
dynamics related directly or indirectly to human activity in the j-th

territorial unit.

For the definition of the Static-Structural domain that defines the hazard six reference

were taken among the phenomena that have the greatest impact on the structural
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stability of the cultural heritage than the municipal territorial areas on which they

insist: Earthquake; landslides; flooding; coastal dynamics; avalanches; volcanic.

This has allowed the identification of seven Indicators of Static-Structural Hazard, that

are:

e Index of seismic Hazard;

e Index of landslides Hazard (sources: Ministry of Public Works and National
Geological Service);

e Index of flooding Hazard (source: Ministry of Environment and National
Geological Service);

e Index of coastal dynamics Hazard;

e Index of avalanches Hazard;

e Index of volcanoes Hazard;

¢ Index synthesis of static-structural Hazard.

For the definition of Hazard Environmental-Air two distinct and independent
chemical-physical indexes have been identified: the Index of erosion and the Index of
physical stress.

As regards the calculation of the Index of erosion is used the Lipfert's formula (1.4)
[16]that allows to quantify the loss of material in the unit of time (um/year). In the
application of the formula the impact of individual factors is evaluated on the loss of
material, considering also the closeness or not of the City to the sea (coast effect).

R =18.8-Rain + 0.016 - [H*] - Rain + 0.18

(1.4)
* (Vs * [SO2] + Vay - [HNO3])
where:
R represents the surface recession (um/year);
is the coefficient which represents the solubility of CaCOs in equilibrium

198 with 330 ppm of CO»;,
Rain represents the rainfall (mm/year);
[H*] is the concentration of hydrogen ions (mg/1);

Vs is the deposition rate of sulphur dioxide (cm/s);
[SO,] is the concentration of sulphur dioxide in the air (pg/m?3);
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Van is the speed of deposition of nitric acid (cm/s);
[HNO3;] represents the concentration of nitric acid in the air (pg/m?3);
in particular
18.8 - Rain is the contribution of the rain clean, the so-called karst effect;
is the effect of acid rain, the acidity is due to the presence of ions
SO4, NOs;
0.18- (Vs [SO,])  is the deposition of SO;

0.016 - [H*] - Rain

0.18- (Vg - [HNO3]) is the deposition of HNO;

In addition to the Index of erosion is also considered an index of blackening based on
the influence exerted by the particulate emissions, whose concentration at the
municipal level can be estimated only approximately by the use of a box model that
does not separate the carbon particles responsible of the blackening, from all others.
The index of physical stress takes into account the portion of the damage caused by
the thermal and hygrometric interaction between the environment and the material

and the cycles of freezing and thawing.

For the definition of anthropogenic hazard the reference is made to a deductive
reasoning aimed at checking if the human pressure attributed to a given territory is in
fact dangerous for present artistic assets. The anthropogenic phenomena identified as
potentially responsible for adverse effects on the conservation of cultural heritage are
reducible to three thematic areas:

¢ Dynamics of population density (understood as depopulation and overpopulation);
e Tourism pressure;

e Susceptibility to theft.

Five Indexes Hazard have been, therefore, identified and calculated:

e Index of depopulation;

¢ Index of overpopulation;

e Index of tourist pressure;

e Index of susceptibility to theft;

¢ Index synthesis Hazard anthropogenic
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1.6.5. Risk Calculation

The methodology developed provides for the calculation of risk through the
combination of two main components, the vulnerability and the hazard, in which the
artistic assets are located. In practice, the risk function is constructed through the
combination of factors which, on the one hand, characterize the state of conservation of
the individual artworks and, on the other, are responsible for the deterioration
mechanisms. The first factors define the level of the effects suffered by the artworks
due to its exposure to the aggression of the agents of deterioration and the second the
degree of potential aggression for a given territorial area.
According to available data, their updating and the qualitative characteristics of
accuracy, resolution, spatial distribution, sampling time, extension of the territorial
coverage is possible to know, through the calculation procedures, the level of territorial
hazard, the Vulnerability Index of the single artworks and the Risk Intensity, and
represent the corresponding spatial distributions, in a coherent and consistent on the
Italian territory or on a single geographical area.
Depending on the degree of detail and accuracy of the data collected different levels of
risk definition can be defined [17].
e First level: Territorial Risk

The territorial risk is referred “to the state of susceptibility, to degradation process

that characterizes the territory in which an aggregate of artistic assets is located”.

This indicator is then calculated as a function of the hazard levels and spatial

characteristics of the aggregate of artistic assets in question (for example the

number of monuments, type, etc.).

R,=n-P (1.5)

where

P is the territorial hazard estimated at the municipal level

n is the number of georeferenced artworks on the territory.
e Second level: Individual Risk

The individual risk is related “to the state of susceptibility to degradation process of

a single artworks” and is represented by the product of the local hazard level (P)

and vulnerability (Vi) of k-th artworks present on the territory in that given
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municipality.
Ri=V,-P (1.6)
where
P is the territorial hazard estimated at the municipal level
Viis the vulnerability of the k-th artworks.
e Third level: Risk Local
The local risk refers to the single artistic assets, but the hazard is calculated locally to
sub-municipal level, multiplying the hazard (P) in the surrounding the artworks
for the vulnerability (V) of the artwork itself [18].
R =V P, (17)
where
Pj is the territorial hazard estimated near the artistic asset
Vi is the vulnerability of the artistic
This is the most difficult level to get, because for many hazard factors there are no data
available in a sufficient scale of detail and, at the same time, there aren’t homogeneous

and uniform data throughout the national territory.

| 24



Chapter

2. Knowledge: Restoration, History, Technology. A review

2.1.Protection, restoration, conservation and cataloguing

In order to establish a protocol of relief for the cultural heritage, which has as its
purpose as knowledge as the protection and conservation over time of investigated
heritage, it is necessary to focus on the different methodological approaches that have
led to a differentiation on the contents of the terms protection and conservation, while
seeking to emphasize the contribution that the history and new technologies have
provided in this large sector especially in the cultural tradition of our country.

As reported by De Vivo [19] “the origins of the cataloguing of cultural heritage is a matter
which has been given a different action in time depending on the level of detail achieved by the
various contributions that have addressed this, which rarely have dedicated themselves directly,
taking more often as object the evolution of the institutional service of protection in general. As
regards the birth of this activity today historiographical reflection on the subject has produced
the idea of cataloguing developed for a situation of real need.”

From the seventeenth century is felt in the various Italian states the need to protect the
artistic heritage, especially in the context of the birth of collecting that instigated the
export of works of art and antiquities. It is in this period that begins to be approved
decrees and that are created commissions aimed at cataloguing and protecting both
monuments and the artworks, through detailed and systematic tools coming to the
formation of a real catalogue.

The 1773 corresponds with the date of issue by the Venetian Republic, and through the
establishment of a consultative body known as the Mighty Council of X (ten), a measure
in which was ordered the compilation of a catalogue to oppose to the” scandalous
facility with which they were arbitrarily removed and sold models ... the best and most famous
existing paintings in the churches, schools and monasteries of the Dominant and the
surrounding islands ...”2 [20]

The task of drawing up the “Catalo of all the most important existing paintings in the
churches, schools and monasteries in the city, with the identification of what they represent, and

the names of their authors” was given to Antonio Maria Zanetti, appointed Inspector of

2 Decree of the Council of Ten (Venice April 20, 1773)
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public paintings, with the task of drafting a descriptive note for each artwork of their
state of preservation and their location, and make half-yearly checks. The presence of
the artworks within that catalogue would have resulted in the authorization request in
the case of move of artwork and the absolute prohibition of sale [21].

Since the eighteenth century the protection thus has assumed the dual task of knowing
and preserving, especially for the new rational consciousness and the need for a
scientific promoted by the spread of the Enlightenment.

Similarly to the Venetian experience, the Papal States made clear the link between
knowledge and conservation in the edict of Cardinal Joseph Doria Pamphili, pro-
chamberlain under Pope Pius VII, which represents one of the first legislative
instruments capable of safeguarding the cultural heritage of the state. In Chirograph,
enacted after the fall of the Jacobin republic and significantly entitled “Preservation of
Monuments and Fine Arts productions”, was ordered to the eleventh point that “all
individuals who have ... one or more ancient objects, or otherwise remarkable of Art, ... in Rome
and all over the state, should give an exact notes, distinguishing each piece ...”3 [20] and it was
stated that annual inspections by Inspectors General for Fine Arts or its agents must be
made. In this edict, in particular the last article, was included the artworks purchase by
the Government of the Pontifical to be exhibited in museums, if this was one of the few
measures of preservation and conservation of the work.

It then begins to feel the need for an inventory of artistic assets belonging to the state
and particularly of movables heritage, because subject to greater risks [19].

At the beginning of the nineteenth century were recorded important theoretical
revolutions within the laws for the protection of monuments inspired mainly by the
changed perception of history and to the change of attitude by man against material
evidences “that represented the development of that history”4. In 1810 was established the
"Special Commission in charge of the inspection and conservation of ancient and
modern monuments of the city of Rome and the Roman States" with the task of
drafting a report on the state of conservation of the monuments of particular artistic

interest. However, the most interesting arrangement dictated by the Commission was

3 Chirografo del card. Doria Pamphilj (1° ottobre 1802)
4 Cfr. De Vivo “Il rapporto catalogazione/conservazione...” op. cit. p.13
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to accompany the catalogue with a plan planned interventions that the monuments
would have to undergo. This action demonstrates the importance attached “to the link
between cognitive interventions and conservative interventions, among the investigation
proceeds on heritage and operating decisions for heritage conservation” [19].

The Edict of Bartolomeo Pacca chamberlain (April 7, 1820) is worth mentioning for
having provided the first cognitive tools to verify the real condition of the assets to be
protected. In this edict was expected cataloguing of all objects of antiquity and of art in
churches or ecclesiastical establishments. The catalogue thus understood becomes
“priority tool for reconnaissance, knowledge and protection of all those artistic assets which, in
the Rules for the Auxiliary Boards of Fine Arts, published in 1821, will be declared “public
law” [22]. Moreover in the Edict Pacca for the first time we talk about the restriction,
because any operation expected on artwork had to be submissive to the authorization
of the same chamberlain. As evidenced by Negri Arnoldi, the legislation papal
anticipates the modern “institution of notification (restriction of the artwork, right of
first refusal, the export ban abroad)” [21], establishing the principle for which the
cultural heritage belongs to the community so that the public interest must prevail on
that individual, and on these principles the Italian legislation subsequent until Cultural
Heritage Code of 2004 will be based.

As emphasized De Vivo with the edict Pacca the cultural object is analysed from a
different perspective, since this is “no longer considered in its singularity physical and no
longer judged by the aesthetic criterion, but seen as a work set in an original territorial context,
in turn characterized by a network of relationships which, adding value to the single episode or

artistic fact, creates a real cultural system” [19].

As it is known, the birth of the kingdom of Italy as a unified nation did not produce an
immediate legislation for the preservation of monuments and artistic heritage. For over
half a century remained in force the legislation of the various provisional governments,
which were formed after the official birth of the Kingdom in 1861, while remaining
alive the debate on the formation of a single law for the protection of antiquities and

monuments. In this context also the need to draw up a complete catalogue was
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warned. This catalogue had to enable control of the texture and the state of
preservation of the works on the national territory.

In 1870 with the Minister Correnti there was the creation of a subcommittee of experts
within the Council of Fine Arts, which had the task of carry out studies aimed at
identifying declared national monuments. In addition, this committee had to provide
for the census of the national heritage through an accurate documentation, and also
had to identify those which could be the best conservation strategies.

In 1875 the first Official List of Monumental Buildings was published, and approved
by the Minister Bonghi, [23]. The list included the medieval and "modern" architectural
monuments, even if the modern monuments presented their nature of monumentality
in only limited portions of their development. The publication of this list caused
several controversies, both because within it was not enclosed the entire cultural
heritage present on the Italian territory, being limited to a certain chronological period,
and because the "historical value" assumed a secondary role compared to the aesthetic
value. In this context it should be specified that, the concept of historical value, as well
as identified by Alois Riegl, will only later envisaged as a definite factor, singular, of
the development of some field of human creativity, and it is now understood as higher
as clearly expressed in the original form of the work.

In 1877 was issued a new ministerial circular to facilitate the cataloguing of the national
heritage and complete the first list published by Bonghi, through a simple tool and
essential. To facilitate the compilation of the catalogue, the artistic assets were divided
by period of construction, taking the fall of the Roman Empire as a time reference. The
monuments dating back to an earlier era were considered archaeological monuments,
the rear ones instead medieval monuments. To each artistic asset found had to be
provided a description of the state of conservation and reported, where possible and
documented historical information to understand the transformations undergone by
the artwork over time. The desirable outcome was, in fact, a catalogue of all the works
that should have been subject to protection.

The problem of drafting of an updated catalogue of national monuments and the
recognition of its purposes was one of the main limitations to the development of

policies for the conservation of cultural heritage, as in the last years of the nineteenth
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century were outlined contrasting positions on the cataloguing of artworks. According
to some the inventory had to be an instrument at the service of protection and should
therefore be seen as a fast tool. According to others this fast cataloguing could be
omitted some fundamental aspects for the knowledge of the monument, for which the
cataloguing was to represent “the scientific basis on which to build the assessment and
intervention on the cultural heritage of the nation” [19].

It should also be noted that in recent years, in addition to issues related to the
cataloguing of national heritage, were promulgated the first Standards on the restoration
of paintings, drawn from Cavalcaselle (circular no. 508 bis of 1877); Standards on the
restoration of the frescoes were instead published in January 1879; while a year later were
published the Standards on the restoration of the mosaics [22].

In these standards, beyond some technical differences on what to do, was identified a
criterion for the articulation of the restoration. This was divided into two separate
moments, in which the first is aimed at the elimination of the causes of deterioration
and at the structural consolidation to which followed the repair of the damage, the
second aimed at reintegrating lacunae through the mimetic reconstruction, for neutral
colours, of the missing parts.

In any case the intervention was to be controlled by a member of the local conservative
provincial Commission, who had to send to the Ministry a special test certificate.

In architecture and monumental context the regulatory measures were approved by
Giuseppe Fiorelli who held the position of general manager. With the circular
prepared July 21, 1882 (no. 683bis) On Restoration of Monumental Buildings, Fiorelli
emphasized the importance of knowledge of the building as part of the restoration,
which represented a fundamental moment both to analyse the story and the historical-
aesthetic features and the materials used. According Fiorelli the preliminary study
allowed to observe stylistic features and to produce a report on the damage present on
the artwork. As concerned the operations of restoration was possible to distinguish the
parts considered of particular artistic value, for which one had to intervene with
limited action to stop the degradation and remaining parts for which instead could

perform reconstructions also complete [24].
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Another important document in the context of the restoration, understood in the
modern sense, was the chart rated within the IV Congress of Engineers and Architects
of Rome (1883), in the document, the text of the circular Fiorelli was taken up almost
entirely by Camillo Boito. The result of the Congress of 1883 was the enactment of
what is considered one of the first important papers of the restoration, the "manifesto"
of the modern conservative restoration.

Since these documents are then derived restoration theories and development of
methods and criteria for intervention that mainly characterized Italian culture from the
first half of the twentieth century and to these were inspired by some of the articles
contained in both the Athens Charter of 1931 that the Charter of Venice 1964.

However between the theory and practice of restoration are found not a few
inconsistencies, examining, in fact, the documentation on the restoration of the
monuments seems to have been Adolfo Avena the only to operate according to the
recommendations specified in the documents mentioned above, recommendations
were disregarded by the same Boito, who despite having passed the stylistic
restoration of Viollet-le-Duc, in practice adopted systematically reconfigurations
arbitrary monuments.

The distance between statements theory and practice in the field of architectural
restoration is now peacefully accepted by researchers, although it is not put sufficient
emphasis on the obvious contradictions that were to occur when they intervened on
mural paintings, which are structurally related to the buildings and they requiring the
intervention both of the architect and of the restorer of paintings.

The operation conducted by Luca Beltrami on the Castello Sforzesco in Milan in 1893 is
different, in his intervention he completely rebuilt the tower collapsed in 1521 on the
basis of a detailed and accurate documentary research that allowed the architect to
design and build by analogy the stylistic missing parts.

The ability to mimetic revival had already been recovered during the National
Exhibition of Turin in 1884, when it was designed and built a medieval village in the
Valentino Park. On this occasion Boito pronounced one of his most famous
contributions to the theory and practice of nineteenth century restoration titled The

restorers (7 June 1884), in which the famous quotation of Didron (1839) was recalled:
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Relating to ancient monuments, it is better to consolidate that repair, it is better repair that
restore, it is better restore that redo, it is better redo that adorn, in no case should add anything,
especially anything suppress.

Both in practice as in the theoretical development formulated by Boito are found deep
differences with the views expressed in painting by Cavalcaselle, which have their
roots in a more general protection activities based on the cataloguing of the artistic
heritage of united Italy.

As noted previously, in the protection of monuments first the regional representatives,
and then architects directors had the task of drawing up the List or Inventory of
Monuments, based on different classes of importance, but for Cavalcaselle cataloguing
represented the cognitive dimension on which to base the activity of restoration and
build a differentiated view of historiography in the different regional realities.

The twentieth century was opened with the approval of the new law on the protection
of cultural heritage: the law n. 185 of 12 June 1902, also known as Nasi law. This was
the first real law concerning the Cultural Heritage. It established a National Union
Catalogue and introduced the right of first refusal by the State together with the
prohibition of export of movable heritage.

Despite the changes introduced by this first legislative provision dedicated to cultural
heritage, the law Nasi had a relative strength. The reasons for its ineffectiveness are to
be found in the anticipation of a catalogue of the monuments that would include all the
goods to be protected and that it was a tool of cognitive support to the protection,
resulting from a thorough cognitive investigation [21]. This operation would have been
very difficult especially considering the Italian cultural heritage, and it would have
required time actuations unsustainable.

In 1907 the Royal Decree n. 707 concerning the Catalogue of things of historical, artistic
and archaeological was issued. This decree stipulated that the cataloguing of cultural
heritage should be the prerogative of internal staff to the Ministry or specialized
employees outside to the Ministry, and that the catalogue should be completed to take
the form of an inventory with administrative and cognitive functions [19].

Into national law the legal relevance of the catalogue had a brief life because the

application of the rules on conservation and protection to goods present only within
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the catalogues would have resulted in excessive time. It is therefore with the law Rava
that the conception of inventory-catalogue has been changed. It was expected then that
public goods were placed in a "descriptive list of things", while for artistic assets
belonging to individuals, the system of protection was applied only in the event that it
had been sends a notification of interest to the owner of artistic asset.

This law remained in force until the enactment of subsequent laws n. 1089 and n. 1497,
1939 ("Bottai" laws) that did not alter the content, but corrected some defects [19].
Another essential step is the foundation of the Central Institute for Restoration. Its
foundation is subsequent to the first laws of protection and is directly derived from
these. The ICR is a national structure for research and training in the field of
conservation of cultural heritage, which since its establishment has had the aim to set
the task of restoration on a scientific basis and to unify the methods of intervention on
the artworks and archaeological discoveries, overcoming the traditional concept of
empirical restoration.

The story ICR through its managers, among which we remember Cesare Brandi and
Giovanni Urbani, punctuates the events of protection in Italy: from the post-war
reconstruction, to the controversies on "cleaning controversy" in 1947 and in 1960, to
Commission Franceschini documents in 1967, at the birth of Ministry of Culture in
1975, to the searches on the protection of monuments from the seismic risk in 1983,
transferred into the risk map for Italian cultural heritage [25]. All stages, only listed
here, of a slow improvement that from the restoration leads to conservation as periodic

maintenance that can prevent the alteration and destruction of cultural heritage.

From the analysis of the sources and documents it is clear the fundamental role,
acknowledged today, that cataloguing of the artistic assets takes in the phase of
knowledge of cultural heritage for the protection and preservation, and it is in this
context that the research project is inserted through the development of a protocol for

fast relief to the cultural heritage in seismic areas.
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3. The role of the representation

3.1.Introduction

The implementation of policies to seismic prevention, whose finality is the
safeguarding of protected artistic assets, requires knowledge, on a regional scale, of the
risk which existing artefacts are subject.
To meet this demand, in order to acquire in a short time a homogeneous and accurate
knowledge of the risk of cultural heritage, have been drafted the “Guidelines for the
evaluation and reduction of seismic risk of cultural heritage with reference to technical
standards for buildings” [26] with the intent to specify a path of knowledge, to the
seismic safety assessment and the design of possible interventions, in order to make a
final judgment on the safety and seismic knowledge guaranteed by the intervention,
referring to the existing masonry buildings , in particular those belonging to the
protected heritage.
The knowledge of the historical buildings in masonry is a fundamental prerequisite
both for a reliable assessment of seismic safety and for the choice of an efficient
intervention of improvement, repair or local intervention. This can be achieved with
different stages of study, depending on the accuracy of survey operations, historical
research and experimental investigations in order to establish an accurate model of
interpretation of the real structural behaviour of the building analysed.

The path of knowledge can be traced to the following phases:

e identification of the building, its location in relation to particular areas of seismic risk,
the relationship with the urban context. The analysis consists in a first schematic
survey of the artefact and in the identification of any artistic assets which may
affect the level of risk;

e geometric survey of the building in its current state, complete description of the factory
including cracking and deformation phenomena;

e characterization of the building evolution, understood as a sequence of transformations
steps for construction;

e characterization of the structural elements, both as regards the materials and as regards
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the construction techniques, with particular attention to the details of construction
and to the degree of connection between the elements;
e identification of materials, their degradation and mechanical properties;
e knowledge of subsoil and foundation structures, referring to the variations in time and
possible instabilities.
For the seismic safety assessment and design of the interventions of cultural heritage is
therefore necessary to reach an adequate knowledge of the structure, in order to
identify the characteristics of the elements that determine the structural behaviour. It
can be obtained with different levels of detail, according to criteria based on the
accuracy of the reliefs and historical investigations, on the recognition of the use of
rules of art, on the identification of the level and type of damage, the ability to
reconstruction of the history of the building in relation to seismic events, and possibly
on the results of experimental investigations, taking care to assess the impact of any
evidence, also only weakly destructive, on the preservation of the building. In the case
of experimental tests, therefore, one should be limited to those actually required to
perform the analysis.
On the basis of the knowledge level reached will be defined an appropriate confidence
factor FC between 1 and 1.35 to grade the level of uncertainty of the model.
The confidence factor may also be determined by defining different partial confidence
factors FCx (k=1,4) (3.1), on the basis of some numerical coefficients (Table 3.1), whose
values are associated with the four categories of investigations and level of knowledge

reached.

| 34

2

J



Chapter

Table 3.1. Definition of levels of analysis of the investigation on different aspects

of knowledge and related partial confidence factors.

Identification of historical and Mechanical Soil and
Geometric survey | constructive specificity of the properties of foundation
building material structures
_— . limited
restitution of the hypothetical . e
] investigations on
construction phases based on a .
. . . mechanical the ground and
limited relief of materials and . .
. . . parameters foundations, in the
complete geometric | construction elements associated .
. inferred from absence of
survey to the understanding of the .
. data already geotechnical data
events of transformation . o
available and availability of
(documentary research and . .
. information on
thematic) .
foundations
FC;=0.05 FC>=0.12 FC;=0.12 FCy=0.06
partial restitution of the
construction phases and
interpretation of the structural
behaviour based on: a) limited availability of
relief of materials and limited geotechnical data

construction elements associated
to the understanding and
verification of the events of

investigation of
the mechanical
parameters of

and the foundations
structures; limited
investigations on

transformation (...); b) extensive materials the soil and
relief of materials and foundations
construction elements associated
complete geometric to the understanding of the
survey with events of transformation (...)
photographic
restitution of cracks FC,=10.06 FC;=0.06 FC,s=0.03
and deformation
complete restitution of the
construction phases and
interpretation of the structural . .
behaviour based on an extensive extensive or
. . . investigations of exhaustive
exhaustive relief of materials and . . ..
construction elements associated mechanical ¢ mv;shga";mn(si on
to the understanding of the paramet-e rls © ft © Sgl an
events of transformation materials oundations
(documentary research, any
diagnostic investigation)
FCi=0 FC2=0 FC3=0 FCys=0
4
FC=1+ zk FCy (3.1)

| 35

2

J



Chapter

Analysing the path of knowledge outlined in the Guidelines it is possible to observe
how this comes close to the scientific-systematic method outlined by many experts in
the field of restoration in order to deal with a correct intervention of integrated
conservation of the architectural heritage. In view of these considerations it is
necessary to consider the similarities found between the scientific-systematic method
and the path of knowledge, starting from the comments that have been made in the

restoration by many experts, starting from E.E. Viollet-le-Duc (1854).

3.2.Methodology of the technical intervention

This paragraph summarizes the significant features of methodology of the technical
intervention reported by Di Stefano in [27].

“In order to address an integrated conservation intervention on architectural heritage it
is necessary to define a logical method based on a clear understanding of the purpose
to be achieved and the conscious will to achieve it.

It should be noted that there are no general methods that can solve univocally the
problems of the integrated conservation. It is known, in fact, that the method is not a
complex of fixed rules and unrelated to the continuous dynamic of thought but
constitutes an ordered set and subsequent of acts, based on a series of intellectual
operations, controllable and repeatable, allowing the mind, through connections and
relationships between concepts, and to implement the process of acquiring knowledge.
In this sense, method means guiding principle, criteria that inform the activities,
standard which determines behaviour and choices for obtaining valid results for a
particular purpose.

In order to promote the conservation and restoration of architectural heritage it is
possible and appropriate to apply the logical forms according to the scientific method-
systematic, so, in conducting the operations necessary for the conduct of technical-
scientific activities of conservation, it is required a precise way to the goal (peta 0d0g),
a method.

E.E. Viollet-le Duc [28] has the merit of having traced the operating line for the
restoration, in fact he writes: “First of all, before being an archaeologist the architect in
charge of a restoration must be proficient manufacturer with experience, not only from the

general point of view, but also from a particular point of view; that is, he must knowing the

| 36

2

J



Chapter

constructive measures in use at different times in our art and in different schools” and insists

above all on fundamental importance of technical knowledge “If the architect in charge of

the restoration of a building must know the forms, styles ... he has even more, if possible, to

know the structure, anatomy, temperament, because, first of all he must do live it.”

Furthermore, it is necessary to consider the so-called rule of case by case basis, which

requires that the monument to be restored is subjected to a specific and singular study.

This rule is based on the awareness that any solution must come from the strict

application of a uniform and common method, which should result from a process of

logical research, characterized by the rational analysis, orderly, controlled and

consistent, and also repeatable, and self-correctable and respectful of necessary

assumptions on which it is based.

Three essential moments can therefore be defined:

1. that of connotation, in order to know, from all points of view and as accurately, the
object at issue, from the commencement of the operation that is going to make;

2. that of the technical and structural restoration, which identifies all available means to
ensure the physical preservation of the object;

3. that of the use of the object itself, for its aims and in the limits which the integrated
conservation allows.

The steps of the method can therefore be summarized in:

1. cognitive analysis and instabilities diagnosis (coincides with the phase of the
connotation);

2. possibility of intervention or design scheme;

3. wverifications;

4. operational decisions and executive project (coincides with the phase of the restoration
technician and use);

5. execution phase.

This sequence does not end in step 4 because during the executive phase new elements

will be acquired that give rise to in-depth of the cognitive analysis that would result in

the need for iteration of the sequence of acts and also changes of the final choices.

Another important observation is that relating to the multidisciplinary nature of the

process. The restorer architect, to approach the protected heritage according to the
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scientific-systematic method outlined, has to build a team of consultants, chosen on the
basis of the scientific requirements he is be facing. It should be noted, first, that what
guides and directs the conservation action is the historical-critical consciousness,
implicit in the aims to be achieved. Hence the primary contribution of the humanistic
and historical subjects that provide the elements of judgment and allow to determine if
of an object belongs or not to the cultural heritage to be protected, that is to say, to
make the choices from which the restoration operation starts. The physical and
chemical sciences provide essential applications in different sectors from dating to the
pathology of materials both in the analytical phase leading to the diagnosis, and in the
phase of consolidation and preservation and conservation.

Traced the framework of competences which it may be necessary to resort, let us
examine the phases in which the method is divided.

The first is the one that should allow to know the artwork of the restoration, with its
high precision and in all its details, not only in its present state but also in the different
periods of its existence. This is the first operation to be performed in the knowledge
that cannot be completed during the first approach. In fact, it requires, on the one
hand, a long time to conduct such research and for the evaluation of the collected data
and, on the other hand, possibility of carrying out site investigations, essays and
experimental tests, as well as the use of different equipment.

The cognitive operation will continue without interruption during the execution of the
works. However, the approximation of the cognitive analysis may be contained in
reduced limits carrying out the analysis on four lines of research, which must be
developed simultaneously and, gradually, coordinated among themselves. Therefore,
all the collected data can be compared, evaluating their reliability and they can be
identified by partial investigations performed with increasing precision, until reaching
of a set of elements that can ensure a sufficient knowledge to make a reliable diagnosis
and a first plan design.

The four strands which should be followed in most cases are aimed to the analysis: 1)
historical; 2) morphological and dimensional; 3) static features; 4) materials and

structures.
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The historical examination requires the knowledge of everything that has been published
both specifically on the building in question, that on the urban or local area which now
houses it, going back to the period when in it there was no building.

To these same purposes must be addressed the investigation in the archives where
they can be deposited documents concerning the construction of the building, its
transformations, restorations, partial destruction, the names of subsequent owners,
architects, artists and artisans who have worked as well as all the dates relating to facts
and events, even if, as a first approximation, may seem insignificant or marginal.

Such investigations are also aimed at finding iconographic material of all types: floor
plans, drawings (constructive or not), paintings, models, photographs, etc.

It is to make a thorough research, both of historical and urban planning that of
architectural history.

In parallel the morphological examination and dimensional is done, through a thorough
photographic documentation, both of the interiors and of exterior, with general views
and details of various interests, taking care to date and catalogue the material collected
and to report the location of the points of broadcast of single shots.

Moreover, the relief of the building is carried out. This is an extremely important
operation but also extremely difficult operation. It is, in fact, of representing the
building, as a whole and in the component parts, as well as actually presents itself at
the time of the analysis, with all its irregularities, deformities, damages, etc. The
various materials present, the constructive systems that are used, should be reported
appropriately.

Together with the two analysis mentioned above, it is necessary to perform the
examination of the static features. To this purpose it is necessary to verify the presence
of one or more structural organisms and, within each, identify the original structures
and the additions, identifying their forms and peculiarities, in order to understand the
different static functions of the single structure.

The fourth line of investigation is aimed to the analysis of materials and structures also
through instrumental investigations on the structures themselves. They tend to
determine the mechanical characteristics of the materials, through tests, carried out in

work, on the stones, mortars and masonry blocks
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Considering the cracks in the walls, it is useful a preliminary observation which tends
to determine if it is “apparent collapse” and that is to say if the damage, for example,
only affects the plaster, if it matches the holes of passage, to chimney flues or other
pipes recessed or openings and so on. In addition, the cracks must be observed
uncovered, that is, without plaster or other coating. If the cracks, then, concerns the
masonry should be observed if the crack corresponds to the mortar or the stones and if
it is superficial or cut the wall thickness.

Then, another series of observations should be conducted for the relief, both metric and
photographic, of cracks and deformations, which must be represented graphically on
the graphics relief. This graphical representation, which allows the reading of crack
patterns, must then be refined and supplemented by a systematic photographic
representation. Similar processing will be performed with respect to possible
deformations and displacements of structures (translations, rotations, etc.).

When it is necessary, measurements will be carried out, protracted in time, in order to
follow the evolution of the progression of instabilities.

The results provided, both in progress and in conclusion, from the four research areas
are compared with each other, in order to assess the reliability of news and information
and the iconographic material. In addition, the integration of data and results from
different lines allows other important analysis. For example, the reading of historical
information, through dimensional controls, can facilitate the knowledge of the phases
of construction, the recognition of constructive elements and, therefore, the
identification of the original structural models. Therefore, being able to correctly
determine the cracks frameworks, the formulation of the diagnosis of instabilities can
be reached.

Furthermore, from these processes of comparison and integration of results may also
arise the need to direct research in specific directions from which find additional items
to complement the cognitive frameworks already identified. In this way it is possible to
make, gradually, judgments both critic type, on the cultural historical and artistic
value, of the buildings in their current form and of the elements that make it up today,
both technical, about the structural characteristics and the stability conditions, both

general and particular areas.
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This series of considerations allows to have other important processes. First, it is
possible to represent the successive phases of construction of the parts of the building,
and also the changes and other interventions that are followed over time. The static
patterns present in the different structures of the building can be identified. These
schemes can overlap with those originating in or derive from them as a result of
changes occurring over time. Once identified these schemes and distinct bearing
structures from non-bearing structures a weighted analysis can be performed and,
knowing the mechanical properties, the structural strength assessment can be made.
Finally, providing the data above, the cracks frameworks and the trend of their
progression it is possible make a reliable diagnosis of instabilities (Phase 1: analysis
and diagnosis).

At this point, sufficient information to proceed to identify design solutions (phase 2:
hypothesis) are available. This information will have to satisfy the needs of both the
static consolidation both of integrated conservation, and therefore of the valuations

and use, the building in question.”

3.3.The graphical representation of knowledge

In order to reach the development of an appropriate model, and interpretation of the
real structural behaviour of the artefact analysed, it is necessary that each phase
identified in the path of knowledge [26], or in the method outlined above [27], is
accompanied by appropriate drawings

Historical analysis is directed to the knowledge of construction methods that gave rise
to the object, intended as synthesis and material expression of a complex system in
which are intersected aspects of technological culture, of social and economic history
well as artistic, this is upgraded by reports and drawings, which analyse the
evolutionary phases both in plan and elevation.

Historical knowledge, as outlined in the previous section, is oriented towards the study
and investigation of sources complementary to the traditional ones, such as technical
documentation, contracts for buildings and evidences transmitted through changes in
ownership. Historical knowledge of this type responds to the quest for understanding
of the historical built, as has been said, that represents in its specificity an opening in

the historical dimension of the techniques, of ways of doing things, variables in
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geographically and historically circumscribed areas, each characterized by a deep
language, variable over time in different forms and connected to technological
variants, to different construction practices and materials processing, also determined
by the conditions of the context geophysical well as from the circuits of architectural
culture in the widest sense [29].

Historical knowledge, drawn from indirect documentary sources regarding the
building, is accompanied by the analysis of archaeological type, through which the
material of the building becomes itself, as is, document, direct source for its own
history. The stratigraphic relief, as a method of analysis acquired by archaeological
discipline, deserves particular interest as a diagnostic tool in non-destructive methods
and it aims to historical knowledge of the building through the analysis of the high, the
juxtaposition of the parties, the nature of materials, degradation, with the graphics
support of the geometric relief and of the photographic relief set according to
appropriate representation methods (photogrammetry, rectifications).

The concept of history subtended by this approach to the knowledge of the past of the
artefact reflects in coherent manner the knowledge of the continuous history that
develops in a slow movement of long duration. The story of the artefact is not
understood through the identification of events, chronologically determined and static,
but as the expression of a continuous movement, and not unidirectional history. This
movement also includes the negative facts, the silences, the shaded areas, what of
which there's no more memory, as the demolitions, the trace of which, if surviving, is
readable only by studying the relationships between the parts and not in a
discontinuous and abstract chronological succession.

Essential, in the path of knowledge, is the graphic restitution of the data collected
during the geometric relief of the complex, survey that must be referred to both the
overall geometry of the organism than to the individual constructive elements.

The stereometric description of the building involves the identification of the features
plano-altimetric of the building, at every level, and therefore must be recognized: the
geometry of all the masonry elements, vaults (thickness and profile), the horizontal
structures and roofs (type and warping), stairs (structural type), the identification of

possible niches, cavities, openings closed, chimneys and nature of foundations. The
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results of the survey are carried through the development of plans, elevations and
sections, which will identify the structural scheme resistant [26].

Since the drawings of geometric survey are obtained from a process that is full of
difficulties, related for example some places are inaccessible, all the information
collected must be verified. This is possible by using tools that give quick survey and a
restitution accurate even in the case of complex elements, and techniques of direct
investigation (endoscopy) or indirect (thermography, ground penetrating radar, etc.)
for the spaces not accessible.

The ultimate aim of the geometric survey is the definition of a model to use in the
seismic analysis, for this reason the most significant points for the assessment model
should be identified, such as horizontal structures and vaulted systems, the nature of
their support on the walls. Also the masses of the elements and the loads imposed on
each element of the wall should be fully determined.

The representation of the deformation and cracking framework is crucial.
Deformations and cracks should be classified according to the geometry, kinematics
nature and thus be associated with any damages mechanisms. A correct knowledge of
the cracks and deformations present in a complex makes it possible to identify the
causes and the possible evolutions of the structural problems of the building.

The graphic compositions then are enriched of information coming from the
photography and geometric survey, enabling the understanding of the differences and
to know the structural differences and constructive of buildings, of information
derived from historical analysis resorting also the means of the stratigraphic survey
and with the support of the graphic geometric survey and photographic survey set
according to appropriate representation methods (photogrammetry, rectifications).

The increasing awareness of the need to make it accessible to a non-expert community
the understanding of the issues of conservation has contributed to innovations in the
methods of representation of a historical artefact, in a multimedia form in which
photographic images or three-dimensional representations facilitate the understanding
of architectural organism [29]. The realization of a hypertext in which are located the
various phases of the analysis of the complex has offered the opportunity to make

immediate control of knowledge directly on the network. The compilation of the

| 43

2

J



Chapter

different fields where it is possible organize hypertext allow to have a kind of container
in which to enter data gradually acquired, to intersect the results through transversal
paths that pass over any scheme strictly procedural. In this type of organization of the
multiple paths these processes become, in the form of graphics solutions, notes,
annotations, illustrations of various kinds and sizes, part of a heritage available for
analysis at a later date, comparisons, discussions in the process before, management
and monitoring, then.

Hence the need to represent through accurate drawings the knowledge acquired as
part of historical investigation, which should be directed to the understanding of
constructive methods which have given rise to the artefact, intended as material
synthesis and expression of a complex system in which are intertwined aspects of

technological culture, of social and economic history as well as artistic.
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4. Artistic Limit State (ALS)

4.1.Principles and criteria of Guidelines

As reported in previous chapters, the “Guidelines for the evaluation and reduction of
seismic risk of cultural heritage” [26] have been drafted with the intent to specify a path of
knowledge, assessment of the level of security against seismic actions and design of
any interventions to the protected cultural heritage. The aim is to make the final
judgment about the safety and conservation guaranteed by seismic improvement,
repairs or local, as required by Article 29 of the Code of Cultural Heritage and
Landscape [5].

The acquisition of a sufficient level of security and protection in respect of seismic risk
is guaranteed, for architectural artefacts of historical and artistic interest, by respecting
three limit states: two of them reference at the limit states defined by the NTC, while
the other one is specific for cultural heritage.

Generally , for the artefacts belonging to the cultural heritage, the achievement of a
sufficient level of security is guaranteed through the respect for the Limit State of
Protection of Life (LPS), in the case of rare and strong intensity earthquakes, and for
the Damage Limit State (DLS) for earthquakes less intense but more frequent. In the
case in which the artefact analysed has some characteristics in parts of it or localized in
defined areas of the same environment such that a reference earthquake with intensity
and frequency appropriate can cause damage to parts or elements that entail a
irretrievable loss to the cultural heritage, it is necessary to define a new specific limit
state called Artistic Limit State (ALS). It is defined as: following an earthquake of
appropriate level (usually that taken into account for the damage limit state), the artistic assets
contained in artefact suffered minor damage, such that they can be restored without significant
loss of cultural value, intending for artistic assets both decorations, painted surfaces,
architectural elements (altars, organs, balustrades, flooring etc.) and goods and chattels (altar,
baptismal fonts, statues, etc.).

This LS is applied to items such as decorations on the walls that are particularly
sensitive to damage, to complementary parts of architecture as pinnacles, statues and

objects however constrained to the walls or, in some cases, for rare masonry elements
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the loss of which could not be compensated from the number of existing elements
similar. The identification of this new LS was necessary because, although it is possible
to take the analysis modes for the DLS, the items above may present serious damage
even without the presence of structural damage. In these cases specific analysis may be
necessary, limited to particular sections or macro-elements that will be analysed with
specific criteria and evaluations. Therefore the analysis to the Artistic Limit State is
done exclusively at the local level, in the parts of the building that are characterized by
elements whose loss would result in irreparable damage to cultural heritage, as not
recoverable with the procedures and methods of conservation.

For the verification of the ALS may be adopted methods of analysis of the DLS,
defining specific limit values for cracking and deformations. However, there are
situations in which the damage to the decorative setups can also occur in the absence
of structural damage (e.g., fillers of considerable thickness and not sufficiently
connected to the structure) or vice versa is not sensitive to this (decorations not fully
constrained and therefore able to pander to cracks and structural deformations) or still,
artistic assets are provided with an independent structural behaviour (pinnacles or
other components that can be considered as structural appendages). In these cases they
are required criteria and assessment tools specific to the ALS.

For these checks one can consider seismic actions characterized by probability of
exceedance of Damage Limit State (Pvr= 63%) but assessed for a specific reference
period for the type of asset and particularly sensitive to damage, Vi, = nVy period that
is obtained modifying the reference period V= through a coefficient n, which represents
the number of control cycles performed - and necessary - on the assets in a time
interval that is considered useful in order to examine the state of conservation in the
context of a monitoring 