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Abstract: This article looks at a knowledge-based approach to emergency situations caused by
earthquakes or other natural disasters, and illustrates how a multidisciplinary approach enables the
integration of technical requirements with those of a historical and cultural nature. The case study
presented is the recovery of the ex-city hospital of L’Aquila, in Italy, which was hit by an earthquake
in 2009. The integrated use of varying investigation methodologies allowed us to establish the
effectiveness of a knowledge-based approach, and generated new ideas for the development of the
structure and its strategic role within the city.
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1. Introduction. Existing Knowledge for the Building Recovery Project Following the 2009
Earthquake in L’Aquila (IT)

There has been a great deal of work published in the field of engineering on the earthquake
that hit L’Aquila (Italy) in 2009, ranging from articles on structural science and techniques [1-4] to
architecture and restoration [5,6], as well as articles on energy and technological aspects [7]. In parallel,
rigorous legislation has also been drawn up to regulate reconstruction, resulting in a standardized
methodology for defining projects and establishing financial contributions for private individuals.

Whilst this methodology has allowed for the uniform distribution of funds for reconstruction,
it does not appear to have taken into account the value of the built historical patrimony, which can only
be established through an understanding and knowledge of the same. Currently, under this legislation,
buildings that constitute the historic patrimony are stripped down to individual elements in order to
identify significant features so that the appropriate financial contribution can be assigned. However,
this means, in particular for non-listed buildings, that the constructive body as a whole is not taken
into consideration nor its historical stratification. Consequently the value of the built patrimony as
a whole is not recognized nor are measures being put in act to safeguard it [8]. In brief, during the
emergency and successive reconstruction, the priority appears to be the recovery of the functionality
of buildings, as if the historical built environment was simply a ‘building patrimony” without taking
into consideration the qualities that characterize it or, using Bordieu’s term, the ‘cultural capital” [9].

However, an awareness of the history of a built environment is essential, not only to establish
its value but also to interpret damage correctly and its seismic vulnerability (according to the
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“awareness pathway” indicated in the “Guidelines to evaluate and reduce seismic risk to the cultural
heritage”) [10,11].

Decree n. 1/2013 (Decree of the Special Office for the Reconstruction of L’ Aquila) mentions recovery
and conservation of original materials, construction types and structural function, even hypothesizing
the use of innovative materials, provided that they are compatible with the value of the building
and last over time. However these are merely indications and are rarely taken into consideration
during the project phase or the execution of work, as a result of a number of factors such as the tight
deadlines imposed.

The management of the post-earthquake state of emergency is also an area for reflection;
the priority is to ensure the static stability of buildings thus avoiding any further collapses. However,
the elements that give the historical built environment its identity are often not taken into consideration
during this phase. These elements have often been damaged as a result of the use of tie rods and
shoring up procedures or have been removed during the emergency phase without any documentation,
often stored in inadequate conditions or worse still abandoned and left to deteriorate. This has led
to the degradation and loss of material elements such as historical fixtures, stucco and plasterwork
removed indiscriminately but of vital importance to the history of the construction and conservation.

An additional, preliminary phase is therefore needed to document and research the history of the
built environment. The results of this phase, subsequently converted into specific plans, could then be
used by the USRA (the city of L’Aquila’s Special Reconstruction Office) to ensure sustainable recovery
and reconstruction. Currently, documentation relating to the history of a building is simply presented
as an attachment to planning projects. However, a report on the historical context and value of a
building should be compulsory prior to static analyses in the reconstruction process. Furthermore,
the drawing up of detailed plans in this additional phase would assist the reconstruction process by
establishing guidelines, identifying constraints and highlighting intervention strategies, as well as
allowing for coherence across the board. The reconstruction phase would also benefit from flexibility:
the possibility of updating planning during the reconstruction process as new information comes to
light, for example, the discovery of new elements within the layers of the building envelope itself.

In other words, historical and archive investigations should come before attempting to safeguard
the varying elements of a building, which might otherwise be compromised. Moreover these studies
together with the use of non-invasive diagnostic techniques could be developed during design and
construction phases as an underlying support for the whole design process. The emergency situation
created in L’Aquila after the earthquake of 2009 is an ideal context in which “virtuous models”
of reconstruction can be developed. This paper proposes such a model—a recovery project based
on knowledge of a historical building that, like many other historical buildings damaged by the
earthquake, had undergone significant work (structural, energy conserving and restoration) over time.

A case of a building complex damaged in the 2009 earthquake is now presented. The aim of
the study was to base the recovery project on knowledge of the historical building and its urban
context and thus identify values (historical/architectonic, urban, symbolic-identifying, social) to
guide the project and ensure the compatibility of its new proposed use. It involved a rigorous phase
of information acquisition of the building under study (the ex-city hospital) including historical,
architectonic, technical and constructive analyses. The ex-city hospital had not been subject to the
usual emergency measures taken to ensure safety such as scaffolding or props after the earthquake
allowing a clear picture of the structure’s walls.

This study was initially part of a degree thesis [12] and subsequently grew to incorporate studies
in varying disciplines [13,14], and thus it was possible to highlight, on the one hand, the current state
of deterioration and on the other, to identify the features to safeguard and use for the basis of the
new project.
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2. The Influence of a Knowledge-Based Approach on Re-Qualification/Recovery Planning

In-depth knowledge of a building is of inestimable value when the main aim of conservation is
that of preserving its identity over time [15]. It is clear that recovery of a complex and its subsequent
architectonic requalification will be complex, especially at this time when the historical architectonic
patrimony is of such importance.

Specific and differing core competencies are required to acquire the in-depth knowledge needed
to complete this task and therefore an interdisciplinary approach is needed.

An awareness of the construction history of a building is essential in assessing its current seismic
safety and the most effective means of intervening. In fact, knowledge of the original characteristics of
the construction, changes made over time, the state of the materials used as well as the effect of natural
disasters, is fundamental. Recent legislation (the Decree of the President of Council of Ministers of
9 February 2011) has recognized this need and established procedures to be followed using varying
sources on the basis of the depth of knowledge required.

The knowledge process is based on the study of the features of the building complex
under different lights: historical-urban, historical-architectural, technical-constructive, materials and
structural. These analyses, carried out in parallel, allow us to discover the history of the building,
identify its significance and the features that need safeguarding as well as the technical and constructive
aspects that characterize it and its state of degradation. All of these elements are fundamental in the
drawing up of a project for recovery and restoration (Figure 1).
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Figure 1. The methodological process and identification of the level of knowledge of a historical
building. The multi-disciplinary approach is highlighted in brown and it is developed during design
and construction phases as an underlying support for the whole design process.

The first step is a detailed analysis of the existing structure to establish building structure and to
identify additions of little architectonic value, which can be removed to allow an overall vision and
understanding of the historical construction.

Intervention in building in post emergency contexts also brings problems of its own: firstly,
the difficulty of taking accurate measurements (which would facilitate the three dimensional
reconstruction of the buildings and identification of their appurtenances) as a result of the dangerous
conditions caused by the earthquake and, in this case, the general state of disrepair of the complex;
secondly discovering how successive phases of building influenced the evolution of the building
complex and lastly, in an age where saving resources and reducing energy consumption are essential,
the absence of information on the building’s thermal dispersion and consequently the thermal
requirements [16].
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However, a multidisciplinary approach using non-destructive diagnostic techniques has been
shown to be most effective in overcoming these difficulties, most notably in the field of energy use.
Indeed thermographic, thermo-hydrometric and thermal flux analyses have evolved rapidly as a
result of recent developments in geomatic measurement techniques [17] including photogrammetric
measurement with unmanned aerial vehicle (UAV) technology, and are used increasingly in the field
of recovery of cultural heritage [18]. These devices are equipped with optical, thermal or multispectral
sensors according to the use required, giving accurate and precise readings even over periods of time,
in areas that are difficult to access or that might put ground operators in danger [19].

Non-destructive investigation techniques are ideal for use with historical or listed buildings borne
out by international recognition of the relationship between sustainable recovery and non-destructive
techniques [20,21]. Thermal imaging, for example, is a rapid, non-invasive technique that can be
used to provide information concerning the historic building envelope [22], structural aspects such as
cracks [23], and to monitor forms of degradation, caused, for example, by moisture or the presence of
water [24]. By analyzing thermal imaging data, it is also possible to establish the differing thermal
capacity of materials used in construction and therefore trace back transformations such as the sealing
or opening up of different rooms, integrations, planning accretions or interventions subsequently
covered up by further stratification [25]. It also sheds light on construction techniques [26].

The knowledge acquisition process provided the necessary information for the development of
a project using a rigorous, multidisciplinary approach especially important when the historical and
architectonic values of a building are not immediately evident.

Both investigations described above were therefore of great importance in the reconstruction
of the constructive history of a building body and consequently for the recognition of the values to
safeguard and highlight in the planning phase.

The multidisciplinary approach described here is the first stage of building recovery and is
followed by interventions aimed at achieving functional recovery on the basis of the findings of
preliminary stage in addition to improvements in energy efficiency and resistance to seismic activity.
Non-destructive investigations can also be used for structural studies, identifying the different
materials used [27-29]. For example, thermography allows the analysis of walls without the need to
remove plastering or finishing that often merit conservation and is an excellent method for detecting the
presence of different types of walls (built in different periods or with different techniques), reinforced
concrete curbs on walls, discontinuous wall elements, and so on. This study therefore also highlights
how this type of approach represents a tool for planning.

3. The Case Study of the Ex San Salvatore Hospital in L’Aquila (IT)

The building complex which made up the city of L’Aquila’s ex hospital now belongs to the
University of L’Aquila and is situated to the north of the city bordered by the city’s walls (Figure 2) and
delimited to the south, by Viale Duca degli Abruzzi, an important axis road along which the modern
transformation of the city is evident.

Figure 2. Paintings by D. Cifani: (a) View of the former hospital (1919); (b) View of the ancient walls (1930).
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The building complex, currently in a state of disrepair as a result of the earthquake and years of
abandonment, had undergone numerous alterations over the years and its original structure has been
all but lost as a result (Figure 3).

Figure 3. The north face of the former Hospital of S. Salvatore as it currently appears: view from

outside the urban walls, L'Aquila.

Archive documents and site visits revealed how the hospital had changed since its foundation
in 1875. Evidence also emerged of pre-existing structures on the site that were in part transformed
and in part destroyed by the construction of the hospital but which constitute an important part of
city’s urban history and were used as a focus for the new project [30,31]. Indeed, the hospital stands
on the site of an ex monastery that was abandoned after the Napoleonic suppression and several of its
buildings were subsequently incorporated into the new hospital. The hospital was then extended with
the construction of a new wing that, in turn, was subject to a series of changes during construction.
It was initially proposed to preserve the pre-existing buildings, in particular the monumental church of
Santa Maria del Guasto, and built to the rear. However, during construction, it was decided to double
the size of the building and incorporate the church into the new structure. However, the church was
subsequently demolished.

Historical documents from that time have shed light on some important elements such as the
relationship of the building complex with walls of the city, planning changes, the demolition of the city
walls during the construction of the hospital, access routes lost as a result of recent construction, the
role of the structure as a meeting place and the existence of a square for recreation, lost as a result of
further construction.

All of this information is considered vital for the recovery and development of the existing
structure, and have become elements to develop and transmit with the building itself, considered a
material document of the history of part of the city, as well as planning stimuli for the definition and
design of new functions [14,32].

3.1. Investigation of the Building Complex and Identification of Historical Construction Phases

The former hospital of L’ Aquila is made up of a collection of buildings, the majority of which were
built during different phases in the 20th century, near the city walls to the north of the city. The first
nucleus of the hospital was established in 1875, recovering pre-existing structures from the monastery
of Saint Agnese (dating back to the 14th/15th century and abandoned in 1807). The buildings making
up the monastery of Saint Agnese, its church and the church of Santa Maria del Guasto were adapted
and altered over the years to meet changing needs.

After the earthquake in 1915, in which the hospital only received light damage, several structural
improvements were made (reinforcement with metal tie rods, lintels, new ceilings in iron, demolition
of ceilings in plaster). However, it was not until the 1930s that an overall renovation program was
started. In 1931, the first plan to extend and renovate in fact appeared, proposing the demolition of
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external walls and the construction of a new wing behind the existing structure, which was mainly
conserved (Figure 4). The plan was modified during the course of work, with additions and variations
that saw the “radical transformation of the old part where only simple adaptations had been planned”.
The sequence of events is summarized in “Relazione svolgimento lavori” (on 25 April 1938) in the final
accounting documents (Archivio di Stato di L’ Aquila, Cat. X, f. 239). The work started on 20 January
1932 and ended on 25 February 1937. The most significant of these changes was the demolition of the
church of Santa Maria del Guasto and a new section to make a single front section with access, doubling
the size of the building around a central court (Cfr. “Perizia Suppletiva”, 20 April 1933, f. 238).

Figure 4. The expansion project of 1931: (a) The general plan of the first project/design hypothesis
(Cfr. ASA, Comune Agq, cat. X, cl. II (1906-1940): Lavori al civico Ospedale di San Salvatore. Drawings
highlighting the “old structures” and the new hospital plan with an explanatory report, 25 April 1931,
Eng. R. Inverardi); (b) The construction yard.

In this case, as in many others, the motivation and reasons for the new construction were
considered of more importance than the historical building itself (see also the demolition of the
“Edificio delle Cancelle” in Piazza Duomo and other buildings of lesser note) [33]. This was despite the
fact that, even then the value of the church had been recognized having been included in the official
list of important buildings in the Province. However, the demolition of the front of the church was
considered feasible, and subsequently the entire building, on the grounds that the facade could be
rebuilt elsewhere.

In 1934, the construction of a new wing brought about the demolition of a significant part
of the city’s walls; the wing was built on the historical nucleus of an ex-convent and successive
elevations have resulted in the wing having the same building size as the neighbouring building,
which has nevertheless kept its original form reproducing exactly the planning of the wall with its
two watchtowers.

Although building finished in 1937, by 1941 a new project had already appeared on the table,
proposing to renovate the ‘old” part of the building (the ex-monastery) and to construct a new wing.
The project was realized a few years later (1947-1954) due to the war events. This new work, completed
using the same method and materials as the original, with brick and stone, can only be distinguished
now because of deterioration of the rendering on the eastern side. It is difficult on the other hand, to
distinguish between the original building and the extensions on the other sides.

The hospital was extended substantially once again from 1961 to 1969 with the building of a further
wing along the road Viale Duca degli Abruzzi, on the opposite side to the city walls. This, together with
a new road transport system, increased the isolation of the hospital complex and reduced accessibility.
The reconstruction of the building history of this complex is essential to be able to identify extensions,
elevations and accretions which are difficult to recognize today given the state of disrepair that the
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complex has fallen into and successive wall renderings of the entire building. Above is a drawing
highlighting the construction phases and the accretions to remove (Figure 5).
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Figure 5. Axonometric view of the historical evolution of the former hospital complex [12].

3.2. The Contribution of Non-Destructive Diagnostic Tools and UAV (Unmanned Aerial Vehicle) Surveys

A reflection on the hospital complex in L’Aquila has highlighted how intervening on the building
patrimony in post emergency contexts also brings problems of its own.

In order to overcome the obstacles mentioned in the methodology, non-destructive investigative
techniques play an increasingly important role alongside historical research and site visits.

In the knowledge acquisition phase of this study, a multi-rotor Flynovex equipped with a Sony
alpha 6000 camera was used in order to carry out an aerial survey. The choice of this type of UAV and
equipment stems from other tests performed in different case studies in the post-earthquake period of
L’Aquila in 2009 [34]. It has proved a good choice in terms of several technical aspects, in particular
the payload of the camera and the stability of the vehicle during the acquisition phase (Figure 6).
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Figure 6. Unmanned aerial vehicle (UAV) photogrammetry. From left to right: features and views of
the used vehicle; orthophotograph of roofing, three-dimensional reconstruction and elevation profiles

obtained from the UAV campaign.

The data obtained allowed a visualisation of the whole complex, three dimensional, metric
reconstructions, orthophotographs of roofing and facades, as well as altitude profiles. The results of the
photogrammetric survey and the use of software allowed detailed research from the evaluation and
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quantification of damage to geomorphological analyses of the building, all required for sustainable
requalification of the complex. The ability to assess roof coverings allowed us to complete the building
survey and identify serious damage. Thanks to the use of GNSS—NRTK (Global Navigation Satellite
System—Near Real Time Kinematic) techniques, the 3D model was georeferenced and can be inserted
into a database allowing for the smart management of the territory.

The use of thermal imaging in this case highlighted elevated levels of thermal dispersion
associated with wall coverings and proved useful in the identification of zones without heat bridges,
which require further study to establish thermal transmission and therefore thermal requirements.

In addition, the use of thermal imaging under experimental conditions, varying the surface
temperature [23], allowed the identification of different stratigraphs and construction techniques,
in particular of the oldest part of the complex and surrounding buildings dating back to the 1950s.
This section in fact was the most seriously damaged and will therefore be subject to significant
interventions structurally, as well as in terms of energy saving (Figure 7) [35].

$FLIR

IR_4408pg

Figure 7. Thermographic survey: view of some elaborated thermal imaging data.

This investigation, based on surveys, historical research of cultural, geometrical and territorial
aspects and the use of non-destructive diagnostics has produced extremely useful results that provide
in depth knowledge concerning the patrimony under study and a guide for successive intervention
of requalification.

4. An Interpretative Summary of the Analyses Carried Out and Project Methodology Guidelines

In the case of the former hospital, the knowledge acquisition process described proved invaluable
in defining the methodology for the recovery project and for avoiding incongruous additions or
interventions incompatible with the existing structures (Figure 8) [36].

Amongst the various analyses carried out, the three dimensional reconstruction of the building
allowed an overall vision and definition of the formal and dimensional aspects, particular useful in
gaining an understanding of the peculiarities of the complex. However it is important to point out that
cross-checking of data acquired from historical and archival surveys with that of the three-dimensional
studies was essential in the reconstruction of the history of this building complex and for confirming
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data obtained from aerial surveys. Indeed, the mere observation of the structures and roofing could
have provided misleading results—for example, contemporary roofs masking buildings constructed in
different historical periods.

Figure 8. Identification of inadequate additions (yellow outlines) or design incongruity (orange
outlines) that have to be demolished: the technologies used for the investigations allowed to carry out
highly detailed studies on volumes, in order to accurately determine the configuration of the building
for the project initial phase.

Thermal imaging, on the other hand, allowed us to ascertain the constructive apparatus of the
building and to highlight discontinuities in materials which support documentation and hypotheses
concerning the varying phases of transformation that the building underwent. They were also important
for the recognition of cultural and architectonic values that are no longer evident, as well as incongruous
elements that prevent a correct understanding of the building complex. A number of historical and
typological features of the building were in fact hidden as a result of interventions over the years that
erased traces of pre-existing structures, within the building as well as on an urban scale from sight.
In addition to this architectonic clouding of the picture, years of disuse and degradation have contributed
to deterioration of the state of conservation and its original material characteristics (Figure 9).

Figure 9. The current state of degradation observed in the inspection of 16 February 2016: (a) The court
enclosed by inadequate extensions; (b) A view of the north face of the complex.
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Intervention on the existing structure must necessarily focus on traces lost over time, the site and
its strategic relevance, as well as the historic value of the structure itself. Furthermore, on the basis
of a careful compatibility analysis, it must also endeavor to enhance the typological characteristics
established with the most recent extension of the building complex [14].

On an urban level, the ex-hospital structure is rather isolated, situated at the margins of the
historical centre whilst also visible from the outskirts. Therefore the aim of the requalification project
is to re-connect the complex with the city as well as to reconfigure its perception from beyond the
city walls, fragmented over time by the presence of constructions and accretions. The strategy adopted
to establish this link between the historical fabric of the city and the building itself involves transferring
distinctive features of the urban fabric within the building fabric. This re-connection would ideally be
achieved through new access to areas of intervention that retrace pre-existing ones through a widening
of the pedestrian area along the road to the south and elevated with respect to the building.

On a building scale, the main objective is to safeguard all pre-existing structures of historical,
architectonic or cultural value recognized as ‘structural typological invariants” and symbolic re-evocations
of those values lost such as the church of Santa Maria del Guasto [32]. Relocating evidence of the original
project will require the demolition and removal of structures that, for varying reasons, were added to
the original building over the years but are now considered incompatible. These additional works are in
fact of no value and suffered significant damage as a result of the earthquake and have contributed to a
deterioration of the microclimatic conditions of the building complex [12,13].

All of this information, which can initially appear disparate or contrasting in nature, must then come
together in a single, coherent project for recovery that takes into account all of the aspects with balanced
criteria. In a similar manner, the knowledge acquisition phase must come before the securing of the
building; in fact this intervening period is the most appropriate time to intervene correctly to ensure the
preservation of elements of value, as well as structural ones. These preliminary interventions represent
the first stage of building recovery. Indeed, once the original site of the building has been identified, it is
then possible to hypothesize the re-use of construction elements that were removed in the first stages
to give life to new structural or decorative elements or to set aside for other functions, in the path of
environmental sustainability and economy in the use of resources. In fact, the principles at the basis
of sustainability are tied to resource economy and hence the conservation of materials as well as to the
lifecycle of the project for the optimization of the quality of building processes [37].

Lastly, the insertion of new functions can only be achieved through carefully carried out
compatibility studies especially on a spatial and dimensional level, adapting new uses to existing
spaces or to new spaces according to the dimensional requisites of the use.

The building complex recovered in this way must be considered an example of compatible
intervention on a structure of symbolic value for the city, an emblematic place that once was once
dismissed but now aspires to promote and represent urban requalification rather than be dismissed
once again as a mere functional structure [14].

5. Conclusions

A methodological project aimed at the state of the art recovery of a building of historical
and architectonic value cannot ignore the importance of in-depth knowledge of the building itself.
The knowledge acquisition phase consists of multiple investigations in an equally numerous number
of fields.

The use of analytical instruments of varying nature, compatible for use with a building of value,
is a professional practice that strives to bring to the light both the characteristics of the building
and issues affecting it. These instruments can also shed new light on methodological approaches to
adopt to gain a better understanding of the construction, highlighting the need for the planner to
gain a full understanding of the characteristics of the place before intervening, with respect to the
building’s identity.
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Sustainability in building recovery can be assessed by looking at the compliance of material
already in use with respect to the principles of sustainability and the drawing up of an energy budget
that takes into account resources to be used and those already in use. Recovery interventions are,
in fact, one of the most sustainable building processes, as they involve practices that will prolong the
life of the building instead of leaving it to fall into a state of disrepair thus representing a saving in
terms of energy, materials and the recycling of refuse. Even a change of use linked to current urban
transformations can be sustainable as a new role can result in an improvement in performance from
a technological point of view as well as in terms of consolidation and conservative rehabilitation.
In conclusion and in a final analysis, all of these aspects influence the wellbeing of the end users
and the two are closely intertwined; the aim of recovery is the re-utilization of spaces that have been
abandoned or fallen into a state of disrepair, which in its turn leads to an improvement in the quality
of life of those who live there, encouraging further recovery work.

A well-thought out planning process is essential for emergency contexts where buildings have
been damaged by, for example, seismic activity; a planning process that includes surveys and analyses
aimed at the acquisition of in-depth building knowledge in order to ensure effective and sustainable
recovery. Unfortunately, this does not often happen, as post-earthquake legislation focuses on structural
and mechanical investigations, while other preliminary investigations, recommended in official
guidelines for seismic risk assessment, are often neglected. This study aims to be a starting point
for the definition of best-practices for the reconstruction of cultural heritage, taking into account,
implementing and adapting planning guidelines for the recovery of the built environment following
catastrophic seismic activity.
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