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Abstract

The paper presents a systematical study on the main architectural features characterizing existing buildings in historical centres
and influencing their vulnerability under seismic actions. In particular, the first step of the work reports a macro-classification of
historical centres on regional scale, obtained through a combination of multisource data with different degrees of detail, such as
data from regional landscape plans, public datasets on web GIS and quick virtual inspections. After, all gathered data have been
collected and processed in a proper georeferenced database, in order to analyze specific features and their geographic distribution,
releasing a new taxonomy. Therefore, a regional abacus of building typologies has been defined through the main architectural and
morpho-typological features influencing seismic vulnerability. The starting dataset has been compared by means of other available
urban-scale data as those derived from CARTIS (structural-typological characterization for urban compartments), the procedure
proposed in Italy for an extensive classification at national scale of recurring building typologies in municipalities. The result is a
homogeneous macro-classification of historical centres enriched by typological information also finalized to estimate seismic
vulnerability in a given area. The above procedure has been applied on the case study of Puglia region, showing a GIS tool reporting
the classification for Apulian historical centres and the resulting abacus for the recurring building typologies.
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1. Introduction

Masonry buildings in historical centres are the expression of collective memory and cultural values, in terms of
architecture, typological features and traditional constructive techniques. For this reason, there is an important interest
in their conservation and preservation, being one of the most seismic vulnerable elements in the Italian built heritage.
As a matter of fact, the Italian Ministry of Culture released the “Guidelines on Cultural Heritage” (2010) to provide
suitable methodologies for seismic risk evaluation of the cultural and historical heritage at different scales of analysis,
starting from the territorial scale down to the building scale. Several approaches have been developed for the seismic
vulnerability assessment of the historical building stock, employing different types of data sources with different
resolution techniques, as shown by different authors, e.g., Casolo et al. (2000), Ramos and Lourengo (2004), Mallardo
et al. (2008), Maio et al. (2016), Marra et al. (2021), Sferrazza Papa et al (2021), Casolo (2021).

Most of these studies, have a common approach that is based on the definition of building categories (like
sufficiently representative of the building stock in an area under investigation) used for grouping sets of buildings
with same typological and structural characteristics and, likely with similar seismic behavior. Generally, building
macro-classification procedures are based on various taxonomies, as the ones by GEM taxonomy of Brzev et al.
(2013), Lagomarsino and Cattari (2014), Pittore et al. (2018), Greco et al. (2020) and Silva et al. (2022), which are
elaborated considering common recurrent morpho-typological features of buildings in a given area. In the same way,
it is possible to define a suitable taxonomy able to represent homogeneous historical centres typologies, taking into
account specific morphological and typological features of the urban fabric, as proposed in the form named “Historical
Centres Form”, released within the project by Italian DPC and GNDT (1999) , which as the aim to collect data about
morphological and vulnerability features of historical centres.

Such an approach must be based on a preliminary process of extensive data collection to achieve a proper
knowledge framework and to perform vulnerability assessment obtaining results with an acceptable reliability. To this
aim, it is possible to extrapolate information exploiting freely available databases, quick investigations and rapid data
collection form procedures as CARTIS by Zuccaro et al. (2015) employed in recent works as Formisano et al (2021),
GNDT form by Benedetti and Petrini (1984); AEDES form by Baggio et al. (2007); ANTAEUS by Uva et al. (2014),
Uva et al. (2019). The huge amount of data and the extension of the territory object of analysis require a suitable IT
tool able to organize and process big georeferenced datasets. With this aim, the use of Geographic Information
Systems (GIS) is becoming very widespread in the risk assessment field, as shown in several applications by Ferreira
et al. (2013), Basaglia et al. (2016), Leggieri et al (2022), and Chieffo et al (2022) for historical centres analysis,
allowing the management of multiple information layers, the implementation of different types of assessment
procedures and the visualization of the results through thematic maps with regard to wide territorial areas.

In this broad framework, this work proposed a methodology to rapidly derive fundamental information for the
implementation of simplified seismic vulnerability assessment methods for masonry building stock in the historical
centres. A new taxonomy for historical centres has been developed, by analyzing the most recurrent morphological
features of the urban fabrics within a region. After, by managing data characterizing the most spread architectural and
structural typological features of masonry buildings, a regional abacus of masonry building typologies has been
defined. Finally, by exploiting the correspondence with the available CARTIS catalogue of masonry building classes
and homogeneous urban compartments for the region, the building typologies of the regional abacus have been
associated to the historical centre classes. In this ways, it is possible to identify some simple rules of correspondence
between the morphology of historical centres and the nature of the masonry building typologies, in order to rapidly
derive the information necessary for a seismic vulnerability assessment.

The methodology has been applied to the case study of Puglia region, Italy, elaborating the classification for Apulian
historical centres and the abacus of the masonry building typologies. All results provided by the application of the
proposed methodology are shown through thematic maps by using a GIS tool.
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2. Methodology
2.1. Taxonomy definition for the historical centres at regional scale.

The first step consists in the definition of an original taxonomy for the historical centres, in which their recurrent
morpho-typological features at regional scale are investigated using multiple information sources. The aim is to
identify a minimum set of representative parameters with related attributes able to fully describe an ancient nucleus.

In this phase, the starting dataset is represented by the georeferenced database of the Italian census, provided by
ISTAT (2011) in a digital format and directly implementable in GIS environment. The dataset is composed by

vectorial/spatial files in which municipal areas are represented as polygons with related attributes.

Table 1. Parameters for an original taxonomy of historical centres.

Parameter  Description Source Attributes Aggregated attributes
P, Foundation = Regional 1. Ancient in continuity with Roma Age 1. Ancient foundation centre
period Landscape centre (4™ cent BC — 9" cent. AD) (4" cent BC — 9" cent. AD)
Plan, 2. Middle Age foundation centre with 2. Medieval foundation centre
historical preexisting Ancient and Roman settlement (10" cent. — 16™ cent.)
studies traces (10" cent. — 16" cent.) 3. Modern foundation centre
3. Middle Age foundation centre with (17" cent. — 19" cent.)
preexisting Roman settlement traces (10™ 4. Contemporary foundation
cent. — 16" cent.) centre (after 19")
4. Pre-Roman abandoned and refounded in
Middle Age centre (10™ cent. — 16™ cent.)
5. Middle Age foundation centre (10" cent. —
16" cent.)
6. Modern foundation centre (17" cent. — 19"
cent.)
7. Contemporary foundation centre (after 19"
cent.)
P, Nucleus “Historical A. Centralized 1. Centralized
shape Centres B. Middle Age maze 2. Linear
Form”, C. Concentric 3. Open
Caniggiaand D. Radial
Maftei E. In-boundaries development
(1979), F. Winding
historical G. Linear
studies H. Parallel development
I.  Open
J. Multiple cores
P; Urban block  Direct 1. Regular 1. Regular
shape measurements 2. Not regular 2. Not regular
P, Urban block  pirect 1. Small (side < 50m) 1. Small (side < 50m)
dimension measurements 2. Medium (50m < side < 100m) 2. Medium (50m < side < 100m)
Large (side > 100m) 3. Large (side > 100m)
Classes of Taxonomy 420 72

As aresult of a preliminary analysis, four fundamental parameters (with related attributes describing historical and
morphological characteristics) have been identified: (a) foundation period; (b) nucleus shape; (c) urban block shape;
(d) urban block dimensions. The parameters, described in detail in Table 1, have been implemented in GIS
environment. Using the values of the above parameters, a simple but effective taxonomy has been proposed. In
particular, historical centres can be described by a combination of a specific value for each of the identified parameters.
All combinations amount to 420, which represent possible classes of ancient nucleuses.

Hereafter, similar attributes of some parameters can be aggregated to decrease significantly the number of classes
(e.g., similar nucleus shapes can be joined). In this way, the combinations are reduced from 420 to 72, as shown in
Table 1, obtaining a more synthetic taxonomy but still representative of all the historical centres.
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2.2. Regional abacus of masonry building typologies

The following step regards the definition of an abacus of masonry building typologies, as representative of typical
masonry structures within the historical centres and defining main recurrent architectural and typological features.
The bases of the theory for identifying architectural buildings typologies are well illustrated in Caniggia and Maffei
(1979). The identification of recurring building typologies, focusing on ordinary masonry buildings in a specific
geographic area, cannot ignore local existing typological studies and professional experiences on the territory. To this
aim, the information by Caniggia and Maffei (1979) should be properly enriched by rapid inspection campaigns to
detect quantitative or qualitative recurrent architectural and typological characteristics that mainly influence the
seismic vulnerability. As a rule of thumb, it is suggested to opt for freely web services, e.g., Google Street View. In
Table 2 is shown the information on the architectural building typologies that compose an overall abacus, which is
representative of the whole masonry building stock at regional scale. This tool can be used for employing typological-
mechanical based seismic assessment methods.

Table 2. Parameters for each typology of the abacus of building typologies.

Parameter Description Description Information
P, Geometry Main architectural parameter for the Structural unit global dimension (m),
acknowledgment of abacus typologies openings typology and position, type
of horizontal structures
P, Number of storeys Storeys above ground; every more storey (n.) 1,2, 3 or more
split the typology
P; Masonry characteristics Masonry type and Italian Building Code (N/mmq)

average compressive strength

P, Wall thickness In the same typology there could be min —max (m)
combination of value for different panels

Ps Fagade’s openings Percentage of openings separately for the % (mgq) of the facade’s surface
ground floor and the upper ones

2.3. Match between the taxonomy of historical centres and the abacus of building typologies.

The third step of the proposed framework aims to establish a relation between the building typologies composing
the abacus and the historical centre classes defined through the previously shown taxonomy. This operation has been
carried out using the CARTIS database, which provides detailed information about recurrent building typologies
within homogeneous urban compartments of a municipality, according to Zuccaro et al. (2015). The correspondence
between the homogeneous urban compartment of the ancient nucleus and the related CARTIS building typology for
a municipality already investigated is the key information to develop the connection between the abacus of building
typologies and the historical centres macro classes.

Firstly, as illustrated in Figure 1, it is possible to associate the abacus building typologies to the CARTIS masonry
building classes by matching the related information: the comparison is guided by the number of storeys and the
ground surface of the two databases. However, it is frequent that more than one abacus building typologies can be
associated to one CARTIS typology, and this can be due to a not exact correspondence between analogous parameters,
such as the number of storeys.

Then, the association is finalized by assuming the same abacus typologies related to a CARTIS municipality to all
the other municipalities belonging to the same macro class of historical centres expressed by the released taxonomy,
as schematically shown in Figure 1.
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In the end, the connection between the two databases allows to reach several goals: (i) a quick association of a
percentage of the abacus of building typologies to the historical centres thanks to a defined taxonomys; (ii) definition
of parameters, grouped in the abacus of recurring building typologies, useful for seismic vulnerability assessment at
regional scale.

Abz.lcu_s """"':i*'l'l']i""' CARTIS Abacus typologies CARTIS Macro-classes
of building n. storeys typologies recurrence municipalities  of historical centres
typologies ground surface in CARTIS

AB-yp 1 CARTIS-yp 1 | aBayp s Amayp2-29% > CARTIS-Munl TAX1
AB-typ 3~ 25%

AByp 2 CARTIS-typ 2 | Aiayp 1-50% AB-typ 3+ S0% CARTIS-Mun2 TAX2

AB-typ 3 CARTIS-typ 3 | AByp 2-50%, AB-typ 3= 50% CARTIS-Mun3

AB-typ 4 CARTIS-typ 4 :;*:::l i AB-yp 2-25%

AB"'\[J 14 CARTIS-[_\pl? AB-typ n=n% CARTIS-Munl4 TAX42

Fig. 1. Framework of the proposed methodology: in yellow, the first association; in green, the second association.
3. The case study of Puglia Region

3.1. Macro-classification of historical centres in Puglia Region
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Fig. 2. Most recurrent macro-classes of historical centres and their percentage on the totality of the municipality of Puglia.

The proposed procedure has been applied on the case study of the Puglia region, which includes 257 municipalities,
as provided by the last ISTAT online available census data (2011). The region is divided in 11 homogeneous sub-
regional areas, under an environmental, morphological and historical point of view, as from the Regional Landscape
Plan of Regione Puglia (2015).

After a first classification of historical centres of Puglia region, based on the proposed taxonomy, it is initially
possible to observe on the occurrence in the territory of 97 macro-classes on the total of 420 (as reported in Table 1).
Then, with the aggregation of similar attributes per parameter 42 existing macro-classes are observed on a total of 72
possible ones for Puglia Region. In Figure 2 is shows that 5 of them are representative of almost the 50% of the total
number of municipalities.

Based on the released taxonomy, it is possible to highlight some aspects. The majority of the municipalities of
(74%) was founded in the Middle Age period (from the 10" century to the 16 century), while a considerable number
(14%), was founded in Ancient Period (up to the 9™ century). Most of the nucleus’s shape is defined as centralized
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for the 61% of the municipalities, but the 28% show a linear development. There is not any difference between the
parameters P3; and P4 about tissue shape and tissue dimension of historical centres after the aggregation process.

3.2. Abacus of building typologies in Puglia Region

In the investigation at urban scale, the recurring characteristics of the ordinary masonry buildings belonging to the
historical centres have been identified. In particular, such characteristics have been collected varying some of them
within likely ranges of values that allow each building typology to be representative of the whole asset. Moreover,
additional architectural studies (Strappa, (2003), Cotecchia et al., (1993)) allowed to enhance the different building
typologies collected in an abacus, as shown in Figure 3.
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Fig. 3. Extract of the abacus of building typologies for Puglia Region.

More in detail, the residential units are identified by an association of a cellular-units with generally squared regular
dimension, being representative for the first parameter. Different combinations of cells, usually 6 x 6 m, 4 x 6 m or 2
x 6 m, define several building typologies. The other geometric properties describe the architectural features of the
“casa a schiera” configuration and its evolution in the “casa in linea”, according to the variation of the cell units.

As previously mentioned, the number of storeys, as second parameter, is a distinctive feature for the abacus and it
occurs for different typologies with same parameters except for the number of floors have been identified. In the
abacus, buildings with more than three storeys are included in the typology with three floors. Moreover, a common
element for all the considered cases is the constructive system of the masonry walls, as third parameter. Using the
values proposed in the Italian Building Code (2018), it is possible to associate to each building typology a range of
values for the mechanical parameters, in order to identify the masonry layout of irregular and regular calcarenite
stones. As well, the fourth parameter is related to the wall thickness, expressed through a range of value in meters,
from 0,25 m to 1 m (also combined for different panels in the same typology). The last parameter is the panel’s
interruption due to openings: it is characterized by a range of percentages that goes from a minimum of 10% of the
facade surface to a maximum of 30% (separately for the first and the higher floors).

In the end, the released abacus is composed by 14 building typologies, where each typology is representative of
the Apulian ordinary masonry building in historical centres.

3.3. Connection between abacus and macro-classification.

Puglia Region is compiling the CARTIS database with the RELUIS project up to 2021, having now available data
for 14 municipalities in the region.

For the present work, only masonry building typologies belonging to the CARTIS compartments associated to the
most ancient ones are considered, for which geographic information is available. In the CARTIS database of Puglia,
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there are 27 building typologies as representative to the masonry building typologies in the identified ancient
nucleuses.

The association between CARTIS database and the abacus derives from specific rules based on the comparison
between the ranges of values assigned to the common parameters. The first comparison is performed between the
ground area of the abacus and the relative values expressed in CARTIS. The second association is carried out between
the number of storeys, associating each CARTIS value with the abacus ones. This step often allows to identify more
than one abacus typology that will be associated to the CARTIS typology. An example of this association is provided
in Table 3 for an extract of CARTIS typologies.
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Fig. 4 (a) Connection between abacus typologies and macro-classes of historical centres according to CARTIS database,
(b) Municipality of Puglia Region, for each sub-regional area, with complete (in green) and not complete (in white) matching abacus-
macroclasses.

Applying the above rules for the case at hand, a first goal of the presented procedure is achieved: in Figure 4a are
shown the abacus building typologies percentages for each associated macro-class for historical centres, representing
for almost the 52% of the municipalities in Puglia with a complete association. In Figure 4b is shown the graphical
outline of the obtained result. It comes out that, one of the most populated macro-classes of historical centres results
out of the match, because there are no surveyed by CARTIS municipalities able to complete the association. The
remaining municipalities without a complete association (in white) need further investigation with CARTIS form.

4. Conclusion

The present work provides a novel approach for a quick attribution of information at building typology scale of
recurrent building typologies to a regional macro classification of historical centres. It takes in advantage the use of
GIS tools for the overlapping and managing multi source information and produce synthetic graphic map as outcomes.

The municipalities under investigation are the total number for the Puglia Region taken in account, and they have
been analyzed highlighting morphological and typological aspects flowing into an original taxonomy. Thanks to this
first phase of the process, it has been possible to highlight some aspects of the historical centres among the region, as
their prevalent foundation period in the Middle Age and their most frequent development in centralized nucleus shape.
Hereafter, recurring architectural building typologies within the ancient nucleus have been identified by the
investigation of a restrict number of parameters influencing of seismic vulnerability. The main building typologies as
the “casa a schiera” and the “casa in linea” and their several variations compose the regional abacus.

The two data collection have been matched by using the available CARTIS database for the Puglia Region. Similar
properties, as the number of storeys and the ground area, have been compared and associated from the building
typology scale to the macro-classification of historical centres. In the end, it is possible to highlight percentage
quantification of the detected typological information on the regional scale.
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