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Abstract

Historic rural settlements are essential evidences of the Italian cultural heritage because they hand precious architectural, historical
and environmental values. Despite its importance, this heritage is rarely protected by specific laws and a great part of these buildings
are now abandoned and partially ruined, also as a consequence of the last century mechanized and intensive farming and the
consequent lifestyle change. Moreover, the seismic events pose a serious threat to their preservation: indeed, despite they are
located in an area - the Italian territory - with a very high seismic risk, often they don’t have any proper anti-seismic device able to
prevent a serious damage, or collapse. In this work, the results of the research carried out on a significant number of historic rural
buildings in the Emilian area, in Italy, are presented in order to draw up specific guidelines for their sustainable seismic
reinforcement and conservation. Indeed, starting from the analysis of the peculiar features of the landscape and of the examined
buildings, it's possible to recognize some recurring structures and shapes which identify as many rural architectural types, with
similar structural behavior and seismic damage. Thanks to this similarity, it has been possible to set up some reliable guidelines of
analysis and intervention which can constitute an easy and expeditious instrument for technicians and restorers in order to safeguard
this valuable built heritage, too much neglected until now. The final aim is to evidence the extreme efficacy of a conservation
strategy, which can constitute the first guarantee for a sustainable intervention on this precious cultural heritage.
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1. Introduction

The rural landscape is strongly characterized by the presence of rural buildings, which, over the time, designed and
influenced its conformation up to create a typical “cultural paysage™[1].

Despite the cultural value of this rural heritage is recognized also by the Italian legislation, the most of these
buildings are in a widespread abandonment and decay status, also as a consequence of the last century mechanized
and intensive farming and the consequent lifestyle change (Fig.1).

Fig. 1. On the left, the rural Emilian landscape photographed by L. Ghirri; on the left the modified picture after the industrialization process.

The result of this process is the rapid decay of the rural heritage which seems to be unavoidable because both
human and financial resources, which can prompt conservation and reconstruction, are currently lacking [2].

Moreover, after an extreme event (like the strong past earthquake in Emilia Romagna region, in May-July 2012),
the hidden fragility of these marginal architectures suddenly shows its whole vulnerability, quickening the
physiological process of deterioration (already advanced due to the abandonment) (Fig.2).

Fig. 2. A typical rural building of the Emilian region before (on the left) and after (on the right) the strong earthquake of June 2012.

It's well known, in fact, that seismic events pose a serious threat to the preservation of historical masonry structures;
in particular when these buildings, as the rural ones, don't present any proper anti-seismic device able to prevent their
collapse, despite they are located in an area - the Italian territory, and the Emilian region in particular - with a quite
relevant seismic risk.

In step with this, in this work the results of a three-year research, carried out on a significant number of historic
rural buildings in the Emilian area, are presented in order to draw up specific guidelines for their conservation.
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2. The rural heritage: from typological classification to structural knowledge

The abandonment of rural settlements and buildings is a contemporary phenomenon, which involves the concepts
of “heritage” and “cultural transmission” introducing new dynamics into the concept of “authenticity”, which has to
be considered not only in its historical and formal sense, but also as immaterial aspects. “Authenticity” includes social,
cultural and economic activities (etno-anthropologic issues) which are part of the local identity and which constitute
a fundamental target for the conservation of rural landscape.

Therefore, the definition of “rural heritage” involves necessarily a deep interaction between social and formal
aspects, which together determine also the structural organization of the buildings, gathering local and vernacular
characteristics which substantially derive from as many functional and economic managements of the territory. For
this reason, the present research started from a recognition of previous sociological and economic studies of the
examined area [3, 4] which have stressed the strict link between economic-agricultural aspects and different settlement
typologies (Fig.3).
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Fig. 3. In red (on the left) the area of study; on the right, the three main classifications.

For this reason, the first operation of the study here presented consisted into a systematic analysis of Emilian rural
settlements, aimed at tracking the formal organization of the area of study and finalized to interpret the structural
composition (and evolution) of the buildings. This preliminary operation led to the identification of three basic
settlement models (the "court" model, the "juxtaposed bodies" model and finally the "tower" model) which represent
as many ways, in which the single buildings can structurally (and not only formally and functionally) interact inside
a “rural heritage” block.

2.1. Repeated types and structural characters

As often happens in the study of historic buildings, the typological analysis has therefore constituted a fundamental
tool, primarily structural, aimed at the full understanding of the structures. It has been clear from the beginning of the
research, that the building historical identity is typical of the region and the constructive technique represents a key
for understanding the transformation of the territory. The recognition of building types and their relationship in the
formation of the settlements previously identified, together with the deep examination of construction techniques and
historical evolution, extend the conservation approach to structural and construction aspects.

A number of architectural features derive from local construction methods, which strictly depend on specific factors
as the morphology of the area and, consequently, the availability of materials; the general organization of the buildings
(position and number of openings, orientation of the building, the most recurring wall thickness together with the
horizontal structures and roofs) and finally the construction techniques. These set of conditions concur to determine
the vulnerability or resistance factors of the fabric and therefore the identification of building types tends to highlight
the general construction methods and the relationship between adjacent buildings.
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The problem is methodological: in virtue of a general lack of documentation, the typological study of the buildings
and their direct analysis represents the primary tool to analyze these objects and only their analysis and the subsequent
comparison between them (having a numerous case sample), can define the most appropriate regional-scale approach.

The analysis carried out on around 150 rural settlements in the Emilia Romagna region - which have constituted
our study sample - led to recognize the most recurring elements, repeated, which provide the synthetic model for the
building and its relevant variants. Firstly, analytic forms have been created in order to collect constructive and formal
data through increasing levels of detail: starting from the environmental analysis of the identified settlement, passing
through the deep geometrical and structural survey of each individual building composing the settlement (Fig.4).
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Fig. 4. Two parts of the analytic forms created for this research, in which collecting the necessary information at different scales.

Through a change of scale of observation, it has been possible to recognize - in an almost perfect correspondence

- three main types of primary building, which can be assumed as many “structural matrix”, each of which has a proper
structural characteristic and structural behavior:
e House (abitazione), characterized by a simple and symmetric plan - repeated at each level (two or three)

- with main perimeter bearing walls and internal ones on the two directions, intermediate wooden floors

(generally not rigid and not sufficiently linked to the vertical walls) and pavilion wooden roofs, often
deformable and not properly connected with vertical structures;

e  Stable-barn (stalla-fienile), composed of two main spaces: the lower level is vaulted and characterized by

great thickness perimeter walls with few thin regular openings, while the upper level is a great hall with

perimeter wall panels of great extent (free from cross connections), slender pillars and wooden roof trusses
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(deformable and free of connections to the supporting walls). The presence of large openings or
"perforated" walls (a gelosia) makes these structures particularly vulnerable to earthquake (Fig.5).

e Tower (a torre): structures with prevalent vertical development on almost square floor plan with great
thickness perimeter walls (with few irregular openings), intermediate wooden horizontal elements
(deformable and not connected to the support walls) and wooden pavilion roof (pushing, deformable and
generally not well connected to supporting walls). The main risk, for these structures, is the contact with
lower buildings, which often have been added in time.

Fig. 5. On the left, the stable-barn type (stalla-fienile), very similar to churches with weak perforated walls (a gelosia), on the right.

Thus, starting from the observed connection between architectural and structural typologies, we can advance a
further step: to repeated architectural and structural characteristics correspond similar collapses and damages, and thus
similar strengthening solutions.

3. An empiric-based approach, from typical structures to typical damages: possible guidelines

Is well known by literature [5] that historical masonry buildings don’t show generally, in case of earthquake, a
clear global behavior but they tend, conversely, to react as different parts (called macro-elements), which are more
vulnerable to the loss of equilibrium than to the lack of resistance of the constituting materials.

This approach has been considered and applied in this study, in order to detect, from the observation of similar
characteristics, the most reliable behavior of these structures. The analysis of the case studies allowed to identify the
"characteristic" damage mechanisms for each of the previously classified typologies (Fig.6).

Fig. 6. One of the most probable collapse mechanisms detected for stable-barns, and the schematic indication of intervention.
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However, also the last Italian Directive for seismic protection [6] recognizes empiricism as the most important
diagnostic instrument in seismic protection of historic masonry buildings and, following this method, the recurring
failure mechanisms for each typology were classified and numbered (according to the degree of risk, or the likelihood
of activation) into as many abacuses aimed at interpreting the most probable seismic response of rural buildings, just
starting from the mere settlement identification (Fig.7).
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Fig. 7. The abacus/guideline related to the mechanism “2. Horizontal inflection” for “house” matrix type.

Each abacus contains a brief description of the various ways in which the mechanism may occur and the conditions
which can determine it. Schematic drawings and photographic references of past earthquake effects in similar
buildings are reported in order to clarify the "symptoms" of the damage, and to guide their recognition. Furthermore,
the form reports the most worrying "vulnerability", i.e. the main structural and technological deficiencies whose
presence is indicative of the possibility of mechanism activation [7].

Moreover, for each mechanism and type, a schematic indication of the most appropriate (and economic)
strengthening intervention is presented. The proposed interventions are substantially aimed at the improvement of
structural configuration and at making effective connections which can enhance the existing buildings assets,
respecting historical materials and preserving architectural features identified in the previous analysis.

These analytical forms have been elaborated in order to set up a seismic protection program for rural building,
which can be a support for technicians called upon to intervene in these buildings. This procedure seems to be an
effective and expeditious way, to use the results of the deep knowledge process carried out on rural building
characteristic and behavior, obtained also in previous studies.

4. Conclusions

The typological analysis and the identification of some “structural matrixes” have clarified that the best way of
conserving the examined structures is in maintaining continuity with their original behavior.
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Therefore, by observing the past, it’s possible to hypothesize the most probable possible future damages for similar
types of buildings and, thus, to minimize the intervention by adopting solutions and materials which are already part
of the building, improving their structural efficiency, more than substituting their structural role.

The interpretation of the behavior is based on the observational method and it starts from it.

The proposed method permits then to define intervention priorities: building vulnerability assessments — derived
from the analysis phase of this study - are fundamental in order to establish a priority list based on vulnerability levels.
Moreover, in times of scarce public and private economic resource, the conservation of buildings of not completely
recognized value — as the rural heritage — can’t be reasonably too expensive and anti-seismic strengthening can’t
exceed the economic value of the buildings. Therefore, reducing the cost of seismic protection represents not only the
first guarantee of conservation of this hidden heritage, but the only pre-condition to the necessary further hypothesis
of reuse.

It’s also clear that the lack of maintenance represents one of the principal problems for these structures; for this
reason, the methodology here proposed is aimed at “using” the knowledge achieved in a deep and long research on
the territory, in order to apply simple and “standard” strengthening solutions which are extremely efficient for a
conservation strategy. The connection between knowledge-based process and choice of intervention is strong: the
recognition of repeated elements allows to set up an efficient strategy of repair and strengthening of buildings,
considering the results of the observational method proposed. Only the deep analysis carried out, in fact, has permitted
to identify — in a simple and reliable way, which considered the materials of construction, the constructive techniques
and the authenticity issues — the best intervention for solving the identified structural (both static and seismic)
problems, taking into account material and architectural compatibility and thus avoiding the insertion of dangerous
and incompatible elements.

The knowledge is the first guarantee of a sustainable reinforcement of this cultural heritage, and more in general,
of masonry buildings which in simple interventions frequently find the best way of conservation.
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