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Abstract: In recent years, the preservation strategies of cultural heritage have become an element
of considerable importance. Unfortunately, research has often been conducted in an excessively
mono-sectoral or disaggregated manner. Moreover, there is a significant number of reinforce concrete
(RC) buildings and engineering works that are of historical interest and play a key role during the
earthquakes. An urban center, its historical structures and infrastructures or single buildings, if well
managed, preserved, protected, recovered and enhanced can represent an excellent source of income
and induce a considerable economic development in the neighboring areas. On the other hand, a
lack of value appreciation and/or incorrect management represent a significant economic loss in the
long-term, but an immediate loss after earthquakes. In this work, the historical and cultural value
of these RC structures and infrastructures is discussed and the main critical issues are identified,
outlining the fundamental requirements for conservation.

Keywords: RC buildings and engineering works; seismic risk mitigation; community resilience

1. Introduction

The preservation strategies of cultural heritage have becomean element of considerable
importance. From a research point of view, this topic is decidedly multidisciplinary and
involves: History and Architecture, Art, Tourism, Urban Planning, use and reuse of the
territory, buildings and civil engineering works, etc.

The focus of current paper is the recovery, enhancement and choice of the best man-
agement strategies of historical, artistic and architectural heritage.

Both the monumental and cultural buildings (single or large-scale urban) as well as
structures and infrastructures are considered. They can be publicly and privately owned
and can be severely degraded and underused, if not, in many cases, unused.

Unfortunately, research has often been conducted in an excessively mono-sectoral or
disaggregated manner. The result of these studies and their subsequent application is often
negative in terms of actual conservation capacity.

In Italy, there is a significant number of buildings and infrastructures that are of histori-
cal interest. Based on their fundamental strategic role and past events and importance, they
played a key role during the last earthquakes and have contributed towards aggravating
the vulnerability inside or outside the historic centers [1,2] of the urban areas, and zeroing
out community resilience [3].

After the last earthquakes, there has been significant damage to monumental and
historical buildings (e.g., earthquakes in central Italy [4]) and the consequential losses and
impacts on the cultural aspects have often resulted in negative and irreversible effects (for
example, on tourism).

On the other hand, the damage to residential buildings and infrastructures was so
substantial as to cause immediate and irreversible losses in value (high and unsustainable
repair/reconstruction costs). In the medium/long term, the global effect in terms of
environmental degradation on the communities has also involved less damaged buildings.
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An urban center, its historical structures and infrastructures or single buildings, if well
managed, preserved, protected, recovered and enhanced can represent an excellent source
of income and induce a considerable economic development in the neighboring areas.

On the other hand, lack of and/or incorrect management represent a significant
economic loss in the long-term, but an immediate loss after earthquakes. For these reasons
and for a significant improvement in the current practices of recovery, the use and reuse of
monumental and historical assets is needed.

Since its beginnings in the late 1800s and early 1900s, the application of reinforced
concrete (RC) has represented a real revolution in the world of buildings and civil engi-
neering works. The flexibility provided bythese buildings and civil engineering works
was the basis for the works that at the time were to be considered new and daring. This is
why, in recent years, more and more RC structures and infrastructures (buildings and civil
engineering works) have been classified as historical constructions.

In this work, the historical and cultural value of these RC structures and infrastruc-
tures is discussed and the main critical issues are identified, outlining the fundamental
requirements for conservation.

This paper proposes an excursus to highlight and explain how 20th-century RC
constructions could be considered historical/monumental and, consequently, worthy of an
appropriate conservation. In this way, the paper does not want to be a new proposal and
consequently cannot be compared with proposals presented in the literature. It should be
emphasized that the retrofit of existing RC constructions is a very complex topic. Moreover,
the problems can be greatly amplified for historical RC constructions. In this way, it is
to be noted that, regardinghistorical masonry buildings, there are a significant number
of studies, guideline, and codes. Consequently, the retrofitting strategies, materials, and
techniques that are currently used are widely and clearly defined. On the contrary, the
rehabilitation and retrofitting of historic RC constructions are much more recent themes
and for which awareness is not yet widespread. These topics comprise all those matters
that are usually involved in the conservation of the monumental and cultural heritage and
where the greater difficulties lie in the complexity of the interventions that are to be carried
out on a regular basis and where the construction remains operational and with significant
importance classes, III and IV for EC8 code [5]. Future recommendations must consider
that no “balancing act” or “trade-off” is possible for structural safety. To this end, lastly, the
paper does not report a case study. New proposals or comparisons should not be necessary:
structural safety is a fundamental requirement, which should not be violated.

2. RC Buildings and Civil Engineering Works: Cultural and Historical Value

First of all, it must be emphasized that the current definition of historical and cultural
heritage includes (or should include) new types of structures, built mainly in the twentieth
century. They represent the very strong evolution that the new construction techniques
have brought from the 19th century. As a matter of fact, in the last few years, the study
of RC constructions (since the 19th century) has assumed the typical characteristics of the
conservation of cultural heritage, specifically understood as principles, methodology and
conservation techniques.

These constructions are recognized as historical heritage sites of their construction
periods and in particular, the value they bring to the strong innovation that RC buildings
and civil engineering works have introduced. The first and most relevant applications were
evidentlyon big works, bridges in particular (Billington, 1983), using, since the early 1900s,
concrete prestressing methods.

The first applications were followed by great excitement and a considerable impulse
to construction techniques as well asto the study and development of new models and
methods of design and construction. These applications gave structural engineering an
actual and new form of art [6]. The construction of great RC buildings and civil engineering
works has had a very strong impulse thanks to the inventions of Eugène Freyssinet [7–9]
and the genius of designers/builders, such as Robert Maillart [9]. In demonstrating the
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strong impulse for community development and modernization, some RC applications
have been incredible and perhaps even unrepeatable.

In Italy, there were some great precursors in the use of this new technology and some
relevant applications, ranging from long span bridges to the reconstruction following the
Messina earthquake (1908) to the reconstruction (sensational at the time) of the structure
of the bell tower in Piazza San Marco in Venice (Figure 1) [10]. In the second half of the
twentieth century, the great potential of RC constructions strongly emerged, giving impetus
to the economic recovery and the post-Second World War structural and infrastructural
reconstruction of many European countries.

Infrastructures 2022, 7, x FOR PEER REVIEW 3 of 14 
 

methods of design and construction. These applications gave structural engineering an 
actual and new form of art [6]. The construction of great RC buildings and civil engi-
neering works has had a very strong impulse thanks to the inventions of Eugène 
Freyssinet [7 – 9] and the genius of designers/builders, such as Robert Maillart[9]. In 
demonstrating the strong impulse for community development and modernization, 
some RC applications have been incredible and perhaps even unrepeatable. 

In Italy, there were some great precursors in the use of this new technology and 
some relevant applications, ranging from long span bridges to the reconstruction fol-
lowing the Messina earthquake (1908) to the reconstruction (sensational at the time) of 
the structure of the bell tower in Piazza San Marco in Venice (Figure 1) [10]. In the second 
half of the twentieth century, the great potential of RC constructions strongly emerged, 
giving impetus to the economic recovery and the post-Second World War structural and 
infrastructural reconstruction of many European countries. 

 
Figure 1. Reconstruction of the San Marco bell tower, Venice 
(http://san.beniculturali.it/web/san/dettaglio-oggetto-digitale?pid=san.dl.SAN:IMG-00429727, 
Sistema Archivistico Nazionale, December, 2022). 

At that time, the Italian (butnot only) regulations were rather poor and lacking in 
details. In this regard, several post-earthquake reconstruction codes and standards of the 
early twentieth century can be considered. In Italy, the first code was the Royal Decree 
no. 2229 of 1939 [11]. Professional practice and applications were based on books and 
experimental applications. 

Figure 1. Reconstruction of the San Marco bell tower, Venice (http://san.beniculturali.it/web/san/dettaglio-
oggetto-digitale?pid=san.dl.SAN:IMG-00429727, Sistema Archivistico Nazionale, December 2021).

At that time, the Italian (butnot only) regulations were rather poor and lacking in
details. In this regard, several post-earthquake reconstruction codes and standards of the
early twentieth century can be considered. In Italy, the first code was the Royal Decree
no. 2229 of 1939 [11]. Professional practice and applications were based on books and
experimental applications.

On these bases, in Italy big infrastructures were built (bridges and overpasses) as well
as structures for public, civil and industrial use where several designers contributed, such as
Pier Luigi Nervi, Arturo Danusso, Riccardo Morandi, SilvanoZorzi, Sergio Musmeci, Sergio
Lenci, Marcello D’Olivo and many others. In actual fact, the great and major diffusion of
the RC constructions took place starting from the second half of the 1950s, when, due to
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the great economic development (in Italy and Europe), a significant demand for services
(structures and infrastructures) and new housing was becoming stronger. The study of this
period is widely reported in several works, for example, in [12–16].

The RC constructions lent themselveswell to the new development. Large housing
volumes and large infrastructures could be built in a short time and at relatively low costs.
However, the need to carry out large works and/or large volumes (of concrete) forced
a strong acceleration towards the concrete production processes based on competition
between producers. Consequently, starting from the lower mechanical characteristics gener-
ally required by the regulations in force at the time, many of the concretes are characterized
by a strong variability [17,18].

At that time, and for many years to follow, the capacity and durability of the RC
buildings and civil engineering works have been overestimated inconsistently with the
methods of design, construction, and (above all) maintenance [19,20]. Moreover, the (initial)
lifecycle is often not consistent with conceptual design procedures and construction errors
that are typical of the age, as is clearly highlighted in the comparison with current practices
and regulations. For RC constructions, the current criticalities on a large territorial and
economic scale also derive from the overestimation of the capabilities and performance in
the long term.

Furthermore, the overestimation of the durability and capacities has often led to
an incorrect and lack of maintenance, further aggravated by the architectural choice of
“exposed concrete”, also used in particularly aggressive locations and environments [21].

The corrosion of the reinforcement is one of the main problems of the existing RC
buildings and civil engineering works, especially affecting their durability, strength and
ductility. The damage caused by corrosion (with a volume of 2–6 times that of the initial
values) implies the significant stress and weakness of the concrete. Globally, the stiffness,
strength and deformation capacities of RC buildings and civil engineering works are
significantly compromised. A significant number of studies are currently available, and it
is to be highlighted that the corrosion damage and consequences are difficult to treat and,
in any case, implicate very expensive interventions.

As a consequence, the historical-artistic-cultural RC buildings and civil engineering
works, built between the 1950s and 1970s, currently show a significant lack in design, as
well as damage and functional deficiencies that are difficult to remove and often cause
terrible and complete collapses even under live loading only. This critical issue is clearly
amplified in earthquake prone regions and by the considerable number of buildings and
civil engineering works. For example, in Figure 2a, the synthetic representation of the
distribution of the age of residential buildings and civil engineering works is reported
(ISTAT, https://www.istat.it, accessed on December 2021).

The rehabilitation of historic constructions is also an important issue for the E.U.
Particular attention is needed and currently recognized to preserve historical values. Nev-
ertheless, the current classification of historical constructions for reinforced concrete is not
yet exhaustive.

On a global level, the lack of criteria for the recognition and protection of historical
values for RC constructions plays a key role. Consequently, the lack of specific methodolog-
ical approaches is evident. Several studies have been conducted to discuss the significance
and attribution of historical values and cultural heritage [22,23].

Furthermore, if several studies are available that discuss how to achieve the E.U.
climate targets, for example [24,25], for structural restoration, a significant amountstudies
are still needed, but firstly it must be understood that no “balancing act” or “trade-off” is
possible for structural safety. In this sense, several case studies have been presented [26–30].

In particular, several studies have been carried out to investigate about the perfor-
mance of bridges. Nevertheless, in Italy, these studies generally do not consider the
historical issue [31–33]. In fact, a significant incentive to conduct these studies has been
given by the Polcevera bridge collapse (Genoa, Italy) on 14 August 2018 [34] and the

https://www.istat.it
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intervention strategies necessary for the retrofit and management on a large number of
constructions [35].
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Figure 2. Residential buildings and main civil engineering works, according to the last Italian census
involving both houses and construction: (a) distribution byage of houses built; (b) distribution of
financial resources for engineering works totally or partially statefunded (source: www.istat.it). The
age classes (construction or distribution of financial resources) considered are commonly used in
socio-economic surveys and in post-earthquake surveys.

The recovery and conservation of these RC buildings and civil engineering works are
often threatened by the lack of a correct approach to the problem. To solve the problem,
several matters must be addressed at the same time. Multiple, overlapping and contrasting
factors that influence the choice of the type of intervention and intervention works must
be considered.

On the other hand, in introducing the main topic of this work, it is important to
investigate the design, construction and maintenance methods of the last century. They
identify the primary elements in order to define a correct intervention methodology for the
assessment and restoration of RC buildings and civil engineering works.

3. Methodological Approach for Retrofitting

Cultural heritage, in terms of the building stock, architectural and urban aspects
and historical values of the twentieth century, is often in the great buildings and civil
engineering works of the designers of the time. Currently, these constructions (mostly
in RC) are considered, by all intents and purposes, as cultural heritage, and therefore to
be preserved.

Recent earthquakes have highlighted the extreme vulnerability of these constructions,
which have often suffered irreversible damage. In other cases (particularly for some
bridges), it was instead the inadequate maintenance that generated damage and irreversible
or high losses [36,37].

Consequently, for structures or infrastructures thathave public and strategic functions,
the conservation and management of their historical heritage overlaps with the need to
guarantee the required level of safety.

This issue often increases the necessary economic resources required and is in contrast
with the limited financial resources often available [38–40]. In addition, the current retrofit
strategies for RC buildings and civil engineering works are often considered contrary to
the common conservation principles for cultural heritage. In fact, the application of the
basic concepts commonly used for cultural heritage [41] generally entail that the buildings
and civil engineering works be preserved as much as possible.

Nevertheless, the common and consolidated experience on historical buildings (par-
ticularly masonry buildings) shows that the changes made over time are themselves a
representation of the significance of the buildings in the various historical contexts.

www.istat.it
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Therefore, the problem could be addressed in a non-ideological way, by considering the
retrofit as a result of the analysis and evaluation procedures followed for the quantification
of the direct and indirect economic effects of the intervention to be implemented.

In particular, taking into account the economic and social costs of a possible collapse as
well as the need to use the investigated buildings and civil engineering works according to
modern standards, the interventions must first and foremost be oriented towards safeguard-
ing people’s lives. Moreover, the conservation restrictions (for example those imposed
by the Superintendence in Italy) could represent an actual obstacle against preservation.
A rigid approach to the protection of a cultural heritage could determine a lack of the
necessary safety requirements. On the other hand, the buildings and civil engineering
works could be used in a non-economically sustainable way, and this can ultimately lead
to the abandonment of a building or its inactivity. A highly multidisciplinary approach
is required, where structural safety plays a key role. The approach must be based on the
integration of all the requirements. An optimal retrofit strategy must be considered for
the use and reuse of RC buildings and civil engineering works, following well-known
multi-criteria schemes [42,43] and resilience concepts [44].

According to the latest procedures and performance requisites, the following main
issues must be considered:

− Social sustainability (safety of the buildings and civil engineering works).
− Economic sustainability (enhancement of the buildings and civil engineering works).
− Environmental sustainability (for example, the energy performance of the buildings).

With regards to the existing RC buildings and civil engineering works, the following
critical points must be highlighted:

1. Construction technologies, design standards and methodologies, procedures, design
loads, construction details, design working life and durability, materials, etc., which
are noticeably different from the forecasts of current codes.

2. Durability (without significant loss of utility) and maintenance programs are inconsis-
tent with the requirements of current regulations. As a consequence, a high level of
degradation is usually detectable.

3. Buildings and civil engineering works without required performances for public safety.
4. Lack of methods and reliable procedures for decision making.

As regards point 1, an analysis of the codes is necessary. For reinforced concrete
constructions, the most recent codes and standards require specific investigation and
evaluation procedures.

As far as major road works (mainly bridges) are concerned, the codes (for example, the
Italian code) do not contain specific elements. The Italian code reports some elements, while
other details are reported in recent and specific guidelines. In any case, these references do
not contain specific procedures for a historical heritage.

At present, the code’s procedures for existing RC buildings and civil engineering works
are centered on a specific survey based on the levels of knowledge. Field investigations
and in situ and/or laboratory evaluations and tests are needed.

The focus of the investigations is the identification of possible criticisms that can give
rise to unsatisfactory conditions (static and dynamic). They must be described in order to
be able to make an initial and rapid assessment.

The preliminary identification of the criticisms and their causes (for example, weak-
nesses and deficiencies, and existing damage) are useful to address the investigationsbetter.
The knowledge process is based on the renowned information:

− Original procedures for design;
− Reconstruction of the history, the state of use and maintenance, as well as of the seismic

events and/or other events of particular importance that affected the structure;
− Presence of any conditions of damage and/or degradation and their evolution, partic-

ularly for corrosion.
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The original design philosophy is extremely important to evaluate itsdifferences from
the current regulations and consequently the true level of construction safety. The loads
and actions reported by modern codes are generally far greater than those adopted for the
design of the buildings and civil engineering works. Furthermore, the requirements for
materials and details are noticeably different.

For example, current codes provide for specific exposure conditions. These strongly
affect the characteristics of the materials and details. In existing RC constructions, these re-
quirements are substantially absent and/or neglected. The negative effects on conservation
and degradation are very strong.

The mechanical characteristics of the concretes (designed and constructed up to the
1970s) are quite different from those of current concretes. The available experimental
results [45,46] have highlighted the existence of a significant variability of the characteristics
of the concrete within a single structure and a single element [47]. Some studies are available
on the concrete used during the 20th century [17,48–50], but significant investigations are
still needed.

The strengths and mechanical characteristics of concrete have significant consequences
on the safety levels of the structures and play an important role in corrosion, which
represents one of the most widespread and serious problems of degradation. The above
issues are often neglected or underestimated in the evaluation and retrofit design process.

The structural effects of corrosion are significant and renowned. They affect the
strength of the reinforcement and lead to a significant reduction in capacity [51–57].

Unfortunately, only a limited number of studies are available with regards to the cyclic
behavior of corroded elements, such as [58–60], and their influence on the global safety of
constructions. As a matter of fact, the treatment of corrosion is a very complex problem:
often the structural elements are not immediately and easily visible and inspectable, irre-
mediably delaying the evaluation of the problem and the possible solutions. The reduction
inperformance affects the residual design working life.

However, the collapse could also be considered as a complete or partial “out-of-service”
of the buildings. In some cases, a partial operation does not guarantee the satisfaction of
the functioning of the structure and, all the more, may not guarantee an adequate level
of safety. Degradation effects are very evident in road structures, but are also relevant
in buildings with a poor maintenance. Furthermore, regardless of their current state, the
use of existing RC buildings and civil engineering works cannot come about without an
actual safety assessment and consequent retrofit. It must guarantee the preservation of the
historical asset, but, above all, people’s safety.

In this way, it must be highlighted that many of the RC buildings and engineering
works of historical interest or thatcould be of historical interest are still used in public
functions, with large crowds of people and with high levels of use.

For example, bridges are still in use and play a key role. Many RC buildings often have
shapes and dimensions that foresee an intensive use and an exclusively public function,
such as hospitals, which are often very interesting elements thatperform a fundamental
social function, even more relevant in emergency management.

Therefore, the level of structural safety is a priority. It must be considered fundamental
for any retrofitting and use/reuse of existing buildings.

Statement of Objectives

The management and enhancement of real estate assets, including those of historical
interest, owned by public administrations, are central and highly topical issues. The capital
strategies implemented by the public administrations have changed. From a type of man-
agement that was first oriented towards conservation, which we can define as static, the
form of management has now become dynamic, as real estate is considered an opportunity
and therefore a possible source of income. The existing heritage, including post-war mod-
ernist buildings, is an important energy, cultural, social and architectural resource. There
are several feasible reuse strategies that also differ according to the state of use of the build-
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ing. In buildings still in use, the renovation is intended as a modernization intervention
aimed at achieving a technical-functional upgrade according to current standards.

For buildings that have not been in use for a long time, abandoned and in a state of
total abandonment, or still in use but close to this condition, the renovation is intended as a
revitalization process.

This process can be characterized as conversion, re-design of spaces, modification of
the original structural system by increasing or reducing existing volumes and creating new
spaces within and between existing volumes.

All the aforementioned renewal strategies are not to be understood as mutually
exclusive, but can be simultaneously implemented, depending on the project objectives
and the needs of the community. In these strategies, recycling is understood not only as
the recycling of building materials, but also the recycling of the design, of the structural
form, of the historical and traditional building typologies, which can be transposed into
the current context, in a modern key.

The lack or limited availability of financial resources, the absence of effective mitigation
strategies and reuse, are criticisms thatincrease losses.

The correct allocation and the spatial-temporal distribution of resources (public and
private) should first of all be based on studies to maximize the effects of the resources.

The careful planning of maintenance interventions not only brings benefits for owners,
such as improved performance of the building system, greater income capacity, increase in
the market value of the property, but also benefits for the entire community [61].

The convenience of maintenance is a function of the market value of the building,
which, in turn, depends on factors that affect the urban rent [62], and thatare difficult to
quantify exactly. On the one hand, changes in the social, urban and economic context and,
on the other hand, continuous technological progress with consequent changed functional
and aesthetic needs, are responsible for the high uncertainty in forecasting the potential
future values of properties.

Moreover, the convenience of maintenance is also a function of its cost. The latter
should not be considered in absolute value, but in relation to the direct benefits in terms of
greater utility, and indirect in terms of the increase in the value of the asset. The maintenance
intervention will be the more effective the closer the time interval between two successive
interventions (known as periodicity) is close to the optimal one. This optimal periodicity is
a function of the specific intrinsic characteristics, for example properties of the material,
and of the conditions of use of the specific component. In reality, however, the absence
of an efficient maintenance management model means that maintenance interventions
are usually carried out too late. This delay causes an increase in the costs necessary for
repairs in the long term and a reduction in the useful life of the parts of the building
components [63].

There is a very strong relationship between depreciation and maintenance. Well-
maintained properties show much lower depreciation rates than properties that have been
subjected to poor maintenance [64].

The dissemination and profound knowledge of the socio-economic and financial bene-
fits resulting from preventive interventions (integrating different needs: structural, func-
tional, energetic and conservation of the buildings and engineering works) can also have the
beneficial effect of inducing and favoring both public and private capital investment [65].

Highly vulnerable buildings and civil engineering works are increasingly threatened
by natural and anthropic-induced risks. However, they play a key role in current com-
munities. The expected performance level and potential losses must be assessed in a
multidisciplinary way. The governance of risk must be based on a method that measures
the performance and protection level of a cultural heritage.

The levels of performance depend on the external actions and load distribution that
are consistent with the retrofit intervention strategies. These actions depend on the design
working life, and therefore on the requirements of serviceability, strength and stability.
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For existing RC buildings and civil engineering works, these requirements could entail
a significant unforeseen and recurring maintenance based on their public functions and
subsequent limit states. A proper hazard level designation must be defined taking into
consideration the site hazard and the seismic action linked to the age of construction, the
residual working life, and the evaluated post retrofit working life.

The intervention strategies and subsequent procedures must be based on activities and
methodologies starting from an accurate characterization of the constructions in reinforced
concrete, using innovative techniques of a high qualitative/quantitative level for the
survey [66,67].

In this context, it should be noted that the current codes define a working life of at
least 100 years for buildings and engineering works of significant importance. However,
the action, loads, and seismic actions depend on the correct definition of the considered
time (or real working life).

Effective and reliable performance evaluation plays a key role and cannot be postponed
further. Regardless of the possible historical interest, for buildings and engineering works
with a public function (hospitals, schools, barracks, bridges, etc.), the operational limit state
should always be considered, adopting the strongest possible earthquake as the seismic
event for the design. On the one hand, this assessment could be decidedly burdensome
and unsustainable for many of the existing buildings, whereas on the other hand, it could
even be underestimated compared to the actual expected earthquake and its probability
of occurrence in the working life. To this end, a correct definition of the hazard must
take into account the actual site characteristics for the seismic assessment and the residual
working life [68,69]. Maybe, a deterministic approach for seismic action evaluation is the
optimal strategy.

Lastly, intervention strategies should be innovative in the sense of allowing quick and
efficient interventions, aimed at specific objectives for the protection and conservation of
the historical heritage. Approaches, materials and methodologies that are able to merge all
the deliberated aspects must be taken into consideration. To this end, economic models are
undoubtedly necessary for the cost–benefit analysis of retrofit interventions.

Operational intervention strategies should come about via the use of techniques that
make it possible to respond, on the one hand, to the needs of use of the buildings, and on
the other hand, to maximize the economic effects of the intervention as much as possible,
preserving the original construction characteristics (for example, considering reversible or
external techniques).

The assessment of the economic sustainability must be based on the quantitative and
comparative evaluation between the lifecycle (based on the working life) and the economic
benefits, among which are the overlooked and possible direct economic losses that derive
from the non-intervention.

Among the direct costs as well as the social costs resulting from the casualties, if the
retrofit of the building and engineering works is possible, the costs deriving from periods
of non-use must be considered as opposed to the costs for a preventive retrofit. The latter
also involves the non-cost (therefore the benefit) that indirectly derives from the loss of
community activities also understood as a set of social, cultural and economic activities, or
those connected to the time needed for the global recovery.

Based on the above statement, the retrofit design must be based on:

1. Seismic and gravity loads structural assessment;
2. Comparison of different retrofit strategies;
3. Selection of an optimal retrofit strategy based on the results of the assessment.

Decisions for the retrofit strategy must be taken based on the need (strong point of the
rehabilitation project) to minimize the impact on the use of the constructions.

Retrofit strategies were considered with their different advantages and shortcomings.
Different strategies must be compared in order to select the optimal solution in terms of
structural safety, costs and architectural, functional and management requirements.

As for the final design solution, the structural intervention must comprise at least:
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− Modification of the structural system to obtain a more favorable dynamic behavior;
− Addition of new structural elements;
− Strengthening of some structural elements to sustain seismic actions through steel

jacketing and bracing system for the seismic protection of RC structures;
− Efficient and quick strengthening of RC slabs for gravity loads, for example, based on

external unbounded post-tensioning;
− Elimination of degradation and deterioration effects (mainly due to corrosion).

For the final retrofit strategies, the structural intervention is mainly conditioned by
the functional and management requirements and the subsequent minimization of the
impact on the daily use of the buildings. Based on the preservation requirements, the
global demolition and replacement with similar architectural characteristics should not be
considered. On the contrary, the final retrofit configuration should be mainly carried out
based on reversible and external techniques.

Finally, it should be noted that an estimate (even if approximate) of costs and amounts
for typical interventions is an extremely difficult task. First, for historical RC structures, it
seems hard work to identify the typical interventions. In fact, from a typological point of
view, they are generally very heterogeneous; on the one hand, this heterogeneity represents
an element of interest and often this is the artistic or historical values. On the other hand,
and for this reason, each RC construction is generally a single case.

4. Conclusions

Meeting the performance upgrade and conservation needs of historical buildings and
civil engineering works (for those built in the twentieth century) is a complex activity, which
requires the search for a strong balance between conservation, retrofit interventions and
essential safety requirements. Moreover, the functional and management requirements and
the minimization of the impact on the daily use of the buildings generally plays a key role.

The main concepts must be based on the awareness of the need for retrofit. It cannot
entail a simple application of codified rules (as occurs for new works). The knowledge of
the characteristics of the buildings and civil engineering works must guide the choices,
with quantitative assessments and tools to support a deeper awareness.

In contrast, preservation without any precise consideration of safety is not possible.
Very often, the original structural configuration must be modified in order to satisfy the
safety requirements and avoid disastrous events and casualties, but also (and mainly from
a historical point of view) to avoid failure in seismic events and live loading.

Lastly, the management and intervention strategies of reinforced concrete buildings
and civil engineering works of historical interest must include the achievement of the
performance levels envisaged by new buildings and the evaluation of the convenience
to retrofit.

For subsequent research activities, the engineering methods, procedures, and codes
for safety, whichensure the need for protection and preservation of the historical heritage,
must be standardized and consistent.

Future research directions should consider that the current classification of historic
buildings for RC constructions is not yet exhaustive. The significance and attribution of
historical values and cultural heritage needs to be defined. Consequently, the criteria for
the recognition and protection of historical values will be defined for RC constructions. In
any case, future recommendations must consider that no “balancing act” or “trade-off” is
possible for structural safety. Consequently, a rigid approach to the protection of cultural
heritage must be avoidedand a highly multidisciplinary approach must be defined.

Finally, it is to be highlighted that currently an estimation of costs for interventions
is an extremely difficult task. Considering the importance of the topic, specific strategies
should be developed at central governmental level. In recent years, a specific retrofitting
strategy for existing private buildings stock has been defined by a law [70]. Nevertheless,
the historical RC constructions (buildings and engineering works) are generally public
or have a public function. Consequently, specific retrofitting strategies cannot be defined
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using an incentive in terms of tax deduction. Moreover, first of all, the stock of RC buildings
and engineering works of historical interest should be defined. The expected performance
should be defined and assessed on the basis of a special risk index.
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