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Abstract The current pressure on the built historical heritage requires a global evaluation to
develop strategies for its preservation. A combined vision of the state of conservation of archi-
tectural heritage is essential to highlight the vulnerabilities of the structure from which harmo-
nized measures can be proposed for its mitigation.

This study proposes a multi-criteria analysis methodology that considers a qualitative and
quantitative approach to organize the global conservation state of heritage buildings hierar-
chically. A global index can be determined on the basis of the generation of an interoperable
data matrix by defining a set of indicators to assess different components of a building. This
index describes the risk with respect to the stability, safety, and habitability of the building.

This methodology aims to achieve the state of the building in an integral way by obtaining a
simple and objective index that enables efficient comparison among different buildings. The
application of this methodology to a historic area allows creating a hierarchical map of risk
to stablish priorities for intervention and enable a sustainable and critical management and
planning over the actions of maintenance, conservation, and restoration. In this way, a holistic
vision of the complex reality of built heritage and the urban landscape is obtained to identify
critical areas of priority intervention.
ª 2019 Higher Education Press Limited Company. Production and hosting by Elsevier B.V. on
behalf of KeAi. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Assessment of the state of conservation

1.1. Diagnosing the state of a building: the duty to
conserve

The upkeep of historic buildings and their heritage values
indicates their inclusion in different catalogues to ensure
their protection. However, this task, which is linked to
construction and technical standards, must inevitably
envisage the likelihood of adapting to new functional re-
quirements as a result of the very transformation of the
economic, cultural, and social context for which the
structures were originally designed (Torres-Giles and
Jorquera-Silva, 2017). Thus, an essential approach to
ensure the continued existence of the heritage building is
to link it to ongoing use. This way ensures its upkeep in
addition to its stability and safety and thus allows its real
preservation in the present for the future. Undoubtedly, all
these considerations are particularly relevant in the case of
the heritage managed by public administrations. The up-
keep, conservation, and repair costs of buildings must be
optimized and regulated over time. Thus, public adminis-
trations must establish priorities among the different
properties to manage and distribute the public budget
appropriately.

In this budgetary optimization and management process
that considers the upkeep, refurbishment cost, and the
analysis of the potential uses that a historic building may
accommodate, the first area to be considered implies not
only the appraisal of its constructive, morphological, and
typological characteristics but also the appropriate diag-
nosis of its current state of conservation. Analyzing its real
integration into the urban dynamics in which the building is
immersed on the basis of a comprehensive and clear
approach allows the general cost associated to its strict
conservation to be considered or its suitability for possible
new compatible uses. From the budgetary management
point of view, the priority for its intervention is directly
associated to the assessment of its state of conservation
given that priority actions will be linked to the buildings in
the poor state of repair.

The basic assessment systems used to establish the state
of conservation of a building are those used as a control
instrument by the administration given the legal conser-
vation duty of the owners. In the case of Spain, the fun-
damentals of such procedures are linked to the so-called
building technical inspection (BTI), which is a general
assessment that does not distinguish between constructions
or types or those aspects linked to the historic value of the
properties. Therefore, BTI is a generic procedure that aims
to transmit simple and efficient information to the munic-
ipal urban planning authority and the guarantors of the
conservation duty. This type of inspection leads to the
respective refurbishment duty, which involves carrying out
the work or jobs needed to maintain the consolidation,
safety, and stability and the effective use or habitability of
the building in question. Some conditions are required for
the conservation duty; for example, every owner is
required to maintain the building until it reaches the so-
called “normal limit,” which is considered by the legislation
as half of the value of a new build, with similar
characteristics and the same useful floor areas or di-
mensions equivalent to the pre-existing one if applicable
(Ley 7/2002, 2003).

The above-mentioned technical inspection reports
briefly describe the state of the structure and construction
of buildings. According to the general framework estab-
lished by the regional and national administrations, the
documentation to be submitted is controlled by the local
authority by means of municipal bylaws. This way focuses
the inspection, practically in all cases, on aspects linked to
the structural stability and safety of frontages, party walls,
and roofs and weatherproofing in addition to the correct
operating of the facilities, particularly with regard to water
supply and sanitation. These components are emphasized
given their impact on the resistance and stability of the
constructive elements and the health and comfort of the
occupants. The set of characteristics, which is estimated by
analyzing the conservation state, must be assessed by
regular inspections to prevent a building or construction to
reach the legal status of physical or urban ruin. Nationally,
the Urban Renewal, Regeneration, and Refurbishment Act
8/2013 establishes the obligation in Spain to file the
building assessment report for properties that are over 50
years old. This report includes the analysis of other aspects,
such as energy efficiency or accessibility in addition to the
conservation state. Thus, this report is more far-reaching
than the BTI.

In Europe, no general framework established by the
European Commission addresses the renewal and mainte-
nance work to ensure the safety or hygiene conditions of
buildings in relation to their state of conservation. The
existing regulation focuses on achieving energy-saving tar-
gets in the existing building stock. This task has been
delegated to the governments of the respective member
countries. However, as is the case in Spain, countries, such
as the United Kingdom, France, and Italy, have specific
regulations regarding the building upkeep and conservation
duty envisaged in the BTI reports. Thus, the United
Kingdom has the BS (British Standard) 7913:2013 Guide to
the Conservation of Historic Buildings, which establishes
the standards for the upkeep of historic buildings and sites.

Outside Europe, the Secretary of the Interior in coun-
tries, such as the United States, has established the stan-
dards for the conservation of historic buildings considered
to be part of the heritage included in the National Register
of Historic Places since 1966. It currently provides guide-
lines to preserve, refurbish, restore, and rebuild national
historic buildings (Sickels-Taves, 1999). Internationally,
some specific reference to the inspection of existing
buildings, such as the Existing Building Code (International
Code Council, 2018), is available; this reference includes
a series of recommendations regarding upkeep and refur-
bishment of existing buildings for new use.

Several authors, along with the professional associations
of architects, have published different manuals and publi-
cations with recommendations on the way to conduct
technical inspections for producing the aforementioned
technical assessment reports; thus, documents justifying
the state of conservation of the building can be submitted
to the local authority (Monjó-Carrió, 2005; Noy and
Douglas, 2005; Soler-Arias et al., 2005). However, most
reports are general in scope despite the relative number of
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produced procedures. Thus, they globally analyze the state
of conservation of a building to obtain integral information,
which is then used to adopt decisions regarding possible
repair or refurbishment interventions, or imminent safety
measures if applicable. However, the assessment is con-
ducted without specific indicators that objectively reflect
the state of the building. This way greatly exposes the
assessment to the criteria and methodologies used by the
technician conducting the inspection. This assessment may
generate different results depending on the technician
working on a single building and thus reveals a high level of
subjectivity. However, it enables comparison of the state of
conservation among different buildings.

1.2. Multi-criteria procedures for heritage
assessment

Unlike the aforementioned procedures, a series of meth-
odologies addresses the assessment of specific aspects of
buildings at levels that go beyond the state of conservation.
These methodologies are the so-called multi-criteria
decision-making (MCDM) procedures, which are based on
the analysis of a different set of indicators and can be used
to infer a final coefficient or resulting index. This process
globally characterizes the response of the building or
element analyzed when the indicators are considered
jointly. This methodology is useful because it can perform a
comparative analysis among the studied population. The
fundamental difference among the different systems is
based on the various processes for the indicators consid-
ered in the assessment to be weighted.

The Risk-UE methodology (Lagomarsino, 2006;
Milutinovic and Trendafiloski, 2003), which is a procedure
that assesses the seismic vulnerability of a building, has a
rationale that lies in the vulnerability index method
developed in Italy from 1976 onwards. This methodology is
based on the analysis of the main parameters that configure
a specific building typology. Evaluating this set of parame-
ters enables the establishment of a damage index, which is
a coefficient that represents the intrinsic capacity of a
building to resist seismic action in a straightforward
manner.

Other procedures are based on the Delphi method,
which is a qualitative model that allows a behavior to be
predicted on the basis of the opinion of a panel of experts
on the area to be assessed. These experts reassess their
opinions to achieve a common consensus by means of an
iterative process for preparing and reviewing question-
naires. Thus, the great or less importance of the assessed
parameters and the scale of their relations can be estab-
lished on the basis of the aforementioned principle. This
procedure realizes a detailed assessment when jointly
applied with the Leopold matrix method (Leopold et al.,
1971). Thus, it can be used to obtain a specific index for
defining buildings. This methodology has been used to
generate a vulnerability index, which is determined by
analyzing the decisive environmental factors, to conserve
monuments (Ortiz and Ortiz, 2016). Similar proposals for
the evaluation and decision making on the intervention in
heritage have been made in the case of the Slovenian
castles (Vodopivec et al., 2014) and architectural heritage
of the city of Venice (Giove et al., 2011) by obtaining pa-
rameters for the establishment of priorities in a clear and
objective way to ask for the sustainability of these reno-
vation actions. Unquestionably, these methods are relevant
tools for the verification of opportunities and strategies
proposed by public administrations in consideration of a
dynamic vision of heritage as a determining element in the
evolution of historic centers (Mrak, 2013).

Multi-criteria assessment systems, which are based on
the analysis of different parameters, emerge by expand-
ing the scope of the above-mentioned method. The pro-
cedure proposed by Piñero et al. (2017) and applied to the
historic center of Havana (Cuba) is comprehensive. The
Integrated Value Model for Sustainable Assessment
methodology, which was developed by the Environmental
and Civil Engineering Department at the Polytechnic
University of Catalonia, is applied by establishing a series
of appropriate indicators to set an order of priority in the
interventions envisaged for emergency measures, exclu-
sively from the technical perspective, to avoid the
collapse of structures.

A variant of the aforementioned methodology is to
establish a decision-making procedure based on the appli-
cation of diffuse logic by allocating random but inter-
referred and contextualized values to different variables.
This method is based on the family of ISO 31000 Interna-
tional Standards, which generates a risk management
framework for the different operations to reduce those
risks. After the heritage is analyzed, a methodology can be
established to assess various issues, such as the lifespan of
a historic property, on the basis of a series of parameters
that represent the risk factors that directly impact the
durability of buildings (Macı́as-Bernal et al., 2014; Prieto
et al., 2017).

The different methodologies on heritage already dis-
cussed allow key information to be obtained for the
decision-making processes with respect to the management
of the municipal heritage and when establishing interven-
tion priorities in the historic city. The adaptation of these
analysis methodologies to post-catastrophic management
enables measures to be adopted aimed at the distribution
and subsidizes procedures. In this regard, initiatives have
been developed to assess damage in buildings after flooding
(Serrano Lanzarote et al., 2009). This way obtains the
percentage of the cost of repairing the property with
respect to its replacement value, that is, with respect to
the cost of replacing or substituting the existing building by
a new one of the same characteristics.

2. Materials and method

Historic centers are currently one of the main focuses of
attraction of tourist flows; these areas exert a huge pres-
sure on architectural heritage. This consideration must be
adapted to the new and intensive uses required. This pro-
cess generates a necessary debate between the protection
and preservation of heritage and its unavoidable and
necessary adaptation to the new requirements. Undoubt-
edly, the protection of architectural heritage must promote
its integration into the current life of historic centers as the
main way to guarantee the conservation of structures.
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Thus, a series of questions that lead to the approach of this
research be considered:

What should be the priorities of the public administra-
tion related to the protection of architectural heritage and
the funding included in the local budget?

What should be the criteria to develop these protection
actions for ensuring a balance between the uses demanded
and the preservation of their values?

Is it possible to manage and plan these actions in the
medium and long term for guaranteeing the optimal func-
tioning of the historic centers?

The possible answers to these questions can be obtained
by determining the state of conservation of historic build-
ings in a specific and accurate way. An exhaustive assess-
ment based on a complete technical survey of buildings
facilitates a comparison among them. Accordingly, a global
view of the situation in a specific area can be obtained, and
the investment that the local administration should un-
dertake in each operation can be assessed.

This assessment depends not only on the type,
morphology, construction system, and materials of build-
ings but also on their state of conservation and requires a
comprehensive diagnosis. However, the architectural heri-
tage, by the very nature of its construction systems and
materials, along with its historic value, raises a challenge
that limits the application of the current building regula-
tions to its evaluation.

The diagnosis and assessment of the state of conserva-
tion are the result of the joint consideration of different
parameters and variables, which are linked to the different
construction elements in which a building can be organized.
Their harmonized testing can be conducted using a quan-
titative, qualitative assessment procedure or by establish-
ing an interrelation between two approaches (Lanzinha
et al., 2003).

From the quantitative point of view, the level of damage
can be assessed according to the affected percentage of
Table 1 Comparison between quantitative and qualitative app
the studied construction element. This way links the dam-
age volume to the area affected. According to this pro-
cedure, a building with a high damage percentage is more
damaged than the other with a proportionally lower per-
centage. However, this approach can lead to the extension
of the damage but with less severity. Thus, a 20% damage of
the cladding is insufficient to require an emergency
response.

Another option is to assess the damage level according
to its impact. Buildings can be characterized according to
the severity of the overall damage appraised. In this case,
the scope of the damage can be determined even though its
extension of the lesion is not known. The affected per-
centage of the total cannot be discerned regarding its
implication of the global state of the building, which can be
minimum. Thus, the question that should be asked is how to
systematize the global assessment of a building if the
damage is deemed to be serious in terms of safety and
habitability but affects a small part of the building.

Table 1 shows a comparison between qualitative and
quantitative methodologies in the capability to assess a
building. The analysis finds that the lesions of a building
according to their importance and the extension of the
damage or affected percentage should be considered to
diagnose the state of the building.

Therefore, a qualitative and quantitative assessment
must be conducted when assessing the state of a building
because this procedure allows the severity of the lesions to
be considered and appraised, along with their scope and
extension in terms of the property as a whole.

The proposed methodology allows the state of deterio-
ration or damage of the architecture with heritage value
and the own construction systems to be appraised for
estimating the value of its refurbishment and/or adaptation
to the current requirements of use. Therefore, exhaustive
knowledge of the study sample is needed and can be ob-
tained by pinpointing buildings, construction systems, and
roaches to assess building conditions.
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materials. This study is divided into the following stages for
its application:

� Stage One: Instrument or tool to obtain and compile data
for achieving comprehensive information on the study
sample (property with heritage value).

� Stage Two: Instrument or tool to assess the construc-
tion elements of the building for analyzing and diag-
nosing the state of conservation. Each construction
element is divided into components to ensure that the
assessment is conducted by building inspection units.
Thus, each construction element is specifically exam-
ined in terms of its safety and habitability conditions.
The design of the tool allows a quantitative and qual-
itative assessment of the components of the building to
be examined.

� Stage Three: Tool validation for the assessment of the
state of the building. Case studies: this procedure is
applied to several heritage buildings, construction sys-
tems, and conservation states to validate the tool.
Fig. 1 Top: Organizational tabs of the database according to th
percentages of damage extension and its severity rate can be assig
2.1. Stage 1: instrument or tool to obtain and
compile data

A database is developed using a commercial software
(Microsoft Access) to facilitate the inspection, data capture
of the property, and the assessment process. This tool can
describe the construction components of the building in
question and organize information collected during the in-
situ inspection into different tabs (top part of Fig. 1). This
tool can also be executed from mobile devices, such as
tablets. It can determine the percentage and severity of
the damage for each of the categories according to the
levels indicated, namely, from 0 (green) to 3 (red) (bottom
part of Fig. 1). Furthermore, the technician conducting the
assessment may provide information in each section to
justify the severity of the damage and its extension.

The database can automatically obtain the assessment
value of the inspection unit being appraised following the
procedure described in Stage 2 and in accordance with the
percentages given for each of the damage levels.
e assessment categories. Bottom: Type of survey form, where
ned, and a brief description.



Table 2 Relevance of building components on the habitability and safety conditions.

BUILDING ELEMENTS HABITABILITY SAFETY Category

Primary elements Sub-element Components

Structural elements Foundation YES YES 1
Structure Vertical YES YES 2

Horizontal YES YES 3
Non-structural elements Roof YES YES 4

Envelope Solid areas YES YES 5
Openings YES NO 6

Divisions NO NO 7
Wall coverings and facing NO NO 8

Systems Water Water supply YES NO 9
Sanitary fittings YES NO

Others Audioevisuals YES NO 10
Thermal conditioning YES NO
Solar energy YES NO
Electricity/lighting YES NO
Gas and liquid fuels YES NO
Security YES NO
Transport YES NO
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2.2. Stage 2: instrument or tool to assess the
construction elements of the building for the
evolution of the state of the heritage architecture

A multi-criteria analysis based on the assessment of the
elements and constituent parts of a building is designed to
establish a suitable methodology for describing the state in
which a property is in. Categories are thus established and
organized according to their main components or inspection
units. Each one of them must be specifically examined and
assessed, and the levels of importance are established in
accordance with the impact of a lesion on a specific
element with respect to the safety and habitability condi-
tions of the building (Table 2).

Starting from this first set of general criteria, a series of
deterioration levels assessing the severity of the existing
damage is established for each of the categories in ques-
tion. Thus, four levels of deterioration, which range from
Level 0 (minimum damage that does not require specific
measures to be adopted) to Level 3 (significant damage that
requires the adoption of immediate measures for deter-
mining a qualitative assessment) (qualitative approach in
Table 1). The existence of the four assessment levels allows
the technician conducting the inspection to determine the
severity of the lesions in each of the components.

An affected percentage is established for the four levels
to include the quantitative assessment. This way de-
termines not only the severity of the damage on the con-
struction component but also its scope. The percentage
must be estimated in relation to the constructed surface of
the building. Given that this percentage is an objective
value, information is obtained to compare among the
different components in consideration of the severity of the
lesions and their extension.

Thus, a detailed analysis must be conducted to achieve a
global appraisal of the property. In other words, the
extension of the damage and its severity for each of the 10
categories into which the building is divided must be
considered. Each category has its own singularity in terms
of its assessment according to the joint consideration of the
severity value pair of the damage and its extension; thus,
own assessment intervals are established for each of them
(Table 3). Accordingly, the analysis capacity can increase
when the two variables are considered. Moreover, the ac-
curacy can improve by establishing a scale in assessing the
construction components. A coefficient (category coeffi-
cient, Ki), which ranges from 0 to 1, is associated to each of
the levels of that scale. As discussed previously, the
severity of the specific lesions should be analyzed by
assigning a percentage to each damage level to assess each
category in accordance with Table 3.

The assessment intervals of each category are estab-
lished on the basis of the average indicated by the group of
experts consulted, the group of researchers of the project,
and the bibliographic documentation in accordance with
the percentage and severity of the damage (DCLG, 2006; de
Oliveira Pedro et al., 2008; Gaspar and de Brito, 2005; Ifran
Che-Ani et al., 2011; Rodrigues et al., 2018).

After the index or representative value of each of the
categories (Ki) is obtained, a relationship can be estab-
lished among the components of the building or inspection
units and their respective assessments. The tabulation of
those results provides a complete picture of the general
state of a specific building. Fig. 2 shows the composition
and design of the tool applied in this study.

The specific values that define the state of a building
should be obtained to establish the general state of the
building objectively. The different construction compo-
nents of buildings can be considered in comparing these
structures. However, using a single index that can provide
and transmit information on the general state of each of
the individuals of the sample being compared is preferable.
Adopting this global index will allow decision making for
various aspects, such as establishing an intervention order



Table 3 Connection between the severity of damages and its range (in percentage) with respect to the build-up area. Linking
both parameters allows to obtain the Ki value for each component. The “-” rate implies that the value is irrelevant compared
with the rest of the percentage for the same level of damages.
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when weighting from among a broad set of constructs. This
way is particularly interesting when a general comparison is
to be made among different heritage buildings of a historic
city.

A global risk index, which is a dimensionless coefficient
that indicates the level or severity of the damage to the
heritage asset, can be obtained starting from the assess-
ment carried out for each of the categories into which the
building is organized. The concept that seeks to transmit
the value indicates that a great score requires a great risk
index. In other words, a great number of points increase
the priority to perform the conservation/refurbishment
work due to the existing damage being highly expanded or
great.

The weight or impact of the different categories needs
to be established to ensure that each of them presents with
respect to the general assessment of the state of a building
for obtaining the aforementioned coefficient. The impact
value (Wi) is shown in Fig. 3, in which each category is
allocated its impact percentage or weight coefficient (Wi).
As shown in the figure, the structural elements have the
greatest significance in the assessment because they are
directly linked to the safety of the users. The elements
linked to the habitability conditions have a low weight and



Fig. 2 Tool to assess the state of buildings with heritage values.

Fig. 3 Weight (Wi) of the different parameters to assess the severity of damages of a building in the order of relevance. The slope
of the trend line (left) allows comparison among the different sets of categories.
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do not show an important influence with respect to the
priority with which the repair or refurbishment work must
be conducted. On the contrary, these interventions can be
decisive in the case of structural problems.

After the assessment index of each of the categories (Ki)
and the weight of each of them with respect to the inter-
vention priority (Wi) are defined, the risk index of the
building can be established as

IRZ
X

Ki$Wi:

The value conceptually represents the severity of the
damage of a building with respect to its safety and habit-
ability conditions. As discussed previously, this coefficient
marks the priority of a property with respect to the con-
servation work that must be performed. A great value of
this index implies that the refurbishment or repair work is
urgently needed. For comparison, the value of this index is
weighted between 0 and 10 and organized into four main
intervals: (0e2.5), (2.5e5.0), (5.0e7.5), and (7.5e10.0).
Each interval is associated to a rating of the state of con-
servation that is linked to the priority of a conservation
intervention. Thus, the intervals classify the state of the
property as “good,” “acceptable,” “poor,” and “bad.” Each
is linked to the urgency with respect to the greater or lesser
need to conduct repair or refurbishment work in the short
or long term (Fig. 4).

The aforementioned coefficient not only characterizes
the state of conservation of a building and the priority for
its intervention but also allows comparison among different
assessed properties. A map can be prepared using the
values of the risk index in the study of a historic center.
This way provides specific information about the general
state of conservation of the building and can thus prioritize
the needed conservation work. This aspect is particularly
interesting from the point of view of the public because
decisions can be made and preference can be established
when allocating refurbishment investments.

In designing the described methodology, specific build-
ings or heritage elements may have no surveyed units or
categories. They must be rated as “A” to perform their
assessment. Given that this assessment allocates a null
value to the category coefficient (Ki Z 0), it will be ignored
in the diagnosis. Using this approach, the procedure can be
used not only to analyze the most conventional buildings



Fig. 4 Relation among building assessment level, intervention priority level, and risk index value.
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but also to assess archaeological remains or other less usual
types.

2.3. Stage 3: tool validation for the assessment of
the state of the building: case study

In this stage, the assessment tool of the state of the heri-
tage architecture is applied to different heritage buildings
for validation. This assessment is conducted in the frame-
work of “Malaka.Net: bases for the sustainable refurbish-
ment of the Historic Heritage of Malaga” research project,
which is applied to a set chosen from buildings with
different heritage protection states.

3. Case study: from the building to the historic
center

3.1. Analysis of the malaga town hall

The methodology described in the above-mentioned sec-
tions is applied to a heritage building of the city of Malaga,
that is, the Malaga town hall. The building is declared as an
asset of cultural interest in the monument category and a
block of the historic center of Malaga.

The construction of the building, which was designed by
architects Fernando Guerrero Strachan and Manuel Rivera
Vera, was completed in 1919. The building has no square
ground plan because it is organized around a central
courtyard. The building was initially three-story high with
an attic and underwent different adaptations during the
20th century given the need to adapt to the evolution of
administrative procedures and processes. Thus, the most
important interventions consisted of building a mezzanine
floor between the ground and first floors (1965) and the
roofing over of the main courtyard with the construction of
a skylight in 2006. The building continues to be the head-
quarters of Malaga City Council and is home to the offices of
the city’s main elected public officials. Therefore, the
building is currently in use and has an ongoing maintenance
program.

On October 8, 2018, the building was visited to assess its
general state of conservation. A technical inspection was
conducted to assess the state of its different construction
components. This study was organized in accordance with
the 10 categories listed above in which the construction
components of the building are organized.

C1: Foundations. The foundations of the building are
made up of hydraulic masonry footings. In general, no le-
sions revealed evidence of the existence of serious pa-
thologies. Only slight damage was observed to the
northwest angle of the main courtyard in the form of
cracking present at the facing of the corner and the flooring
(Fig. 5).

Conclusions: Lesions were detected in some areas of the
inner façade and partitions that could point to settling, but
they were slight and considerably localized.

C2: Vertical structure. The vertical structure, which
consists of load-bearing walls, did not show any damage
of importance. Only a slight crack could be observed in
the zone of the possible setting to the odd support of
the arcade to the main courtyard of the building.
However, this crack was negligible from a structural
point of view.

C3: Horizontal structure. The preliminary inspection of
the horizontal structure (floor slabs) revealed some lesions
on the facings in the southeast area. Cracks at 45� could be
found on the facings and floor slabs due to structural
movements (Fig. 6). These cracks were visible in the sec-
ondary staircase up to the roof. They were slight given their
extension and size.

Conclusions: Slight lesions were found on the facings and
could lead to the vertical deformation of the structure.
However, they had no significant impact from the safety or
habitability perspective.

C4: Roofs. The building showed evidence of damp due to
filtration in certain areas of the upper modules because of
problems in the waterproofing (Fig. 7).



Fig. 5 (Left) Ground floor of the first proposal showing the affected area. (Right) Damages on walls and pavement.

Fig. 6 Location of damages on several walls and roof on the upper module of the southeast area.
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Conclusions: The building showed lesions due to leaking
in some areas of the roof.

C5: Envelope: opaque part. The inspection showed no
evident damage or lesions outside, except for some parts of
the odd decorative element due to their exposure to the
marine environment. Capillary damp was observed at the
base of some of the ground floor walls (Fig. 8).

Conclusions: Slight lesions due to capillary damp were
observed, but they had no impact from the safety or
habitability perspective.

C6: Envelope: openings. Most frames are steel or wood,
but some had been replaced by PVC or aluminum ones.
Fig. 7 Presence of moisture by filt
Significant drafts were detected given the difficulty to
airtight the spaces. Thus, energy consumption in the
building was increased to achieve comfort conditions.

Conclusions: Some frames around the openings were not
up to the standard from the perspective of habitability.

C7: Partitions. The inspection revealed negligible dam-
age or pathologies. The existing ones were linked to the
lesions due to structural deformations (foundations or
vertical structure).

C8: Finishes. The general aspect of the exterior and
interior finishes is good. Nevertheless, the roof deck edges
of the upper floor (Fig. 9) were damaged because of their
ration in some areas of the roof.



Fig. 8 Capillary moisture on the ground floor walls.
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exposure to the environmental stressors given that they
were 200 m from the Mediterranean Sea.

C9: Water facilities. The accumulation of water in a
specific area of the roof of the building (Fig. 10) revealed
the poor functioning of one of the drains of the water
evacuation system. Some of the filtering problems might be
due to this poor functioning. However, no incidents were
detected due to the water supply facilities.

Conclusions: The building had specific problems in the
sanitation system due to the poor functioning of some
drains. However, they did not affect an important surface
area of the roof.

Other facilities. No incidents were related to the poor
functioning of the facilities. The building meets current
legislation with respect to the key issues from the
perspective of habitability and safety, such as comfort and
environmental quality and fire safety.

Assessment of the state of the building and risk index.
After the inspection of the relevant data on the state of the
different inspection units or categories, we conducted
assessment (Table 4) to obtain the risk index (Table 5).

IRZ
X

Ki$WiZ19:61 / IR ðs=10Þ Z4:70

The risk index reveals that the building has some
damages, but these damages do not require immediate
safety measures (top part of Fig. 11). However, damage
from roof leaks and the removal of water through drains
and drainpipes mean that specific measures should be
adopted in the medium term to avoid greater problems on
the roof deck (horizontal structure). The building
assessment diagram (bottom part of Fig. 11) shows that
the facilities and the air permeability of some of the
window frames are the components of greatest impor-
tance in the assessment (due to the problem of removing
Fig. 9 Damages in slab
water from the roof and of lighting in the work areas),
followed by the lesions to the roofs and horizontal
structure of the building particularly in the upper floor
modules.

The inspection indicates that the building currently
meets the habitability and safety conditions defined by the
current legislation regarding buildings and facilities to be
used a cultural and administrative activities. However,
medium-term repair works should be performed to avoid
lesions due to the described pathologies.

The conclusions obtained from the analysis of each
constructive component reveal that the results of this study
are from a preliminary assessment. Consequently, the in-
spection uses organoleptic procedures to establish the
state of conservation of the building but does not conduct
additional trials or testing. Therefore, the inspection is not
exhaustive. Furthermore, the inspection is conducted in
the public access areas of the building. Therefore, a new
in-depth inspection is needed to obtain information refer-
ring to all the units of use of the building in all its areas and
levels for adopting specific measures for intervention. The
resulting data can be used to validate or qualify the
aforementioned conclusions. Specific measures can there-
fore be put forward for consideration in relevant technical
projects.

3.2. Potentiality of the method: application to
Malaga’s historic center

The methodology is applied to a series of buildings in
different states of conservation in a single block in Malaga’s
historic center to verify its validity in assessing the state of
buildings in a historic city. The results of the inspections
conducted are shown in Table 6. The assessment of each of
edges on the roof.



Fig. 10 Accumulation of water on the roof due to malfunction of sinks.

Table 4 Assessment for different building components.
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the inspection categories is shown in the table for each
building. The risk index obtained for each building is also
presented.

The results obtained are represented graphically on an
aerial image of the block (Fig. 12) with the value of the risk
index and the respective colors associated to the inter-
vention priority level indicated in Fig. 4. The results indi-
cate that 30% of the building is in a good state of
conservation. Therefore, only standard maintenance tasks
should be performed. Furthermore, 30% shows unimportant
lesions that require specific long-term repair. A total of 20%
of the building shows damages of certain consideration.
Table 5 Obtaining the risk index of the Malaga town hall based
This condition indicates that specific medium-term repair
works should be undertaken.

The remaining 20% has important lesions that should be
repaired in the short term; otherwise, the property will fall
into ruin.

The proposed methodology for the analysis of historic
centers can be linked to geographic information systems.
This way can superimpose an important layer of informa-
tion over the other data that represent the built urban
reality. Accordingly, the different stakeholders and ad-
ministrations tasked with the management of the important
municipal heritage comprising buildings of historic value
on the assessment conducted.



Fig. 11 Assessment results: risk index.

Heritage risk index 415
can make appropriate decisions to foster their
conservation.

4. Discussion

After the phases of the proposed methodology are
described and the results of the case study are obtained,
the capability of the resulting risk index to exhaustively
diagnose the state of conservation of a historic building can
be verified. This coefficient integrates the type of damage
along with its extension and impact on the overall compo-
nents of the building in terms of its severity with respect to
the lifespan. This index can be used to condense the real
state of conservation of architectural heritage and its
vulnerability despite the complexity due to several inter-
fering factors. The level of risk of the complete sector can
be catalogued and organized by linking this index to the
analysis of each component of buildings in a specific area
(e.g., historic centers). Accordingly, the priorities of action
can be organized hierarchically by the administration to
obtain approval on public funds for heritage conservation.
Similarly, a short- and medium-term design of strategies for
adaptation processes of architectural heritage to new uses
is possible.

Compared with other MCDM analysis procedures, the
proposed methodology emphasizes the detailed analysis of
the state of conservation on the basis of the objective and
unbiased data collected during the technical survey of
buildings. Ortiz and Ortiz (2016) analyzed the vulnerability
of monuments considering different aspects, including
climate conditions, air quality, urban planning, and all the
social stakeholders involved in conserving the heritage to
develop preventive maintenance strategies. The vulnera-
bility risk index that can be complemented by the incor-
poration of the state of conservation assessment proposed
in this current methodology can be obtained by considering
the possible damage the above-mentioned factors can infer
in buildings. Macı́as-Bernal et al. (2014), Prieto et al.
(2017), and Vodopivec et al. (2014) stablished a proced-
ure to assess the lifespan of heritage buildings on the basis
of a series of parameters that represent the risk factors
that directly impact the durability of the building.

Piñero et al. (2017) established priorities for the
intervention on the basis of maximum efficiency and ob-
tained minimum generation of waste, materials, and
human resources. A combined set of factors, such as
technical and socio-cultural aspects, including some
global indicators related to the structure, building ser-
vices, and envelope or auxiliary safety components, has
also been considered. A methodology to evaluate the
different construction components of buildings requires
parameters to assess the state of conservation of these
structures. Serrano Lanzarote et al. (2009) analyzed
damages in buildings due to flooding by proposing a linear
procedure with a series of coefficients to estimate the
repair costs of the studied building. Accordingly, a rating
coefficient of the lesion, which indicates its severity in
terms of safety and service suitability, is initially deter-
mined for each of the possible elements that may be
damaged. Thereafter, a damage coefficient, which is



Table 6 Assessment of 10 buildings in the analyzed block.
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associated to the lesion extension coefficient (affected
percentage), is inferred for each element/facility. Sub-
sequently, the damage coefficient together with the
maximum participation percentage of each constructive
component in the state of conservation of the building,
which are allocated according to the building type,
generate the initial replacement index. They are directly
related to the repair costs. Unlike the previous
methodologies, the proposed procedure has high accuracy
in determining damages in buildings and can be applied in
large areas, such as historic centers of cities. The pro-
posed methodology optimizes the number of parameters
evaluated and the complexity of the evaluation. Thus,
this methodology establishes a sufficiently detailed eval-
uation of buildings. This way minimizes the parameters
for evaluation and improves the viability of its application



Fig. 12 (Left) Floor of the analyzed block. (Right) Result of the assessment made with the application of the tool. Green color:
buildings in good condition. Preventive maintenance; yellow color: minor damages that require long-term refurbishment works;
orange: relevant damages that require medium-term refurbishment works; red: serious damages that require short-term refur-
bishment works.
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and the management of the data generated by the public
administration.

5. Conclusions

The historic centers of cities are the heart of urban
development and transformation. The conservation of
these historic centers is a complex and pressing issue at
present due to urban growth and the resulting trans-
formation of cities worldwide. Therefore, this issue must be
addressed globally. Various elements (e.g., buildings and
places) reflect the very identity of a place converge in
those areas of the city. The historic urban landscapes are
the tapestry where the intangible and tangible values of
the cultural heritage are intertwined, which underpin a
society’s values linked to its historic memory. The integral
urban heritage concept falls within this ecosystem as one of
the fundamental aspects for social cohesion, where the
buildings with heritage values play a fundamental role in
the configuration.

Creating a structure that considers management of that
heritage from the different administrations is essential to
ensure their preservation. Therefore, the action priorities
in the historic city must be established and clarified by
structuring the guidelines for their intervention. Appro-
priate management of the urban heritage will imply socio-
economic development. This improvement will be a
fundamental support to obtain the essential financial input
for generating the necessary resources for the mainte-
nance, conservation, refurbishment, or restoration of
structures.

The design of a platform to manage the municipal her-
itage as a planning instrument must envisage the conser-
vation state of heritage buildings. This aspect is important
to establish the corresponding action policies and prior-
ities. Malaga has an important historic heritage and private
and public stakeholders with different financing and pro-
tection policies. Those authorities manage the historic
heritage, but the fragmentation of the management due to
economic uncertainty hinders investments for safeguarding
the heritage. The assessment of buildings from the
perspective of their safety and habitability is particularly
relevant due to the need to optimize the conservation cost,
prioritize the refurbishment or maintenance tasks to be
performed, and propose the appropriate measures to adapt
the property to a use in keeping with the urban dynamic in
which it is immersed.

A detailed inspection must be conducted to define the
conservation of a heritage building. The constructive
components of the building must be analyzed and assessed
by applying a methodology that considers the multiplicity
of relevant criteria in its state of conservation. However,
the methodology aims to establish an order of priority for
the conservation interventions in the built heritage of a
certain municipality. Therefore, this study uses an assess-
ment that reveals the real and precise data on two funda-
mental aspects, namely, safety and habitability, with
specific impact on the urgency of an intervention in a
building. The proposed methodology considers the quanti-
tative and qualitative criteria and provide a true and
comprehensive view. Specifically, different indicators with
weight or importance are compared in terms of their rela-
tion to the safety and habitability criteria. The current
state of the building can be depicted using the assessment
of the different indicators. Accordingly, the global state of
conservation of the building can be represented through
the risk index. The considered case study highlights the
capacity of the methodology to generate a map in a
straightforward, streamlined, and objective manner. The
map shows the state of conservation of the historic city.

The proposed methodology is versatile because it can be
easily applied in assessing different types of heritage ele-
ments (e.g., archaeological ruins, castles, and watch-
towers) and tangible heritage elements (e.g., fountains).
This method can also be used in cost assessments methods
by adopting the partial score obtained for the indicators of
each inspected unit and the global value provided by the
risk index. Consequently, the general state of the building
to be considered can be determined to estimate the
intervention costs. Thus, different levels can be established
to analyze the management of properties with heritage
value from the perspective of programming maintenance
costs, refurbishment and conservation works, and their
adaptation to new uses.
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