>
'\ Politecnico
)di Barl

Repository Istituzionale dei Prodotti della Ricerca del Politecnico di Bari

Development of a Decision Support System for the structural degradation analysis of RC buildings
supported by user-reported data and modern Information Technologies

This is a PhD Thesis

Original Citation:

Development of a Decision Support System for the structural degradation analysis of RC buildings supported by user-
reported data and modern Information Technologies / Sangiorgio, Valentino. - ELETTRONICO. - (2019).
[10.60576/polibaliris/sangiorgio-valentino_phd2019]

Availability:
This version is available at http://hdl.handle.net/11589/161068 since: 2019-01-18

Published version
DOI:10.60576/polibaliris/sangiorgio-valentino_phd2019

Publisher: Politecnico di Bari

Terms of use:

(Article begins on next page)

13 August 2026



D.R.R.S

POLITECNIC DI BARI

Abstract

Exposure to aggressive environmental agents and aging
can seriously harm reinforced concrete (RC) structures and
affect the building’s service life. In particular, many buildings built
during the extensive dissemination of RC construction
technique present criticalities regarding performance and
durability due to many issues: inadequate design of technical
details, incorrect execution method, inadequate materials,
improper maintenance or intrinsic limits and vulnerability of
concrete.

Consequently, management and monitoring of existing buildings is
a complex issue for holders and administrators that are
responsible for the building operability and user safety. On the other
hand, large-scale degradation analysis and maintenance
procedures present critical points: i) non-uniform building
knowledge, ii) need of performing several inspections, iii)
complexity of the diagnostics related to the subjectivity of
the surveyor, iv) vastness and deployment of buildings in
the region. Such issues become particularly complex for public
or private administrators, who usually have limited resources and
often cannot rely methodologies and tools to face the problem.
This thesis proposes an innovative approach for detecting building
criticalities. In order to achieve the new system, four
synergistically related methods are suitably developed and listed
as follows: i) a novel DSS methodology for buildings’
assessment supported by modern Internet of Things tools
(smart devices) and Information Technologies; i) an innovative
Optimized AHP (0-AHP) based on a Mathematical Programming
problem; iii) a calibration procedure based on the Tuutti model
to consider the damage evolution of reinforcements’ corrosion
and tune the KPIs; iv) a Test Site involving 131 building on the
Valencian coasts to test the DSS.
In particular, the proposed DSS includes an innovative
software application (APP) implemented on mobile devices
and a web service-based Quality Detection Platform (QDP)
that stores and processes data. The APP allows the building
users to report criticalities through photographic acquisition
and to answer a specific questionnaire. Collected data are
processed by the QDP, which quantifies critical issues through
the set of key performance indices (KPIs). The DSS allows
monitoring buildings at the regional scale and provides a
classification of the most damaged buildings, which is useful for
civil protection aims and for the prioritization of interventions.
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Development of a Decision Support System for the structural degradation
analysis of RC buildings supported by user-reported aata and modermn In-
formation Technologies

Progettazione di un Sisterna di Supporto alle Decisioni per ['analisi del de-
grado strutturale supportato da approcci di user-reporting e da moderne
tecnologie dellinformazione

EXTENDED ABSTRACT (eng)

Exposure to aggressive environmental agents and aging can seriously harm
reinforced concrete (RC) structures and affect the building’s service life. In particular,
many buildings built during the extensive dissemination of RC construction technique
present criticalities regarding performance and durability due to many issues: inade-
quate design of technical details, incorrect execution method, inadequate materials,
improper maintenance, intrinsic limits and vulnerability of concrete.

Consequently, management and monitoring of existing buildings is a complex issue for
holders and administrators that are responsible for the building operability and user
safety. Such operations can be simplified by using Decision Support Systems (DSSs)
to evaluate the criticalities that can compromise human safety or building usability. In
this field, analysis of degradation level has been extensively and fruitfully applied to
schedule maintenance and monitoring. During such analysis, several decision making
and prioritization are necessary and these are typically faced by the use of Multi Criteria
Decision Making methods (MCDM) such as the Analytic Hierarchy Process (AHP), in-
creasingly used in the construction field (Hsieh 2004).

On the other hand, large-scale degradation analysis and maintenance procedures pre-
sent critical points: i) non-uniform building knowledge, ii) need of performing several
inspections, iii) complexity of the diagnostics related to the subjectivity of the surveyor
iv) vastness and deployment of buildings in the region. Such issues become particularly



complex for public or private administrators, who usually have limited resources and
often cannot rely methodologies and tools to face the problem.

This thesis proposes an innovative approach for detecting building criticalities. In order
to achieve the new system, four synergistically related methods are suitably developed
and listed as follows: i) a novel DSS methodology for buildings’ assessment supported
by modern Internet of Things tools (smart devices) and Information Technologies. This
instrument allows to perform a user-reporting based data acquisition and bring together
the technicians personal experience and the huge amount of available data analyzed by
the DSS; ii) an innovative Optimized AHP (0-AHP) based on a Mathematical Program-
ming problem. Such a 0-AHP is used to derive three suitable Key Performance Indica-
tors (KPIs) devoted to the building degradation assessment; iii) a calibration procedure
based on the Tuutti model to consider the damage evolution of reinforcements’ corro-
sion and to tune the KPIs; iv) a Test Site involving 131 building on the Valencian coasts
to test the DSS.

In particular, the proposed DSS includes an innovative software application (APP) im-
plemented on mobile devices and a web service-based Quality Detection Platform
(QDP) that stores and processes data. The APP allows the building users to report
criticalities through photographic acquisition and to answer a specific questionnaire.
Collected data are processed by the QDP, which quantifies critical issues through the
set of key performance indices (KPIs). The DSS allows monitoring buildings at the re-
gional scale and provides a classification of the most damaged buildings, which is
useful for civil protection aims and for the prioritization of interventions.

A key point of the proposed method is the effective evaluation of the KPIs, which de-
pend on a very large number of possible damages affecting the building. In this field,
the use of AHP can be particular efficient but it presents great difficulties when the
number of criteria or alternatives is large. To overcome such a drawback, a novel opti-
mized-AHP (0-AHP) method is developed by redefining the weight evaluation by using
a mathematical programming formulation. The validation benchmark tests have shown
that the O-AHP exhibits the same effectiveness of standard AHP and can be success-
fully applied for complex problems.



In addition, the KPIs obtained thought 0-AHP, have been calibrated exploiting the well-
known Tuutti model to consider the damage evolution of reinforcements’ corrosion. An
optimal calibration point has been identified by using a comparison with a similar ap-
proach developed in the University of Brasilia and with the results of a set of case
studies performed in Italy, Portugal and Brazil.

Finally, a Test site in the Valencian coast has been developed to test the obtained DSS
procedure on a large scale by surveying one hundred and thirty-one buildings exposed
to an aggressive marine atmosphere.

key words

Existing Reinforced Concrete Building; Building performance; Damage assessment;
Analytic Hierarchy Process (AHP); Structural condition assessment; Maintenance of
Facilities; Environmental interaction; Optimization;



EXTENDED ABSTRACT (it)

L’esposizione ad un ambiente aggressivo e I'invecchiamento possono essere
causa di gravi danni per le strutture in calcestruzzo armato e compromettere la vita utile
degli edifici. Molte strutture costruite durante la diffusione estensiva del calcestruzzo
armato presentano diverse criticita riguardanti le caratteristiche prestazionali e |a dura-
bilita a causa di diverse problematiche: inadeguata progettazione della struttura e dei
dettagli costruttivi, incorretta fase di esecuzione, materiali inadeguati, manutenzione
inadeguata e vulnerabilita intrinseca del calcestruzzo.

Di conseguenza, il monitoraggio e la gestione degli edifici esistenti & un pro-
blema complesso per gli amministratori responsabili della funzionalita delle costruzioni
e della sicurezza degli utenti. Queste operazioni possono essere semplificate da Sistemi
di Supporto alle Decisioni (DSSs) per la valutazione dei danni che compromettono le
prestazioni e la sicurezza dell’edificio. In questo campo I'analisi del degrado strutturale
@ ampiamente utilizzata per la programmazione della manutenzione e per il monitorag-
gio. Durante queste analisi, sempre piu frequentemente nel campo delle costruzioni
sorgono diversi problemi decisionali che possono essere affrontati con Multi Criteria
Decision Making methods (MCDM) di cui tra i piU utilizzati si distingue I'’Analytic Hie-
rarchy Process (AHP).

D’altra parte, I'applicazione su vasta scala dell’analisi del degrado strutturale per la pro-
grammazione della manutenzione presenta una serie criticita: i) non uniformita della
conoscenza degli edifici; ii) necessita di effettuare numerose ispezioni; iii) complessita
nella diagnostica che ¢ affetta dalla soggettivita del rilevatore; iv) vastita e distribuzione
degli edifici sul territorio.

Queste criticita possono diventare molto complesse per enti pubblici o privati che
spesso non si affidano a metodologie ben definite e strumenti necessari ad affrontare
il problema.



Questa tesi propone un Sistema di Supporto alle Decisioni per I'analisi e la diagnostica
degli edifici progettato attraverso quatiro tecniche innovative appositamente sviluppate
che lavorano sinergicamente: i) un nuovo DSS per I'analisi degli edifici supportato da
moderne tecnologie dell'informazione e della comunicazione (ICT). Questo strumento
consente di unire la vasta gamma di dati analizzabili nel DSS con I'esperienza di tecnici
esperti; i) un innovativo Optimized-AHP (0-AHP) basato sulla risoluzione di un pro-
blema di programmazione matematica. Questo O-AHP & utilizzato per ottenere tre Key
Performance Indicators (KPIs) che sono lo strumento principale per analizzare il de-
grado degli edifici; iii) una procedura di calibrazione basata sul modello di Tuutti per
considerare nel KPIs I'evoluzione del danno da ossidazione nelle armature; iv) un 7est
Sife sviluppato su 131 edifici per testare la procedura.

In particolare, il DSS & composto da una applicazione software (APP) implementata su
dispositivi mobili ed una web service—based Quality Detection Platform (QDP) che im-
magazzina e processa i dati. La APP permette agli utenti degli edifici di segnalare even-
tuali criticita tramite ispezioni fotografiche e rispondendo ad un breve questionario gui-
dato. | dati raccolti sono processati nella QDP che analizza e quantifica il danno tramite
un set di KPIs. Il DSS ottenuto é uno strumento che permette il monitoraggio degli edifici
su vasta scala fornendo una classificazione degli edifici pit danneggiati, utile per gli
scopi della protezione civile e per la priorita degli interventi.

Un punto chiave della metodologia proposta riguarda la definizione e calcolo dei KPIs
che devono essere in grado di valutare una vasta gamma di possibili tipologie di danni.
L’uso del’AHP ¢ particolarmente efficace in questo campo ma presenta delle criticita
quando il numero dei parametri da analizzare diventa elevato. Al fine di superare questo
limite del metodo classico, in questa tesi si & sviluppato un nuovo AHP Ottimizzato (0-
AHP) che ridefinisce la fase del calcolo dei pesi impostando un problema di program-
mazione matematica. Un test di validazione mostra come il nuovo metodo O-AHP ha la
stessa efficacia del metodo classico ma puo essere applicato a problemi complessi e
con un vasto numero di parametri da analizzare. Inoltre, una volta ottenuti i KPIs con
I’0-AHP ¢ stata effettuata una calibrazione per considerare la legge che regola I'evolu-
zione del danno nella corrosione delle armature del calcestruzzo armato. Un punto di



calibrazione ottimale ¢ identificato attraverso un confronto con una metodologia svilup-
pata nell’'University of Brasilia e tramite I'analisi di diversi casi studio situati in ltalia,
Portogallo e Brasile.

In fine, un test site & sviluppato sulla costa di Valencia (Spain) per testare il DSS su
vasta scala, attraverso I'analisi del degrado di centro trentuno edifici esposti all’am-
biente marino aggressivo.

key words

Edifici esistenti in calcestruzzo armato; Prestazioni degli edifici; Analisi del danno;
Analytic Hierarchy Process (AHP); Valutazione delle condizioni strutturali; Manuten-
zione delle strutture; Interazione ambiente aggressivo; Ottimizzazione;
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1 INTRODUCTION

The introduction focuses on different aspects related to the structural degradation anal-
ysis. First the causes of structural degradation are synthetically described. Secondly
the state of the art regarding the degradation analysis, maintenance, monitoring, appli-
cation of DSS and Analytic Hierarchy Process in the building field is discussed. Third,
the research objectives are presented.

1.1 The problem of structural degradation of existing buildings

The building system is exposed, during its life, to a physiological decline process of the
performance levels. Reinforced Concrete Buildings characterize the constructive Euro-
pean heritage of the past 50 years and are spread throughout the Countries even in
small towns. According to the geographical location and to the construction period, it
can be assumed that the design is made in compliance with building standards in force
at the time (Moradi-Marani et al. 2009). European RC codes have been radically
changed during time. The increase of knowledge on the materials and other critical
construction issues helped to improve codes and guidelines. Therefore, several speci-
fications have been introduced in order to achieve good performance of RC. The most
important requirements included over the years are the following: anti-seismic struc-
tural design; specific technical details; minimum concrete strength; quality and dosage
of the concrete; quality control execution process; size of the aggregates; type of ce-
ment and the degree of compaction.

Typically, the design and construction criteria of the past do not consider a number of
key principles to ensure the building durability: as a result, there are many inadequacies
and weaknesses in the existing buildings particularly in the conceptual designs and in
the inadequate construction details (CEN 2005, Khaghanpour et al. 2016).

In particular, the critical issues about the constructive process of the past years can be
classified in three fundamental causes (Sangiorgio et al. 2016b): i) insufficient concep-
tual design, due to inadequate design and technical detail to ensure anti seismic
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behavior and durability; i) human negligence, and the consequent defective realization
determined by insufficient control of materials and inappropriate components place-
ment; iii) vulnerability of concrete, due to the limits of the material.

Table 1. Critical construction issues of reinforced concrete buildings

. . . Improper Vulnerability o,
Insufficient conceptual design Human negligence 'p b wof
maintenance concrete
Anti-seismic Inadequate Incorrect execu- Lack o Physiological
. Technical details q‘ . . U u &
structural design materials tion method maintenance event
Structural Confinement of the Improper mix Scheduled . .
. . Cement . Micro cracking
complexity stirrups water-concrete maintenance
Asymmetrical and o . . Aggressive
y. . Longitudinal Insufficient Predictive gg
irregularity Aggregates . . . environmental
. rebars vibration Maintenance
configuration agent
Unidirectional Chemical and | Modification in .
. Inadequate . . Corrective
resistance and . Mineral the construction .
. foundation . . maintenance
stiffness admixtures site
Absence of Insufficient
capacity design connections
Weak of soft Inadequate thickness
storey of concrete cover
Absence of
seismic joint
Short columns

The problems related to /nsufficient conceptual aesign can be related to two main as-
pects: anti seismic structural design and technical details. With regard to the AHuman
negligence and vulnerability of concrete, two types of human negligence may occur,
the first type, inadequate materials, is related to the choice and control of materials, the
second type is related to incorrect execution method (Table 1). Another cause of criti-
cality in existing buildings is caused by /mproper maintenance, in several cases not
only a scheduling of maintenance is missing but also an appropriate intervention when
damages occurs.

It should be noted that for RC residential building exposed to aggressive environments,
a service life of 40-50 years (ordinary durability) may not be achieved when one of
more of the following recommended actions is not performed. A final criticality refers
to the Vuinerability of concrefe, that is present even if the RC structures are well de-
signed and workmanlike built.
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Consequently, the obsolete reinforced concrete building heritage is a problem for many
European regions due to the considered construction issues. A large number of build-
ings require intervention and specific maintenance strategy to improve the performance
and safety level. These interventions are often carried out at local level and when failures
occur without carrying out extensive monitoring and analysis of the buildings in worst
condition on the territory.

1.2 State of the art

1.2.1 Degraaation analysis

In the last few years the technical and scientific community has studied new methods
to improve management and maintenance by simplifying the visual inspection activities
(Rodrigues et al. 2011) through standard check lists and mobile devices applications
(Sadi et al. 2014). Such systems are designed to identify materials, malfunctions, state
of conservation and other component interactions (Straub 2009, Jones and Sharp
2007). The building performance analysis, with the specific focus to the issue of deg-
radation analysis and condition assessment, is very helpful to plan maintenance and
management on existing buildings. In the field of Civil Engineering, there are several
applications of these analyses by using synthetic Key Performance Indices (KPIs) to
quantify the degradation, named Condition Ratings (Straub, 2009). In several countries,
the degradation analysis of buildings is performed on the basis of the diagnosis of all
the single damages of the building’s elements through preset compilation forms. Some
assessment methods are now statutorily prescribed, and the development processes
are very similar in various countries even if there are some differences in the final goal,
as emphasized in the literature review of the work of Branco Pedro (2008). In particular,
the condition of a building is assessed by simple and systematic decomposition of the
problem into its basic components. Any defect detected in @ component is assessed
on a scale based on pre-defined criteria. The assessment is carried out by means of
visual inspections performed by qualified surveyors. The severity level of the damages

12



in the different elements is registered in a checklist and then aggregated with a formula
to generate a numerical score (Hovde and Moser, 2004).

The different formulas used for the aggregation of the surveyed damages are distin-
guished in wejghted averages, typically used when the diagnostic is supported by Multi-
Criteria Decision-Making (MCDM) and 7actorial formulation. This last one is primarily
used in service life prediction promoted in the Architectural Institute of Japan (Gakkai,
1993) as well as in the subsequent regulations on service life planning of International
Organization for Standardization (ISO) 15686 Part 1 (2000). The most recent research
studies exploit and apply these formulations in synergy with modern expert systems for
quantifying degradation (de Freitas and Delgado 2013) and predicting the residual ser-
vice life of the building (Ibanez et al. 2016, Grussing et al. 2016). A widespread method
based on the 7actorial formulais the Degree of Element Deterioration developed in Uni-
versity of Brasilia (GDE-UnB) for the analysis of R.C. structures. The GDE-UnB formulas
are based on the basic theory of “armor corrosion evolution” developed by Tuutti
(1982). Such Tuutti model calibration allows considering, in the calculation, the real
evolution of reinforcement corrosion. In particular, two linear steps are defined in Tuutti
theory: i) the penetration of deleterious substances (carbonation and / or penetration of
chlorides); ii) the propagation involving active corrosion and an unacceptable level of
deterioration. In the last few years, the GDE/UnB has been extensively and fruitfully
applied in South America for the degradation evaluation of R.C. buildings (Souza 2011)
and bridges (Pintan et al. 2015). The original method has been subsequently modified
by Lopes (1998), Boldo (2002) and Fonseca (2010) to improve the applicability to
more pathologies and to improve the calculation formulas. In addition, GDE-UnB helps
personal experience of technicians to establish priorities for the actions required to re-
store the design service life, minimizing the cost of interventions.
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1.2.2 DSS and Key Performance Indicators in building construction

An effective possibility to bring together the personal experience and the huge amount
of available data is offered by Decision Support Systems (0585) (Sangiorgio et al.
2018a, Brandt and Rasmussen, 2002, Lombillo 2016). A 0SS can be defined as an
interactive computer-based system, which helps decision makers to utilize data and
models to solve unstructured problems (Sangiorgio et al. 2018b). In addition, the OSS
represents a considerable powerful tool for the use of “benchmarking” in maintenance
and provides a prioritization of the necessary interventions (Carnero 2014, Sangiorgio
etal. 2016a, 2017a). The benchmarking achievement needs a centralized damage da-
tabase and a scoring system based on a set of KPIs and weighted averages formulas
(Ifran Che-Ani et al. 2011). Such KPlIs can be obtained by exploiting Multi-Criteria De-
cision-Making (MCDM) (Formisano et al. 2015a, 2017) to quantify the risk connected
to each criticality and the impact on the overall building safety by using weighted aver-
ages (Das and Chew 2011, Talon et al. 2008, @ien et al. 2011). The application of 5SS
and benchmarking approach can be employed in many construction fields. In particular,
the methods to quantify damages are applied to evaluate risks from aging (Ellingwood
2005), hurricanes, earthquake (Maio et al. 2015) and in general from natural hazard
(Vicente et al. 2011, Vicente et al. 2005, Park et al. 2003, Unnikrishnan and Barbato
2016). By using KPIs, stakeholders can identify intervention strategies considering also
cost-benefit analysis issues (Ghosn et al. 2016, Li 2010).

An interesting application of 2SS regards the maintenance and management of existing
building at a regional-scale (Formisano et al. 2015b, Sangiorgio et al. 2016a) in order
perform an extensive monitoring of buildings’ safety, even in the absence of scheduled
maintenance, but reducing at the same time resources. On the other hand, large-scale
maintenance and monitoring procedures present critical points such as incomplete-
ness, non-uniformity of knowledge and necessity of expensive inspection and monitor-
ing. Such issues are very complex for those public or private administrators that pos-
sess limited resources and do not have well-defined methodologies and tools to effec-
tively address surveys and interventions a the regional-scale. In the related literature,
different approaches are present that use code and protocol guidelines to extensively
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assess existing buildings’ criticalities (Mahli et al. 2012, Brandt et al. 2002). Such ap-
proaches are based on a semeiotic assessment, by the analysis of damages recognized
through visual surveys, which is particularly effective to perform a fast screening of
damaged buildings (Yadollahi et al. 2012, Castro 1994).

1.2.3 Analytic Hierarchy Process in building construction

DSSs often integrate Multi Criteria Decision Methods (MCDM) to set the analysis of
damages through useful analytical approach (Schottle and Arroyo 2016). Such ap-
proaches allow to analyze every criterion involved in the considered phenomena by
exploiting KPIs to achieve a final ranking. Among the MCDM, the Analytic Hierarchy
Process (AHP) is particular effective to analyze complex problems due to the charac-
teristic decompose of the problem into independent criteria. Such an operation allows
the transformation of a multidimensional scaling problem into a one-dimensional scal-
ing problem. Therefore, every criterion is analyzed individually to identify the related
priority vectors (i.e., the weights assigned to each alternative or criterion) (Saaty and
Vargas 2001). The AHP uses the principal eigenvalue method for deriving ratio scale
priority vectors from positive reciprocal matrices. In particular, such matrices, called
matrices of comparison or Juagment Matrices, are established through pairs of com-
parisons (Barzilai et al. 1987, Saaty and Hu 1998).

Multicriteria decision making, and in particular the AHP application, is important in 2SS
for the systematic weighting and evaluation of many factors, such as efficiency, user
comfort, safety, reliability, functionality, and maintainability, to characterize the design
work and the weighting of soft benefits in comparison with costs (Kwon et al. 2014,
Shapira and Goldenberg 2005, Fong and Choi 2000, Kahraman et al. 2003) and envi-
ronmental impact (Reza et al. 2011, Chang et al. 2007 Wong and Li 2008).
Furthermore, AHP is used to support maintenance and intervention by comparing many
measures, such as multiattribute, multivariate qualitative and quantitative data (Das et
al. 2010). Such performance assessments are used to evaluate different aspects of
construction, such as safety evaluation and management in construction sites (Teo and
Ling 2006, Dagdeviren and Yuksel 2008,), green building rating (Ali and Al Nsairat
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2009, Chang et al. 2007), energetic rehabilitation (Gigliarelli et al. 2011, Wang et al.
2012), construction management (Das et al. 2009, Wu et al. 2007, Kettner and Diaz
2000), large-scale structural vulnerability analysis (Panahi et al. 2014, Aghataher et al.
2008, Uva et al. 2018, Porco et al. 2015, Sangiorgio et al. 2016a, 2016b), and critical-
ities identification at the seismic and volcanic vulnerability assessment (Faggiano et al.
2011, Formisano and Mazzolani 2015, Li et al. 2013).

For the AHP application in the field of construction, it is often necessary to compare a
large number of criteria, and the trend is to increase the involved criteria to perform
complex multi attribute analysis. The limit of the AHP, which does not allow for easy
applicability in the construction sector for complex problems (Arroyo et al. 2014), de-
rive from the consistency requirement of the judgements (checked by an inconsistency
performance index Cl). This requirement is necessary to assess the reliability of ob-
tained weights (Saaty and Vargas 1984, Saaty 1990). Hence, the possibility of obtain-
ing coherent results decreases as long as the number of factors to be analyzed in-
creases. Mathematical and psychology studies determined that the human mind is lim-
ited to 7 + 2 alternatives in simultaneous comparison (Saaty 1977, Miller 1994), and
the reliability of the results decreases as long as the number of criteria of comparison
becomes large (more than nine criteria). To this aim, it is particularly important to study
methodologies that are able to improve the consistency of judgments (Li et al. 2013)
by transforming an inconsistent matrix into a consistent one (Saaty 2003, Saaty and
Vargas 2001, Harker and Vargas 1987). Therefore, the academic community is inter-
ested in improving the AHP applicability to the building performance evaluation by ex-
ploiting the AHP ability in simplifying complex and unstructured multicriteria decision
analysis. Indeed, in building applications, the number of criteria often overcomes the
maximum number that allows one to obtain coherent results.
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1.3 Research objectives

The thesis main objective is developing a Decision Support Systemfor monitoring and
diagnostics of reinforced concrete buildings. Such DSS has to be effective even if the
application context is characterized by limited information and incomplete technical
specifications since data is collected with the support of user-reporting.

Within a large port-folio of buildings, it is necessary to provide a prioritization by ranking
their condition and exploiting an analytical approach based on the AHP and mathemat-
ical optimization. In particular, the research goal is to specify a 2SS able to perform the
following tasks: i) acquiring information on building degradation on la regional scale by
reducing on-site inspections; ii) efficiently storing data; iii) performing damage diag-
nostics and iv) providing an automatic classification of the most damaged buildings
with a prioritization of interventions.

This ambitious objective is achieved by synergistically employing four state-of-the-art
techniques: i) modern Information and Communication Technologies (ICT) applied in
the building monitoring and diagnostics; ii) an optimization procedure to improve the
effectiveness of the Analytic Hierarchy Processes to analyze, structure the problem and
define suitable KPIs; iii) a sensitivity analysis and a calibration procedure devoted to
tune the KPIs; iv) a 7est Siteinvolving 131 buildings to test the procedure.

The 0SS architecture includes an application software (APP) implemented on mobile
devices that is connected with a Quality Detection Platform (QDP) in which data are
processed and decision are suggested. The users of building can download the APP
on their smart devices and contribute to the reporting by a photographic inspection of
any criticality of the structure where they work or live. While acquiring the photographic
data, the users are helped by a guided questionnaire in order to complete the collected
information. These visual-based surveys are processed in the QDP by a procedure that
categorizes the building pathologies and quantify the buildings’ damages through a
scoring system based on a set of KPIs, named Conaition Ratings. This scoring system
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is able to automatically perform the damages quantification thanks to tabulated weights
specially developed. The achievement of Condition Ratings is crucial to perform diag-
nostics in the DSS and the analysis of the complex problem of buildings damages eval-
uation requires advanced techniques. An optimized Optimized-Analytic Hierarchy Pro-
cesses (0-AHP) (Sangiorgio et al. 2017b) is proposed to address the problem com-
plexity and to obtain reliable tabulated weights. The developed methodology overcomes
the standard AHP drawbacks by revising the AHP weights evaluation procedure. A
Mathematical Programming formulation is exploited to minimizes the incoherence of
the results.

The 0SS exploits the KPIs computed by the 0-AHP and provides information concern-
ing the building damages and the ranking of the buildings that are in worst condition.
The main novelty of this work is fourfold. For the first time different techniques are
simultaneously employed in a structured and synergic way for specify a 2SS method-
ology to analyzing the degradation of RC building structures. The resulting methodology
required a variety of interdisciplinary skills, including structural engineering, forensic
engineering, statistics, optimization and multi-criteria analysis. The second novel issue
is the proposal of an application of the modern Internet of Things tools (smart devices)
and Information Technologies allows improving and simplifying the monitoring of build-
ing at the regional scale by the DSS approach.

Thirdly suitable KPIs for RC structure damages are defined and calculated on the basis
of an optimized AHP approach. The research has reached the ambitious result of cali-
brating the KPIs through the well-known Tuutti model to consider the damage evolution
of reinforcements’ corrosion and by performing a Sensitivity Analysis to verify the ro-
bustness of the obtained KPIs. Finally, a 7est Siteis developed to test the procedure by
surveying close to two thousand buildings exposed to an aggressive marine atmos-
phere that can seriously harm reinforced concrete (RC) structures. In particular, many
buildings close to the sea present heavy damages, mainly due to the effects of chloride.

It is worth noting that once the KPIs for RC structure damages are defined the procedure
can be applied to different typologies of RC buildings, by maintaining the same
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effectiveness. In order to show this peculiarity, the buildings of the case studies and
the 7est Site are selected from different types of RC constructions and different envi-
ronmental conditions. In particular, the proposed method is applied to analyze small
two-storey buildings little exposed to aggressive agents and multi-storey buildings near
to the coast and highly exposed to the marine atmosphere.

The Thesis is organized as follows.

Section Il describes the general framework and the main phases of the user-reporting
based decision support system.

Section Il specifies the Optimized AHP methodology to analyze complex problems.
Section IV faces the complex problem of the structural degradation assessment of R.C.
buildings by applying the 0-AHP in order to calculate tabulated weight of KPIs.
Section V describes the calibration of the DSS Key Performance Indicators.

Section VI exhibits a 7est Site in the Valencian coast in order assess large-scale DSS
applicability.

Section VII shows the versatility of the proposed methodology that can be used by
practitioners, such as architects, engineers, and interested stakeholders, to improve
management and maintenance and prioritize interventions. In particular, the DSS is ap-
plied to two different fields:

-the monitoring of school buildings to analyze the level of user safety

-the research objective of obtain an index to evaluate the aggressive marine exposure
by carrying out complex and extended degradation analyses.
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2 PROPOSAL OF A NOVEL USER-REPORTING BASED DECISION SUP-
PORT SYSTEM FOR BUILDINGS’ ASSESSMENT

2.1 The architecture of the DSS

This section describes the general framework, methodology and components of the
proposed 2SS for the structural degradation analysis of the building. In particular, the
system is based on three fundamental phases: i) a large-scale Data Acquisition Phase,
which is supported by a user-reporting process; ii) a Jata Processing Phase, which is
based on suitable automatic damage classification, iii) and the Diagnostics Phase per-
formed through suitable KPIs. In addition, Fig. 1 schematically shows the main phases
of the proposed methodology and the tools used to reach the described objectives.
The Data Acquisition Phase regards the methodological approach aimed at obtaining
relevant information about the examined buildings. This is performed by two issues: i)
a registry data acquisition realized by Registry 7Tabs, ii) a large-scale visual survey ob-
tained by photographic inspection performed by the users of the building through a
mobile application (hereinafter, the “APP”). The APP allows the acquisition of photo-
graphic data and additional information related to the critical physical conditions from
a guided questionnaire. The role of the APP for acquisition and the automatic allocation
of data into the QDP (Fig. 2) is of basic importance: this method allows overcoming the
typical problems of retrieving information and systematic monitoring of a large number
of buildings.

In the Data Processing Phase, the information collected during the data acquisition
phase are processed and classified into the QDP. The photographic inspections are
organized in suitable Diagnostic Tabs, which are a useful tool for checking KPIs and
validating the users’ reports. The Diagnostic Tabs are stored into the Matrix of Damage
that classifies each criticality based on two parameters: the damaged building compo-
nent and the type of damage.
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Technicians
Data acquisition
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Registry Tabs
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Technicians
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. . QDP
Diagnostic phase Identification of

Building in worst
conditions

Fig. 1 — Main phases of the DSS methodology for the structural degradation analysis
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Fig. 2 - The scheme of the connection between the APP and the QDP

The Diagnostics Phase consists in data checking, validation, and visualization of KPIs
through Matrix of Damage and Diagnostic Tabs, which synthetically allows

to measure the criticalities and the relative level of risk of any single damages.

In particular, this phase is devoted to support the expert building technicians to com-
pares and identifies the structures that are in the worst conditions based on the com-
puted KPIs. Moreover, thanks to the continuous updating and storage of reports, it is
possible to perform a systematic monitoring of the structures.

In order to quantify and assess the damages, three KPIs, named of Condition Ratings
and assume real values in the interval [1, 10], are defined: 1) Criicality Conaiition Rating
(Cn, i.e., a numerical value that qualifies a single criticality; 2) Component Condition
Rating (CC), i.e., a numerical value that quantifies the critical condition of a class of
components (for instance, the beams); 3) Building Condition Rating (BCy), i.e., a nu-
merical value that quantifies the global damage of the building. These tree Condition
Ratings synergistically provide additional information not obtainable from each single
indicator. For instance, it is possible to detect whether the building presents few but
serious damages in some components, or on the contrary whether many slight dam-
ages are widespread throughout the whole building.
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2.2 The Data Acquisition Phase

2.2.1 Registry Data Acquisition

The technical registry data provide information to describe the geometric, morphologi-
cal and constructive features of the building, including design prescriptions, reference
building codes, and possible constructive details. The goal of this module of the 0SS
is to retrieve, process and easily store all existing information and make it available in
subsequent analyses.

In particular, the Building Registry Tab (Fig.3) includes descriptive information useful
to the following purposes: geographically locate each building and identify the urban
context (for example, urbanistic rules and constraints); define the design code require-
ments at the time of construction; characterize functional and service performance.
Such tab is divided into six subsections: i) general and registry data, containing infor-
mation to locate the building and year of construction; ii) geometric data and construc-
tive type, iii) availability of original projects, including source address, iv) information
about later interventions and modifications, v) later vulnerability assessments, vi) ref-
erence technical codes. These data represent the basic knowledge of investigated
buildings.
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D
Gen

eral Data
Registry Data
Country Italia
Region Puglia
City Bari
Address street via molise
Street number 5
GPS Lat 41.11948; Long. 16.794104
Occupancy School
Building name "Cirielli"
Age
Project 1961
End of works 1963

G tric data and constructive type
Buildings blocks n° 2 Staircase typology Longitudinally supported
Seismic Joint O Yes X No  |Slab typology Mixed R.C. and brick
Structural typology R.C. frame Geomorphology Rocky terrain
Curtain wall typology Tuff or brick Aquifer location unknown
Total Area m’ 1365 Max Height m 11.24
Floors/above ground n° 2/2 Volume m? 4800
Foundation level Area m? 1226 Room number n° 30
Area floor 0 m’ 1226 External staircase n° 0
—E Area floor 1 m’ 139 Internal staircase n° 1
| Deck area m’ 1226 Elevator n° 1
) Original Projects Availability
& | Preliminary Project not available
:£ | Definitive Project not available
E Executive Project not available
Interventions or modifications
Typology Date (year) Description Documentation
0 New floor
[J Internal modifications
[J New openings
[J Extensions
Elevator 2000 External elevator Not present
Ordinary maintenance interventions
[J Minor interv. on building systems
Intervention of internal finishes 2000 External doors
Extraordinary maintenance interventions
[ Interventions on Internal walls
[J Interventions building systems
[ Interventions on building envelope
X Elevator 2000 Solar panels installation Not present
Vulnerability assessments
Typology Date (year) Description Documentation
[0 Vulnerability assessments
[0 Vulnerability assessments
Reference technical codes
Typology Date (year) Description Documentation
R.D.L. 29 luglio 1993 n.682 1993 Building technical codes

Fig. 3 - Registry Tab of Data Acquisition Phase (example of compilation school building “Cirielli, Bari,IT)
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2.2.2 Mobile Application for Regional-Scale User Reporting

The APP is the second tool used for data acquisition and has been specifically devel-
oped to allow a quick visual inspection at a regional scale. The APP can be employed
by the users of the building to report their visual inspection, i.e., photos and other useful
information about the building’s damages. It is based on two main operations: photo-
graphic shoots and compilation of a guided questionnaire. The photographic shoot en-
ables the users to send images about the criticalities equipped with labels indicating
the localization and the date of the picture. Moreover, in order to complete the descrip-
tion, two structured alternative questionnaires are proposed to guide the user and cor-
rectly identify additional data involved by the reported damage. The two questionnaires
are calibrated for non-professional people (generic users) and people with specific
competences in the field (certified users). The certified users can employ the complete
questionnaire to specify important information about the damage. Moreover, it is im-
portant for large-scale acquisition that also generic users are able to report information
of criticalities. To this aim, a simplified questionnaire can be used to report basic infor-
mation of the surveyed issues.

Approximate data

Simplified

»  Generic User . s
Questionnarie

N Photographic

Inspection —»  Sending Report

Complete

Certified User . :
Questionnarie

A 4

Visual Survey Data
Criticality Location

Damage Extention
Type of Damage

Fig. 4 - Flow chart of the steps of the App to send reports

The steps followed by the users to provide the visual inspection through the APP are
schematized in Fig. 4. In the APP, the questionnaire is designed to acquire the following
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information: i) the criticality location (floor, room, surrounding elements, building com-
ponent and height above walking surface); ii) the extension of damage; iii) the type of
damage. It is worth noting that each answer of the user opens a subsequent set of
possible answers for the next step, according to a guided procedure. Fig. 5 shows an
extract of the two questionnaires.

‘ APP QUESTIONNARIE: CERTIFIED USER

6]

WHAT IS EXACTLY
UPSTAIRS?

| APP QUESTIONNARIE: GENERIC USER

1 2 3 0
WHERE DO YOU MADE THE - . IN WHICH ROOM DO YOU WHICH ELEMENT DID YOU
; INSERT FLOOR PLAN LOCATION ! , . .
PHOTO? PHOTOGRAPH THE CRITICALITY? PHOTOGRAPH?
nsert... [

Floor

Column

Beam

|
]
]
]
———
Fig. 5 — Example of the APP questionnaire for certified users and generic user

Wall

2.3 The Data Processing Phase

The classification of criticalities detected by the APP is performed through the Diagrnos-
tic Tabs and the Matrix of Damage. The Diagnostic Tabs are associated to every inves-
tigated component. These tabs show the results of the questionnaire, the classification
of the damage and the associated AP/ Such sheets allow building technicians to dis-
play the photographic inspections and to check, and eventually correct and validate the
reported information (Fig. 29 section 4.3).

The Matrix of Damage synthetically displays the overall condition of each building and
allows data checking and visualization of all KPIs of the structure. The classification in
the matrix is set according to the type of damaged component (reported on the matrix
rows) and the types of criticalities (reported on the matrix columns).
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The building components classification of the Matrix of Damage is realized in partial
compliance with the technological classification system scheme provided by the UNI
8290 (Norma, U.N.l. 8290.) Part one, to include building characteristic feature. The
Matrix of Damage rows correspond to the type of damaged components, whereas the
columns indicate the criticality types. In particular, the Matrix of Damage is designed
by decomposing the building into three Units (structural, load bearing, not load bear-
ing). Each Unit is divided into element typologies (for example the structural Units is
divided in foundation typology and structural elements typology). In turn, the element
typologies are divided into component classes (foundation, column, beam).

Secondly, the classification of the damages is set according to a well-acknowledged
classification model (G. De Tommasi 2013). In this approach, the building damages
are decomposed and coded on the basis of macro-types (cracking patterns, decay
phenomena, etc.) and each macro-type is further classified according to the severity
level of the damage. For example, the macro-type “R.C. Corrosion” is decomposed into
three criticalities with increasing level of magnitude: i) Cracks caused by rebar oxioa-
tion, i) Spalling, iii) Heavy concrete spalling.

-The final Matrix of Damage allows assessing the conditions of components and of the
whole building by displaying KPIs. It should be observed that the Matrix of Damage is
not only a methodological approach useful for data classification but provides an effec-
tive graphical user interface that quickly display an immediate overview of the building
condition. In particular, for each cell of the matrix, the number of reports connected to
the component and damages is displayed. The Matrix of Damage showed in Fig. 6
contains the defined component and damages classification for the case of the RC
buildings. In such a figure, the upper left part contains a useful synthesis of inventory
data, the upper right columns contain all damages classification and the relative mag-
nitude. Additionally, lines in the inferior left part contain the ranked and coded compo-
nents classification of building whereas intersection cells are predisposed the Condition
Ratings evaluation. The data collected and processed according to these criteria allow
identifying and comparing typological and constructive characteristics of the buildings.
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Such a matrix creates a data base necessary for the development of condition assess-
ment, reliability analyses and feasibility forecasts of maintenance operations.

) MATRIX OF DAMAGE Cod Ox Cr Se Co
ADDRESS Lk 2 & RrC Corrosion | Cracking pattern Settlement | 715 Cor
Cod | Ox1 [ Ox2 [ Ox3 | Crl |2 | ca | Gi Sel | Se2 | se3 Csl | Cs2 | Cs3
5 g
s | g _
g Ed 2|8 £ = g
§ . 5 w0 = ElE| S 5
2| Photo (building main fagade) X8 2|5 £ " 2|38 |% = g H
F1El 3 £ 2 gl 2 % ® 5
Bl & g P 2 ] = g = 3
E |2 - 5 4 S| 5|8 a 2 @
Ofg £ £ e 2 2| E % @ =
2 g S | 2 < I3 < =
8 21415z . £ R ERINE
SE w| 3|8l g & ENEREAEE:
2E E| 2|82 2 £ B ERIERERER
2ElZ | 3|ls|%|2 2 ] g2l e |3 |EZ
Ssl&|2|E = et 3 55 5|2 |58
Code Type Code  Typology  Cer Code Component O38lw | T z | = 3 T Q2o |>|cg
_|_S1 | Foundation SL.1 Foundation
g s2.1 Shear wall
S R Structural S22 Column
(% h element 523 Beam
S2.4 Braced frame
LLI Floor slab
0
L1.2 Roof]|
£ L Slab
L g L13 Ground floor
2 -
=z L1.4 Balcony or projection
3 121 Staircase
L2 | Connection
122 Catwalks
Facade NL1 Curtain wall
N1 envelope N1.2 Windows fixture
v e
w P N3 Skylight window
g N2 External R.C. wall
2 | N2 External wall N22 External brick wall
N |3 N2.3 Breastwork
g
= N3.1 Internal wall
2 N3 nternal finish N3.2 False ceiling
N33 Door
N4 Other N4.1 Joint between elements
N4.1 Elevator|

Fig. 6 — Generic Matrix of Damage
2.4 The Diagnostics Phase

In the Diagnostic Phase offer the possibility to bring together the personal experience
of the technicians and the huge amount of available data acquired and elaborated in the
previous phases. In addition, when the methodology is applied on a large scale, a huge
number of reports are provided to the QDP. Hence, the automatic classification of the
damage and the automatic evaluation of the Condition Ratings allow technicians to
perform a fast checking and validation of the acquired information. Every time a new
report is added, the Condition Ratings are evaluated but if the system receives wrong
reports or many reports for the same problem, an expert check is required. In addition,
once data are checked, technicians can individuate the structures in worst condition
among building investigated through the APP.
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In order to better specify the connection between the phases of the DSS and explain
the rules of involved actors a suitable flowchart procedure is realized in accordance
with the UML framework (Fig7).

The flowchart procedure explains all the interactions between the two components of
the DSS, (i.e. mobile APP and QDP), and the two actors involved in the process (i.e.
APP users and building technicians). The flow is described in accordance with the three
phases of the DSS: i) During the Data Acquisition Phasethe user access to the buildings
list in the QDP to select the building to survey, secondly the questionnaire is selected
depending on the user profile (generic user or certified user), thirdly the user complete
the questionnaire and take photographs of the damages to send the report to the QDP;
ii) in the Data Processing Phase the QDP exploits the received reports to generate a/-
agnostics tabs, furthermore the Matrix of Damage of the considered building is updated;
iii) finally, during Diagnostic Phasethe QDP send new damages notification to the buila-
/ing starfthat can read, change o set a report as duplicate, once the checking is com-
plete KPIs are recalculated and it is possible to compare building condition to identify
priority of intervention and necessary on-site survey.
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Fig. 7 — The DSS flowchart procedure described by using UML framework
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The reliability of the KPIs used in the diagnostics process depend on the level of
knowledge achieved for the analyzed building. The level of knowledge is related to the
extension and quality of visual inspection. In the DSS, in order to categorize the level of
knowledge, 3 Knowledge Degrees are defined on the basis of the experience of the
User. These 3 Knowledge Degrees are described as follows: i) Simple User. provides
the lowest knowledge level since he can only answer to the simplified questionnaire of
the APP. Reported data are classified as “poor” and “approximate”; i) Certified User.
can answer to complete questionnaire of the APP; iii) 7echniciar. is able to improve the
previous levels (Simple User or Certified User) by reviewing the visual inspection
through the Diagnostic Tabs and Matrix of Damage.

2.5 Definition of the DSS’s Key Performance Indices: Condition Ratings

In the DSS process, the three defined KPIs named Condition Ratings play a fundamental
role to carry out automatic diagnostics and assessment of damaged elements. To spec-
ify the Condition Ratings, it is necessary to define and estimate the importance of the
criteria and alternatives involved in the damage phenomena. Such evaluation can be
performed through a multicriteria decision method (MCDM) [15] [16], by which nu-
merical weights are extrapolated in order to generate a suitable tabulated value useful
for the diagnostics. In particular, firstly the problem of the damage assessment is struc-
tured in criteria and alternatives, secondly an appropriate weighting is obtained by the
application of the AHP, one of the most widespread MCDM, and finally the condition
rating can be evaluated in the DSS by exploiting information obtained in the Dafa Ac-
quisition Phase.

In this section the problem is specified to carry out diagnostics by obtaining three Con-
dition Ratings. To this aim, the following sets of criteria and alternatives are defined:

C ={i =1,..,m}, setof criteria of cardinality m;
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Where criterion i = 1 is fixed and represent the damaged building class of component,
and criteria i > 1 are defined based on the typology of building and damages for which
the DSS has to be set up.

B; = {bij |j=1,..,a}, setof a; alternatives associated to each criterion i € C.

The second step is obtaining the weights, that are defined as follows:

v; is the weight associated to criterion i € C;
w;; is the weight associated to alternative b;; € B; of criterion i € C.

It is worth noting that the methodology to perform the crucial weight evaluation is ex-
plained and applied in the next sections. In particular a suitable optimized procedure is
developed to analyze complex problems and obtain the necessary tabulated weights.

Once the weights are determined, the KPIs can be formalized to allow the automatic
semeiotic assessment through the visual inspections reports. Let us assume for a
building that H reports are received with the associated questionnaires. For each visual
inspection h (with h = 1, ..., H), the DSS assigns a set of alternatives to each criterion.
Hence, it is possible to define the sets S™ (with h = 1, ..., H) that collect the alterna-

tives, denoted as by}, that are associated to each criterion i:

Sh = {b} b € B; Vi€ C} withh =1,..,H.

The index associated to the single damage SD,with h = 1, ..., H is obtained by the
following formula (Sangiorgio et al. 2018a, 2018c):

m

SD,, = Zvi X Wi with j€{1,..,a;} (1)

i=1
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where for each i only one j is associated and where v; is the weight of the i ~¢"criterion
and w;; is the weight assigned to b]; € S™.

Let us consider a generic component e € b, ; and the subset A € H detected damages
(inspection) related to e.

Once the single damages SD,, has been obtained, the first of the three KPIs named
criticality condition rating (Cr.), devoted to quantify the deterioration of a component,
is defined as a function of the values of SD,, as follows:

(2)

A
_; SD, — SD
€ty = SDinax (1 4 Z=150n ’”‘“‘)

2xY8_ SDy

The second type of KPIs, denoted Component Condition Rating (CCr*), is defined to
characterize each class of damaged components after processing all collected reports.
To this aim, all visual inspections are filtered by the alternatives of Criterion 1 (damaged
components), extracting the following set of reports:

Hy ={hIb}, € S*}withk =1, ..., ;.

The Component Condition Rating cCr* is defined for each alternative of Criterion 1
(k =1, ...a;) and quantifies the damage of a class of building components, making it
possible to easily compare different buildings. To this aim, the KPI should be normalized
with respect to the total number of components actually present in the building, as
follows:

_ Zhes Cr"
S&

CCr¥

withk =1,..a5.  (3)

Of course, the exact value S¥ is not known at this level of analysis, but it is roughly
estimated according to the following formula:

Sé( = Yk * Stot (4)
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where S, is the building total area and y, is the approximated evaluation of the num-
ber of the considered components per square meter, evaluated for the specific building
typology.

In order to quantify the Building Safety Performance Level due to the combinations of
all pathologies, the third KPI, Building Condition Rating, is defined as follows:

_ Thoi Cr"

BC
T s,

)

Even in this case the exact value S, is not known and is roughly estimated according
to the following formula:

Sp =7Vb * Stor - (6)

where Swris the building total area and y,, is the approximated evaluation of the number
of all the building components per square meter for the specific building typology.

It is worth noting that the weight evaluation it is a key point for the proper operation of
the DSS and the analysis of a large number of criteria and alternatives to obtain tabu-
lated weights in the case of building diagnostics is a complex issues. To this aim next
section present an Optimized version of the AHP, which allows to derive tabulated
weights even if a large number of criteria and comparisons are necessary and the con-
sistency is not easy to obtain.
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3 AN OPTIMIZED AHP METHODOLOGY TO PERFORM WEIGHT CALCU-
LATION IN DSS

The Analytic Hierarchy Process (AHP) provides the objective mathematics to process
the inescapably subjective and personal opinion of an individual, the decision maker,
or a group in making a decision (Saaty and Vargas 2001). The AHP is based on the
decomposition of the problem into independent criteria: Such an operation allows the
transformation of a multidimensional scaling analysis into a one-dimensional scaling
one. Therefore, every criterion is analyzed individually to identify the related priority
vectors (i.e., the weights assigned to each alternative or criterion) (Saaty and Vargas
2001). The AHP uses the principal eigenvalue method for deriving ratio scale priority
vectors from positive reciprocal matrices. In particular, such matrices, called compar-
ison matrices or Judgment Matrices, are established through pairs of comparisons
(Barzilai et al. 1987, Saaty and Hu 1998).

To make AHP more suitable for construction field applications, the AHP weights evalu-
ation is revised by proposing a new procedure, called Optimized AHP (0-AHP), to de-
termine the judgment matrix. In particular, the limits of the human mind for simultane-
ous comparison are faced with defining a set of inequalities that substitute the judgment
scale proposed by Saaty. In such a way, the decision maker can use just a range of
judgments and focus on the main judgments instead of carrying out all of the necessary
pairwise comparisons. This approach can be useful in complex problems, when the
decision maker does not have a full system knowledge. In addition, a mathematical
programming (MP) problem is formalized to deal with the inconsistency of the Juag-
ment Matrixby minimizing the inconsistency performance index, subject to the inequal-
ities imposed on judgments. To validate the proposed methodology, the benchmark
test proposed by Whitaker (2007) is used.
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3.1 The standard AHP

The proposed 0-AHP methodology follows the well-known standard AHP three steps
(Saaty 1980) that are specified in the following section: i) problem structuring, ii)
weights evaluation, iii) summary of priorities.

Starting from a decision problem, the first step consists of structuring the problem ac-
cording to a hierarchical scheme, in order to provide a detailed, simple, systematic and
structured decomposition of the general problem into its basic components. To this
aim, the goal of the AHP is identified and the related criteria, sub-criteria and alternatives
to reach the goal are determined.

The second step of weight evaluation is the core of the method and provides the weights
that are necessary for generating the ranking. More precisely, it is possible to individu-
ally analyse each aspect of the decision problem. Considering n ordered criteria of
comparison (i.e., criteria, sub-criteria or alternatives in relation with criteria or sub-cri-
teria), a n x n Judgment Matrix A is defined, where each upper diagonal element
a;;>0is generated by comparing the i ~*"element with the j =" one through the fun-
damental scale of absolute numbers. This semantic scale is composed by verbal scales
that are associated to numerical values (1, 3, 5, 7, 9) and compromises (2, 4, 6, 8)
between such values (Table 2) (Saaty 2008).

Table 2. Fundamental scale of absolute numbers of Saaty

Number value a;; Verbal scale Explanation

a;=1 Equal importance Two activities contribute equally

a;=3 Moderate importance of one over another ~ Experience and judgement slightly favour one activity over another
a;=5 Strong importance Experience and judgement strongly favour one activity over another
a;="1 Very strong importance An activity is favoured very strongly over another;

a;=9 Extreme importance An activity is favoured by at least an order of magnitude

1.5-4-6-8 Intermediate value Used a compromise between two judgements

The reciprocal number express an opposite . . L.
1/9,1/8, ....,172 ud ¢ Experience and judgement unfavour one activity over another
judgemen

The inferior triangular part of the matrix is completed with the reciprocal values of the

. .. . . 1
upper triangular part, by obtaining reciprocal matrix elements: a;; =, O @it ayj = 1.
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Moreover, if a;; - a; = ay, then matrix A is said to be perfect consistent and its prin-
cipal eigenvalue is equal to n.

A 1 2 n

1 1 aj; ain

2 1/a; 1 azn
1

n Va;, 1/az, 1

Fig. 8. - Generic Juagment Matrix A

In the standard AHP, the weights are obtained by solving the following eigenvector
problem:
Aw = /1max w (7)

where w is the priority vector and A,,,, is the principal eigenvalue, equal to n in a
consistent matrix. When slight inconsistencies are introduced, A,,,, differs from n
(Saaty 2003).

In the AHP methodology, a Judgment Matrix A has to be obtained for each set of crite-
ria, sub-criteria and alternatives that are considered in each criterion and sub-criterion.
Operatively, approximate formulation methods are used in order to calculate the weights
from the judgment matrix.

First, the elements of matrix A are normalized as follows:

aij
Xij = Taju 8

Second, the weight w; are calculated as the average of the elements of the rows of the
normalized matrix:
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wi = X7, 2L ©)
At this point, it is necessary to evaluate the reliability of the obtained weights, by meas-
uring the inconsistency of matrix A: the inconsistency increases if the judgments are
badly posed. In the approximate method, the principal eigenvalue is approximately eval-
uated as follows (Ishizaka and Lusti 2006):

n
1 a;; X w;
)\max = EZ J ! . (10)

Now, the consistency index CI is defined according to Saaty (1980) and it increases
proportionally with the inconsistency of the matrix:

Anax — M
Cl=——"—. 11
n—1 (11)

In order to provide a measure of the inconsistence that is independent of the matrix
order, Saaty (1980) proposed the Consistency Ratio (CR). This is obtained by consid-
ering the ratio between CI and its expected value (Random Consistency Index - RI)

determined over a large number of positive reciprocal matrices of order n, whose en-
tries are randomly chosen in the set of values n €{1,2,..., 10}

CR = CI/RI(n). (12)
In this paper, in order to face a large number of alternatives, it is necessary to consider
values of RI(n) for 1 < n <15. Hence, among the different values of RI proposed in

the related literature (Alonso and Lamata 2006), the values of Noble (1993) are used
(Table 3).
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Table 3. Random consistency index of Noble

n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

RL 0 0 049 082 1.03 1.16 125 131 136 139 142 144 146 148 149

On the basis of several empirical studies, Saaty (1980) concludes that the value of
Consistency Ratio CR < 0.10 is acceptable. Such a test about CR is crucial for estab-
lishing the reliability of assigned judgments and it is the parameter that mathematically
determines the incoherence of the decision maker judgments.

Once weight are determined, the next step of the summary of priority is performed to
determine the rankings and the global weights for each alternative: to this aim the
weights of each criterion and of each sub-criterion are combined with the weights of
the alternatives (weights aggregation).

3.2 Consistency Requirement Issues

As already mentioned, the consistency of matrix A is required for the reliability of the
assigned judgments and the relative obtained weights. It is proved that the reliability of
the method is measured by the values of CR that for n>4 itis A<0.10 (Saaty 2003,
1990, Saaty and Vargas 1984). Consistency ratio numerically represents the con-
sistency of matrix A. Moreover, such consistency depends on the pairwise compari-
sons performed by the decision maker. As some authors remark (Li et al. 2013, Ohnishi
et al. 2007), the results of AHP often lose their reliability because the matrix does not
always satisfy the consistency requirement. The decision maker could improve the
consistency by applying a time-consuming trial and error method and losing the focus
on judgments.

3.3 The proposed Optimized Procedure for Weight Evaluation

To overcome the consistency issue of AHP for problems with a large number of criteria
or alternatives, an optimized AHP methodology for generating the Juagment Matrix A
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is proposed. In particular, the presented method focuses on the second step of AHP
(i.e., the weights evaluation). The methodology can be described by considering three
main 0-AHP phases: i) rough ranking evaluation of the alternatives; ii) determination of
a set of judgment ranges; and iii) MP formulation of the 0-AHP.

In the flow chart of (Fig.9) the new methodology is schematized. Firstly, in according
with the classical procedure, the problem is structured in a hierarchy of criteria, sub
criteria and sets of alternatives in order to provide a detailed, simple, systematic and
structured decomposition of the general problem into its basic components. Among
the performed structuring of the problem criteria, sub-criteria or a set of alternatives is
selected for the weighting. Subsequently operations involving the optimized procedure
are performed. The first O-AHP phase is the row ranking evaluation in which it is pos-
sible to give a first classification of the elements to be weighed and eventually combine
similar elements that have the same importance. In the second phase, O-AHP is applied
in substitution of the standard method and the decision maker proceeds to determinate
judgement ranges.

In the O-AHP phase 3, the MP problem is formulated and solved: matrix A°?¢ and the
weights wPPtare provided by the MP problem solution.

Finally, if all the criteria sub-criteria and alternatives are weighted, the decision maker
performs the last steps according to the classical method in which final rankings are
calculated by the sum of the priorities.

In the following subsection all the 0-AHP phases are described in details.
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Optimized - Analytic Hierarchy Process

Structuring of the problem in a
hierarchy

v

Choose criteria and/or sub-

[No]

criteria for weighting

Row ranking evaluation

v

Estimation of Judgement
Ranges

v

Mathematical formulation

v

Optimization of Matrix of
Judgment

v

Weight calculation

Are all the criteria and sub-criteria weighted?

[Yes]

Summary of priorities

Fig. 9. - flow chart of the proposed 0-AHP methodology

O-AHP
| Phase1

O-AHP
| Phase 2

O-AHP
| Phase 3
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3.83.71 O-AHP phase 1: Rough Ranking Evaluation of the Alternatives

In some cases, it is useful to preliminarily assume an approximate ranking of the criteria
of comparison. To this aim, in the Rough Ranking Evaluation 0-AHP phase 1, criteria
can be positioned starting from the first rows and columns of the Juadgment Matrix A
in descending order of importance. In addition, during such operation, it is possible to
combine similar elements that have the same importance in order to reduce the alter-
natives. Such optional operation can simplify the subsequent steps.

3.3.2 O-AHP phase 2: Estimation of the Judgment Ranges

To consider a large number of alternatives, the decision maker can express the judg-
ments not by single values but through the determination of ranges of values, named
in this paper as “judgment ranges’ .

In O-AHP phase 2, the judgment-range setting is formalized through inequalities, by
proposing two new semantic ranges of the 0-AHP, inspired by the fundamental scale
of absolute numbers of Saaty: the 0-AHP semantic ranges of the lower bounds (Table
4) and the 0-AHP semantic ranges of the upper bounds (Table 5). Therefore, unlike the
Saaty method, in which the decision maker performs the judgment by a crisp number,
in the 0-AHP method the decision maker expresses a judgment range (i.e., the range
in which the judgment is assumed to belong).

Table 4. Optimized-AHP semantic ranges of the lower bounds

Lower bound

. Verbal constraint Explanation
constraint

aj>1 Equal or more importance, even if minimum, of i over j A criterion is at least equally favoured

aij>2 More importance, even if slightly, of i over j A criterion is at least slightly favoured

aij>3 At least moderate importance of i over j Experience and judgement certainly favour one criteria over another

a;j>5 At least strong importance of i over j A criterion is at least strongly favoured
a; =7 At least very strong importance of i over j A criterion is at least very strongly dominant
aij>9 Max importance of i over j A criterion is at least favoured by at least an order of magnitude

1.5-4-6-8 Intermediate value Compromise between two judgements

a; < (1/9,1/8, The reciprocal number whit the less-equal-than sign Experience and judgement certainly unfavour one criteria over an-

cosl) express an opposite judgement (Becomes upper bond)  other
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Table 5. Optimized-AHP semantic ranges of the upper bounds

Upper bound

. Verbal costraint Explanation
constraint
aj<2 The importance of i over j does not exceed the "minimum importance" A criterion is less than slightly favoured
a;j <3 The importance of i over j does not exceed the "moderate importance" A criterion is less than favoured
a;j <5 The importance of i over j does not exceed the "strong importance" A criterion is less than strongly favoured
. . . " M
ay<7 The 1mp(:rtance of i over j does not exceed the "very strong im A criterion is less than very strongly dominant
portance
a;<9 The importance of i over j does is not the Max importance A criterion is less favoured by an order of magnitude
1.5-4-6-8 Intermediate value Compromise between two judgements
aij > (1/9, The reciprocal number the greater-than sign express an opposite Experience and judgement certainly unfavor one cri-
18, ..., 1/2)  judgement (Becomes lower bond) teria over another

3.3.3 O-AHP phase 3 Mathematical Formulation

In the O-AHP phase 3a MP problem is formulated in order to determine the elements
of the Juagment Matrix A on the basis of the inequalities assigned at the phase 2. To
this aim, the sets of pairs of sub-criteria that are subject to the judgement range ine-
qualities are defined as follows:

Ct={(ij) | a;; > K}; withi < j} setof pairs of sub-criteria involved in lower bound
inequalities,
cU={(ij) | a;; < K] with i < j} set of pairs of sub-criteria involved in upper bound
inequalities,

where K}; and K are the values assigned by the decision maker to the lower and
upper bound inequalities, respectively, as detailed in Table 4 and Table 5.

Hence, it is possible to specify the entries of A by the following set I" (A ) of mathemat-
ical constraints:

rA):
a;j=1fori,j=1,..,n withi =j (13a)

1/9 < a;; <9fori,j=1,..,n withi <j (13b)
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ay <K  for(ij)ect (13¢)
a; > K5 for (i,j) € C (13d)
a;;j =1a; fori,j=1,..,n withi>j. (13e)

In particular, constraints (13a), (13b) and (13e) are derived from the matrix A definition
and constraints (13c) and (13d) are determined by the decision maker.

Now, in order to calculate a Juadgment Matrix that exhibits low consistency index, the
following MP problem is formulated:

min CI(A) (14a)
subject to I'(A). (14b)

The value of CI is calculated according to (11) and the approximated formula (10).
The MP problem solution can be found by a standard optimization solver by using the
optimization toolbox of MATLAB (Mathworks 2017).

The optimized Juadgment Matrix A°P* of generic element a?j’”is provided by solving
the MP problem (14a-b) and consequently the optimized weights w©Pt is calculated.
The methodological simplifications of the proposed 0-AHP are the following:

the judgments necessary to obtain the entries of A are not determined by single values
of comparison but they are expressed by a set of ranges;

the consistency of matrix A is not obtained through a trial and error method as in the
standard AHP, but it is optimized by the solution of the MP problem, improving the
coherence of the judgments.
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3.4 Validation benchmark tests

To validate the 0-AHP procedure, a benchmark validation test is used, based on the
methodology proposed by Saaty (2005), which is applied by Whitaker (2007) to
show that the results predicted by the theory give correct answers by matching
known results. The considered validation test is chosen for its relative simplicity and
importance among the many that are proposed in the related literature. More pre-
cisely, the five geometric shapes shown in Fig.10 are considered and a set of individ-
uals is asked to estimate the relative areas. In (Whitaker 2007) the actual relative val-
ues of these areas are approximately evaluated as A = 0.47,B = 0.05,C = 0.24,D
= 0.14, and E = 0.09, where such values are normalized with respect to the overall
area of the five geometric shapes.

Fig. 10. - Comparison of five areas.

Moreover, the text is replicated by using the 0-AHP. The mathematical constraints of
Eq. (14b) are based on the judgment ranges that are evaluated by one of the decision
makers, and are provided in Fig.11. The optimized Judgment Matrix A°?", is obtained

test
by the MP Egs. (14a) and (14b) solution, and the values of wtoe‘;,f are determined ac-
cording to Eqg. (9).
Next, to compare the solutions obtained by the standard AHP, the O-AHP and the real
values, the following performance index Pe is defined as
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Pe(w) = £, 1009 (15)

where w; = i~t" component of the weight vector obtained by the standard AHP (de-

noted by w,,.) or the O-AHP (denoted by wt‘;’;,f), rv; are elements of vector rv asso-
ciated to the real values of the geometric areas and n is the dimension of the juagement
matrix.

Fig.12 lists, in the left side, the juagement matrix obtained by the MP problem solution,

the values of w_ P! and the real values of the geometric shape areas. In addition, the

right part shows the values obtained by the standard AHP provided by Whitaker (2007).

Moreover, Fig. 12 reports the obtained indices Pe(wg};ﬁ) and Pe(wq,): the outcome

show that the two methodologies give the same results, both very close to the real

values. The consistency of the optimized A%, is satisfied: C#=0.0013 < 0.1.

test
Moreover, the results demonstrate that all of the individuals provide a Pe(w Pt

test) €SS
than 5%. Hence, it is possible to conclude that the results obtained by the O-AHP can

give accurate results as the standard AHP.

i element K ajj KYj J ™" element
9.0 9.0 B

2.5 3.0
2.0 6.0
4.0 8.0
1/6 1/5
1/4 1/3
12 /1.5
1.6 1.8
1.0 3.0
1.0 2.0

>

o000 www»> > >

AN VAN VAN VAN VA VAN VAN VAN VAR VAN
S

AN VAN VAN VAN VA VAN VAN VAN VAR VAN

mm o mY Qmga

Fig. 11. - Judgment ranges for the validation test.
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A Opttest A B C D E Wopttesz v Pe(w Optzesz) Wiesi | Pe(W est) CR
A 1.0 9.0 25 34 6.0 | 0.498 | 0.470 0.488
B 0.1 1.0 02 03 0.6 0.049 [ 0.050 0.049
C 0.4 500 1.0 1.6 2.7 | 0.225 | 0.240 4.8% 0.233 4.7% 0.0013
D 0.3 3.0 0.6 1.0 1.7 | 0.144 | 0.140 0.148
E 0.2 1.7 04 06 1.0 [ 0.083 [ 0.090 0.082

Fig. 12. - Validation benchmark test results.

Because the most significant advantage of the proposed methodology is providing re-
liable results also with a large number of comparisons, an additional validation test is
performed considering 12 geometric shapes. Fig. 13 shows the different shapes that
are chosen to repeat the test with the same set of individuals that in this case determine
66 judgment ranges. To simplify the judgment assignment, in this complex case it is
useful to preliminarily perform a rouge ranking of the shapes as listed in Fig.14. The
judgment ranges used for the formalization of the optimization are reported in Fig 14.

I L N Mo

o { G
/\ / \ II-"llr .".III
o AN

N

Fig. 13. - Comparison of twelve areas.

The left part of Fig. 15 lists the judgement matrix Afe”si'z and the optimized values of

wokt , obtained by solving (14a-b). In addition, the right side lists the real values of the

geometric shapes areas and the average percentage error of the results, in comparison
with the real value of the geometric shape. The results point out that the 0-AHP weights
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are very close to the real values with an average percentage error pe(wgg§,2)=2.4%
and the consistency test is satisfied: CR=0.0004 < 0.1.

All of the consulted decision makers obtain a result subject to an average percentage
error less than 5%.

In conclusion, the considered test involving a large number of judgments confirms that
the 0-AHP exhibits the same effectiveness than in the first benchmark test. Further-
more, the methodology of 0-AHP allows omitting some judgment ranges when the
decision maker is not able to assign all of the ranges. Then, the decision makers are
asked to progressively remove the uncertain judgment ranges Hence, 30 constraints
are removed: a7 asg @19 @110 Q111 Az A27 Aog A2g Az.10 Az A310 A311 A 47 A4g A 49
@411 Aa12 As9 As10 As11 As12 As10 As11 As12 A7,10 A7.11 A712 Ag10 Ag12. AlSO in this case,
the resulting weights are very close to the real values, and the average percentage error
Pe(wtoe‘;,f_z) becomes worst cases of 7%.
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i elem. K aj  KY  j"element | i element K aj KY; ™ element
G 1.2 < a2 <15 A L 15 < ass < 20 D
G 1.0 < a3 < 20 I L 20 < ase < 40 F
G 20 < are < 30 L L 20 < asn < 3.0 E
G 20 < a5 < 3.0 C L 30 < asnn <50 H
G 30 < ais < 40 N L 40 < a4z < 6.0 B
G 30 < a7 £ 40 M C 1.0 < ass < 15 N
G 40 < ais < 4.0 D C 1.0 < as7 < 15 M
G 50 £ ay < 7.0 F C 1.5 < ass < 20 D
G 6.0 < ainw < 8.0 E C 20 < as9 < 3.0 F
G 70 < arn < 8.0 H C 20 < asn < 3.0 E
G 9.0 < aiz < 9.0 B C 30 < asiu < 40 H
A 1.0 £ a; < 10 I N 40 < a5z < 6.0 B
A 15 < ax < 3.0 L N 12 < a7 < 15 M
A 20 < axs < 20 C N 1.0 < ass < 1.5 D
A 20 < ax < 3.0 N N 1.5 < a9y < 20 F
A 30 < ax; £ 40 M N 20 < asnw < 2.0 E
A 30 < axs < 5.0 D N 25 < asn < 3.0 H
A 20 < az9 < 40 F N 30 < asrz < 4.0 B
A 50 < axiw < 6.0 E M 1.0 < as < 15 D
A 6.0 < axn < 70 H M 1.0 < a7y < 20 F
A 80 < a2 < 9.0 B M 1.5 < azw < 20 E
I 15 < as¢« < 20 L M 1.5 < an < 3.0 H
1 20 < az3s < 20 C M 1.0 < arz < 3.0 B
I 20 < a6 < 3.0 N D 12 < asy < 15 F
I 20 < a7 < 40 M D 1.5 < asw < 20 E
I 30 < ass < 4.0 D D 20 < asu < 20 H
I 40 < a9 < 5.0 F D 20 < asrz < 3.0 B
I 40 < a3 < 6.0 E F 1.0 < a9 < 15 E
I 6.0 < a3 < 8.0 H F 1.5 < asn < 20 H
I 70 < a2 < 8.0 B F 15 < agz < 20 B
L 1.0 < a45 < 15 C E 1.0 < awn < 1.5 H
L 1.0 < ass < 1.5 N E 1.5 < awr < 20 B
L 15 < a47 £ 15 M H 1.0 < amr < 1.5 B

Fig. 14. - Judgment ranges for the validation test 2.

49



A% | G A I L ¢ N M D F E H B |[w%,,| m |Pmw¥,.. | CR
G 1.0 13 12 23 25 32 36 40 57 68 77 9.0 | 0206 | 0.208
A 08 1.0 1.0 19 20 25 31 33 39 54 66 85| 0167 | 0167
I 08 1.0 1.0 1.8 20 25 29 34 44 51 69 76| 0.165 | 0.160
L 04 05 05 1.0 1.1 13 15 1.8 23 28 36 46| 0089 | 0.08
C 04 05 05 09 1.0 13 14 1.7 23 26 34 43| 0084 | 0.082
N 03 04 04 08 08 10 12 13 1.8 20 27 34| 0067 | 0.066 " 0.0004
M 03 03 03 07 07 08 10 11 15 18 23 27| 005 | 0056
D 03 03 03 06 06 08 09 1.0 13 1.6 20 25| 005 [0.053
F 02 03 02 04 04 06 07 07 10 12 16 1.8 | 0038 | 0.039
E 01 02 02 04 04 05 06 06 08 10 13 1.6 | 0032 [ 0.033
H 01 02 01 03 03 04 04 05 06 08 1.0 1.2 0.025 | 0.026
B 01 01 01 02 02 03 04 04 05 06 08 1.0 002 [ 0.021

Fig. 15. - Validation benchmark test 2 results.

All data regarding the validation benchmark test obtained by applying the method on a
set of individuals are showed in Attachment 1.
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4 APPLICATION OF OPTIMIZED-AHP TO ASSESS THE STRUCTURAL
DEGRADATION ASSESSMENT OF R.C. BUILDINGS

This section presents the proposed 0-AHP methodology to formulate the automatic
damage quantification by the definition and evaluation of the Condition Ratings. This
work focuses on the case of R.C. buildings, even if the approach has a general validity
for the assessment of existing building.

4.1 Derivation of tabulated weights with the Optimized-AHP

In this section the key point of weight evaluation is performed to make the KPIs calcu-
lation effective for the structural degradation assessment of RC buildings in the DSS.
The first step of AHP consists in the Structure of the Problem of the structural degra-
dation assessment of RC buildings. The goal is the assessment of building degradation
level and the problem is structured in /=4 criteria: i) Damaged component, i.e. the
importance of the damaged component; i) Damage extension, i.e. the damage exten-
sion in relation with the component dimension expressed in percentage; iii)y Jamage
severity, i.e. the gravity of the damage; iv) component position, i.e. the positon of the
component based on the floor in which it is located.

Fig. 16 shows the hierarchical scheme of the problem structuring. In the damaged se-
verify criterion, for each type of damage, 3 increasing severity levels are defined. For
example: thin cracks (ws4), medium cracks (wss) and wide or active cracks (wsg) are
the levels corresponding to the Cracks damage (the last 4 alternatives regard wood
pathologies w . w325 w32, w325 and indicated with * are excluded).
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Goal R.C. BUILDING DEGRADATION
v v . ¢ v
Criteria Damaged component v, Damage extension v, Damage severity v3 Position vy
\
v v v

Foundation level w,; 100% wa,; Cracks caused by rebar oxidation wy;,; First or second floor w,;

Shear wall w,, 90% w2 Spalling ws,, Third or fourth floor w,,»

Column wy; 80% ws3 Heavy concrete spalling w3 Other w,;
Beam w, 70% wsy Thin cracks w; 4
Braced frame w5 60% wys Medium cracks w;s
Floor wye 50% wae Wide or active cracks w;4
Roof wy; 40% wy; Defects at junctions wj3,»
Staircase wy g 30% was Detachment of elements w;g
Catwalks wyg 20% wa9 Brick blocks falling down w;
Ground floor w9 10% w10 Component deformation w; ;9
Balcony or projection wy ;; Excessive deflection, deformations w; ;;
Curtain wall wy Walls or elements leaning out of vertical w; ;,
. External RC wall wy ;3 Small foundation settlement wj ;3
Alternatives External brick wall wy ;4 Medium foundation settlement w3, ;4
Breastwork wy, ;s Heavy foundation settlement w; ;5
Internal wall wy ;6 Decay phenomena (wet area, exfoliation) ws, ;4
False ceiling wy,;7 Cracking of plaster or veneer w; ;7
Skylight windows w;, s Detachment of plaster or veneer w; ;5
Doors wy 19 Corrosion of steel element w; ;9
Windows fixture w; 2 Yielding w32
Joint between elements w2, Corrosion with section reduction w;
Elevator wy;; *Mould or marcescence w;,;;
*Biological insect attack wj 3
*Mould or marcescence and section reduction w4

*Biological insect attack and section reduction wy 5 Note: *Wood pathologies

Fig. 16. - Structure of the Problem: weight criteria and alternatives to perform a assessment of RC
building degradation level.

In particular the application of the 0-AHP 3 phaseis necessary for the complexity of
the problem and the huge number of alternatives to obtain weights that are defined as
follows:

v; is the weight associated to each criterion i € C;
w;; is the weight associated to each criterion alternative b;; € B; of criterion i € C.

Fig. 16 shows the association of weight v; to the i ~t" criterion for i =1,...,m and the
weights w;; to the j~*" alternative for j=1,..., a;. In Fig. 16 it holds m=4, a; =22,
a, =10, a; =25 and a, =3.

The O-AHP is performed by obtaining five Juagment Matrices. four matrices to identify
the weights w;; of the alternatives and one matrix to identify the weight v; of each
criterion.
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In particular, starting from the damaged component alternatives the 0-AHP phase 1is
performed. Among the 22 alternatives similar elements are combined and a rouge
ranking evaluation in performed as shows in Fig. 16. In the O-AHP phase 2, the 66
Juadgement ranges are assigned and showed in Fig. 17

Damaged component | w;;
Foundation level Wil
Shear wall Wi
Column W3

Beam Wig

Braced frame Wis
Floor Wie

Roof Wiz
Staircase Wis
Catwalks Wio
Ground floor W10
Balcony or projection | W11
Curtain wall Wi
External R.C. wall W13
External brick wall Wiie
Breastwork Wiis
Internal wall W16
False ceiling W17
Skylight window Wi
Door W19
Windows fixture W20
Joint between elements | w;,;
Elevator W 122

Similar comp ts are combined Wi
Foundation level Wi
Shear wall Wiz
Column W3
Beam or Braced frame Wiqg Wis

Slabs, Staircase or Catwalk
Balcony or projection
Curtain wall
External walls
Breastwork, Internal wall or False ceiling
Door or Window

Wie W17 W18 W19 Wii0
Wi
Wiz
W13 Wii4
Wiis Wiie W17
W18 Wi19 W1,20

Joint between elements W21
Elevator W22
Rouge ranking evaluation Wi
Foundation level Wi
Shear wall Wiz
Column w3

Beam or Braced frame Wig Wis

Slabs, Staircase or Catwalk
Balcony or projection
Curtain wall
External walls
Breastwork, Internal wall or False ceiling
Door or Window
Elevator
Joint between elements

Wie W17 Wis Wio Wiio
Wi
Wiz
Wii3 Wi
Wiis Wiis W17
W18 W19 Wi,20
W22

W21

Fig. 16. Rouge ranking evaluation for alternatives of criterion 1
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i-th element

K

a, j-th element
Foundation level (F.1.) 10 < a,, = 12 Shear wall (S.w.)
Foundation level (F.L) 13 < a,, < 13 Column (C.)
Foundation level (F.1.) 16 < a,, = 17 Beam or Braced frame (B.B.)
Foundation level (F.1.) 16 < a,; = 1.7 Slabs, Staircase or Catwalk (S.S.)
Foundation level (F.L) 18 < a,, < 19 Balcony or projection (B.p.)
Foundation level (F.1.) 41 < a,, = 42 Curtain wall (C.w.)
Foundation level (F.) 45 < a,, < 46 External walls (E.w.)
Foundation level (F.1) 58 < a,, < 5.9 Breastwork, Internal wall or False ceiling (B.L.)
Foundation level (F.1.) 90 < a,, = 90 Door or Window (D.W.)
Foundation level (F.1.) 9.0 < a,; < 90 Elevator (E.)
Foundation level (F.1.) 9.0 < a;;,; < 90 Joint between elements (J.)
Shear wall (S.w.) 11 = a,; = 12 Column (C.)
Shear wall (S.w.) 15 < a,, < 15 Beam or Braced frame (B.B.)
Shear wall (S.w.) 15 < a,; = 15 Slabs, Staircase or Catwalk (S.S.)
Shear wall (S.w.) 1.6 = a,, = 1.7 Balcony or projection (B.p.)
Shear wall (S.w.) 37 < a,; < 38 Curtain wall (C.w.)
Shear wall (S.w.) 40 = a5 = 42 External walls (E.w.)
Shear wall (S.w.) 53 < a,, < 54 Breastwork, Internal wall or False ceiling (B.I.)
Shear wall (S.w.) 85 < a,;y = 85 Door or Window (D.W.)
Shear wall (S.w.) 85 < a,; < 85 Elevator (E.)
Shear wall (S.w.) 85 < a,;, = 85 Joint between elements (J.)
Column (C.) 13 < a5, < 13 Beam or Braced frame (B.B.)
Column (C.) 13 = a;5 = 13 Slabs, Staircase or Catwalk (S.S.)
Column (C.) 14 < a5 < 15 Balcony or projection (B.p.)
Column (C.) 32 £ a;;, = 34 Curtain wall (C.w.)
Column (C.) 35 < azs < 3.6 External walls (E.w.)
Column (C.) 45 < a;y < 4.7 Breastwork, Internal wall or False ceiling (B.1.)
Column (C.) 78 < as; < 80 Door or Window (D.W.)
Column (C.) 78 < ajz; = 80 Elevator (E.)
Column (C.) 78 < a;n < 80 Joint between elements (J.)
Beam or Braced frame (B.B.) 09 = a,; = 11 Slabs, Staircase or Catwalk (S.S.)
Beam or Braced frame (B.B.) 10 < a,; < 12 Balcony or projection (B.p.)
Beam or Braced frame (B.B.) 25 £ ay; = 26 Curtain wall (C.w.)
Beam or Braced frame (B.B.) 27 < ays < 28 External walls (E.w.)
Beam or Braced frame (B.B.) 35 < ayy < 3.6 Breastwork, Internal wall or False ceiling (B.1.)
Beam or Braced frame (B.B.) 6.0 = ayy = 62 Door or Window (D.W.)
Beam or Braced frame (B.B.) 60 < a,;,; = 62 Elevator (E.)
Beam or Braced frame (B.B.) 60 < ay; < 62 Joint between elements (J.)
Slabs, Staircase or Catwalk (S.S.) 1.0 £ a5 = 12 Balcony or projection (B.p.)
Slabs, Staircase or Catwalk (S.S.) 25 < as; < 26 Curtain wall (C.w.)
Slabs, Staircase or Catwalk (S.S.) 27 £ a5y = 2.8 External walls (E.w.)
Slabs, Staircase or Catwalk (S.S.) 35 < asy = 3.6 Breastwork, Internal wall or False ceiling (B.1.)
Slabs, Staircase or Catwalk (S.S.) 6.0 < as;y = 62 Door or Window (D.W.)
Slabs, Staircase or Catwalk (S.S.) 6.0 < as; = 62 Elevator (E.)
Slabs, Staircase or Catwalk (S.S.) 6.0 < as;, = 62 Joint between elements (J.)
Balcony or projection (B.p.) 22 < ag; < 24 Curtain wall (C.w.)
Balcony or projection (B.p.) 24 £ azs = 26 External walls (E.w.)
Balcony or projection (B.p.) 32 £ a4y = 3.3 Breastwork, Internal wall or False ceiling (B.I.)
Balcony or projection (B.p.) 54 < agy < 56 Door or Window (D.W.)
Balcony or projection (B.p.) 54 < agy = 56 Elevator (E.)
Balcony or projection (B.p.) 54 < ag; < 56 Joint between elements (J.)
Curtain wall (C.w.) 1.1 < a;3 < 1.2 External walls (E.w.)
Curtain wall (C.w.) 14 < a,, < 15 Breastwork, Internal wall or False ceiling (B.L)
Curtain wall (C.w.) 24 < az;y = 25 Door or Window (D.W.)
Curtain wall (C.w.) 24 < a;; < 25 Elevator (E.)
Curtain wall (C.w.) 24 < a;;p =025 Joint between elements (J.)

External walls (E.w.) 12 < ay, < 14 Breastwork, Internal wall or False ceiling (B.L.)

External walls (E.w.) 21 = agyy = 23 Door or Window (D.W.)

External walls (E.w.) 21 < agy < 23 Elevator (E.)

External walls (E.w.) 21 = ag; =23 Joint between elements (J.)
Breastwork, Internal wall or False ceiling (B.I) 1.6 < a,, < 1.8 Door or Window (D.W.)
Breastwork, Internal wall or False ceiling (BI.) 1.6 < a,,, < 1.8 Elevator (E.)

Breastwork, Internal wall or False ceiling (B.I.) 1.6 < ay,, < 1.8 Joint between elements (J.)
Door or Window (D.W.) 1.0 < auy, £ 1.0 Elevator (E.)

Door or Window (D.W.) 1.0 < ayp = 1.0 Joint between elements (J.)

Elevator (E.) 1.0 < a;;, = 1.0 Joint between elements (J.)

Fig. 17. - Judgement ranges assigned for the damaged component alternatives



The solution of the MP problem (14a-b) provides the Judgment Matrix and weights are
derived from the solution of equation (7). Fig. 18 shows the Juagment Matrix, the ob-
tained weights and the value of CR that satisfies the Saaty consistency requirement
(CR < 0.1).

Damaged Component (F1) (Sw) (C) (BB) (SS) (Bp) (Cw) (Ew) (BL) OW) () () | wy, CR

Foundation level (F.1.)| 1.0 1.1 1.3 1.6 1.6 1.8 4.1 4.5 5.8 9.0 9.0 9.0 10.0

Shear wall (S.w.)[ 0.9 1.0 1.2 1.5 1.5 1.7 3.8 41 54 9.0 9.0 9.0 9.1

Column (C.)| 0.8 0.9 1.0 1.3 1.3 1.4 3.3 36 46 79 7.9 7.9 7.9

Beam or Braced frame (B.B.)| 0.6 0.7 0.8 1.0 1.0 1.1 2.5 2.8 3.6 6.1 6.1 6.1 6.1
Slabs, Staircase or Catwalk (S.S.)| 0.6 0.7 0.8 1.0 1.0 1.1 2.5 2.8 3.6 6.1 6.1 6.1 6.1
Balcony or projection (B.p.)| 0.6 0.6 0.7 09 09 1.0 23 2.5 32 5.5 5.5 5.5 5.5
Curtain wall (C.w.)| 0.2 0.3 0.3 04 04 04 1.0 1.1 1.4 24 24 24 2.4

External walls (E.w.)| 0.2 02 03 04 04 04 0.9 1.0 1.3 2.2 22 22 2.2

0.0001

Breastwork, Internal wall or False ceiling (B.1)[ 0.2 0.2 0.2 0.3 0.3 0.3 0.7 0.8 1.0 1.7 1.7 1.7 1.7
Door or Window (D.W.)| 0.1 0.1 0.1 0.2 0.2 0.2 0.4 0.5 0.6 1.0 1.0 1.0 1.0
Elevator (E.)[ 0.1 0.1 0.1 02 02 02 04 05 06 1.0 1.0 1.0 1.0

Joint between elements (J.)| 0.1 0.1 0.1 0.2 0.2 0.2 0.4 0.5 0.6 1.0 1.0 1.0 1.0
Fig. 18. - Optimized Judgment Matrix, Weights, and CR Obtained by O-AHP in damaged component
Criterion

Following the same 0-AHP procedure all the weight of the alternatives of the criterion
aamaged componentare evaluated. In particular, Fig.19 shows the rouge ranking eval-
uation, Fig. 20 shows the assigned 66 Juagement ranges and Fig. 21 shows the ob-
tained Juadgment Matrix with the derived weights and the value of CR that satisfies the
Saaty consistency requirement (CR < 0.1).

Moreover, to obtain the weights of the last two sets of alternatives and to weight the
criteria, the Optimization is not necessary and the Judgment Matrices can be obtained
directly from the standard AHP procedure. Fig. 22, Fig. 23, Fig. 24 shows the Juagment
Matrix, the derived weights and the value of CR that satisfies the Saaty consistency
requirement (CR < 0.1) of Damage extension alternatives, Position alternatives and
criteria respectively.
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Damaged severity W3y Similar damage are combined Wi
Cracks caused by rebar corrosion W31 Generic thin cracks of defects at junctions W31 W3q W37 W37
Spalling W3 Brocken brick blocks and Loss of adesion and detachment W32 W3g W39 W38
Heavy concrete spalling Wi Heavy expulsion of concrete cover and rebars oxidation Wi3
Thin cracks Wiy Medium cracs Wis
Medium cracks Wis Cracks active, cracs wide or Walls leaning out of vertical W36 W32
Wide or active cracks W36 Component deformation W30
Defects at junction Wi Excessive deflection, deformations or displacements W31
Detachment of elements Wis Medium settlement or differential settlement W33 Wil
Brick blocks falling down W39 Heavy foundation problem W3is
Component deformation W30 Decay pheneomena W36
Excessive deflection or deformations W11 Wood or steel patology (not heavy) W39 W322 W323
Walls or elements leaning out of vertical Wi Pathology cause of section reduction W30 W321 W323 W324 W325
Small foundation settlement Wiz l
Medium foundation settlement W34
Heavy foundation settlement Ww3s Rouge ranking evaluation W3
Decay pheneomena (wet area. exfoliation) | W36 . Heavy f’oundation pr0b1§m . Wiis
Cracking of plaster or veneer Wiz Cracks active, cracs wide or Walls leaning out of vertical W36 W32
Detachment of plaster or veneer Wis Excessive dgﬂecticn, deformations or displme@eﬂ§ W31
Corrosion of steel element Wi Heavy exp_ulsmn of concrete gover apd rebars oxidation W33
Yielding W32 Medium settlement or dlffeFennal sen}emem W33 W34
. . y . g Pathology cause of section reduction W30 W321 W323 W32 W325
Corrosion with section reduction W31 Medium cracs w
35
Mould or marcescence W22 Brocken brick blocks and Loss of adesion and detachment W3z W3 W39 W3
Biological insect attack w323 Component deformation Wiz
Mould or marcescence and section reduction | w 354 Generic thin cracks of defects at junctions W3 Wig W37 Wiy
Biological insect attack and section reduction | w 3,5 Decay pheneomena W36

‘Wood or steel patology (not heavy)

W319 W322 W323

Fig. 19. - Rouge ranking evaluation for alternatives of criterion 3
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i-th element K" a; KY j-th element
Heavy foundation problem (H.f.) 1.0 £ a,, = 11 Cracks active, cracs wide or Walls leaning out of vertical (C.W.)
Heavy foundation problem (H.f.) 1.1 < a;; < 12 Excessive deflection, deformations or displacements (E.d.)
Heavy foundation problem (H.f.) 1.1 < a;y < 12 Heavy expulsion of concrete cover and rebars oxidation (H.e.)
Heavy foundation problem (HL.f.) 18 < a,; < 19 Medium settlement or differential settlement (M.s.)
Heavy foundation problem (H.f.) 20 = a;; £ 020 Pathology cause of section reduction (P.s.)
Heavy foundation problem (H.f.) 21 < a;; £ 23 Medium cracs (M.c.)
Heavy foundation problem (H.f.) 25 < a;5 < 2.6 Brocken brick blocks and Loss of adesion and detachment (B.b.)
Heavy foundation problem (H.f.) 28 < a;y = 28 Component deformation (C.d.)
Heavy foundation problem (H.f.) 33 < a;,y = 33 Generic thin cracks of defects at junctions (G.t.)
Heavy foundation problem (H.f.) 50 < a;; £ 60 Decay pheneomena (D.p.)
Heavy foundation problem (H.f.) 9.0 < a;;; =90 Wood or steel patology (not heavy) (W.s.)
Cracks active, cracs wide or Walls leaning out of vertical (C.W.) 1.0 £ a,; = 1.1 Excessive deflection, deformations or displacements (E.d.)
Cracks active, cracs wide or Walls leaning out of vertical (C.W.) 1.1 < a,, < 1.1 Heavy expulsion of concrete cover and rebars oxidation (H.e.)
Cracks active, cracs wide or Walls leaning out of vertical (C.W.) 1.8 < a,; = 20 Medium settlement or differential settlement (M.s.)
Cracks active, cracs wide or Walls leaning out of vertical (C.W.) 19 < a,; = 20 Pathology cause of section reduction (P.s.)
Cracks active, cracs wide or Walls leaning out of vertical (C.W.) 2.1 < a,, < 2.2 Medium cracs (M.c.)
Cracks active, cracs wide or Walls leaning out of vertical (CW.) 2.4 < a,5 < 2.5 Brocken brick blocks and Loss of adesion and detachment (B.b.)
Cracks active, cracs wide or Walls leaning out of vertical (C.W.) 2.7 < a,, < 3.0 Component deformation (C.d.)
Cracks active, cracs wide or Walls leaning out of vertical (C.W.) 32 < a,,, < 3.3 Generic thin cracks of defects at junctions (G.t.)
Cracks active, cracs wide or Walls leaning out of vertical (C.W.) 4.5 < a,;, < 4.8 Decay phencomena (D.p.)
Cracks active, cracs wide or Walls leaning out of vertical (C.W.) 9.0 < a,;, < 9.0 Wood or steel patology (not heavy) (W.s.)
Excessive deflection, deformations or displacements (E.d.) 1.0 £ a;y, = 1.0 Heavy expulsion of concrete cover and rebars oxidation (H.e.)
Excessive deflection, deformations or displacements (E.d.) 1.7 £ a;; = 1.8 Medium settlement or differential settlement (M.s.)
Excessive deflection, deformations or displacements (E.d.) 18 < a;6 = 19 Pathology cause of section reduction (P.s.)
Excessive deflection, deformations or displacements (E.d.) 20 = a;; = 20 Medium cracs (M.c.)
Excessive deflection, deformations or displacements (E.d.) 23 < a;g < 2.5 Brocken brick blocks and Loss of adesion and detachment (B.b.)
Excessive deflection, deformations or displacements (E.d.) 25 < a;y < 26 Component deformation (C.d.)
Excessive deflection, deformations or displacements (E.d.) 30 < ajz, < 30 Generic thin cracks of defects at junctions (G.t.)
Excessive deflection, deformations or displacements (E.d.) 45 < azy = 46 Decay phencomena (D.p.)
Excessive deflection, deformations or displacements (E.d.) 85 < az; = 90 ‘Wood or steel patology (not heavy) (W.s.)
Heavy expulsion of concrete cover and rebars oxidation (H.e.) 1.6 < a,; = 18 Medium settlement or differential settlement (M.s.)
Heavy expulsion of concrete cover and rebars oxidation (H.e.) 1.7 < a,; < 1.8 Pathology cause of section reduction (P.s.)
Heavy expulsion of concrete cover and rebars oxidation (H.e.) 2.0 < a,, =< 2.0 Medium cracs (M.c.)
Heavy expulsion of concrete cover and rebars oxidation (H.e.) 22 < auy < 23 Brocken brick blocks and Loss of adesion and detachment (B.b.)
Heavy expulsion of concrete cover and rebars oxidation (H.e.) 24 < a,y < 25 Component deformation (C.d.)
Heavy expulsion of concrete cover and rebars oxidation (H.e.) 29 < azy = 30 Generic thin cracks of defects at junctions (G.t.)
Heavy expulsion of concrete cover and rebars oxidation (H.e.) 42 < ayzy = 45 Decay phencomena (D.p.)
Heavy expulsion of concrete cover and rebars oxidation (H.e.) 8.6 < ay;, = 87 Wood or steel patology (not heavy) (W.s.)
Medium settlement or differential settlement (M.s.) 1.0 < a5 = 1.0 Pathology cause of section reduction (P.s.)
Medium settlement or differential settlement (M.s.) 1.1 < as5; < 12 Medium cracs (M.c.)
Medium settlement or differential settlement (M.s.) 13 < ass < 1.3 Brocken brick blocks and Loss of adesion and detachment (B.b.)
Medium settlement or differential settlement (M.s.) 1.3 = a5y < 15 Component deformation (C.d.)
Medium settlement or differential settlement (M.s.) 1.5 < a5y, < 18 Generic thin cracks of defects at junctions (G.t.)
Medium settlement or differential settlement (M.s.) 25 < as; = 3.0 Decay phencomena (D.p.)
Medium settlement or differential settlement (M.s.) 50 < as;; <050 Wood or steel patology (not heavy) (W.s.)
Pathology cause of section reduction (P.s.) 1.1 = a4, = 1.1 Medium cracs (M.c.)
Pathology cause of section reduction (P.s.) 12 < azs < 1.3 Brocken brick blocks and Loss of adesion and detachment (B.b.)
Pathology cause of section reduction (P.s.) 13 < az9 < 14 Component deformation (C.d.)
Pathology cause of section reduction (P.s.) 1.5 < agyy = 20 Generic thin cracks of defects at junctions (G.t.)
Pathology cause of section reduction (P.s.) 20 < agyy < 25 Decay phencomena (D.p.)
Pathology cause of section reduction (P.s.) 45 < agp =050 Wood or steel patology (not heavy) (W.s.)
Medium cracs (M.c.) 1.1 < a;y < 12 Brocken brick blocks and Loss of adesion and detachment (B.b.)
Medium cracs (M.c.) 12 < a;9y = 13 Component deformation (C.d.)
Medium cracs (M.c.) 15 < az;; = 1.6 Generic thin cracks of defects at junctions (G.t.)
Medium cracs (M.c.) 20 = a;y =25 Decay pheneomena (D.p.)
Medium cracs (M.c.) 40 < a;;p =050 Wood or steel patology (not heavy) (W.s.)
Brocken brick blocks and Loss of adesion and detachment (Bb.) 1.1 =< ag, < 1.1 Component deformation (C.d.)
Brocken brick blocks and Loss of adesion and detachment (Bb.) 1.3 < ag;, < 1.3 Generic thin cracks of defects at junctions (G.t.)
Brocken brick blocks and Loss of adesion and detachment (B.b.) 2.0 < ag;; < 2.0 Decay pheneomena (D.p.)
Brocken brick blocks and Loss of adesion and detachment (B.b.) 3.0 < ag;, < 4.0 Wood or steel patology (not heavy) (W.s.)
Component deformation (C.d.) 1.1 < agy = 12 Generic thin cracks of defects at junctions (G.t.)
Component deformation (C.d.) L7 < ay; = 18 Decay pheneomena (D.p.)
Component deformation (C.d.) 35 = agp = 35 Wood or steel patology (not heavy) (W.s.)
Generic thin cracks of defects at junctions (G.t.) 1.5 <ayp, = 15 Decay pheneomena (D.p.)
Generic thin cracks of defects at junctions (G.t.) 30 < appn < 3.0 Wood or steel patology (not heavy) (W.s.)
Decay pheneomena (D.p.) 2.0 < a; £ 2.0 Wood or steel patology (not heavy) (W.s.)

Fig. 20. - Judgement ranges assigned for the damaged severity alternatives
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Damage Severity (Hf) (CW) (Ed) (He) (Ms) (Ps) (Mc) (Bb) (Cd) (Gt) (Dp) Ws. Wi, CR

Heavy foundation problem (H.f)[ 1.0 1.0 1.1 1.1 1.9 2.0 2.2 2.5 2.8 33 5.1 9.0 10.0

Cracks active, cracs wide or Walls leaning out of vertical (C.W.)[ 1.0 1.0 1.1 1.1 1.9 1.9 2.1 2.4 2.8 32 47 9.0 9.5
Excessive deflection, deformations or displacements (E.d.)[ 0.9 0.9 1.0 1.0 1.8 1.8 2.0 2.4 2.5 3.0 4.5 8.7 9.0
Heavy expulsion of concrete cover and rebars oxidation (H.e.)[ 0.9 0.9 1.0 1.0 1.7 1.8 2.0 2.3 2.5 2.9 4.4 8.6 8.8
Medium settlement or differential settlement (M.s.)| 0.5 0.5 0.6 0.6 1.0 1.0 1.1 1.3 1.4 1.7 2.6 5.0 5.1

Pathology cause of section reduction (P.s.)| 0.5 0.5 0.5 0.6 1.0 1.0 1.1 1.3 1.4 1.7 24 48 4.9

Medium cracs (M.c.)| 0.5 0.5 0.5 0.5 0.9 0.9 1.0 1.1 1.3 1.5 23 4.4 4.4

Brocken brick blocks and Loss of adesion and detachment (B.b.)| 0.4 0.4 0.4 0.4 0.8 0.8 0.9 1.0 1.1 1.3 2.0 3.8 39
Component deformation (C.d.)[ 0.4 0.4 0.4 0.4 0.7 0.7 0.8 0.9 1.0 1.2 1.8 3.5 3.5

0.0001

Generic thin cracks of defects at junctions (G.t.)| 0.3 0.3 0.3 0.3 0.6 0.6 0.7 0.8 0.9 1.0 1.5 3.0 3.0
Decay phencomena (D.p.)| 0.2 02 02 02 04 04 04 05 06 07 10 20| 20
Wood or steel patology (not heavy) (W.s.)|[ 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.3 0.5 1.0 1.0

Fig. 21. - Optimized Juagment Matrx, Weights, and CR Obtained by O-AHP in damaged component
Criterion

Damage Extension |100% 90% 80% 70% 60% 50% 40% 30% 20% 10%| w,; CR
100% 1.0 1.1 1.3 14 1.7 20 25 33 50 10.0f 10.0
90% 0.9 1.0 1.1 1.3 15 1.8 23 30 45 90 9.0
80% 08 09 1.0 11 13 16 20 27 40 80 8.0
70% 07 08 09 10 12 14 18 23 35 70 7.0
60% 06 07 08 09 10 1.2 15 20 30 6.0 6.0 0.00001
50% 05 06 06 07 08 1.0 13 1.7 25 50 5.0
40% 04 04 05 06 07 08 10 13 20 40 4.0
30% 03 03 04 04 05 06 08 10 15 3.0 3.0
20% 02 02 03 03 03 04 05 07 1.0 20 2.0
10% 01 01 01 01 02 02 03 03 05 10 1.0

Fig. 22. - Juagment Matrix, Weights, and CA Obtained by AHP in Damaged extension Criterion

Position | 100% 90% 80% Wy | CR
First or second floor 1.0 1.8 8.0 10.0
Third or fourth floor 0.6 1.0 6.0 6.2 0.01
Other 0.1 0.2 1.0 1.1

Fig. 23. - Judgment Matrix, Weights, and CA Obtained by AHP in Position Criterion

Criteria | (D.c) (D.e) Ds) (P.) | v; | CR
Damaged component (D.c.) 1.0 0.2 0.2 3.0 0.10
Damage extention (D.e.) 4.5 1.0 1.0 9.0 0.43
Damage severity (D.s.) 5.0 1.0 1.0 9.0 0.44
Position (P.) 03 0.1 0.1 1.0] 0.03

Fig. 24. - Juagment Matrix, Weights, and CA Obtained by AHP in Criteria

0.01

Finally, Table 6 shows all the criteria and alternatives wejg/hts obtained by applying the
0-AHP methodology to the specific case of R.C. buildings degradation analysis.
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Table. 6. Obtained weights by using 0-AHP to perform a R.C. buildings degradation analysis

Weights of criteria and alternatives

vi Wi Wi2 Wiz Wig Wis Wis Wiz Wig Wig Wigo Wi Wiz Wigs Wige Wigs Wiise Wiiz Wigs Wiig Wi2o Wi2i Wiz

0.1 10 91 79 61 61 61 61 61 61 61 55 24 22 22 1.7 17 17 1 1 1 1 1

vz War Wa2 Waz Wag W25 Wag Wap Was Wao o Wago

043 10 9 8 7 6 5 4 3 2 1

Vi Wi Wiz Wiz Wiy Wis o Wig Wiz Wis Wioo Wigo Wiil Wiz Wiz Wiig Wiis Wiis Wiz Wiis Wigo Wizo Wizl Wizz Wiz Wizg Wizs
044 3 39 88 3 44 95 3 39 39 35 9 95 5.1 5.1 10 2 3 39 1 49 49 1 1 49 49
Ve War Waz Waz Weg Was Wag War o Was Weo o Waip

0.03 10 62 1.1

4.2 Procedure for calculating the Condition Ratings of the DSS

Once the weights are determined, the KPIs can be used to analyze the building degra-
dation. Fig. 25 schematize the phases of the evaluation in a flow chart.

First the structure is decomposed in class of components, in accordance with the Ma-
trix of Damage and the set of alternatives B; = {b,; | j = 1, ..., a; }, associated to the
criterion i € C.criterion C with {i = 1}.

Secondly, a report is generated on the basis of the visual analysis for each building’s
damage: every report is composed of a photographic survey and additional structured
information, organized in the set of alternatives.

Subsequently, for each reported damage, the 4 tabulated weights of Table 6 are as-
signed to each alternative. It is worth noting that each weight is associated with only
one criterion or alternative. Consequently, the weights can be automatically assigned
once the set of alternatives is known.
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Structure

|

Decomposition of the structure in
class of component

User reporting to obtain data of
damages

Checking of data accuracy

Automatic assignment of 4 weights:

l [ [ \
Pathology Pathology ‘ Damaged

severity vy extension v, component Vs

l |

‘ ’ Position vy

|

|

Calculation of the single damage of
a component: Damage Degree (D)
l
Calculation of the damage of a
component; (Cr)
|
Calculation of the damage of a class
of component (CCr)
|
Calculation of the damage of a
structure (BCr)

Fig. 25. - Flow chart of the proposed methodology for R.C. building’s damages

Once weights are assigned, KPIs (i.e. Cr, CCr and BCr) can be evaluated by using
eq (2),(3),(5) respectively. In addition, the necessary coefficient y,, is calculated for
the specific case of R.C. buildings by considered the approximate number compo-
nents per square meter. To provide an example, in the case of R.C. school building,
according to regulatory provisions and construction techniques, 4 columns are ap-
proximately present each 36 square meters (y, =0.03 column each square meter).
The values of ¥, computed in the case of R.C. school buildings are shown in Table 7.
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Table 7. Identification of y,, values in the case of R.C. school building

nop o pooBpo s koo o in o2y 4 s
0.01 0.03 0.02 0.03 0.02 0.02 002 002 0.02 001 0.03 001 003 001 0.03

In addition, a set of limit values are implemented in the procedure in order to provide
an immediate alert when one of the KPIs exceeds a predetermined threshold (i.e., when
a level of attention is suggested for the safety of the building). When one or more KPIs
exceed the corresponding limit value, an alert notification is sent to the QDP.

Fig. 26 shows the limit values assumed for the KPIs, and a corresponding qualitative
expression. Levels of colour are associated with each qualitative expression to denote
the severity level present in the Matrix of Damage or in the diagnostic sheets.

C Local slight damage Local medium damage Local serious damage
"
4<Cr <6
Few damages and limited to a Medium damages on a Serious and extended damage
ccr class of components class of components
2<CCr<6
Building in good condition Medium widespread damages Serious an d extended dqnger
BCr compromising whole building
\ 3<BCr<5

Fig. 26. - Limit values and the corresponding qualitative expression and associate color
4.3 Application example of the Condition Ratings

The described methodology has been applied to a set of R.C. school buildings located
in the municipality of Bari. Two cases, school building “Cirielli” and school building
“Lopopolo”, are discussed. They are particularly interesting, since they exhibit similar
pathologies but provide quite different diagnostic results.

The school building “Cirielli” is located in the city of Bari, in the district of San Paolo. It
was completed in 1963 and is composed by two RC building blocks with a deck area
of 1226 square meters. The “Cirielli” is a two-storey building (ground and first floor)
with max height of 11.24 meters (calculated from the top of the stairwell). The ground
floor of 1226 square meters consists of two corridors from which all the classrooms
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can be accessed. The two corridors are developed on two different altitudes that differ
by 0.8 meters and are connected by a small staircase. The first floor is 118 square
meters and it is developed in the central part of the L-shaped building plan. This school
is equipped with large outdoor areas, which are developed on each side of the building,
partly wooded, including an area used for parking.

The school building “Lopopolo” is located in the city of Bari, in the district of San Paolo.
It was completed in 1966 and is composed by a single RC building blocks. In the year
2004 an extension of 270 square meters has been made reaching a deck area of 1490
square meters. The “Lopopolo” is a single-storey building with a surface of 1490
square meters and max height of 4.3 meters. The school consists of a rectangular
central body and a trapezoidal area that develops with an open plan scheme. The build-
ing is equipped with large outdoor areas, which are developed on each side of the
building.

In the first phase of data acquisition, the Building Registry Tabs have been filled with
the information provided by the municipal office and integrated by the existing national
database. Fig. 27 shows the Building Registry Sheets for the school building “Lopo-
polo”.
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C'} BUILDINGS REGISTRY TAB
=)

General Data
Registry Data
Country Italia
Region Puglia
o City Bari
Address street Viale Lazio
Street number 5
GPS Lat41.1192170; Long. 16.7933123
Occupancy School
Building name "Lopopolo”
Age
Project 1963
End of works 1966
Geometric data and constructive type
Buildings blocks n° 1 Staircase typology -
Seismic Joint [0 Yes X No  |Slab typology Mixed R.C. and brick
Structural typology R.C. frame Geomorphology Rocky terrain
Curtain wall typology Tuff or brick Aquifer location unknown
Total Area m’ 1490 Max Height m 4.3
Floors/above ground n° 1/1 Volume m’ 4800
Foundation level Area m? 1490 Room number n° 26
_ Area floor 0 m’ 1490 External staircase n° 0
é 2 - m? - Internal staircase n° 0
f E’ Deck area m’ 1490 Elevator n° 0
S B Original Projects Availability
S O
] fn Preliminary Project not available
£ | Definitive Project not available
3 E Executive Project not available
= Interventions or modifications
Typology Date (year) Description Documentation
] New floor
[ Internal modifications
[0 New openings
Extensions 2004 Extension of a gym Not present

[ Elevator

Ordinary maintenance interventions

] Minor interv. on building systems

Intervention of internal finishes 2004 External doors
Extraordinary maintenance interventions

[ Interventions on Internal walls

[ Interventions building systems

[ Interventions on building envelope

[ Elevator

Vulnerability assessments

Typology Date (year) Description Documentation
[ Vulnerability assessments
[0 Vulnerability assessments

Reference technical codes

Typology Date (year) Description Documentation
R.D.L. 29 luglio 1993 n.682 1993 Building technical codes

Fig. 27. - Registry Tab of school building “Lopopolo”,Bari, Italia

For school building “Cirielli”, the users has reported 56 damages in 45 different com-
ponent of the structure. In Fig. 28 and Fig. 29, one questionnaire of a certified user and
the corresponding report results stored in the Diagnostic 7Tabs are shown respectively.
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In particular, Fig. 28 describes the set of questions generated in the case of a report
concerning the heavy concrete spalling in a beam. In such a case, 9 questions are
proposed to the User. In the figure among the possible answers, the user's response is
indicated in grey.

Concrel
d

Heavy conarete spalling

Component deformation

\
[ Wood
[ Steat
[ s
\

) [
| |
] | \
| | \
] | : ]
Fig. 28. - Questionnaire of a certified user (report of a heavy concrete spalling)

The Diagnostic Tab (Fig. 29) shows the results of the questionnaire and the classifica-
tion of the related information, such as criteria, alternatives and their associated
weights, according to the proposed methodology.

Such sheets allow to display the photographic inspections and to check, and eventually
correct, the information used to the automatic evaluation of the Criicality Condition
Rating. Fig. 29 depicts the report obtained for inspection /=26 and the corresponding
Cr? = 7.2 obtained by (6). Such value exceeds the limit of /oca/ serious damage
according to Fig 26. Hence, the DSS provides a warning signal by a red background in
the box of Cr.

All reported pathologies are stored and displayed in the right part of the Matrix of Dam-
age (Fig. 30), that shows the number of damages for each type of criticality (matrix
columns) and for each component (matrix rows). The colour of the cell indicates the
maximum Criticality Condition Rating surveyed corresponding to the selected element
and damage, according to the rules of Fig. 26. The left part of the matrix points out the
maximum value of Cr detected on the building (Max Criticality Condition Rating), the
Building Condition Rating and the Component Condiition Ratings (CCr)).
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B D) 00 Diagno b
ADDRESS Via Molise 4 Photographic survey
id component | data-photo data-insert | data-creation | Knowledge Degree username id structure name
e=26 200417 | 2000417 | 20/04/17 Technician Valet;‘:;‘;Maﬂ 1 "Cirielli"
Criticality
Damaged component Beam 6.1
Damage extension 60% 6.0
Damage severity Heavy concrete spalling 8.8
Component position First of second floor 10

APP Report

Questionnaire Answers
Where do you made the photo? In-door
Insert floor plan location of the problem 0
In which room do you photograph the criticality? Room

Which is the criticality height above walking surface?

Between 3m and 4m

What is exatly upstairs?

Building top

‘Which element do you photograph? Beam
Which is the damage extention compared with the element dimension? 50%
Which is the damaged element material? Concrete

Which criticality did you photograph?

Heavy concrete spalling

Fig. 29. - Diagnostic Tab, heavy concrete spalling of a beam in school building “Cirielli”,Bari, Italia

BUILDINGS School Cirielli MATRIX OF DAMAGE Cod Ox Cr Gi Df Se De
Via Molise 4 _Registry data £ 8 RC Corrosion | Cracking patiern | Pefect in giuntion | Component Settlement | Plaster or finiscing
Construction date: 1954 == and decay
_ Total area: 1365 m” Cod [ Oxl | Ox2 [ Ox3 | Crl | €2 | €3 | Git | Gi2 | Gis | Dfi | D2 | D | Sel | Se2 | Sed | Del | De2 | De3
E N° of Floors: 2 ~ = P
A = Construction typology: R.C. 3 =252 g
:H slel 1212121205 |2 s
28 2|5 Ed 22155 |£ HERENE 5 |5
= 5 28 =] 2 5|3 |5 1S |5 =23 |2 5 |8
& g s|e E £ @ g |8 |® 2 £ 2 |= = |z
= 1S & ElE|lS|E|212 |2 £lsls | 25
2 & =4 ) o 5 -2 S = |8 |38 g gEle |28 2 |=
= O |5 2 2| e 5 |l< | 2|5 |2 |8 S |S |2 |& g[S
i 3 3 2122 |% 3 |5 «|E S|s5|3S |8 =2
i Slz 8|8 2|5 2|5 RE2<2 8|55 %]
g < 15|28 ]|= 518 |8|esesl 2| € |2128 5 |E
Selw|S|Ble|C |3 |22 25583 | |8|eg 2|2
2z E| 2|5 |23 | 8|S |S|&I2E2E|=Z|2|2|28 2|55
sElS| 2|2 |5 |e|8 |3 |z |8|58285 |28 5188
SElS|s|s|B|2|2|E|2|Eggz2 RN
SEla|E|E g 3 5 = | 8 %oan_g 2 IR%l 5|18 B
Code Type Code Typology CCr_Code Component O 8lw | T = Ale|g |0 @38 s |2 [ 253 a2
_ S1 Foundation 0.60 | S1.1 Foundation| 2 3 1
£ 0.00 | s2.1 Shear wall
g 2
S| 2 | s2| Suuctural element | 210 f 522 Column 2
@ 1.00 | s23 Beam| 1 1 2 1
0.00 | s2.4 Braced frame
110 L Floor slab| 1 | ] ||
o0
0.00 | L1.2 Roof]|
g L1 Slab
L 3 0.00 | L1.3 Ground floor
=2 0.00 | L1.4 Balcony or projection
g
= . 0.00 | L2.1 Staircase
L2 Connection
0.00 | £2.2 Catwalks
1.00 | N1.1 Curtain wall 8
N1 | Facade envelope | 0.09 | N1.2 Windows fixture,
s 0.00 | N1.3 Skylight window
£ 0.00 | N2.1 External R.C. wall
3 N2 External wall 0.00 | N2.2 External brick wall
NI E 0.00 | N2.3 Breastwork|
< ) 0.20 | N3.1 Internal wall e [
2 N3 | Internal finishes | 0.00 | N3.2 False ceiling|
0.00 | N3.3 Door
1.10 | N4.1 Joint between elements 4 1 2
N4 Other 0.00 | N4.1 Elevator

Fig. 30. - Matrix of Damage of school building “Cirielli”,Bari, Italia

By looking at the values of KPIs reported in the Matrix of Damage, it is possible to
provide some preliminary concise observations: i) the maximum Criticality Condition
Rating (that is equal to 9.7) i.e., exceeds the threshold corresponding to /ocal serious
damage, i.e., some pathologies can severely affect the performance of the building; ii)
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the Component Condiition Ratings don’t exceed 2, i.e., the pathologies affecting the
component classes do not compromise the overall component effectiveness; iii) the
Building Condition Rating does not exceed the limit of 3, i.e., in the building there is a
widespread extension of damages, but few of them are serious.

The second application of school building “Lopopolo”, for which 73 damages in 45
different component of the structure have been obtained. Fig. 31 shows the corre-
sponding Matrix of Damage.

) | BUILDINGS ATRIX X Cr Gi Df Se De
A s j—n S -
ADDRESS ta &4 RC. Corrosion | Cracking patern Defect in giuntion | Component Settlement | P1aster or finiscing
and detach t deforma tion ecay
x3 | Crt | cr2 | e | Gil | Gi2 | Gi3 | Dfi | DR | D3 | Sel | Se2 | Se3 | Del | De2 | De3
H =2z g
H > |E| 5|25 E o
z| 2|8 S13(212 |25
2 2l |8 B 1 S |2
E 52| E [ g |z |2
s |8 g g z |&
L] e 2 £ £ <
ElEl2|z g |2 245 |5
5|18 |%|¢8 < ° B
s | 2| E H g |z 2 |E
Sl S| 8|3 2 =|2| =2 Z |8 5
S8 |8|8|35|E 5|5 |5 ERER:
= 32 2 | = s |2 32 < £ S |2 E |2 5
Typology CCr__Code Component S|lz|la|la|la|c[@sE%la |2 |z |2 S |22
_ S1 Foundation 0.00 | si.1 Foundation
g 0.00 | s2.1 Shear wall
N 2 0.00 | s2.2 Column
2 S2 | Structural element
a 0.14 | s2.3 Beam|
0.00 | 524 Braced frame|
0.92 | LI.1 Floor slab 2
0
o 0.00 | L1.2
=] L1 Slab
L g 0.00 | L1.3
5
E | BB 1| 2
. 000 | L2.1
L2 Connection
0.00 | L2
2.02 [ NL1 1 s 4
NI | Facade envelope | 0.00 | N1.2
) 0.00 | N1.3
= 026 | N2.1
_§ N2 External wall 0.00 | N2.2 1
N3 0.00 | N2.3
= 0.00 | N3.1
2 N3 | Internal finishes | 0.00 | N3.2
0.06 | N3.3 oor| [ i1 |
0.07 | Na.1 Joint between elements
N4 Other 000 | a1 Elevator

Fig. 31. - Matrix of Damage ofschool building “Lopopolo”, Bari, Italia

Also in this case, the maximum Criticality Condiition Rating (that is equal to 9.8) exceeds
the threshold corresponding to /ocal serious damage. Moreover, there are damages
overcoming the threshold corresponding to /ocal serious damage. The most heavy
damages are related to the /seavy concrete spalling of Sunshade (Diagnostic Sheet
showed in Fig. 32 shows one of the damaged Sunshade). In addition, in this building
some curtain walls are degraded, and all the sunshades exhibit heavy oxidation critical-
ity. Such conditions are remarked by the related Component Condition Rating. equal to
6.03 and that exceeds the limit of “serious and extended damages’.

66



ool Lopopolo

APP Report

ADDRESS Viale Lazio 5 Photographic survey
id component | data-photo data-insert | data-creation | Knowledge Degree username id_structure name
P Valentino Mail " N
e=44 2400417 | 2400417 | 24004117 Technician @ e‘;;‘;‘; a 1 Lopopolo!
\ n Criticality
V Damaged component Balcony or projection 5.5
Y Damage extension 100% 10.0
Damage severity Heavy concrete spalling 8.8
. Component position First of second floor 10
Questi ire Answers
Where do you made the photo? Out-door
Insert floor plan location of the problem 0
In which room do you photograph the criticality? Courtyard
Which is the criticality height above walking surface? Between 3m and 4m
What is exatly upstairs? Building top
Which element do you photograph? Balcony or projection
Which is the damage extention compared with the element dimension? 100%
Which is the damaged element material? Concrete

Which criticality did you photograph?

Heavy concrete spalling

Fig. 32. - Diagnostic Tab, heavy concrete spalling of a projectionin school building “Lopopolo”,Bari,

[talia

The DSS comparison of these two buildings suggests a priority of intervention for the
Lopololo school that presents the highest number of pathologies and the highest values
of building Crand Ccr. Furthermore, the overview of the building reports through the
diagnostic sheets points out that the specific actions involved in the intervention priority
are the rehabilitation of the concrete cover in the sunshades (Fig. 32) and of the curtain

walls’ finishing, in order to ensure user safety and building proper operability.
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5 CALIBRATION OF KEY PERFORMANCE INDICATORS THROUGH TU-
UTTI MODEL AND COMPARISON WITH THE METHODOLOGY “GDE-UNB”

In this section the obtained weights to set the KPIs are calibrated through the Tuutti
model in order to consider the damage evolution of reinforcements’ corrosion. In addi-
tion, in order to assess the effectiveness of the evaluated KPIs a comparison with the
GDE-UnB is proposed. Such method is particularly interesting and allied with the pro-
posed one, because it evaluates three performance indicators assessing, respectively,
the condition of the single components, the class of the components and the whole
building.

In particular, two steps are performed in order to make an exhaustive analysis of the
effect of the calibration.

First, a comparison between the proposed KPIs and the performance indicators of GDE-
UnB is performed through a set of case studies and by analyse the results of a sensi-
tivity analysis to verify the robustness of the formulations.

Secondly, the weights of the proposed KPIs are calibrated with exploiting the Tuutti
model (1982). An additional sensitivity analysis is performed in order to evaluate the
impact of the calibration on the result and obtain a suitable calibration of the formulas.

5.1 The GDE-UnB Methodology: “Degree of Element Deterioration” (GDE-
UNB)

In this section the GDE-UnB method (Castro, 1994) is presented in order to perform a
comparison with the proposed DSS approach.

The GDE-UnB methodology, developed on the basis of the studies of Tuutti on the rebar
oxidation of R.C., aims to establish a quantification of the degree of deterioration of a
R.C. structure. The method is based on KPIs that consider the most frequent manifes-
tations of damages affecting some isolated structural elements or the whole structure.
In this section the formulas improved in (Boldo 2002) are discussed. The flow chart of
Fig. 3 summarizes the methodological steps of the evaluation.
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Structure

Decomposition of the structure in
class of component

Visual survey of each component
to evaluate the damages

[ ) ]
Assign a Damage Factor (Fp) by Assign an Intensity Factor (Fi) by

using tabulated values using tabulated values
l |

Calculate the siﬁgle damage of a
component: Damage Degree (D)

Calculate the damage of a
component: (Gae)

Calculate the damage of a class of
component (Gy)

Calculate the damage of a
structure (Gy)

Fig. 33. - Flow chart of the steps of the GDE-UnB methodology to evaluate the building degradation

The first step is the decomposition of the structure into #classes of components (shear
wall, column, beam, etc.).

In the second step, a visual survey of each component is performed to evaluate the
damages.

Third, for each component two weighting factors are assigned: a damage factor (Fp)
and an /ntensity factor (Fi). The aamage factor (Fp) is an integer tabulated weights,
variable from 1 to 5 (Castro, 1994) and is assigned in order to quantify the level of
importance of a damage on the basis of the visual survey of the damage and the func-
tionality and safety of the component.

Analogously, the /ntensity factor (Fi) is an integer tabulated weights, variable from 1 to
5 assigned by surveyor on the basis of the R.C. pathologies (Fonseca 2010).

The forth step of the method is the evaluation of the single damage by an index named
aamages degree.
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Let us consider a generic component e and the A detected damages related to e. The
method Gde-UnB exploits the Tuutti model (1982) generalized by the Model Code MC-
90 CEB-FIP (Comité euro-international du béton 1993) to obtain the damage formula-
tion index, denoted by damages degree D, with d=1,..., A.

The damages degree of a single damage is evaluated as follows:

if Fi<2thenD; =04Fi-Fp ford =1,...,A (16)
if Fi > 3thenD; = (12Fi —28) -Fp, ford =1,...,A (17)

Once obtained the single aamage D, the synthetic KPI (Gd,) devoted to quantifying
the deterioration of a component is defined as a function of the values of D,as follows
(Boldo 2002):

ZA: D _Dmax
Gde = Dmax(1 + %)’ (1 8)

where D,,,,, iS the maximum value obtained for D4, with d=1,..., A.

The synthetic index Gdrexpresses the deterioration of the generic component class f
and is calculated by aggregating the values of Gdrepresenting the deterioration of the
components e belonging to the £ ~t" class (obtained by eq. (12)). More precisely, the
value of Gdis computed as follows:

E -
Gd; = Gdg max \/ 1 4 Ze=1 60~ Domar (19)

Y GD,

where Gd, 1,45 iS the maximum value obtained for Gd.. Only the elements with Gd.
> 15 are involved in the Gdcalculation.

Finally, the degree of deterioration of the whole structure (G,) is calculated by the arith-
metic weighted average of the k values of Gdaccording to the equation below:
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where the values of Fry are tabled values of the structural relevance defined for every

_ Z?:l GdgFrg

Gd Frf

class of components f and showed in (Boldo 2002).

5.2 Comparison of general aspects

The differences between the two methods are now analyzed in order to identify the
necessary operations and set up a comparison of the methodologies through case
studies applications. The two methods have the same methodological structure in the
calculation of the KPIs, as it can be seen from Fig. 25 and Fig. 33. The main difference
between the two “single damage’ formulations consists in the Tuutti model used by

GDE-UnB to derive the formulation.

(20)

Table 8. Comparison between GDE-UnB and the proposed DSS approach

General considerations

Factors or criteria

Single Damage (SD, and
D,)

Single component (Cr.
and Gd,)

Class of components
(CCrf and Gdf)

Structure index
(BCr and G,)

DSS GDE-UnB
1) Data acquisition performed through
User reporting Methodology directly applied by a

2) validation of acquired data by a
technician (engineer)

3) calculation of KPIs on the basis of
tabulated weights obtained by O-AHP

Final goal: structural degradation

- non-structural pathologies regarding
plaster or veneer are considered

- R.C. and wood pathologies are con-
sidered

Weighted average formula
SDq=1,...,10

Cr. Inspired by Gd, and tuned

Normalized with respect to the total
number of components actually pre-
sent in the building
Normalized with respect to the total
number of components actually pre-
sent in the building

surveyor to evaluate KPIs on the
basis of tabulated weights defined
by experts

Final goal: structural degrada-
tion

- Non-structural pathologies re-
garding plaster or veneer are not
considered

- Only R.C. pathologies are con-
sidered

Factorial formula
Calibrated with Tuutti model
D;=1,...,100

Gd,

Not Normalized
great importance is given to the
most damaged component

Not Normalized
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In addition, the single damage and the Single componentevaluation are calculated with
different normalization, as the numerical result varies from 0 and 100 in the GDE-UnB
and from 0 and 10 in the DSS KPIs. This difference can be easily overcome with a linear
transformation to perform a comparison of the methods. Table 8 summarizes the dif-
ferences between the two methods.

5.3 Comparison through case studies

The GDE-UnB and the DSS methodologies are applied to a set of R.C. structures built
between 1960 and 1980 and located in the municipalities of Bari (ltaly), Porto (Portu-
gal) and Fortaleza (Brazil). The considered four case studies are shown in Fig. 34: “Ciri-
elli School Building (Bari)”, “Lopopolo School Building (Bari)”, “FEP Faculty of Econ-
omy (Porto)” and a “Brazilian Elevated storage tank (Fortaleza)”. These structures are
particularly interesting for the comparison of the methods, since they exhibit different
pathologies and quite different dimensions and structure typologies.

School building “Cirielli” School building “Lopopolo” “Faculdade de Economia” in “Brasilian elevated
University of Porto storage tank ”

Fig. 34. - Main facade of the four case studies.

For all the case studies, the GDE-UnB and DSS methodologies are applied to evaluate
every single damaged component and the resulting values are normalized to 1.

In order to accomplish the comparison, the following index, named LDifference index, is
defined to assess the overall differences between the two method results and is evalu-
ated for each building:
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Difference Index =

1=1 |CTe - Gde|

(20)

Fig. 34 shows an extract of the Diagnostic Tabs surveyed on a single component of the
school “Lopopolo”, in addition the component KPI is evaluated with the GDE-UnB and
DSS methodologies. The identified pathologies are the spalling and the presence of a
wet area in a concrete projection. Fig. 35 shows a small wet area surveyed in FEP
Faculty of Economy. Also this figure shows the evaluation of the damage of the single

component with the two methods.

BUILDINGS

Diagnostic Tab

ADDRESS Photographic survey

Criterion Alternative wi
Damaged component Balcony or projection 55
Damage extension 40% 4.0
E) Damage severity Spalling 39
[’% - Component position First of second floor 10
‘é § D, 4.3
5« z Criterion Alternative Wi
g % Damaged component Balcony or projection 5.5
§ Damage extension 40% 4.0

/A Damage severity Decay phenomena (wet area, ...) 2
Component position First of second floor 10

D, 3.5
Criticality Condition Rating (Cr ,)""™"*"*! 0.52

D ool Lopopolo Diagno ab
ADDRESS Viale Lazio 5 Photographic survey
Factor Description Tabuled weight

Damage Factor (Fp) Balcony or projection 5

Intensity Factor (Fi) Oxidation cracks or spalling 3.0
=3 D, 40.0
e E Factor Description wi

g % Damage Factor (Fp) Balcony or projection 3
Intensity Factor (Fi) Decay phenomena (wet area, ...) 3.0
A D, 240
Gd "ot 0.55

Fig. 35. - Case Study of School “Lopopolo”: single component KPI calculation regarding the expulsion

of concrete cover of a balcony or projection for both methodologies.
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‘("

Decision Support System

%

APP Report

APP Report

BUILDINGS Facultade de Economia

R. Dr. Roberto Frias 464

Diagnostic Tab
Photographic survey

ADDRESS

Criterion Alternative wi
Damaged component Floor Slab 5.5
Damage extension 40% 4.0
Damage severity Decay phenomena (wet area, ...) 3.9

Component position

First of second floor

10

BUILDINGS Facultade de Economia

Diagnostic Tab

ADDRESS R. Dr. Roberto Frias 464 Photographic survey
Factor Description Tabuled weight
Damage Factor (Fp) Wet framework 3
Intensity Factor (Fi) Medium wet stain 2.0
D, 4.8

Decision Support

Fig. 36. - Case Study of “FEP”: single component KPI calculation regarding the wet framework of a
floor slab for both methodologies.

Fig. 37 shows the values of the first twenty reports of the school “Cirielli”. It is worth
noting that the difference between the two formulations increases when the damage is
not heavy. This aspect is analysed in detail in paragraph 5.5, where the Tuutti model
calibration is implemented and analysed. In addition, Fig. 38 shows the Difference Index
evaluated on all the case studies by using Eq. (20).

Cirielli first 20 Components

1.2
1
0.8
—
@ 0.6
0.4
°'2|||| I |II||| |||I
0 |
3
& & o“ & N NN
o\ & e\“ o\“ & & <~ N o o o <~ <~° N o@ &
R N L & K & Q° S N N N N & S S
& G’& & & & & & G"‘Q & & Qa“& Qo\“Q & C@"‘Q o Qo&‘&o Q@““Q & C@“Q
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Fig. 37. - Case Study of School “Cirielli”; evaluation of the single component KPI for the first 20
damaged component.
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Difference Index
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Fig 38. - Difference Index. individual values for the 4 case studies and average

The Difference Index found for the 4 case studies is about equal to 0.21, confirming
that the two methods behave in the same way also changing the typology of the case
study.

5.4 Sensitivity analysis

An important comparison of the two methods has been performed through a sensitivity
analysis. A NMumerical Incremental Analysis (VIA) is carried out by incrementally chang-
ing the numerical values of specific parameters and graphically or numerically showing
the corresponding trend of changes in the results (Leonelli, 2012).

In the proposed methodologies, some parameters can be affected by the surveyor sub-
jectivity. Hence, the parametersfor which an objective evaluation is not assured during
the application have been selected for the N/A.

In the GDE-UnB method, the /ntensity factor (F) is subject to possible different inter-
pretations, then it has been chosen for the incremental changing.

In the DSS method, the incremental changing is applied to the damage extension and
to the damage severity criteria, since they are not perfectly objectively evaluable.

The perturbation is given by modifying the /intensity factor (F ), the aamage extension
and the damage severity criteria by replacing them with the immediately higher or lower
tabulated weights.

In order to perform the comparison on all the reports of the case studies, an additional
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index (Sensitivity Index (S/)) able to assess the overall differences between the two
methods has been defined:

E —_cv!
SI(DSS) _ Ze=1I(CreE Cre)/CreI’ (21)

SI(GDE-Unp) = Ze=1/(0de-0le)/Gdd (22)
Where, for the considered building, Cr.(Gd,) is the non-perturbed value and Cr',
(Gd',) is the value after perturbation by using DSS KPIs (respectively, GDE-UnB) meth-
odology.
Fig. 39 and Fig. 40 show the perturbated value for the chosen parameters and the per-
turbed result for the case of the report previously shown. These images illustrate a
recurrent example in which the GDE methodology results considerably less robust than
DSS KPIs, as it can be noted from the perturbed valued of Cr (that varies between 0.43
and 0.83) and Gd, (that varies between 0.11 and 1.38).

Fig. 39. - Sensitivity analysis of DSS formulation: calculation of the single component KPI for the
school building “Lopopolo”
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Fig. 40. - Sensitivity analysis of GDE-UnB formulation: calculation of the single component KPI for the
school building “Lopopolo”

In order to display all the analysis and appraise the trend of changes, the range of
variation of the results is represented in a graph for each case study. The sensitivity
analysis graph of the DSS and GDE, respectively, for the first 20 reports of the school
building “Cirielli” is reported (Fig. 41 and Fig. 42). In these graphs, the upper bound
and the lower bound of the variation of the sensitivity are indicated.

Sensitivity analisis AlertEd: Case study Cirielli
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Fig. 41. - Sensitivity analysis graph of DSS KPIs: case study of Cirielli
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Sensitivity analisis GDE: Case study Cirielli
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Fig. 42. - Sensitivity analysis graph of GDE KPIs: case study of Cirielli

The plots of the sensitivity analysis confirm a greater change of the GDE results as can
be appreciated from the greater difference between upper bound and the lower bound
in the graph of GDE UnB (Fig. 42) in comperison with the graph of DSS KPIs (Fig. 41).
In order to have a numerical indicator of the differences between the two methods, Fig.
43 reports the Sensitivity Inaexes of all the case studies obtained by Eq. (21) and (22).

Sensitivity Index
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Fig. 43. - Sensitivity Index obtained for every case study and for the two methodologies

78



In the DSS, the Sensitivity Indexis equal to 0.18 on average with respect to all the case
studies (in general, the value of the perturbed report on average differs of 18% from the
non-perturbed one). On the contrary, in the GDE, the incremental or decremental value
exceeds on average the 100% of the inizial values. The low robustness of the GDE-UnB
is partially due to the factorial formula that involves only two factors. Therefore each
factor has a great impact on the final value.

5.5 Calibration of the DSS KPIs through Tuutti model

In this paragraph, the Tuutti calibration is used to improve the DSS methodology. In
particular, the criteria and alternative weigths of DSS for which the Tuutti model is
theoretically applicable are considered and calibrated. In addition, intermediate
calibration levels are considered through a formulation which provides a step by step
increment. This operation is essential to understand how the Tuutti model influences
the comparison of methods and the results of sensitivity analysis.

The Tuutti model is used to perform the calibration by exploiting the formulation devel-
oped by Marques et al. (2016). This formulation replaces the linear model used in the
original methodology (Fonseca, 2007) by a cubic parabola obtained by a linear regres-
sion adjusted to the points of the original model. Such formulation has the advantage
of combining into a single expression the two necessaries formulas to define the bilin-
gar one.

In agreement with the theory of Tuutti, the criteria of the DSS methodology that can be
calibrated are the Damage extension and the Damage severity criterion. In addition,
intermediate calibration levels are considered through a novel formulation based on the
Marques et al. (2016), which provides a weighted average of the uncalibrated and full
calibrated model.

The calibrated weights w'; j" are evaluated by using the following formula:
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W,ijk= k(0,0741 + 1,3905 Wij - 1,599 Wij2 + 0,6274 Wij3) + [(1 - k)WU]

fori=[12] (23)

where 0<k <1 is a coefficient representing the rate of the Tuutti calibration in the new
weights. Fig. 44 shows the calibration of Darmage extension criterion by displaying five
values of k: the non-calibrated values (k=0), the “full” Tuutti calibration (k=1) and
intermediate values. On the abscissas axis the rate of the Damage extensionis reported
and on the ordinates axis the weight normalized from 0 to 10 is reported.

Tuutti calibration of Damage extension criterion

Rate of the Damage extension

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Weight normalized from 0 to 10

Not calibrated Tuutti 25% Tuutti 50% Tuutti 75% Tutti 100%

Fig. 44. - Tuutti calibration graph of the Damage extension criterion
5.6 Identification of the best calibration point for DSS KPIs

In order to evaluate the impacts of the calibration trough Tuutti model on the DSS KPIs,
a comparison and a sensitivity analysis (as already described in par 5.4) have been
performed for each calibration obtained by changing the value of 4Ain the formulation
(23).
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By changing k, a set of values regarding Difference Index and Sensitivity Index is ob-
tained from the different calibration of DSS KPIs and applied to the case studies. Such
data are elaborated by using a polynomial interpolation of degree 3 in MATLAB envi-
ronment to represent in an approximate way the function of the Difference Indexvarying
k and the function of the Sensitivity Index varying k. The obtained Polynomial curves
are given by Egs (24), (25) and plotted in Fig. 15:

Dif ference index = 0.0098x> + 0.0142x2 — 0.0513x + 0.1425 (24)

Sensitivity index = 0.02x3 + 0.0242x? — 0.0509x + 0.2455 (25)
where
k—50
*= 305 (26)

Influence of Tutti calibration

04
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025
0.2 e
0.15 \
0.1

0.05

Values of Difference Index and Sensitivity Index

Not calibrated Tuutti 25% Tuutti 50% Tuutti 75% Tuutti 100%

Value of k expressed as a percentage

Difference Index Sensitivity Index

Fig. 45. - Curves of the Difference Index and the Sensitivity Index obtained changing k
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The performed analyses emphasise two aspects of the calibration obtained through
Tuutti model.

Firstly, the Difference Index decreases as the rate of the Tuutti calibration increases.
This aspect is easy predictable since the absence of Tuutti model calibration in DSS is
one of the main differences of the two methods, and by increasing k, the DSS
methodology become more similar to Gde-UnB method.

Secondly, the Sensitivity Index increases as k increases. This result is particular
interesting and points out that the robustness of the DSS result decreases due to the
Tuutti calibration.

It is worth noting that having low values of the Difference Indexis a positive feature
whereas having high values of Sensitivity Index is a negative feature. Therefore, an
optimal point is not immediately identifiable in the graphs of Fig. 15. Consequently, two
criteria are used to find the optimal calibration values of k: the Sensitivity Index has to
increase slowly with k and the Difference Indexhas to decrease rapidly with k.

The best point is individuated where the curves of Sensitivity Index and the Difference
Index exibit the minimum values of derivative (Sangiorgio et al. 2018c). Indeed, after
this point, by further increasing k, the sensitivity increases more rapidly (rapidly
worsening the result) and the difference decrease more slowly (slowly improving the
result).

The minimization of the two derivatives provides the values of k =0.33. Table 9 shows
the weights of DSS KPIs calibrated with k& =0.33.

Table 9. KPIs calibrated with the Tuutti with k =0.33.

Weights of criteria and alternatives after calibration with Tuutti 33%

M Wiip Wiz Wiz Wig Wis Wie Wiz Wis Wig Wigo Wiir Wii2 Wiis Wine Wiis Wiie Wiz Wiis Wii9 Wizo Wiz2r Wi22

01 10 9.1 79 6.1 6.1 6.1 6.1 6.1 6.1 6.1 55 24 22 22 17 1.7 1.7 1 1 1 1 1

»a Woi W22 W23 Way W25 W2e W27 W2s Woo W2io

043 10.0 83 6.8 55 45 3.6 28 2.1 14 0.7

A3 W31 W32 W33 Wiq Wis Wi Wiz Wis Wi Wizo Wiir Wii2 W33 Wing Wiis Wiie W37 Wiis W3i9 Wi20 W321 W322 Wizz Wi2q Wi2s
044 21 39 88 21 44 91 21 39 39 24 83 91 51 51 100 14 21 39 07 35 35 07 07 35 35
Ay War Wa2 Wiz Wyg Wys Wys Wiz Wyg Weg Waig

0.03 10 62 1.1

Sensitivity Index=0.23; Difference Index=0.17;
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5.7 Results of the case studies

In order to show the results of the case studies, the formulation of proposed DSS KPIs
calibrated at 33% is used in comparison with the GDE-UnB.

Fig. 46 shows the degradation of the class of components for the case study of
“Lopopolo” obtained by using formulation (3) and (19) in the calibrated KPIs and GDE
methods, respectively. Fig. 47 shows the structure indexfor all the case studies.
These plots show the similarity between the two results. The trend of the result is very
similar for the two methods and the higher values obtained in the GDE methodology are
due to a different normalization of the formulas (2-3) and (18-19)).

Degradation of Class of Components in "Lopopolo"
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Fig. 46. - Case Study of “Cirielli”school building: KPI for the degradation of the class of component
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Fig. 47. - Case study result: structure indexes of all the case study

In particular, it is possible to point out the following considerations. The most damaged
structure is the “Elevated Storage Tank” and the building considered, overall, in good
conditions is the “FEP”.

According to the analysis, the class of components “floor slab” in the “Elevated Storage
Tank” is subject to severe degradation and also columns and beams are in an initial
phase of reinforced concrete rebar oxidation. The school Buildings “Cirielli” and
“Lopopolo” are in very similar conditions. In these buildings, the class of components
is in good condition but a few pathologies can be considered serious. Therefore,
globally, the schools are in a medium state of conservation but the c/ass of component
index and the single damage index show the dangerousness of a few heavy
pathologies.

On the contrary, “FEP” building has a generalized slight degradation and all the classes
of components are in good or medium condition. In this building, the number of
detected pathologies is high but the building it is large and overall in better condition.
The Matrices of Damages of the case studies are shown in attachment 2

84



6 TEST SITE: LARGE-SCALE APPLICATION OF THE DSS

In order assess the KPIs and the large-scale DSS applicability to different types of RC
constructions, the Mediterranean coastline in Spain has been chosen, in particular the
Test Sifeis focused on the Valencian coast. The rationality of this choice is due to the
diversity of typology and exposure to aggressive environments of the buildings present
in this area. In particular in the coast of Valencia it is possible to consider RC construc-
tions of very different sizes and subject to different levels of marine atmosphere expo-
sures.

6.1 The coast of Valencia

The Coast of Valencia is 440 km long and contains 65 townships, with the notable
presence of multi-storey holiday-apartment blocks, which outnumber those used as
permanent residences. Such coastline, bathed by the Mediterranean Sea has under-
gone a profound metamorphosis in the last 50 years, becoming a popular area for
holiday homes (Menero & Garrido 2011). Since the late sixties, it has experienced a
continual growth in tourism which has greatly multiplied the number of buildings con-
structed in the area, especially of those that could be described as weekend or holiday
homes. This effect was increased during the periods of the building expansion as oc-
curred between 1968 and 1973.

The building typology used in these areas is the apartment block, although there are
also many terraced houses. The structure of the buildings is usually made with RC
frames and generally precast joist slabs. The RC structure is often visible (mainly on
outer walls and open-plan ground floors) or given a thin covering of mortar (Moreno et
al. 2015). These buildings are therefore highly exposed to the aggressive agents in the
marine atmosphere (Adam et al. 2016, Moradian et al. 2014). The corrosion of the
reinforcement by the sea atmosphere is one of the main causes of the deterioration of
RC (Angst, 2009, Jin et al. 2016, Pradhan 2014).

The types of construction and their structural characteristics have not been suitably
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adapted to the aggressive marine atmosphere endemic to the area because of the rapid
growth of tourism in Spain in the last 50 years. In fact, the primary design considera-
tions of these buildings have concentrated on other aspects, such as making the most
of the sea view and the context of the beach. Following such criteria, the buildings are
generally designed with large terraces, flat roofs and enough height to provide good
views of the sea. However, most of these buildings near the coast and used by holi-
daymakers are highly exposed to the marine atmosphere, and as most of them have
RC structures, the damage caused by this phenomenon is quite severe.

All the factors mentioned above are taken into consideration in the planning 7est Site
with the purpose of quantify the buildings damages and to identify the worst condition
structures in three cities on the coast of Valencia.

6.2 Data acquisition on the Valencia coast

The DSS methodology is applied to 131 buildings in Valencia’s coastal region
(Spain) (Fig. 48).

$.

Fig. 48. - Location of Valencia in Spain and Europe
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In particular, the DSS methodology is applied to multi-storey buildings with RC slabs
and frames in three different towns. The cities have been chosen for their different of
urban plans, which can be described as follows:

e 53 buildings are analysed in £/ Perellonet, a town with a linear development along
the beach-front. This type of development is characterised by parallel rectangular
plots close to the coastline. Within these plots the buildings do not follow any de-
fined pattern. The blocks have more than 10 storeys with large shared areas.

e 62 buildings are analysed in Puebla de Farnals, which has a rectangular residential
area with several rows of houses and a small port. The buildings on the beach
front are small villas that shield the multi-storey buildings in the second and third
line.

e 16 buildings are analysed in Playa Pujg. This town is characterised by irregular
development, with multi-storey buildings along the beach front shielding larger
buildings further back. The buildings in this town are generally further from the sea
than in other towns on the Valencia coast.

Fig.49 shows the technical map of the 3 towns chosen for the test site.
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Fig. 49. - Technical map of the 3 towns studied
6.3 Analysis of building degradation on the Valencia coast

In order to assess the DSS procedure and the calibrated KPIs the Analysis of building
degradation on the Valencia coast the three methodological phases of the DSS are ap-
plied.

Firstly, the Data Acquisition Phase, is performed, the Building Registry Tabs are realized
by recover basic information about multi-storey building under investigation and the
reports of damages are elaborated in the QDP. Fig. 50 shows the Registry Tabs of the
building 3 in El Perellonet. Secondly, in the Dafa Processing Phase all the report are
stored in Diagnostic Tabs and Matrix of Damage. Finally, during Diagnostic Phase the
reports are analyzed and KPIs are evaluated.

In particular, for each investigated building and for every building component the dam-
ages surveyed is evaluated by Eq. (1), while Cr is obtained by Eq. (2). Fig. 51 shows
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the evaluation of the Cr for a balconyin building 52 affected by heavy concrete spalling
and consequent loss of blocks.

510)190) R R 3
General Data
Registry Data
Country Spain
Region Valencia
City El Perellonet
Address street Passeig de les Goles
Street number 31
GPS Lat 39.281953; Long. -0.277009
Occupancy Residential
Building name -
Age
AL Project 1968
= ; End of works 1969
g Geometric data and constructive type
‘&0| Buildings blocks n° 2 Staircase typology Longitudinally supported
& | Seismic Joint 0 Yes X No|Slab typology Mixed R.C. and brick
g Structural typology R.C. frame Geomorphology Rocky terrain
g Curtain wall typology Tuff or brick Aquifer location unknown
Total Area m?’ 2280  |Max Height m 22
Floors/above ground n° 6/6 Volume m’ 50160
Foundation level Area m?’ 380 Apartments number n° 48
Area floor 0 m?’ 380 External staircase n°
Area floor 1 m? 380 Internal staircase n°
Deck area m? 390 Elevator n°
Original Projects Availability
Preliminary Project not available
Definitive Project not available
Executive Project not available

Fig. 50 - Registry Tab of building 3

Building 52

Diagnostic Tab
Photographic survey

Decision Support System
APP Report

Calle de Barlovento

Criterion Alternative wi
Damaged component Balcony or projection 55
Damage extension 80% 6.2
Damage severity Heavy concrete spalling 8.8
Component position First of second floor 10
D, 7.6
Criterion Alternative wi
Damaged component Balcony or projection 55
Damage extension 40% 4.0
Damage severity Brick blocks falling down 2
Component position First of second floor

Fig. 51. - Damage on the single component of building 52 in EI Perellonet
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After evaluating all the Cr for all the components e of every structure, the global
condition of the buildings BCr is obtained by Eq. (5). The Matrix of Damage shows the
classification of damage in building 57 and shows that BCr=8.3 (Fig. 52). The matrix
is a useful graphical interface for an immediate overview of the types of damage affect-
ing the building. In the cell of the matrix (Fig. 52) the number of the damage items
detected with respect to the component and the critical type are indicated. It is worth
noting that the CCr of the Balconies or projections component is equal to 9; this indi-
cator suggests that the whole class of components has medium or serious damage
(Fig. 52).

BUILDINGS MATRIX OF DAMAGE Cod Ox Cr Gi Df Se De
= - = PRra— S " Pari.
ADDRESS alle Cabrestante i Registry data £ 8 RC. Corrosion | Cracking pattern | Defect in giuntion | Component . Plaster or finiscing
T Construction date: 1978 S and deformat decay
Total area: 5000 m” Cod [ Oxl [ Ox2 [ Ox3 | Crl | c2 | e | Git [ Gi2 [ Gi3 [ pfi | DR | DB | Sel | Se2 | Se3 | Del | De2 | De3
N° of Floors: 5 ~ =
2 |=|21|% g
] e 215 | g g
= =0 2 z = £ £ = 5 2 |5
g £ k-1 S g g = 2 = = |5
-] = @ 15 = g I E=1 @ 15 2]
2 = 3 g o | 2 o 51 = 2 2
=} ) 2l s |8 |2E . | 2] &% E]
) H - 5 | 2 o =E | & g S22 e
3 1 Zlz2 25 |< |28 £ s 5
g Sl El2|2]z2]2)2 g H s
R s|5|2|8|5|2|2]¢8 3| 2 5 5
O 5| w | S 8 g = o g = g S| &2 < £
2zl E| 2|5 |2|S 8|5 |=|& £ = > S 5
2ElZ |3l |8 |2|€|8|25|¢ 2|l g ] gg
SE 23 |E = ] o3 = 3 Z| g 3 % 5
Code Type Code Typology CCr_ Code Component CS8la | |E|ZS|z2|a|la|d|o |[f8=%3 « = a2
_ |s1 Foundation 0.00 [ s1.1 Foundation
£ 0.00 | s2.1 Shear wall
S E] 0.70 | s2.2 Column| 10 20
= S2 | Structural element
z 140 | s23 Beam 12 46 12|
0.00 | s2.4 Braced frame
0.00 | L11 Floor slab
o0
0.00 | L1.2 Roof]
€ L Slab
L 3 0.00 | L1.3 Ground floor|
3
32 i L4 Balcony or projection 10 ‘i
g o
= . 0.00 | L2.1 Staircase
L2 Connection
0.00 | 122 Catwalks
0.02 | NL.1 Curtain wall
NI | Facade envelope | 0.00 | N1.2 Windows fixture|
= 0.00 | N3 Skylight window
g 0.00 | N2.1 External R.C. wall
2 N2 External wall 0.00 | N2.2 External brick wall
N § 0.00 | N2.3 Breastwork
= 0.00 | N3.1 Internal wall
2 N3 | Internal finishes | 0.00 | N3.2 False ceiling
0.00 | N3.3 Door|
0.00 | N4.1 Joint between elements
N4 i
Other 0.00 | N4.1 Elevator

Fig. 52. - Matrix of damage, Damage overview and condition ratings of building 51 in EI Perellonet

The result of the analysis of all the buildings is represented on a damage map, in
which the 3 ranges of Cr are identified on a chromatic scale according with Fig. 26.
The maps of damage in the £/ Perellonet, Playa Puebla de Farnals, and Playa Puig are
showed in Fig. 53 Fig. 54 and Fig.55 respectively. The Matrices of Damages of all the
analysed buildings are shown in atftachment 3.
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Fig. 54. - Damage map of Playa Puebla de Farals
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The most damaged building with priority of intervention are building 53 and 62 in Playa
FPuebla de Farmals, and building 3, 9, 12, 22, 26, 28, 29, 41, 46, 50, 51 and 52 in £/
Perellonet, shown in red in the related Damage map of the City. In Playa Puigthere are
no buildings in serious condition.

The DSS procedure provides an overview of the most damaged buildings and indicates
the most dangerous damages through the Diagnostic 7abs. In particular the BCr pro-
vide information regarding building globally in worse conditions. Furthermore, by ana-
lysing the KPI of Cr it is possible to identify buildings that may have serious damage
even if their global condition is good. In addition, it is possible to extract information
concerning the degradation of the investigated cities. Fig. 56 shows the percentage of
damaged buildings in the three towns according to the five defined ranges. £/ Perellonet,
in which most of the buildings are on the beach front, had the highest number of seri-
ously damaged buildings with more than 10 percent of buildings in medium and heavy
condition.

Building Damages
100%
80%
60% mBCr0-2
40% BCr2-5
20% mBCr5-10
o
El Perellonet Playa Puebla de farnas Playa Puig

Fig. 56. - Damaged building distribution in the 3 towns studied

Finally, within a large portfolio of buildings, the analysis allows to have an effective
overview of the most damaged buildings. The methodology provides a prioritization of
interventions to support the identification of an effective maintenance strategy. Moreo-
ver, the continuous data flow and KPIs updating allows a monitoring of the structures.
A warning signal is provided by the DSS if some building damage overcome the
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threshold values of safety (Fig. 26). In addition, the large amount of collected data are
useful for the research purpose to analyse the buildings degradation on the Valencian

coast in order to identify the most important involved phenomena, as described in the
following section.
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7 DISCUSSION AND RESULTS

The described DSS procedure is able to perform complex operations to support the
technician’s operation in the diagnostics and maintenance field. The method combines
synergistically many techniques and technologies to be effective on a large scale. To
this aim the system provides a set of functions described as follows: i) storage and
classification of registry data; ii) large scale data acquisition supported by modern In-
formation and Communication Technologies (ICT), iii) automatic calculation of 3 cali-
brated and optimized KPIs to quantify local and global structural damage, iv) classifi-
cation of damages in specific matrices to display an overview of the building condition,
v) identification of the most damaged buildings and warning signal.

All these functions can be used by architects, engineers, and interested stakeholders
to improve management and maintenance and prioritize interventions. Beyond this, also
researchers can use this tool to carry out complex analyses on a large scale. This
section shows two practical examples of how the DSS can be applied for two different
purpose: i) large-scale monitoring of school buildings with particular focus to the user
safety, ii) carrying out complex analysis on a large scale to identify the most significant
phenomena causing deterioration of buildings on the coast of Valencia.

7.1 The specific case of the R.C. school building user safety

This section shows how the system can be adaptable to different problems. In partic-
ular the structural damage KPIs are improved to consider the potential damage of the
structural degradation to school users. To this aim an improvement of the degradation
analysis formulation of the DSS is set and used to simplify such operations and to
detect the criticalities that can compromise user safety or building usability.

Analogously to the case of structural degradation, the first step of 0-4AAPapplied to the
DSS for R.C. school buildings consists in the Structure of the Problem. The following
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sets of criteria and alternatives are defined:

. C'={i'"=1,..,m'}, setof criteria of cardinality m’;
. B'i={b';;|j=1,..,a} setof «; alternatives associated to each criterion
iecC'.

In particular, the safety performance level is affected by individual damaged compo-
nents and by the local collapse of the building components (Uva, G. et al 2016, San-
giorgio et al. 2016, Sangiorgio 2015). In order to consider such condition in the analysis
new criteria are added in the structuring of the problem as described below.

The goal is the semeiotic assessment of building sarety performance /eve/and the
problem is structured in /m7=6 criteria: i) Jamaged component, i.e. the importance of
the damaged component; ii) Damage severity, i.e. the gravity of the damage; iii) Jam-
age progress; 1.¢., the damage typology aptitude to rapidly worsen; iv) Damage exten-
sion, i.e. the damage extension in relation with the component dimension expressed
in percentage; v) Hejght above walking surface of the criticality, i.e., the risk of falling
broken components; vi) Room crowdiing, i.e., the potential number of people present
in the room where the damage is detected.

Moreover, a set of alternatives is associated to each criterion as shown in detail in Fig.
o7 witha'y = 16,a’, = 26,a'; =26,a', =10, a's =5and a’s = 9.

The second step of J-AHPprovides the weights that are defined as follows:

. v'; is the weight associated to criterion i € C’;
. w';; is the weight associated3 to alternative b';; € B'; of criterion i € C'.

The 0-AHPis performed by obtaining seven Juagment Matrices of: six matrices identify
the weights w';; of the alternatives associated to the six criteria and one matrix identi-
fies the weight v'; of each criterion. Fig. 57 shows the association of the alternatives
b';;to the weights w';;, and of the criterion i to the weight v';. As an example, the
criterion i =1, i.e., Damaged component, is associated to the weight v';, and a'; =
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16 alternatives are defined. For example, the first alternative b’ , of the first criterion is
“shear wall” and the associate weight is w'y ;.

Goal

Criteria

Alternatives

v

Damaged component v’y

v v
Shear wall W',y *Cracks caused by rebar oxidation w'y,

Catwalks or clevator ',y Detachment of elements

Fals
Doors and wind

Joint betwe
Sunshade or projec

**Corrosion or oxidation with section reduction w

***Mould or marcescence and section 28
+*++Biclogical insect attack and section reduction w5 ***Biological insect attack and section reduction w's 3 Note: *R.C. pathologies; **Stcel

A4 A4 v A4
. P Damage Height above walking
Deeep iyl Duncgepnestrb Ry extension v, | |surface of the eriticality »'s

2m and 3m
Between 1,5m and 2m
Less than 1,5 w'ss

Wide or acti ks wy,
Defects at junctions w's -

Defiects at junctions »

Brick blocks falling down »
Component deformation w' o

Walls or elements leaning out of vertical w
Small foundation settl

Medium foundation s

Heavy foundation s

Detachment of heavy veneerw
*+*Corrosion or oxidation of steel element w
“*Yielding w

. ***Mould or
v ***Biological
g ***Mould or marcescence and sect

#**Mould or ma
*#*Biological ins

reduction w35

v

Room crowding v's

bt .
Room-Laboratory

Forecourt ]
Office w'es
Storeroom  w'ss

***Wood pathols

Fig. 57. - Structure of the Problem: weight criteria and alternatives for the building safety performance
level

Fig. 58 shows the Juagment Matrix corresponding to the criterion of Room Crowding.
This matrix is generated referring to the regulatory data of the Italian Building Code
(Code 2008) with regard to the service loads and importance classes of buildings (CEN
2015) and the assigned Juagement Ranges are showed in Fig. 59.
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g —
Room crowding 5 E 5 § ; > 2 ° 5 g w's, CR
g & EE S 8 £ § 8 8
§g £ T8 £Z & 2 g2 E
g5 ® 88 EE & & & & &
Room-Laboratory| 1.0 1.0 1.8 24 24 47 39 39 90 10.0
Gym| 1.0 1.0 20 24 24 46 38 34 9.0 9.8
Outdoor pedestrian area| 0.6 0.5 1.0 1.8 1.8 3.0 25 23 9.0 6.4
Entrance or Hallway| 04 04 06 1.0 1.0 25 1.7 15 6.3 4.3
Staircase| 0.4 04 06 10 1.0 3.0 3.0 1.7 73 4.9 0.026
Toilette] 02 02 03 04 03 10 10 10 3.2 2.1
Forecourt| 0.3 03 04 06 03 10 10 10 69 2.6
Office] 03 03 04 07 06 10 10 10 6.9 2.9
Storeroom| 0.1 0.1 0.1 02 01 03 01 01 1.0 0.7

Fig. 58. - Judgment Matrixfor the room crowding criteria weighting.



The solution of the MP (8a-b) provides the matrix of the Criterion of Foom Crowding,
and the solution of equation (1) gives the weights. The last column in Fig. 58 shows
the value of the C/Rthat satisfies the Saaty consistency requirement (CR < 0.1).

i'" element KLy aij KY; " element
Room-Laboratory 1.0< a2 <11 Gym
Room-Laboratory 1.8< a3 <19 Outdoor pedestian area
Room-Laboratory 24< arq <26 Entrance or Hallway
Room-Laboratory 24< ars <2.6 Staircase
Room-Laboratory 4.7< are <49 Toilette
Room-Laboratory 39< arz <4.1 Forecourt
Room-Laboratory 39< as <41 Office
Room-Laboratory 9.0< ary <9.0 Storeroom

Gym 20< a3 <2.0 Outdoor pedestian area
Gym 24< a4 <26 Entrance or Hallway
Gym 24< azs <2.6 Staircase
Gym 45< ae <4.6 Toilette
Gym 3.7< axz <39 Forecourt
Gym 34< as <3.6 Office
Gym 9.0< ag <9.0 Storeroom
Outdoor pedestian area 1.8< as4 <22 Entrance or Hallway
Outdoor pedestian area 1.8< ass <22 Staircase
Outdoor pedestian area 30< ase <3.1 Toilette
Outdoor pedestian area 25< asz <25 Forecourt
Outdoor pedestian area 22< ass <24 Office
Outdoor pedestian area 9.0< asg <9.0 Storeroom
Entrance or Hallway 1.0< aqs <1.0 Staircase
Entrance or Hallway 25< a6 <25 Toilette
Entrance or Hallway 1.6< a4z <17 Forecourt
Entrance or Hallway 14< ass <1.6 Office
Entrance or Hallway 6.2< a9 <63 Storeroom
Staircase 3.0< ase <3.0 Toilette
Staircase 30< asz <3.0 Forecourt
Staircase 1.5< ass <20 Office
Staircase 6.5< as <75 Storeroom
Toilette 1.0< as.z <1.0 Forecourt
Toilette 1.0< ass <1.0 Office
Toilette 30< as9 <34 Storeroom
Forecourt 1.0< ars <1.0 Office
Forecourt 6.9 < are <71 Storeroom
Office 6.9 < as.9 <71 Storeroom

Fig. 59. - Judgement Ranges assigned for the alternatives of the criterion “Room Crowding’.

Moreover, Fig. 60 shows all the criteria and alternatives weights obtained by applying
the 0-AHP methodology to the specific case of the safety of R.C. school building.
Such tabulated weights can be used in the formulation of the KPIs analogously to the

structural degradation ones.
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Weights of criteria and alternatives

Vi W W2 Wi Wi s Wi Wi Wis Wiiow oW L w iz w s wiaw' s w'Ls

0.09 100 99 1713 58 58 34 36 17 17 20 07 07 07 08 07 20

V2 W W2 W Whaa Wias Was Wiz Wias Wao Wi W 2 W22 W s W s W s Wi Wi Wi w210 W 220 w220 W2 w w225 W2z
032 10 40 70 10 35100 10 40 99 20 40 100 10 10 60 10 10 40 99 10 35 65 10 10 65 65
v Wi Wi Wiy wisa Wias wiss Wiz wWias Wiow oW s W s nw s s w s w3 s W s Wz ws s w's 19w s 0 ws 2 w3 w3 3 w0 W's o5 W3

004 83 83 83 24 24 100 24 24 24 21 21 100 20 20 20 44 44 67 67 48 48 48 22 22 22 2,2
Vi W War Wz Was Was Was Wy Was WaoWan

0.11 100 90 80 70 60 50 40 30 20 1.0

Vs Wsp Wso2 Wisz wisa wiss

028 100 69 29 08 08

vie W1 Wer Wes Wea Was Was War Was Weo

0.16 100 98 64 43 49 21 26 28 07

Fig. 60. - Obtained weights to perform a “semeiotic assessment in R.C. buildings”

/. 1.18ensitivity Analysis for R.C. school building user safety

The final step of the procedure is the Sensitivity Analysis that verifies how the final
results would change if the weights of the criteria were different. It also allows to un-
derstand how robust are the final KPIs and which criteria influence more the results.
The sensitivity analysis is performed by changing the weights of the criteria and verify-
ing how they modify the overall priorities of the alternatives (Butler et al. 1997, Tri-
antaphyllou and Sanchez 1997).

In the proposed application, the main objective is not to assess the local ranking, but
to provide the global weight distribution. Therefore, it is adopted the approach proposed
by Hurley (2001) for the sensitivity analysis which enables the weights to be changed
while maintaining the local ranking order. In such a method, the focus is on the global
weight change and it is useful to evaluate the robustness of the result.

Let us consider a matrix of comparison A having elements a;;, and let us define the

additional matrices A , where the elements ;; are determined as follows:

[o5]]

ij = a?j (27)
with p = 0. Foru = 1, itholds A = A; for u >1, the resulting weights exhibit the same
rank order but values are “exploded”; for u< 1, again the resulting weights have the
same rank order but values are “imploded”. Such local weight variations allow as-
sessing if the stability of the global weight and the overall rank order is preserved. Now,
the matrices A are recalculated and weights are obtained by solving (1).

As an example, Table 10 shows the weights of the matrices of the room crowding
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criterion for each ne {0.5,0.7, 0.9, 1, 1.1, 1.3, 1.5}.
To analyze the behavior of the global weights, the Cr, associated to H=200 visual
surveys (for h=1, ..., 200) are evaluated according to (6).

Table 10. Variations of the weights of Room Crowding obtained by changing p

i 0.5 0.7 0.9 1 1.1 1.3 1.5
wer 10 10 10 10 10 10 10
ws2 993 991 989 984 987 984 9.82
wss 805 738 676 644 620 570 524
wess 658 557 471 434 399 338 287
wss 7.00 6.09 531 494 464 406 3.57
wess 4.63 341 251 214 186 137 1.02
w7 5.14 397 3.08 263 240 189 151
wss 537 420 330 293 260 207 1.65
ws9 263 156 093 0.72 0.56 033 0.20
CR 0.086 0.068 0.019 0.020 0.069 0.208 0.420

Eigenvector

For the sake of brevity, Fig. 61 shows the variation for the first 10 visual surveys with
respect to the values of . It is evident that the trend is very regular, and there are few
inversions in ranking, which are concentrated at the limit values. It should be consid-
ered, anyway, that the weights obtained for ©<0.9 and u>1.1 are not reliable solutions
since the associated matrices do not respect the CR consistency requirement
CR<0.1. In Table 10, the matrices obtained for p=1.3 and n=1.5 provide a con-
sistency index CR =0.208 and CR=0.420, respectively. On the basis of these consid-
erations, it is possible to state the reliability of the obtained global weights.
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Sensitivity analisis

9 —a—Crl
8 Cr2

7
—u—Cr3

6
——Cr4

)
© 4 Cr5
3 Cr6
2 ——Cr7
1 Cr8
0 —e—Cr9

0.5 0.7 0.9 1 1.1 13 1.5 r
values of pu —o—Crl0

Fig. 61. - Sensitivity Analysis: plot of the weights’ variations of Room Crowding by changing

/7. 1.2 Diagnostic tab for user safety

To provide an example of the result of the new KPIs, the Diagnostic Sheet (Fig. 62)
shows the results of the questionnaire and the classification of the related information,
such as criteria, alternatives and their associated weights, according to the proposed
methodology.

Such sheets allow to display the photographic inspections and to check, and eventually
correct, the information used to the automatic evaluation of the Criticality Condlition
Rating.
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D ool Lopopolo Diagno o
ADDRESS Via Lazio 8 Photographic survey
id_report | data-photo | data-insert | _data-creation Knowledge Degree username id_structure name
e=44 | 24/04/17 | 2400417 | 2400417 Engineer Val”;i‘;‘;m" 1 "Lopopolo"
- Criticality
Damaged component Sunshade 2
Damage extension 100% 10
Height above walking surface of the criticality Between 3 and 4m 6.9
Room crowding Outdoor pedestrian area 6.4
i Damage severity Heavy concrete spalling 7
E Damage progressivity Heavy concrete spalling 8.3
=%}
% Questionnaire Answers
8 Where do you made the photo? Out-door
= Insert floor plan location of the problem 0
In which room do you photograph the criticality? Outdoor pedestrian area
Which is the criticality height above walking surface? Between 3m and 4m
What is exatly upstairs? Building top
Which element do you photograph? Sunshade or projection
Which is the damage extention compared with the element dimension? 100%
‘Which is the damaged element material? Concrete
Which criticality did you photograph? Heavy concrete spalling

Fig. 62. - School Building “Lopopolo” Diagnostic Tab for building safety
7.2 The Alert-Ed Information System and APP

The KPIs developed for the school building safety performance level has been applied
to realize the Alert-Ed Information System, a portal for intelligent monitoring of buildings
and structures on a regional scale developed in collaboration with AutoLog$S s.r.l.
Such tool makes easy to create a database of a group of buildings, and to archive
related documents online. It also provides support to decisions in order to maintain the
structure of the buildings in a safe condition.

The system is customizable based on user needs, on the typology, and on the use of
the building stock managed by the customer.

The System is implemented as a web application that delivers the following support:
1) It offers the possibility to create and connect to an online database that lists technical
and general information about buildings and structural assets.

2) It allows to collect information and report damage and critical issues of buildings,
parts of them or other structures.
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3) It supports decisions regarding identification and assessment of the extent of the
building damage and criticality, and of the overall structural condition.

In particular an application software for mobile devices (APP) is developed for the op-
erative system of “Android”. Such APP allow the user to send photographic survey and
the answers of a questionnaire. The complexity of the questionnaire is automatically
selected on the base of the knowledge of the User profile. The user can take more than
one pictures and/or select images from the phone's library. The data can be sent when
the questionnaire is answered and at least one photo is present in the report.

Fig.63 shows some screens of the APP representing the main functions: login;
selection of structure; reporting by photo and questionnaire; sending data.
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Remember me
Jd ()  DUSCREENRECORDER

Photo

>

Send report

d ()  DUSCREENRECORDER

Fig. 63. - Screens of the APP
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O DU SCREENRECORDER

Questionnaire

Questionnaire ©
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In addition, the web-based platform provides four functions displayable on the main
screen (Fig. 64) and listed below: i) Add new building, i) Registry Tabs, iii) Reports
and iv) Summary Tabs.

e0e < - °

|//\| Home Login Menu Contatti
of w Aut @8 Log5
Function
AN AN
I |E20)
Reports Registry Tabs
+ /\ - /Q
Add new building Summary Tabs

Fig. 64. - The main screen of the web-based platform “AlertEd”

-The first function is devoted to adding a new building to the platform. This utility is
designed on the base of the Registry 7ab and it is divided in nine set of data: general
data, characteristic data, dimensional data, original project availability, intervention or
modification, structural intervention, vulnerability assessment, reference technical
code, and “other”. Fig. 65 shows the “Add new building” function. In particular the
section of Characteristic data is displayed. Moreover, such page provides the possibility
to upload and classify any file concerning building plan, report or analysis of the build-

ing.
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|;\ Home Login Menu Contatti
= _t w Aut k8 Logs
NEW REGISTRY TABS
Seismic Joint
General Data O i no
| (CharacteristicData
[ steal ] Wwood
+  Dimensional Data
Structural typology [] Masonry Reinforced concrete
v Original Projects Availability
[ Precast R
+  Interventionsor modifications
v Stucturalinterventions ~ et Brich O wff
rtain wall typology
+  \Vulnesability assessments [ Other
v Reference technical codes [J Reinforced concrete [ stea
v Ot Staircase typology [ Wood [ stroight fight stairs
Structural slab
[] Reinforced concrete ] Steal
shhiypuhﬂ Mixed concrete and brick [ Mixed concrete and brick
[] Predalles
Geomorphology Aquifer

Fig. 65. - Section of Characteristic data in the function “Add new building”.

-The “Registry Tab” function allow to display and modify all the data included during
the “Add new building” function.

-In “Reports” function it is possible to view and correct all the damages, reported by
the APP, of the buildings registered on the platform. This tab allows to filter all the
received damages on the base of 3 criteria: i) name of the building; i) date range of the
report receipt; iii) performed revision.

Fig.66 shows one of the Diagnostic 7abs obtained by filter all data by the name of the
building “Collodi”, and in the range of data between 04/09/2018 and 04/11/2018. In
particular the Diagnostic Tabs of Fig.66 shows the damage surveyed in the school Col-
lodi, by a certified user (user with specific competences in the building field) and not
revised from a Technician. The diagnostic tab displays the characteristic data and the
conation rating of the component for correction or validation.
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If! Home Login Menu Contatti

_‘ o Aut %& Logs

Building From To Revision

Collodi  ~ 04/09/2018 - 04/11/2018 - all he O\ I’:J « (D
id-report Data-creation Data-photo Data-insert User Knowledge Degree Expertize
1023 2017-07-05 12:31:53 0000-00-00 00:00:00 2017-07-05 12:33:19 valentino Not revised Certified user
Building ditails
Damages

Damaged component
Staircase

Damage severity
Heavy concrete spalling
Damage progressivity
Heavy concrete spalling
Damage extension
90%

Height abeve walking surface of the criticality

Between 3m and 4m
Room crowding
Outdoor pedestrian area
Condition Rating [0-10]

e

Fig. 66. - Diagnostic tab in the AlertEd web-based platform.

-Finally, “Summary Tabs” function is devoted to have an overview of damages and
criticalities of the buildings registered on the platform (Fig. 67). In this function it is
possible to sort the investigated buildings by the three KPIs in order to perform a quick
comparison of the building’s conditions. This system supports the technician in identi-
fying buildings that require detailed investigation and maintenance bringing together the
personal experience and the condition rating obtained by the huge amount of available
data.

Fig. 67 shows the resulting Summary Tab of school “Cirielli” which presents good
components and global conditions but five local damages potentially dangerous for
users.
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eoe < > m ¢ © &l 3§

|;\ Home Login Menu Contatti

L _l o Aut®d Logs

SUMMARY TABS
Sortby: EE=l o] HEE O

School Cirielli
Country Region (ity
Italy Puglia Bari

‘_ Address Last report Last revision

e viamolise 5 2018-04-09 11:06:54 2018-04-09 20:06:54

Buildings blocks Structural typology Seismic Joint

z RC frame not present

Total Area Floors number Max Height
1365m 2 1124m

Single components Serious damages Slight damages
max Cr 7.02 Beam [ ] 5 2

(lass of components Serious damages Slight damages
max CCr 0.19 Toor slab 0 8

Building condition

BCr 0.21 Slight damages

Fig. 67. - Summary Tab of school “Cirielli” in the AlertEd web-based platform.

The alerted system is able to perform all the maintenance and monitoring operations
already discussed in the previous section. In addition, such a tool has the advantage of
considering the effect of damages to the users safety and not only to the structure
condition.

7.3 Application the DSS to obtain the index of marine exposure

In this section, the results of the 7est Sife performed in the Valencian coast are exploited
to the research objective of calibrate the parameters involved in exposure to the ag-
gressive marine environment.

This ambitious objective is achieved by employing three synergistically related tech-
niques: i) AHP to analyze and structure the problem and define the index; ii) the building
degradation analysis of DSS considering a large number of buildings; iii) an optimiza-
tion procedure to calibrate the index.
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The work is carried out in two levels:

1) The criteria, sub criteria and variables involved in the marine environment is
taken into account by exploiting the widespread studies of the phenomena in the related
literature. The Analytic Hierarchy Processes (AHP) is used to analyze the complex prob-
lem and define the index, following Saaty’s well-known 3-step method.

2) The second level calibrate the index by analyse the degradation of a large num-
ber of buildings obtained in the 7est Sitein order to assess critical damage by solving
an optimization problem to minimize the differences between the results of the /ndex of
marine exposure (I,,,.) and the effective numerical quantification obtained by the build-
ing degradation analysis. The mathematical optimization problem exploits the results of
the AHP and the building degradation analyses to obtain a calibrated index. A sensitivity
analysis is also carried out to obtain robust results by considering the possible varia-
tions in the final results if the surveyed buildings had been in different sets.

7.3.1 First AHP step: Definition of criteria, Subcriteria and intensity ranges

The first step of AHP, is applied to the evaluation of exposure to the marine environ-
ment, consists of the Structure of the Problem. The goal is to determine an index useful
to quantity the aggressive marine environment exposure of a building. To this aim, five
criteria i (with i =1,...,5) that affect the building corrosion analysed in the study by
Moreno et al. (2018) are structured in a hierarchical flowchart (Fig. 68). For each cr-
terion a set of three intensity ranges j (with j =1,...,3) is defined to characterize the
exposure intensity levels of the criterion. The five criteria, sub-criteria and intensity
ranges involved in the aggressive marine environment evaluation are shown in Fig.68
and discussed for each building as follows:

1) Distance from the coastis a determining factor in the quantity of salt particles
in the air. Salinity depends on the distance from the water line and rapidly reduces with
distance from this mark. Some authors (Gustafsson et al. 1996, G.R. Meira et al. 2008)
found that the highest concentration of airborne chloride ions is in the first 100m. Three
different /ntensity ranges are selected in Moreno et al. (2018) and included in this
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problem structure: i) distance from the shore of between 0 and 50 m; ii) between 50
and 100 m and iii) distances greater than 100 m.

2) Prevailing wind speedalso has an important influence on the salt content of the
atmosphere (Rivero et al. 2017, Fitzgerald 1991). Morcillo et al. (2000) determined
atmospheric salinity by analyzing the winds recorded by the weather stations on the
coast of Tarragona (Spain) and found that certain directions of the prevailing wind from
the sea contribute most to the inland penetration of salt particles. The average speed of
a sea wind becomes critical when over 10.80 km/h due to the formation of a significant
salt spray. Consequently, the three /nfensity ranges are defined as: under 9 km/h, be-
tween 9 and 10.80 km/h and over 10.80 km/h

3) Position in relation to the water lingis important to consider the shielding effect
of other buildings. In residential areas with several rows of houses, the degree of expo-
sure is greatest on the row nearest to the beach. This difference is due to the windbreak
effect of the buildings (Moreno et al. 2018). For this reason, a building can be classified
in accordance with its position in the urban context into three /nfensity ranges. i) those
on the sea front; i) those on the second line; iii) and those further back.

4) A town’s type of urban growthis also significant when analysing the influence
of the marine atmosphere on its buildings. When they have shared walls, a closed unit
is created with a long front and a compact volume. In other types of urban growth, the
building blocks may be exposed on all sides, allowing the salt spray to circulate freely
with nothing to act as a barrier. In this criterion, the three /intensity ranges are classified
according to the number of walls shared with other buildings, as follows: i) isolated
buildings, ii) one shared wall, and iii) two shared walls.

9) Climatic events are connected with the moisture content in the pores (ACI 2002,

Costa et al. 1999, Gustafsson er al., 1996, Meira et al. 2017), which plays a determin-
ing role in concrete resistivity (Andrade and Alonso 2001). This phenomenon has been
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studied in detail by Medeiros et al. (2013), who analysed the behaviour of a structure
exposed to a marine atmosphere and climatic events for 40 years. On the basis of this
knowledge, the Climatic events criterion is divided into three sub-criferia k (with
k=1,...,3) and their /nfensity ranges j are defined following the results of Moreno et
al. (2018) and Andrade (2003). The Climatic events sub-criteria are the following:

. Relative humidityis widely studied in combination with the marine atmosphere
as a cause of RC corrosion in Zaccardi et al. (2013). The relative /ntensity ranges in
these studies are: under 70%, between 70%-80% and over 80%.

. Average annual air temperature is studied in depth together with humidity in
corrosion processes by Bouteiller et al. (2012). The study found that higher tempera-
tures are less aggressive than lower ones thanks to the reduced moisture content of
the concrete. The /intensity ranges of average annual temperatures are defined as: under
10°C, between 10°C -15°C and over 15°C.

. Rainfallis a decisive parameter for wetting-drying cycles (Andrade and Castillo
2003), and influences the chloride ion concentrations in the air. Morcillo et al. (2000)
found high levels of salt in the air after storms, which often form salt deposits on con-
crete surfaces. The consequent /fensity ranges of rainfall days are defined as: over
100 gg, between 80gg-100gg and under 80gg.
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Criteria and
R
Goal Sub-criteria anges

— Prevailing wind v*;

Above 10.8 km/h w¥
— Between10.8-9 km/h w¥,
— Under 9 km/h w¥ 3
Distance from the coast v*,
Between 0-50m w¥
Between 50-100m w¥y,
Above 100m w¥y;
1 Position related to the water line v*;
s Front line w¥;
AGEREYSSI\ E MARINE " Second line W
NVIRONMENT Third or more w¥s3
Urban growth types v*, ‘
— Isolated building w¥y;
1 shared wall w¥,,
— 2 or more shared walls ~ w¥,;

— Climatic events v*s ‘
]

Under 10° C w¥s 1
Between 10°C-15°C w¥s12

Temperature v*s; ;1
Above 15°C W¥s 13

Rainfall v*;, Above 100gg w51

Between 80-100gg W52
- Under 80gg W¥s23

i 9, *
Relative Above 80 % , W*S,J,l
" Humi dity v¥55 - Between 70-80 % W¥s32
- Under 70 % Ww¥s33

Fig. 68. - Structure of the Problem: weight criteria and alternatives to determine an index able to quantify
the exposure of the aggressive marine environment.

7.3.2 Second AHP step. evaluating weights
The second step in the AHP individually analyses each aspect of the Structure of the
Problemin order to weight the parameters involved. The criteria, sub-criteriaand inten-
Sity range weights are defined as follows:
e v*is the weight associated with each i =" criterion
e v*5is the weight associated with the sub-criterion k=" with i=5
e w*;is the weight associated with each j~t" infensity range related to the i =" cri-
terion
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e w*s, is the weight associated with each j~t" jntensity range related to the k—t"
sub-criterion with i =5.

This Section exploits previous studies of the phenomena involved in aggressive ma-
rine environments to obtain eight Judgment Matrices A: seven are used to identify the
weights of #e w*; and w* 5, infensity ranges and one to identify the weight of sub-
criteria v* s. The weight calculations of the /nfensity ranges related to Distance from the
coastand to the Urban growth type criteria are shown. Listance from the coastis an-
alysed by considering the studies of different authors (Gustafsson and Franzen 1996),
who found that the concentration of chloride ions in the atmosphere decreases rapidly
with distance from the coast, especially in the first 100 m (Meiraet al. 2008). Following
Gustafsson et al. (1996) and Meiraet al. (2008), pairwise comparisons of the alterna-
tives are carried out performing a qualitative analysis to achieve the Judgment Matrix
A;. The weights are obtained by solving the eigenvector problem, as shown in Fig. 69.

Ai ‘ a b u ‘ CR ‘ Wy

Above 10.8 km/h (a) 1.0 1.5 4.0 1.00
Between 10.8-9 km/h (b) 0.7 1.0 3.0 | 0.0016 0.69
Under 9 km/h (u) 0.3 0.3 1.0 0.24

Fig. 69. - Judgment Matrix A, weights, and CR obtained for the intensity ranges related to “Jistance
from the coast’ criterion

The resulting matrix satisfy the Consistency Ratio requirement CR <0.1 and derived
consistent weights w;;, normalized between 0 and 1.

A quantitative evaluation is performed for the wrban growth type criterion to obtain
the values of matrix A,. This criterion considers shared walls with other buildings, so
that exposure fall with the number of shared walls. For example, the value a ;. is ob-
tained by comparing an isolated building with 4 free sides exposed to the marine envi-
ronment with a building with 1 shared wall and 3 exposed sides. The value a;.is equal
to 4/3=1.3 (rounded off to one decimal place), as shown in matrix A, in Fig. 70, until

A, is obtained.
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Ay | ib. Isw. 2+ sw. | CR | wiy

Isolated building (i.b.) 1.0 13 2.0 1.00
1 shared wall (1 s.w.) 0.8 1.0 1.5 0.00 0.75
2 or more s.w. (2+ s.w.) 05 07 1.0 0.50

Fig. 70. - Juagment Matrix A,, weights, and CR obtained for the urban growth type criterion

The weights for matrix A, are derived by solving the eigenvector problem by Eq. (1).
The resulting matrix satisfy the Consistency Ratio requirement £A<0.1 and derive con-
sistent weights w* , (normalized between 0 and 1), as shown in Fig. 70. After obtaining
the weights of the /nfensity rangesrelated to each criterion, the second AHP step obtain
the tabulated weights related to the Structure of the Problem (Table 11). Since no pre-
vious studies have been published on the criteria considered for the degree of aggres-
siveness of the marine environment, it is not possible to reliably evaluate their weights
v*. To solve this problem, the weights are calibrated by a degradation analysis and an
optimization procedure.

Table 11. Tabulated weight obtained by applying AHP Step 2

Criteria/ Criteria/Sub- . Range 1 . . . . i .
Suberiteria criteria Weight Range 1 Weight Range 2 Range 2 Weight Range 3 Range 3 Weight
o . % above 10.8 o 10.8-9 % under 9 % .
Prevailing wind v¥; km/h w*11=1.0 km/h w*;2=0.69 km/h w*13=0.33
Distance from the V¥ 0-50m W i=1.0  50-100m  w*32=0.69 above w*23=0.33
coast 100m
P‘;;’;;:;"}:ZIZIZZZ" V*3 front line w*3,=1.0 second line  w*3:=0.33 thnz;;izr w*33=0.11
Urban growth types % . . 1 shared o 2+ shared % .
(shared walls) v¥y isolated w*y1=1.0 wall w*2=0.75 walls w¥43=0.50
Climatic events v¥s
%’Z:;’;;V;fet; Vi1 =033  under10°C  w¥s;i=1.0 10°C-15°C w*5;2=0.69 above 15°C  w*s5;3=0.33
CIZZ;Z;J‘Z}}ZMS v¥52=0.33  above 100gg w*s21=1.0 80-100gg  w*s522=0.69 under 80gg w*s23=0.33
Climatic events (UR) v¥5,=0.33 above 80 %  w*53:=1.0 70-80 % w*532=0.69 under 70 % w*533=0.33

7.3.3 Third AHP step: aefinition of marine exposure inaex
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After weighting, the marine exposure index (I,,.) can be defined. This operation
coincides with the third step of the summary of priority. The formula is obtained by
multiplying each criteria weight by the /nfensity range weight and adding the results, as
in the classical AHP procedure (Sangiorgio et al. 2017b, Saaty 1987):

Ime = 17*1 * W*lj + v*z * W*Zj + v*3 *W*3j + U*4 *W*4j + 17*5(17*5’1 * W*S,lj +

Vs *Wisoj + Vg3 *W's35) (28)

The w;; and ws;;weights are obtained in the second AHP step, as can be seen in

Table 11. v*; is the weight associated with each i~t" criterion and represents the
variables in Eq. (28) and in the subsequent optimization problem.

7.3.4 Calibration by an optimization procedure and sensitivity analysis
using BCr

In order to obtain the weights v* and calibrate the index of marine exposure defined
in Eq. (4), we consider the K =131 surveyed buildings of the 7est Site, in £/ Perellonet,
Puebla de Famnals and £/ Pujg. The index of marine exposure I,,,,% associated with
building Bu=1,...,K is written in function of the column vector of weights v*=[v*,

v*,, V'3, v*,, v*5]" as follows:

B
Ime” “ (V") = v* % W+ VT 2 Wiy H U x Wi H U x Wy + U (Vs %

* * * * *
Wis1;+ Vs, xWiso + V53 x W3 (29)

We now define function F(v*), which evaluates the difference between the values
of I,,5* and BCrB%calculated for each surveyed building Bu=1,...,K:

K
F(v) = ZB 1|1meBu(v*) — BCrBY| (30)
u=
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It is widely accepted in the related literature that damage to buildings close to the
coast is principally due to the aggressive marine environment and that the most ex-
posed buildings are typically the most seriously damaged. To calibrate vector v, we
therefore assumed that the index of marine exposure 1,,,,%*should be as close as pos-
sible to the index of effective damage BCr5* for the studied buildings.

F (v) represents the sum of the differences between the index of marine exposure
and the effective degradation of the buildings. Consequently, we set F(v) as the ob-
jective function to be minimized by satisfying a set of constraints on vector v:

I'(v¥):

5 ve, =1 (31a)
v*; < 0.6fori=1,...,5 (31b)
v*; =0.05fori =1,...,5 (31¢c)

Constraint Eq. (31a) is a normalization derived from the formulation of the classical
index of the AHP procedure, and constraints Eq. (31b, 31c) are set to avoid overesti-
mation and null values of the weights, respectively.

Now, in order to calculate vector v, the following Mathematical Programming (MP)
problem is formulated:

min F (v*) (32a)
subject to I'(v*). (32b)
A sensitivity analysis is also performed to obtain a robust result. The evaluation took

into account how the final results would have changed, had a different set of buildings
been surveyed. For this, 1000 different optimizations are solved and in each formulation
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we removed a random number m<0.3 K of buildings selected at random and with
uniform probability from the complete set.

As an example, Fig. 71 shows the scheme of the random removal of buildings to
obtain a new set to be used in the MP problem solution. The 1000 optimization prob-
lems provide seven different solutions v2P%™ with n=1,... ,7 and [™ represents the
number of times the n=t" solution is found.

The chosen value of weights v* is obtained by a weighted average as follows:

7 1 poptm n

V= —— 33
The 1" 33)

Optimization 1 || Optimization2 || Optimization 3 | | Optimization 1000 |
Building 1 Building 1 Building 1 Building 1
Building 2 Building 2 Building 2 Building 2
Building 3 Building 3 Building 3 Building 3
Building 4 Buildins Building 4 Building 4
Building 5 Building 5 Buiding 5 ButldingSs
Building 6 Building 6 Building 6 Building 6
Building 7 Building 7 Building 7 Building 7
Building 8 Buidings Building 8 Building 8
Building 9 Building 9 Building 9 Building 9

Building 131 Building 131 Building 131 Building 131

Fig. 71. - An example of random removal of buildings for 1000 different optimizations

The sensitivity analysis parameters given in Fig.72 show that the optimization prob-
lem found robust solutions, since the maximum value of a standard deviation of 0.073
is obtained for the position related to the water /ine criterion, while the average and
median values of each component of v*effectively coincide. The result of the analysis
suggests that the most important criteria for exposure to an aggressive marine environ-
ment are: aiistance from the coast, with a weight of v;=0.496 and position related to
the water ling, with a weight of v;=0.341 (Fig. 72).
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Aggressiveness of marine environment Sensitivity analisis

0.600
0.050 0.061

0.052
N 0.500 ——
* Prevailing wind M Prevailing wind
0.400
. . M Climatic events
0.341 X 0.300
nce from the coas

M Distance from the coast

0.200 o
Position related to the water . Position related to the water
ine

line . I
0.100 .

056 + Uban growth types Xy e B Urban growth types
0.000
1
[ Sensitivityanalisis [ Samplemean | Mode | Median | _ Standard deviation |
Prevailing wind 0.061 0.050 0.050 0.061
Climatic events 0.052 0.050 0.050 0.013
Distance from the coast 0.496 0.500 0.500 0.030
Position related to the water line 0.341 0.350 0.350 0.073
Urban growth types 0.050 0.050 0.050 0.000

Fig. 72. - Result of the calibration and data produced by the sensitivity analysis

7.3.5 Example of L,,,, application

The calibration obtained by the DSS methodology is used to evaluate a marine ex-
posure index.

In order to show a simple application, the index of marine exposure /,is calculated
for Building 57 in £/ Perellonet. The building’s marine exposure data are shown in Fig.
73. Using the tabulated weights computed by the AHP (Table 11) and the weights
v*obtained by the calibrations of the DSS methodology, it is possible to obtain the index

[ine (V7):

Ine(*) = 0.24 % 0.061 + 0.24 * 0.496 + 1.0 * 0.341 + 1.0 * 0.05 + 1.0
* 0.052 = 0.58

This value can be analyzed together with the effective damage normalized to 1 sur-
veyed in the building (£Cr=0.83). It can be deduced that this building has a medium
exposure to the marine environment, although serious damage is also found due to
poor maintenance and poor design.
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El Perellonet Prevailing wind Climatic events
Edificio 51 Under 9 Km/h 9 - 10.8 Km/h Above 10.8 Km/h | Temperature (C) Rainfall (gg) UR (%)
6 183 45 66

Distance from the water line

Year of construction of building

First line Second line Thirtd line 1968-1985 1985-1998 1998-2007
X X
Distance from the coast Urban growth types (% building)
0-50 m 50-100 m above 100 m isolated 1 shared walls | 2+ shared walls
48 X

Fig. 73. - Environmental data of Building 51 in El Perellonet
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CONCLUSIONS

This thesis proposes an innovative user-reporting methodology integrated into a DSS
prototype for the R.C. building degradation analysis at regional scale. The project in-
volved a combination of interdisciplinary skills, including: structural engineering, foren-
sic engineering, building degradation analysis, statistics, optimization and multi-criteria
analysis.

The novelty of the presented work is fourfold: i) the JSS methodology supported by
modern Internet of Things tools (smart devices) and Information Technologies; ii) the
new Optimized AHP methodology o derive weights; iii) a calibration procedure based
on the Tuutti model to consider the damage evolution of reinforcements’ corrosion; iv)
a 7est Site involving 131 building on the Valencian coasts to assess the DSS.

Each one of these aspects has been studied in detail and the main findings are dis-
cussed below:

i) The specified DSS methodology is particularly effective in contexts character-
ized by limited information about registry data and technical specifications, and where
scheduled maintenance is not a common practice. The methodological phases of Dafa
acquisition, Data processing and Diagnostic defined to perform the damage assess-
ment of buildings has been described and mathematically specified. The data acquisi-
tion phase is performed by Registry Sheets and a smart device application (4PP) for
user reporting. The second phase, Data processing, is based on a suitable classification
of pathologies. The third Diagnostics Phase is performed through a semeiotic ap-
proach. To this aim, a set of KPIs is defined and classified.

i) The new Optimized AHP methodologyto derive weights is one of the key points
of the research. This new strategy allows the application of the AHP methodology even
if the problem is complex, a large number of criteria and comparisons are necessary,
and the consistency is not easy to obtain. This work focuses on the drawback of the
standard AHP, determined by the limited capacity of the human mind to assign coherent
judgments when the number of simultaneous comparisons is large. Moreover, from a
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mathematical point of view, the reliability and coherence of the resulting weights eval-
uated by the Judgment Matrix are critical issues when the number of alternatives in-
creases and the standard AHP is applied. The proposed methodology overcomes the
standard AHP drawbacks by revising the AHP weights evaluation procedure. First, the
exact judgment assignments are replaced by judgment ranges. Second, the entries of
the Juagment Matrix are provided by an MP formulation that minimizes the incon-
sistency of the matrix subject to the constraints imposed on the weights. The main
benefits of the resulting approach are the simplification of the decision-maker opera-
tions in the case of a large number of alternatives, and the determination of the Juag-
ment Matrix that is obtained by optimizing the congruence and respecting the con-
straints imposed by the decision maker. In contrast, the O-AHP is able to generate a
Judgment Matrix that exhibits the minimum value of inconsistency, regardless of
whether the decision maker omits some judgment ranges. To validate the 0-AHP meth-
odology, a benchmark test proposed in the related literature is used: the results show
the effectiveness of the 0-AHP also in the case of a large number of criteria. Therefore,
the 0-AHP method opens up new possibilities to AHP application in the field of con-
struction, in which a large number of alternatives and criteria has to be evaluated.

11); The Calibration procedure is performed through a comparison with the method
GDE-UnB extensively and fruitfully applied in South America for the degradation evalu-
ation of reinforced concrete buildings. The calibration is set by exploiting four case
studies to obtain most reliable KPIs in the proposed method. In particular, this study
has provided the following results: 1) it is shown how the calibration with the Tuutti
model improves the accuracy of the KPIs and makes the two comparative methodolo-
gies more similar but worsens the robustness; 2) a calibration of the KPIs for detecting
building structural degradation is performed by the Tuutti model, achieving an optimal
compromise between accuracy and robustness; 3) the proposed method and the GDE-
UnB are applied to 4 different R.C. structures: the results show that the trend of the
building damage evaluation of the two methods is similar and that the DSS KPIs are
more robust than GDE-UnB ones.
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iv) A Test Siteis performed in order to carry out a first application of the proposed
DSS. The described DSS approach has been applied to two 131 building on the Valen-
cian coasts exposed to an aggressive marine environment. The results obtained for the
case studies have shown that the Diagnostics Sheets and Matrices of Damage allow
an effective qualification of the local and global conditions of the buildings. In addition,
the KPIs allow the identification of some alert situations, which are potentially danger-
ous for human or building safety, and the prioritization of the interventions.

The resulting DSS performs an automatic computation of the KPIs and allows working
on a regional scale with limited resources. This tool can be used by architects, engi-
neers, and interested stakeholders and researchers to improve management and
maintenance, prioritize interventions or carry out complex degradation analyses on a
large scale. It is worth noting that that the proposed methodology is applied, in this
work, to the reinforced concrete buildings. However, the same procedure can be ex-
tended to masonry buildings by studying in deep the related pathologies in order to set
up an instrument effective for every main building typology. In addition, the methodol-
ogy can be easily applied in other regions or at a different scale, considering specific
local problems, by applying the following modifications: i) update the structure of the
problem on the basis of the specific pathologies present in the new region by redefine
goals, criteria and alternatives; ii) apply the 0-AHP procedure to obtain the updated
Weight Evaluation; iii) individuate in the new context the building users that can reports
the building pathologies by the APP.

In order to show the applicability of the DSS to different problems, the described DSS
approach has been applied to two school buildings in the municipality of Bari, ltaly. The
results obtained for the case studies have shown that the Diagnostics Sheets and Matrix
of Damage allow an effective qualification of the local and global conditions of the build-
ings. In addition, the KPIs allow the identification of some alert situations, which are
potentially dangerous for human or building safety, and the prioritization of the inter-
ventions.
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Finally, in order to exhibit the DSS potentiality from a research point of view, the results
of the large scale degradation analyses performed in the 7est Site are used to calibrate
an index devoted to quantifying the exposure of RC building structures to a marine
environment. The obtained I, index could be a useful tool to measure a building’s
exposure to an aggressive marine environment in any phase of the building process,
from the project phase to the building maintenance and management phases. It could
also be used to evaluate the outdoor environment in predicting service life and as a
support for improved RC corrosion measures. This synthetic index can be applied on
an urban scale for urban planning and coastal urban developments.

Future research will study a new method based on the developed DSS approach to
evaluate the residual life of components and obtain a preliminary vulnerability assess-
ment of the building. In order to perform such evaluation, new loT techniques will be
implemented in the buildings to be investigated. A suitable set of networked RFID (Radio
Frequency IDentification) or devices communicating by Bluetooth Smart will positioned
in each room for the identification of each element in the building plan

In addition, the applicability of the system will be extended for the masonry buildings,
which represent a particularly vulnerable typology. The experiences progressively ac-
quired during post-earthquakes, floods, and hurricanes surveys and the consequent
research studies have revealed that recurrent damage patterns and failure mechanisms
can be identified, leading to the idea that it is possible to separately investigate the
different architectural “macro—elements” of the building. The damage assessment and
subsequently the seismic vulnerability of heritage buildings at the regional scale can be
addressed by the DSS approach by developing of specific multi-level procedures based
on the inventory and classification of typological, constructive features, vulnerability
parameters, potential or existing damage.

The QDP will be set to evaluates a vulnerability index by using the macro-element ap-
proach. Furthermore, the AHP can be used to improve the interpretations of the
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obtained measures and calibrate the relative importance of the kinematic and static
criteria and automatically assign the weight to each criterion and alternative.
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Validation benchmark test 2 matrix A°""e,‘,z (Weight obtained by remove the uncertain judgment ranges)
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R=|144 G | A | 1 | L C| N M|D|F|E|H|B | w*.,. v Pe(w % 1pet2)
CR= | 0.007
G 10| 12| 13| 22|22 2634385260 78| 88 0.200 0.208
A 0810 12 17| 17| 28| 30|31 45| 45|52 55 0.162 0.167
| 0808 10 17|20| 25| 30|29 36| 43|50 60 0.152 0.160
L 04,06 06 10| 10| 14| 16| 1825 28| 3.8 4.0 0.094 0.089
C 04,06 05 10| 10|18 |17 |18 23| 27|37 40 0.094 0.082
N 04,04 04, 07|06|10| 12|16 15 18] 28 3.0 0.066 0.066 £.95%
M 03,03, 03/06/|06|09)|10)10 13 16|20 23 0.055 0.056
D 0303, 03, 05|06|06/|10)| 101315 21 21 0.052 0.053
F 02,02, 03,04|04|07|07]08 10 11|16 20 0.041 0.039
E 02,02, 02,04|04|06|06|07 09 1014 16 0.035 0.033
H 01/02/ 02 03/03|04|05/05/06/0710 11 0.026 0.026
B 01/02,02,03,03|/03|04|/05/05/06,09 10 0.024 0.021
Validation benchmark test 2.2 JR
i-th element| K a | KY |i-thelement|i-thelement| K EN K% |j-th element
G 12 <) a, £|13 A L 15 2| a, | £| 2.0 D
G 12 <) ay, 5|14 I L 25 |<| a, 5| 30 F
G 22(<| a, |<|24 L L 2.8 |<| a5/ 33 E
G 22|<| a, | <) 2.4 C L 3.8 <) a,, < 42 H
G 25(2| a, |<| 2.6 N L 39 |5 a,, | < 41 B
G 3.0(<| a, |<| 34 M C 18 |<| age | €| 22 N
G 36 < a, | <| 40 D C 14 |<| a5, < 20 M
G 50(<| a4 |<| 55 F C 15 | < agy | <| 18 D
G 6.0| < a,,|<| 6.2 E C 22 |2 ag, || 25 F
G 7.6|< a,,|< 80 H C 2.5 <] ag,, | S| 30 E
G 8.6(<|a,,|< 9.0 B C 3.7 (5| agy, <| 43 H
A 125 a,, <15 | C 3.9 < agy, |<| 41 B
A 15 <| a,,  £[20 L N 10 || ag, || 12 M
A 172 ays | <[22 C N 16 | <| age | £| 2.0 D
A 2.8 <] a6 5|31 N N 12 |<| ag | S| 15 F
A 2.9 5| a,, 5|31 M N 15 | < agy | S| 18 E
A 25|<) a5 £/ 3.5 D N 2.8 | <| agy | £| 3.0 H
A 45|<| a,, |/ 55 F N 3.0 || 3y, S| 32 B
A 4.0|<|a,, < 5.0 E M 1.0 |<| a,e |<| 1.0 D
A 45|<|a,, < 52 H M 10 |2| a,, || 14 F
A 50(<|a,,|<| 55 B M 15 2| a, | < 20 E
| 17 <) a,, £|22 L M 15 <) a,,  £| 2.0 H
I 20|5| ay, || 2.6 C M 20 |<| a,, < 25 B
| 2.5|<| az | <[ 3.0 N D 1.0 |<| ag, |<| 15 F
I 3.0(<| a,, |<|3.0 M D 15 (S| agq S| 1.8 E
I 2.5/2| a4 | <|3.0 D D 2.1 < 3y, 5| 23 H
I 3.2|<| a,, |36 F D 2.0 [<| agy, || 2.1 B
I 4.0 | <|ay, <] 45 E F 1.0 || agy | S| 11 E
I 45|</a,, < 50 H F 15 |<| ay,, | <| 18 H
I 5.5|<|a,,|< 6.1 B F 20 2| agy, 5| 22 B
L 1.0 <) a5 | S| 11 C E 13 | < apy, < 15 H
L 1.0 <] a,e <[ 15 N E 16 | <|ap., £| 2.0 B
L 13 5| a,, <[ 16 M H 1.0 (< ay, < 11 B
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Validation benchmark test 2.2 matrix A""‘,es,,z_2 (Weight obtained by remove the uncertain judgment ranges)
Cl= | 0.007
RI= | 144 | G | A | L|C| N|M|  D|F E| H| B |w¥e rv Pe(w % eer5)
CR= | 0.005
G 10|12 | 13| 23| 23|26|32|38)|52 61|78 88 0.197 0.208
A 0810 13 20| 19|29|30| 31|47 | 46| 49 67 0.168 0.167
| 08 08 10 19|18 27,30 35|34 |51|63|538 0.157 0.160
L 04,05 05 10|10|13|15| 20| 24|31 40 40 0.091 0.089
C 04,05 05 10|10|20| 20| 17| 24| 3.0 40 4.0 0.095 0.082
N 04,03 04 08|05|10|11/|17)|14| 1729 31 0.064 0.066 2.06%
M 03,03, 03,07 ,05|09|10/|10| 12|19 25|28 0.056 0.056
D 03/03/03/05/06|06|10|10 15|16 22| 21 0.051 0.053
F 0202/ 03 04/04 07, 080710 11|16/ 21 0.040 0.039
E 02,0202 03/03/06/05/|0610| 10 14| 18 0.034 0.033
H 01,0202 0303 03,04 05|06|07|10]|11 0.025 0.026
B 01/01/02,03/03/03/04[0505|06| 10| 1.0 0.022 0.021
Validation benchmark test 2.2 JR (remove the uncertain judgment ranges)
i-thelement| Ky | a; | K% |j-thelement|i-thelement| Kj ay K%  |j-th element
G 12 <) a, <13 A L 10 |<| a, | < 9.0 D
G 125 a, <[ 14 | L 1.0 [<| a, < 90 F
G 22|< a, <24 L L 2.8 |<| a,, <| 33 E
G 22(< a5 S| 24 C L 3.8 2| a,, | 42 H
G 25(< a,, S| 2.6 N L 39 2| a,, <| 41 B
G 30|<| a,, </ 34 M C 18 5| ag | <| 22 N
G 36 <| a, <[40 D C 10 <] a, | < 9.0 M
G 1.0 </ a6 £/ 90 F C 15 <] a;, <| 1.8 D
G 6.0|<|a,,/<| 62 E C 22 [<| ag, S| 25 F
G 7.6|< a,, </ 80 H C 1.0 <] agy | < 9.0 E
G 86 <|a,,|< 9.0 B C 37 < as,  <| 43 H
A 12 /<) ay, | <[ 15 I C 39 |<| agy, <| 41 B
A 1.0|<| a,,  £/9.0 L N 10 <] a, <[ 1.2 M
A 1.7 | <| a5 | S| 22 C N 1.6 |<| agy | <| 2.0 D
A 2.8 <] a6 | <[ 3.1 N N 12 | <] a5, || 15 F
A 295 a,, |31 M N 15 2| agp | S| 18 E
A 2.5[<| a,, S| 35 D N 2.8 |<| agy,  <| 3.0 H
A 1.0 <| a,, | </90 F N 3.0 |<| agy, £/ 32 B
A 4.0 (<) a,, <50 E M 10 | <] a | €| 1.0 D
A 45< a,, |52 H M 1.0 (<| a,, || 14 F
A 1.0/ <|a,,,  £/9.0 B M 1.0 <|a,,, <| 90 E
I 17 2| ay, | £/ 22 L M 1.0 || a,y, </ 90 H
I 1.0 <| a, | <[ 9.0 C M 1.0 || a,, </ 90 B
I 1.0 <| ae | <[ 90 N D 1.0 |<| a5, |<| 90 F
I 3.0(<| a,, </3.0 M D 15 |<| a5y | S| 18 E
| 1.0 < a4 [ 9.0 D D 2.1 (£ agyy £ 23 H
I 32|<| ay, |$/36 F D 20 < ag, S| 21 B
I 1.0(< a3, </ 9.0 E F 1.0 2| agy | £| 1.1 E
I 1.0 <|a,, | </90 H F 15 |<| agy | S| 18 H
I 55 <|a,, 2|61 B F 20 |<| agy, | S| 22 B
L 10| < 5, 2] 21 C E 13 |<|ay, < 1.5 H
L 1.0 <] a, <] 15 N E 1.0 [<|ap, <] 90 B
L 13]<| a,, /16 M H 1.0 [<layp, 5| 11 B
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Validation benchmark test 2.3 matrix A°"',est,u

Cl= |0.004
Ri= | 144 | G | A | | LI C|N|M | D|F|E|H|B |wes rv Pe(w % o)
CR= 10.003
G 1.0/13/13/22/23/26(3.5 38|50/6.1|7.88.8 0.199 0.208
A 08/1.0/10/16/2.0|28(3.0 3.0 4.1 46|5.1|54 0.158 0.167
| 0.8/1.0/1.0/1.7/2.0 252829 4.1/4.86.0|6.7 0.160 0.160
L 0.4 06|06 10|11 1518 25/23|4.53.7|3.9 0.103 0.089
C 0.4/ 05/05/09|10/13/1.5/1.722|253.8/|3.9 0.086 0.082
N 04/04/04/0.7/08/1.0/1.2|1.3/1.7/19/|2.6|29 0.066 0.066 4.42%
M 0.3/0.3/04/05/0.7/0.9/1.0/ 1.0/ 1.3 1.6|1.9[23| 0054 0.056
D 0.3/ 03|03/ 04|06 0810 1.0/ 12|15 21|21 0.051 0.053
F 0.2/0.2/0.2/ 04|05 06/08/08/1.0|1.1/1.6/|2.0 0.041 0.039
E 0.2/ 0.2 02/0.2 04 05/06|0.7/09 1.0 1.3 1.6 0033 0.033
H 0.1/0.2 0203 03/04/05|/05/06 08 1.0 1.1 0026 0.026
B 0.1/0.2 0.1/03 03/03/04|05/05 0609 1.0 0023 0.021
Validation benchmark test 2.3 JR
ithelement| K | a; | K% |i-thelement| i-thelement| K 3y K% |i-th element
G 12 <] a, |<|13 A L 25 |<| a 2| 35 D
G 125 a,|<|15 I L 22 <] a |<| 24 F
G 22|<| a, <|24 L L 45 |<| 3, £| 5.0 E
G 2.2|<| a, | <25 C L 32 (2| g | < 38 H
G 25 <| a, <26 N L 35 |<| a5, S| 40 B
G 34 < a, 2|36 M C 1.0 |2| asg 2| 15 N
G 3.6 < a, | <40 D C 13 |<| ag, €| 15 M
G 48|<| a,|<|53 F C 15 |<| a5 </ 1.8 D
G 6.0(< a5 < 62 E C 20 (2| ag, |<| 2.5 F
G 7.6 |<|a,,|< 80 H C 22 (2| ag | < 26 E
G 8.6 |<|a,,|< 9.0 B C 3.7 (5| agy | < 43 H
A 1.0 <] a,; | <12 | C 39 [<|aq, [ 40 B
A 15| <| a,, | </ 2.0 L N 10 |<| ag, || 1.2 M
A 20(<| a5 | <22 C N 12 || a5y | S| 14 D
A 2.8 (< ay <] 3.1 N N 16 |<| ag, |<| 18 F
A 29 2| a,, <31 M N 15 | < agy | S| 2.0 E
A 24 <] a,, | 5]32 D N 24 <] gy, < 2.8 H
A 3.8|<| a,, <48 F N 2.8 || a5y, S| 3.0 B
A 402 a,, <[50 E M 1.0 || a,, |<| 1.0 D
A 45(<|a,, <52 H M 1.0 || a,, <] 1.3 F
A 50(< a,, </ 55 B M 15 <) a0 S| 1.8 E
| 17 <] ay, | S| 22 L M 15 || a,,, <] 20 H
| 20|<| a5 | <26 C M 20 5| a,, < 24 B
| 24|<| a, | < 2.8 N D 1.0 || a5, S| 1.4 F
| 252 ay, <29 M D 14 || agy | S| 1.6 E
| 2.6(<| a5 | < 30 D D 21 2| a5y | < 23 H
| 4.0 2| a,, 5| 42 F D 2.0 | < ag,, | S| 21 B
| 4.5|<|a;,|<|5.0 E F 10 (< agy (| 1.1 E
| 5.8 |<|a,,|<| 6.2 H F 15 | < agy S| 1.8 H
| 6.5/<a;,, </ 7.0 B F 2.0 |<| agy, S| 22 B
L 1.0 €| a5 S| 11 C E 12 | <|aygy, <| 14 H
L 122 3,6 [< 16 N E 1.6 |<lagg, £| 20 B
L 15 <| a,, €| 20 M H 1.0 |<|ay, €| 12 B
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Validation benchmark test 2.3 matrix A°'",es,,2,3 (Weight obtained by remove the uncertain judgment ranges)

146

Cl= |0.002
Ri= | 144 G | A | | LI C|N|M | D|F|E|H|B w"s; v Pe(w % )
CR= |0.002
G 1.0/1.2|13|23|23|26|/35 3851 /6.1 78 7.2 0.196 0.208
A 0.8/1.0/1.1/19/2.1/29|3.0 3.0 4.8|5.2/6.3 6.9 0.171 0.167
| 0.8/09/1.0/19|1.8/ 26 2.7|/3.3/4.1/5.1 6.0/6.8 0.160 0.160
L 0405/ 0510 1.0 1.4 1.7|1.8|23|2.8|3.5 45 0.092 0.089
C 04/05/06/1.0/1.0|13|14 1.7 21|24 39 39 0.086 0.082
N 04/03/04/0.7/08|10|1.1 /1317|1926 29 0.065 0.066 5 .88%
M 0.3/ 030406 0.7 09 1.0[/1.0[1.2|1.7|2.3)|2.6 0.056 0.056 ’
D 0.3/03/03/06/06|/08|1.0/1.0 /14|15 22 2.1 0.052 0.053
F 0.2/0.2/0.2/04/05|/06|/08/0.7/1.0|1.1 /1.6 2.1 0.040 0.039
E 0.2/0.2/0.2/04/04|05/06/0.7/09|1.0 1.3 1.6 0.034 0.033
H 0.1/0.2/0.2/03/03|04/04 /0506|0810 1.1 0.025 0.026
B 0.1/0.1/0.1/0.2/03|03/04/05/05|0.6 09 1.0 0.023 0.021
Validation benchmark test 2.3 JR (remove the uncertain judgment ranges)
i-thelement| K | a; | KY% |jthelement|i-thelement| K 3 K%  |i-th element
G 12 <) a, |<|13 A L 10 | <| a, |<| 9.0 D
G 12|<| a, $[15 I L 22 |<| a |5| 24 F
G 22(<| a, < 24 L L 1.0 (<|a,, < 90 E
G 225 a, | <25 C L 32 5| a,, | < 38 H
G 2.5<| a, | </26 N L 1.0 <) a,,, < 90 B
G 34|<|a, 2|36 M C 10 < ag 5| 15 N
G 36 < a || 40 D C 13 |<| a, 5| 15 M
G 4.8 <] a, <53 F C 15 |<| a5y (<] 18 D
G 6.0|< a,, <[62 E c 10 | ag, || 9.0 F
G 76|< a,, <80 H C 2.2 | <l ag |S| 26 E
G 1.0 <|a,,|< 9.0 B c 3.7 <) agy, | < 43 H
A 1.0 < a,, 5|12 I C 3.9 5| a5, | <| 40 B
A 1.0 | <| a,, </ 9.0 L N 1.0 |<| a, |<| 12 M
A 20(<| ay | <22 C N 12 (5| agg || 14 D
A 2.8|<| a0 <31 N N 1.6 < ag, |<| 18 F
A 29 5| ay, |<| 3.1 M N 10 | <| a3 | < 9.0 E
A 24 5| a5 | <32 D N 24 (<) agy, |<| 2.8 H
A 1.0 | <| a,, | £/9.0 F N 28 |<| agy, 2| 30 B
A 1.0 | <) a,, </9.0 E M 10 |<| a, || 10 D
A 1.0 < a,,, | £/ 9.0 H M 1.0 |<| a, |£| 13 F
A 1.0 <) a,,| < 9.0 B M 15 (<) a,, < 18 E
I 17 <] ay, | 5|22 L M 1.0 (< a,y | 90 H
| 1.0 < a;5 < 9.0 C M 1.0 <|a,, < 9.0 B
I 24 2| ay, | <| 2.8 N D 1.0 || ag, || 9.0 F
| 2.5<| a,, | €| 2.9 M D 14 <) agyp | < 16 E
I 1.0 <| a,, </ 90 D D 21 5| agy || 23 H
I 4.0|<| ayo | </ 42 F D 20 | <] agy, 5| 21 B
| 1.0 < a5/ </ 9.0 E F 1.0 |<| agqy | S| 11 E
I 58 <|a,, |<| 6.2 H F 15 |<| agy || 1.8 H
I 1.0 <|a,,,[<[9.0 B F 20 | <] ayy, | 5| 22 B
L 1.0 <) a5 <[ 11 C E 12 | <|agy < 14 H
L 12 <| a6 || 1.6 N E 1.0 | <|ayy,|<| 9.0 B
L 15 <) a,, |<|20 M H 1.0 |<|a,, < 1.2 B




Validation benchmark test 2.4 matrix A°‘“,es.,1,4

Cl= 0.015
RI= | 144 | G | A | | L|C |/ N M| D|F|E|H| B | wum rv Pe(w* 0st2)
CR= | 0.010
G 1.0/1.2/13|25/26/3.2|3.7/3.857|6.27.7|8.8 0.208 0.208
A 0.8/1.0/1.0/28|20/25/3.0(3.3/3.9/50|6.2 7.0 0.170 0.167
| 08/10/1.0/19|21/2628|3.2/4.1/48|6.5 7.1 0.164 0.160
L 04/04/05/1.0(1.1/13/1.6|1.62.2 25|33 3.7 0.083 0.089
C 04/05/05 09 10|12 14 16|21 24 3.3|3.5 0.081 0.082
N 0.3/04 04/08(08/10/1.1|1.3/1.7/19|2.7 29 0.066 0.066 2.30%
M 0.3/03/04/06(0.7/09/1.0|1.1 /1417|2124 0.056 0.056
D 0.3/0.3/03/06(06/08/09|1.0/1.3/1.6|2.0 2.2 0.052 0.053
F 0.2/0.3/0.2/05(/05/06/0.7/081.0/1.2|1.6 1.7 0.039 0.039
E 0.2/0.2/0.2/04|04/05/06|06081.0|1.3 1.6 0.034 0.033
H 0.1/0.2/0.2 03 03|04 05 05|06 08 1.0|1.1 0.026 0.026
B 0.1/0.1/0.1 03/ 03|03 04 04|06 06 09|1.0 0023 0.021
Validation benchmark test 2.4 JR
i-th element | K a; K |ithelement|i-thelement| K5 | a; | K% |i-thelement
G 12 |<|ay, <] 14 A L 1.5 5| a,, <20 D
G 1.0 <] a, < 22 | L 20/ <| a, <30 F
G 22 <] a, /< 30 L L 20/ <| a0 | <32 E
G 22 (<] a, |5 30 c L 3.0/ <| a,,, | 5|40 H
G 30 < a </ 35 N L 35|<| a,p, | <[40 B
G 35 <] a, < 40 V] C 1.0|<| a, | <15 N
G 35 < ay || 40 D C 1.0/ 2| ay, 2|15 M
G 50 |<| a4 | < 7.0 F C 15| <| a5y | <20 D
G 6.0 |<|a,, < 65 E C 20/ <| a, | </3.0 F
G 70 |<|a,, < 80 H c 20/ <] agp | <30 E
G 85 </ a, < 9.0 B c 3.0/ < agyy | <[40 H
A 10 <] ay, < 10 | N 34|<| a., <36 B
A 28 <] a, < 3.0 L N 10|<| a, | <12 M
A 19 |<| ay | < 21 c N 10| <| a., | <[15 D
A 22 <] ay, | <| 26 N N 15 <| ag, | <20 F
A 26 <] a, < 34 M N 1.5 <| agp | <22 E
A 30 < ay, < 35 D N 25| 5| ag, | <32 H
A 20| <| a, | <| 40 F N 28| <| ag,, <32 B
A 48 < a,,| <| 5.2 E M 1.0|<| a,, | <15 D
A 6.0 |<|a,, < 64 H M 10|s| a, |<|20 F
A 6.8 [<|a,, <| 72 B M 15/<| a,4 <20 E
| 15 |<| ay, | <| 20 L M 15 <| a,, <22 H
| 20 <] a5 <] 25 c M 22|<| a,,, | 5|25 B
I 25 |<| a, | <] 30 N D 12]<| a5, | <15 F
| 25 <] ay, | <| 30 M D 1.5 <| agp | < 2.0 E
| 25 | <| aj, |<| 5.0 D D 18| <| ay, | <| 22 H
I 40 |<| a, | <| 41 F D 20/ < agp, |<|25 B
| 45 < ay,| <| 5.0 E F 1.0 < ag, | €15 E
| 6.0 |<|ay, < 7.0 H F 15)< ay,, | €| 20 H
I 65 |<|ay,,|<| 75 B F 15| <| app, | </ 2.0 B
L 10 |<| a | €| 12 c E 1.0] <] ay, | <|15 H
L 12 <] a, < 15 N E 1.5 <] app,| < 2.0 B
L 15 |<| a,, | <] 2.0 M H 1.0/ < ayp,| <[22 B
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Validation benchmark test 2.4 matrix A°”'t,sm_4 (Weight obtained by remove the uncertain judgment ranges)
Cl= 0.003
RI= | 144 | G | A | L|C|N|M | D| F | E|H|B wum. v Pe(w ™ 1ost2)
CR= | 0.002
G 1.0/13/13/26/24|3.2/39|43/55|6.273|7.7 0.204 0.208
A 0.8/10|10|29(2.0|24|3.1/3.6/4.7,5.0/6.2 7.0 0.172 0.167
[ 0.8/1.0/1.0(21/23|2.7/35/39/4.1 48|64 7.5 0.172 0.160
L 04/04/05(10/1.1|/1.3/16/1.8|24 25|34 3.7 0.083 0.089
C 0.4/05/04(/09/1.0(/1.3/14/1.8|2.2 26|3.6 3.9 0.083 0.082
N 0.3/04/04/08/08|1.0/1.1/1.3/1.7,19|24 3.0 0.064 0.066 4.10%
M 0.3/0.3/03(06/07/09/1.0/1.2|1.5 1.7|21 24 0.054 0.056
D 0.2/0.3/03|/06/06/08/09/1.0/1.3 /16|19 23 0.048 0.053
F 0.2/0.2/0.2|/04/05|06/0.7/0.7/1.0 1.2|1.6 1.7 0.038 0.039
E 0.2/0.2/0.2/04|/04|/05/06|06|09/1.0/1.3 1.6 0.033 0.033
H 0.1/0.2/02/03/03/04/05/0.5/06 08|10 1.1 0.026 0.026
B 0.1/0.1/0.1/03/03/0.3/04/04/06 06|09 1.0 0.023 0.021
Validation benchmark test 2.4 JR (remove the uncertain judgment ranges)
i-th element| K a; | KY |jthelement|ithelement| K, | a | K |j-thelement
G 12 <] a, </ 14 A L 15|<| a,, | £[20 D
G 1.0 < a5 S| 22 I L 20/< a, |£/30 F
G 2.2 <) a, |<| 30 L L 1.0 2| a5 | /9.0 E
G 2.2 2| a, [<] 30 C L 1.0 2| 3,y | £/9.0 H
G 1.0 | < a,, 5| 9.0 N L 35|<| a,,, <[40 B
G 1.0 <| a,, | </ 90 M C 1.0 <| agg | </15 N
G 1.0 <] a4 | <] 90 D c 1.0/<| a, |<|15 M
G 1.0 |<| a, | </ 9.0 F c 15/<| agy | <[20 D
G 1.0 (<|ay <) 90 E c 1.0 < ag |£/9.0 F
G 1.0 <|a; | <] 90 H C 1.0 | ag4 | £/9.0 E
G 1.0 <|a,, </ 9.0 B C 1.0 < a5, | < 9.0 H
A 1.0 <] ay, | <| 1.0 I c 1.0 < ag,, | </ 9.0 B
A 2.8 |<| a,, <| 30 L N 1.0 2| a, |£/12 M
A 19 €| a5 < 21 c N 1.0/ <| age | <|15 D
A 2.2 <] ay [ 2.6 N N 15| ag, | <|2.0 F
A 2.6 < a,, <| 34 M N 15 < agy, <|2:2 E
A 1.0 |<| a5 </ 9.0 D N 1.0 < agy | < 9.0 H
A 1.0 <) a,, | </ 9.0 F N 2.8|<| ag,,  £[32 B
A 48 2| a,, < 5.2 E M 1.0/ < a,, | <15 D
A 6.0 [<|a,, <| 64 H M 1.0/ < a,, |£/20 F
A 6.8 | <|ay, < 72 B M 15/<| a5 | /2.0 E
I 1.0 |<| a,, | <| 9.0 L M 15(<| a,,, | <[22 H
| 1.0 | <| a5 <] 90 C M 22|<| ay,, | |25 B
I 1.0 | <| a;4 | <| 9.0 N D 12| 2| age <[ 1.5 F
I 1.0 <] a;, | </ 90 M D 15(<| agq | £[2.0 E
I 1.0 | <) a4 | <| 9.0 D D 1.8|<| agy, | <|22 H
I 40 2| ay, |<| 41 F D 1.0 <| ag,, </9.0 B
I 45 </ ay, <] 50 E F 1.0 < agy | S/15 E
I 6.0 < a;, <| 7.0 H F 15| <| a5, | £[20 H
I 1.0 <|ay, </ 9.0 B F 152 agp, | €20 B
L 10 <] a5 | 5| 12 C 3 10| < ay |15 H
L 12 < a,, S| 15 N 3 15(<| a0, <[2.0 B
L 15 < a,, | <| 20 M H 1.0 <|ay,, |12 B
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Validation benchmark test 2.5 matrix A°"‘m,,z,5

Cl= 0.021
RI= | 144 | G | A | | L/ C/ N M| D|F|E|H W et rv Pe(w ™ 0st2)
CR= | 0.015
G 1.0/12|13|23|24 3.2/ 38,39/52|6.1|7.7|8.7 0.207 0.208
A 0.8/10/11,18|19|25|/3.0/3.1/42/5849|6.0 0.165 0.167
[ 0.7/09/10/1.7|14|24/28/29/4.0 45 6.0|6.7 0.153 0.160
L 0.4/ 05/ 0610|1013 |1.6/1.6/2.226 3.3|3.6 0.089 0.089
C 0.4/ 05/07/10/|10|1.2/15/1.6/2.223 31|34 0.086 0.082
N 0.3/04/ 04, 08/08|1.0/1.2/1.2/1618 22|24 0.065 0.066 2.10%
M 0.3/03/04/06/07/09/1.0/1.0/1.3/15 19|21 0.055 0.056
D 0.3/03/03/06/06/08/1.0/1.0/1.3/15/ 19|22 0.053 0.053
F 0.2/0.2/0.2/04/05|06/08/08/10/1.1 13|14 0.039 0.039
E 0.2/0.2/02,04/04/05/0.7/0.7/09/1.0 13|16 0.035 0.033
H 0.1/0.2/02/03/03/05/05/05/08/08 1.0/1.1 0.028 0.026
B 0.1/02/02,03/03|04/05/04/0.7 06 09|10 0.025 0.021
Validation benchmark test2.5 JR
i-th element | K, ay K’ |i-th element | i-th element | K, a; | K% |i-th element
G 11)<|ay, <[ 12] A L 15<| a, |<[17] D
G 12]<| a, |<| 14 | L 215 s <23 F
G 2.1/< a, < 2.3 L L 2.5 <] a0 | <[2.9 E
G 23/<| a. 5| 25] ¢ L 33|<| a,, <35 H
G 1.0/<| ay <[ 35/ N L 36/<| ap <[40 B
G 35 <|a,|<| 40| W™ ¢ [10/<] a |<[12] N
G 3.8/<| a, | <| 4.0 D c 13/<] as; |15 M
G 50 <| a, |<| 53 F c 10/<| as | /16 D
G 6.0 <| a0 < 63 E c 20| a, <23 F
G 75/ < an, < 80 H C  20|<| ap <23 E
G 85/<|/a, < 90/ 8 ¢ [30/<|ay <35 H
A 11 <) 8, | 12 | ¢ [30/<| ap, <35 B
A 14/< a, | <| 2.0 L N 11/<| a, |</12] ™
A 15/<| &, <] 23] ¢ N [12]<] as |</13] D
A 23/<| ay |<| 25| N N 14<| a, | <16 F
A 29/<| 8, </ 31 ™ N 17| < agyo | </1.9 E
A 3.0/<| oy </ 33] D N 20/ gy <22] W
A 4.0 <| a, |<| 4.3 F N 2.2/ <) a5y,  £(2.4 B
A 58/< a,, <| 6.3 E M 1.0 <] a | |11 D
A 47/</ay < 49 H M [11]<] &, /13 F
A 58 <|a,,| < 6.0 B M 14]<| 0, <16 E
I 15/ <| a, | <| 2.0 L M 18<| ay | <[2.0 H
| 13/2| 8 2| 14 < M 20/<| ap, | <22 B
| 23/<|a, < 25| N D [11]<|a /23] F
I 25/<| a, </ 30, W™ D 13<| a0 | <|15 E
| 28/<| a, |<| 32] D D [19]<| &y |21 H
| 40/<| a, | < 42 F D 22|<| a5y, <|2.3 B
I 42/< a0/ 5.0 E F 11| agy | <|1.2 E
| 6.0 <|a,|<| 63 H F 12]<] 2y | /13 H
| 65 < ay, < 73 B F 13/<| ap,  <|14] B
L 10/ <) a5 | €| 11 c E 13/<] apy | /15 H
L 1.0/ <| a <] 23] N E 16| <| 8| </1.8 B
L 132/ 3, </ 16 ™ H 10/< ap | </1.1 B
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Cl=
RI=
CR=

Validation benchmark test 2.5 matrix A°”'tes,,2A5 (Weight obtained by remove the uncertain judgment ranges)

@ ITm "o Zo0r—>»0

0.003
144 | G | A | L C N | M D F E H B | w® pzs rv
0.002
1.0/1.2/13|22/24|3.0/3.8/39|5.1/5.7(66,7.0 0.199 0.208
09/10/11/19/21 24/3.0/3.1/4.4 5.1 48 59 0.167 0.167
08/09/10/19/14 24|28|28|4.1 4.7 57 6.1 0.154 0.160
05/ 05051011 14/1.7|1.6|22|24 3.2 3.7 0.090 0.089
04/05/07/10/10 1.2|/15|1.6|22|23 28 3.2 0.085 0.082
0.3/04|/04/0.7/08/1.0/1.2|1.2/1.5/19 2.1 23 0.065 0.066
0.3/03|/04/06(0.7/09/1.0/1.0/1.2|1.5/ 19 2.1 0.055 0.056
0.3/03|/04/06|06/08/1.0[/1.0/1.2|1.42.02.2| 0.054 0.053
0.2/0.2/0.2/05|/04/0.7 0.8/08/1.0[1.11.3|1.4| 0.040 0.039
0.2/0.2/0.2/04|/04/05/0.7/0.7/09/|1.0/ 1.4 1.7| 0.037 0.033
0.2/0.2/0.2/03|04/05/0.5/05/0.8|0.7 1.0 1.1 0.029 0.026
0.1/0.2/0.2/03/03/04 /05|04 0.7/06/0.91.0| 0.026 0.021
Validation benchmark test 2.5 JR (remove the uncertain judgment ranges)
i-th element| K 3 K% |j-th element| i-th element | K ay K% |i-th element
G 1.1)<| a, <] 1.2 A L 1.5/ <) a5 |</1.7 D
G 12/< a3 <| 14 | L 2.1 <| a9 /2.3 F
G 21 <|a, s 23 L L 1.0 < a0 /</9.0 E
G 23/ <| a5 (S| 25 C L 1.0 < a4 [</9.0 H
G 1.0 < a5 < 90 N L 1.0 < a4, [</9.0 B
G 1.0 < a, < 90 M C 1.2/<) a6 |</1.2 N
< 3.8/ a5 5| 4.0 D C 1.4/<| a5, £[15 M
G 1.0 < a, < 90 F C 15 < ag [</1.6 D
G 1.0 < a0 < 9.0 E C 2.2 <| a9 /2.3 F
G 1.0 < a;;, < 9.0 H C 2.2 <| a0 /2.3 E
G 1.0 < a5, < 9.0 B C 1.0 < a5y [<19.0 H
A 1.1 < a3 | 1.2 | C 1.0 < a5y, [£19.0 B
A 1.0 < a, < 90 L N 1.1 < 3 |</1.2 M
A 1.0 < a5 < 9.0 C N 1.2/ <) a5 | <113 D
A 2.3/ <| a6 S| 25 N N 14/< a5 |</1.6 F
A 2.9 <|a,, < 31 M N 1.0 < a1 |</9.0 E
A 1.0 < a3 < 9.0 D N 2.0 <| agy /2.2 H
A 1.0 < ay < 9.0 F N 2.2/ <| agy,  £/2.4 B
A 1.0 < a0 < 9.0 E M 1.0/ < a5 |11 D
A 47/ <|a || 49 H M 11)<| a, (<13 F
A 5.8/ <@, | 5| 6.0 B M 14/< a;0/</16 E
| 1.0 < a3, < 9.0 L M 1.8 < a3 (<20 H
| 13/< a5 < 14 C M 2.0 <| a;y, /2.2 B
| 2.3/ <| a3 S| 25 N D 1.1 < a4 |13 F
| 1.0 < a3, < 90 M D 1.3/ < agy | <15 E
| 1.0 < a3 < 9.0 D D 19 < ay |21 H
| 4.0/<| a39 | S| 4.2 F D 2.2|<] a5y, | 223 B
| 1.0 < a3 < 9.0 E F 1.1/ < agy|</1.2 E
| 1.0 < a3y < 9.0 H F 1.2/< agy | </1.3 H
| 1.0 < a3, < 9.0 B F 13/< agy [</14 B
L 1.0 < a5 </ 11 C E 1.3/ < apn|</1.5 H
L 1.0 < a6 || 9.0 N E 1.6/ < aypn| </ 1.8 B
L 1.0 </ a4, | S 9.0 M H 1.0/ Slayp|=/11 B

Pe(w opt test,2 )

5.50%
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General Matrix of Damages

Photo: Building main facade Building Condition Rating Surveyed damage
MAT Cod Ox Cr Gi Df De
ADDRESS = llcgjsky data g g R.C. Corrosion | Cracking patiern Defect in giuntion COppnn§n| Plaster or finiscing
Total area: - m*~ = and detachment deformation decay
N° of Floors: - Cod [ Oxl | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | D:3
= : 2
Area of single floor: - m* g
g e = & 2 2|8 |- 2 |z s
3 Photo Construction typology: - = _§ £ 2 5|12 |2 2 § 2 |5 5
EIE =2 5 | w2 2 g Z
s N of buildihgs blocks: - Bl 2 ElE S |E 2 [z o |2
= 5 w =1 =€ 18 A E]
SI3 ] S22 1%|S|215 258 E= |5
A 2 5 P s | & 2| = 2 = |° g|38 2|2 Bl ]
El £ g 5 2 s 5 S 5 |o S| E|2 F|° 5
- gz s |3 8 g 232 5|€ S|m
Slo|[S|E|E|s E| 2|5 |2 Els 2=%|2 |E
s 22| E|E|5|2|£|=|2|7E 5225 5f
SEE| 2|22 || 8|82 |E|Ees|zlEEssE
SElE|B|E |23 |2 |3 |82 2 €E =[8 £|8 5|8 §
3| = =2 ﬁ s = = C |®x B = 2 215 © 5]
Code Type Code Typology CCr__Code Component O 3| v =} a a M O |0 s 3|2 8|0 >[A =
H - | s22 Column
N ] S2 | Structural element
- s23 Beam
L 2 L1 Slab - | L4 Balcony or projection
S : -
—= L2 Connection - |2 Staircase’
- | NLI Curtain wall
N1 | Facade envelope .
g @ P - N2 Windows fixture:
N |ZF - N External R.C. wall
s b} N2 External wall xternal .C Wa
zZ ° - N2.2 External brick wall
N4 Other oI N4 Joint between elements

Component Condition Rating
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Damaged Component

Number of surveyed damages




BUILDINGS School Ci MATRIX OF DAMAGE Cod Ox Cr Gi Df Se De
Via Molise 4 Registry data 2 . : Defect in giuntion |~ Component Plaster or finiscing
i8
- [Consiruction date: 1954 2 & RC Corrosion | Cracking patiern | © deformation deca
Total area: 1365 m? ~|cod ] ox1 [ox2 Toxs | en [ e T en | Git | Gi2 | Gis | i | bR | b6 | sel | e [ s | pel | De2 | be3
N° of Floors: 2 g ~ = .
E .| 8| =|8 B
- SlE|E 2| |2
=B E 2 £ |~ | E|lE| 3 g 2 |5
- £|E £ 9 5 1515 212|312 |58
= &} 3 £ £ |2 ] s 2 |z %
=2 2 Slg|as8 Elg |» N - I 5|8
= E B 2 512|335 |<|8 (B S22 |z |=
5] g zlo|B8|l<|E|35|2 |8 |€|2]|% £ |S
B 2 21|38 < |5 |2 S| 2| S (8 = |5
2 5|l .| 8122 =|l2]|=|28E5 S| 5|22 | <2
E £ 2 5 1 = £ 4 =] 3ls =| & 2 5|82 5 |5
8= g1 3 Sls| 28| z2|222g 2 2|28 = |2
-2 S g g 5| 2 = 5|z gl52 < E| < [=g| &
£z > | S| 2|8 |2%|8|2Ez8|=|2|z|a2|lE |53
Sub-element SElE 5| |2 2|55 |2 |E|e<clE2 5 285 3| g g2
Typology CCr Code Ssla|z|E|l=|z|8|8|la|l|@8zsla|=|z|@8 5|88
— S1 Foundation 0.63 | S1.1 Foundation| 2 3 1
g 0.00 | s2.1 Shear wall
S| g 063 | 522 Column P
S2 | Structural element
E 1.00 | 23 Beam| | 1 2 |1
0.00 | s2.4 Braced frame
110 | L1 Floor slab[ 1 - -
0
0.00 | L1.2 Roof]|
L Slab
L g 0.00 | L1.3 Ground floor
2
2 0.00 | L1.4 Balcony or
3 0.00 | L2.1 Staircase
L2 Connection
0.00 | 122 Catwalks
1.00 [ N1 Curtain wall B
NI | Facade envelope | 0.09 | N1.2 ‘Windows fixture
&0 0.00 | NI.3 Skylight window
£ 0.00 | N2.1 External R.C. wall
E N2 Externalwall | 000 | N2z External brick wall
N g 0.00 | N23 Breastwork
= ) 020 | N3.1 Internal wall [ [
Z° N3 | Internal finishes | 0.00 | N3.2 False ceiling|
0.00 | N3.3 Door
110 | N4.1 Joint between elements 4 1 2
N4 Other 0.00 | N4.1 Elevator
BUILDINGS School Lopopolo MATRIX OF DAMAGE Ox Cr Gi Df Se De
Viale Lazio 8 _Registry data R.C. Corrosion | Cracking pattern | Pefect in giuntion | Component Settlement | Plaster or finiscing
Construction date: 1966 and decay
Total area: 1490 m* o Oxl | Ox2 | Ox3 | Crl | C2 | 3 | Gil | Gi2 | Gi3 | pfi [ DR | DB | Sel | Se2 | Se3 | Del | De2 | De3
N° of Floors: 1 2 _ =
5 ] - | 8]=|8 5
= N° of buildings blocks: 1 J £ 2 | B 5|8z 5 |
EDER T 2l | |2 glE 8|z [52|3|28 |25
| 2 = 5 |8
Certified user ) £ ) Tl |52 § é - 2181 ¢zZ]s ERE]
z H L1812 |3 |E|s|8 |£ S| E| &2 z |=
3 8 zlo|B8|s|E|3|2 |8 |€|E]|Z 2 |<
B ] S| 2 ol B I g £ |8 = |5
2 S ” £ = 2| = £ = |2 £l8 =1 E 22~ = |=
2 s| 2|52 2|5 |2|5|s&s=<5|&|2|8F |5
= El 2 2 e E[®5| 5 R EN )
Selw|o| | E|s|l2|E|Z2|5|z858 &2 |22 |E
e E ||| 2|2 B |25 |E|EEl=5=|2|z|z2= |28
SElZ|E|E|E|E|S|E |2 5|E532 2 2|55 2|5
Component Ssla|z|E|lS|E|2d|a|a|S|d8Esla|=S|z[a5 T[22
S1 Foundation 0.00 | s1.1 Foundation
E 025 | s2.1 Shear wall
Ed
S ] 0.00 | s2.2 Column
H S2 | Structural element
5 17| s23 Beam
0.00 | s2.4 Braced frame
0.14 | L1.1 Floor slab 2
2 .00 | L1.2 Roof]|
£ u Slab g
L 3 0.00 | L1.3 Ground floor|
et —
= 591 | L1.4 Balcony or projection| 2 11 | 2
X L2.1 Staircase
4 L2 Connection 000
0.00 | 122 Catwalks
202 | NL1 Curtain wall 1 - 5 4
N1 | Facade envelope | 0.00 | N1.2 Windows fixture
0.00 | NL3 Skylight window
g 026 | N2t External R.C. wall
_§ N2 External wall 0.01 | N2.2 External brick wall 1
N 0.00 | N2.3 Breastwork
—: 0.00 | N3.1 Internal wall
z N3 | Internal finishes | 0.00 | N3.2 False ceiling
0.06 | N3.3 Door|
0.07 | Na.1 Joint between elements
N4 Other |
0.00 | N4.1 Elevator|
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Brazilian sto 2 MATRIX OF DAMAGE Cod Ox Cr Gi Df Se De
Conﬂmcuo:ﬁ:;tir:;mlﬂ%o T éé R.C. Corrosion | Cracking patiern Deizctm giuntion Component Plas(erdorflmscmg
: - an ccay
Total area: 50 m” (il 0x1 [0 [0x3 | Cr | G | i | Gil | Gi2 | Gi3 | pfit | DR | D | Sel | Se2 | se3 | Del | De2 | De3
N of Floors: 1 E = X
£ E | 8| = |8 5
a = > 5151 2|8 g
= o 2 z s . |£E E|l=| 5|8 2 |5
Average Knowledge de S E " Els|2lz (5 |2 3 212 |25
Cerified user ZEIE H Sl 52218 |2 |2|8|2]8 |5 |2
Criticality Condit - 5|E H ElE|S|E|215 |2 |s|2]18|8 |22
e E Sl E 3|2 22,02 |2|2|215 |23
D =1 E P L =z =
2 5 SlE| 2|2 |2|885 |S|2|%8 (24 % |
Building Condition Rating g ElE|5|8 |5 B |2 |8|egcslE|8 2|25 5|8
cSl B 2| E|E|ls|z| 2|2 |E|5E5 S |E|S|2E E|E,
2Z| £ S1Z151|8 | 22828 =32 222 |58
SElE |5 B 2|8 2|2 |E|55122 5|8 5|82 8|82
Code Type Code Typology Code Component Ssla|lz|E|=|E|2|2|a|s|d8Eslal|=|Z2|2E S |82
S1 Foundation 0.00 | S1.1 Foundation
T 0.00 | s2.1 Shear wall
5 R -
S| 3 69 | s2.2 Column
z S2 | Structural element
@ 523 Beam 2
| 0.00] 524 Braced frame
LL1 Floor slab 1 -
£ | u Siab 0.00 | L1.2 Roof|
L § 0.00 | L1.3 Ground floor|
2
2 0.00 | L1.4 Balcony or
S 0.00 | L2.1 Staircase
L2 Connection
0.00 | 12.2 Catwalks
0.00 | NI.1 Curtain wall
NI | Facade envelope | 0.00 | N1.2 Windows fixture
0.00 | N1.3 Skylight window
g 000 | N2t External R.C. wall
é N2 External wall 0.00 | N2.2 External brick wall
N | 0.00 | N2.3 Breastwork
i 0.00 | N3.1 Internal wall
2 | N3 | Internal finishes | 0.00 | N3.2 False ceiling
0.00 | N3.3 Door
.00 | N4.1 Joint between elements
N4 Other 0.0
0.00 | N4.1 Elevator

BUILDINGS Faculty of Economy MATRIX OF DAMAGE Ox Cr Gi Df Se De
ADDRESS R Dr. Roberto Frias 464 _ Registry data RC. Corrosion | Cracking patiern | Defectin giuntion | Component Settlement | Plaster or finiscing
Construction perio and decay
Total area: 13111 m* o oxl [ox2ox3| el | e | e |Git [ Gi2 | Gi3 | Dt [ DR | DB | Sel | Se2 | se3 | Del | De2 | De3
N°of Floors: 3 E’ _ = ,
- 5
Construction typology: R.C. & g2 H 2| 5 g 3
o in . g o 3 = 5 |
N° of buildings blocks: 3 =" @ 2| Els|. |E R £z S |5
Average Knowled = B K] " HEIEREREREIREERE : s
Certified user = g2 ) Sl |5 2|E1E |2 |28 2]s 5|3
NG 2 a z @ A = I = = =B s|£]| 8|8 Z =
Titi yndition Ratin ) - = S 8 e S 5} 2 |8 2
(1a0oke (T iy (ONTIRERIEON LT | E] sl ol || 2|32 |8 |[€]|2]|%E £ |g
E S22 | S e |2l2gs |2]|E|2|2.|5|s
R sl 45|25 |B|2|E|cels=E|&|2|22 5|8
Ooan8§5._”E_—gg.z“ggegeggge
2zl £ & .ag%%xaggmﬁ=.a =222 |55
BEE| B E|2 2|2 5|2 |5 1255|212 2|24 232
Typology Component C8la|lz|E|lZ|lz|lala|la|c|ddEzsa|=|z|las |2
S1 Foundation 0.00 | si.1 Foundation
g 0.00 | s2.1 Shear wall
N 3 0.19 | s2.2 Column| 3 16
g S2 | Structural element
@ 0.27 | s2.3 Beam! 17
0.00 | s2.4 Braced frame
017 | L1t Floor slab 1 12 | ]
20
0.00 | L1.2 Roof]|
£ u Slab
L 3 000 L1.3 Ground floor|
] P
§ 234 | L14 Balcony or projection| 27 22 |l 70
. 0.09 | L2.1 Staircase E
L2 Connection
0.00 | 122 Catwalks
0.00 | NI.1 Curtain wall
NI | Facade envelope | 0.00 | N1.2 Windows fixture
0.00 | N1.3 Skylight window
E 4
2 186 | N2 External RC.walll 7375 14 |G | a 2 Il
g N2 External wall 0.00 | N2.2 External brick wall
N3 0.00 | N2.3 Breastwork
2 0.00 | n3.1 Internal wall
<2 | N3 | Internal finishes | 0.00 | N3.2 False ceiling
0.00 | N3.3 Door
N4.1 Joint between elements
N|  ote N . |6
0.00 | N4.1 Elevator
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El Perellonet

El Perellonet MATRIX OF DAMAGE Ox Cr Gi Df De
ADDRESS Registry data R.C. Corrosion | Cracking pattern Defect in giuntion | Component | Plaster or finiscing
and detachment deformation decay
Oxl | Ox2 | Ox3 | Crl | C2 | €3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
6 Area of single floor: 400 m’ g | \_
g 5 £ z | 2| 5= |E |B 5
= Construction typology: R.C. £ £ P 5= |3 |2 § Z s 5
2 2 E £ Ed - ] 5 7]
5 N° of buildings blocks: 1 = 2 ElE|5)|2 £ |2 s |BoE 2
Z Q @ 1 ERERE &
: 3 2 Zl2lE|lc|S|2|5225clE |2
a 2 g s || 2 < ] < Z|8 .8 & | <
2 S|z | E 2 g | 2 z [° |2 8|5 &5 =
g o S|l %] 5| 8| % 5] B 5 |0 2|3 E|23 o)
8 2 E|l= 5|5 Elw
S| o= S 8 g Py o =} =2 £ |z 8|5 2lag| ¥ g
2% B | 5 E] o £z = ° 212 E|S 2|2 5|8 5[5 5
Sel=E| 2|l |58 8|8 =% £ 18 5|2 3|5 |2 8|lg 8
SE[E|E|E|3B|=2|% 2 S&|z 2|8 g[8 8lE
£ 5l & 54 Z 53 53 =3 S |% B 5|2 5|8 5|2 &
Code Type Code Typology CCr__Code Component S8l v | = S|lz|la|la|a|C |88 3a 50 2a?2
3 1.20 | s2.2 Column 14 14
N E S2 | Structural element o
0.20 | s2.3 Beam 6
L 2 L1 Slab 490 | L1.4 Balcony or projection 30 30
S L2 Connection 0.00 f 2.1 Staircase
0.30 | N1.1 Curtain wall 4
N1 | Facad ) =
E o acade enveiope g0 | w12 Windows fixture
N =§ .00 | N2.1 External R.C. wall
S8 N2 External wall () :
z° 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
El Perellonet OF DAMAGE Cod Ox Cr Gi Df De
ADDRESS Calle de la Escotilla Registry data e Defect i ; Pl finisci
e - § & RC Corrosion | Cracking pattern efect in giuntion Compor\?nl laster or finiscing
e | Total area: 2400 m* = and detachment deformation decay
8 e T — . " " .
2| p— g === N° of Floors: 6 Cod | Ox1 | Ox2 | Ox3 | Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | D3 | Del | De2 | De3
4 2 =" Avea of single floor: 400 m® s . ~
H < —— . " s Els]s 12 |2 s
2 - Construction typology: R.C. z|2 £ P 5121215 |§ |2 |5 |B
2 - =2 = = =0 = s oy 2
H S N° of buildings blocks: 1 ES & gls|B8|E|EIS |2 |E |8 |2
z |4 E |2 © |5 |E 235|218 |5 |E5Eg |=
2 = 2 z2|leo|Bles|=]% |2 [8_EEE |g
8 O3 2] S| 2| g ] ~ | 2 |3 </ ®|8El= |°
a 2 S|l | 8| E|2l2|2)|<=|2E28glsEls |z
S| <] 58| % S | § 8|s €|8 £|® z
8= g3 s | 8 2 3 2 12Z|2 5|l=&|lw
S| w S 8 ] = o £ =2 £ |2 §|5 2e%|¥ g
cg 25| 5|28 &S |2| 2|28 S2|55|E55s
S8 = | & Z s | 818 |x% % El25|8 Z|E Bl 8
EElE|B|E|B |2 |s |2 |2 |E|2SE<28|RE|E¢E
Code _Type Code Typology CCr_Code Component S8la |z |E|Z|z|a|la|a |0 485 EasCc2a?
: Column
N ] S2 | Structural element | 00 | 522
0.00 | S2.3 Beam
L 2 L1 Slab 5.09 | L1.4 Balcony or projection 21 31
] - -
= L2 Connection 0.00 f 2.1 Staircase
N1 Facade envelope 0.00 | NI.1 Curtain wall
-§ o P 0.00 | N1.2 ‘Windows fixture 2
N |=2& External R.C. wall
55 N2 External wall 000§ N2.1 - -
z = 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
El Perellonet MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Pasco de las golas Registry data e g Defect i i Pl finisci
— - £ & RC Corrosion | Cracking pattern efect in giuntion Compor\.enl laster or finiscing
Total area: 2280 m” == and detachment deformation decay
N° of Floors: 6 Cod [ Oxl | Ox2 | Ox3 | Crl | Ci2 | Ci3 [ Gil | Gi2 | Gi3 | Dfi | D2 | Df3 | Del | De2 | De3
E|
= £ &
5 o0 @ z =] g b1 5
3 2 s |= |E
g 2|2 £ P 5121215 |8 |2 |5 |B
£ ElN g Sl |52 EIE |5 [E |5 |2
2 Sl & |l 82| E £ |2 |8 4|5 |2
e i | s 2| S5 |2 |2 |58 |5_|EEE |&
S|3 2 3121128512 |3<EslsE= |°
2 S @ <4 = 2 = < = |= g|8 2| Blx =
g Sl %58 |%|[28|8|85|2&~%gl235|5 |8
8= s |3 & 21 2| 2|25|28|EL|> |8
El w| 8| 8| &g = £ z 8ls glEag| ¥
ez £ | | 5|21 S| 8|5 |2 | 2|2ES425|8 5|55
S8l =E| & 218 (8|8 |5 | E|85=2%53¢8|8¢8
EElE 5|22 |2 |5 |2 |2 |E|25lz=l28|88|8¢%
Code Type Code Typology CCr__Code Component C8la |z |E|=|z|lalala|c |3z 3a &cC2a?2
5 1.30 | S2.2 Column| 18 2 4
N & S2 | Structural element
i .60 | $2.3 Beam| 5 1 7
L ‘§ 5 L1 Slab 3.09 | L1.4 Balcony or projection| 3 1 14
= L2 Connection 0.00 | 2.1 Staircase
NI Facade envelope 0.20 | NI.1 Curtain wall 4
g o0 P 0.00 | N1.2 Windows fixture
N |2& External R.C. wall
55 N2 External wall 0.00 § N2.1 5 -
z = 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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MATRIX OF DAMAG Ox Cr Gi Df De
) ) Defect in giuntion | Component | Plaster or finiscing
R.C. C s Cracki atte
Total area: 4640 m* ~ orrosion racking paterm | ,nd detachment deformation decay
=
N° of Floors: 8 § Oxl | Ox2 | Ox3 | Crl | Ci2 | €3 | Gil | Gi2 | Gi3 | Dfl | D2 | D3 | Del | De2 | De3
Area of single floor: 580 m* a I o
2 5 &n ) z sl [E |B 5
Construction typology: R.C. 5 E E 2 5| = «é«‘ 2 5 2 |5 B
ks 3 = - <
N° of buildings blocks: 2 SIS & Sle| 52502 |2 |E |2 |2
= 2 |28 |2 |2 |58 |5_|E3|2 |
Building Condition Rating: 3 g el slgl31% |3 E 2|2 3|8 ~§ = |3
] = = =< = 3 2|g .8 =
0.18 5z slgl8|e|5 |8 2 Elz225223 |E
B gl B e sz |E|2|EsE g 2.8
Tech. Unit Sub-element e g = S = -§ |38 |5|E|852 ] g‘;—g g E] ié
£ 5| £ 2|8 £|® SIE 2
Code Type Code T CCr Code oo Se|l&|2|E|=|2|8|&8|&|S|&3zE5&c¢2R2
5 . . Col
S | & | S2 | Structural clement 000 52.2 oumi
0.00 | S2.3 Beam
L 2 = L1 Slab 035 | L1.4 Balcony or projection 10
3 L2 C i 0.00 | 2.1 Staircase
0.00 | N1.1 Curtain wall
N1 | Facade 1 -
EE © ] 000 | NL2 Windows fixture
N 2§ 0.00 | N2.1 External R.C. wall
S | N2 External wall = - -
z 32 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
El Perellonet MATRIX OF DAMAGE Ox Cr Gi Df De
ey i Defect in giuntion [ Component | Plaster o finisci
R.C. Corrosion | Cracking patt e P er or iniscing
Total area: 5580 m” o orrosion racking pattern and detachment deformation decay
=
N° of Floors: 9 § Oxl | Ox2 | Ox3 | Crl | Ci2 | €3 | Gil | Gi2 | Gi3 | Dfl | DR2 | D3 | Del | De2 | De3
Area of single floor: 620 m* a I o
N =] El 2| 2| 5| |E |2 5
Construction typology: R.C. k) £ % z 5 ‘i g 2 g 2 |5 B
E & 2|5
N° of buildings blocks: 3 S £z & g g é E|E|E |z gf\‘“;.’ =
o @ : Fl5 |2 51 ElE
Building Condition Rating: 3 8 Slelgl= 5|2 5z 23l gl= |®
o 2| = = o 2|g &8 bl
0.08 L sl 5|3|S|E|2|EEl2¢22(2 |B
- SBl | S BBl a|El=2]glzEc22% 2,5
2 £ oS &
Sub-element éé% S o -§ s 8| 8% §‘§§%“5§‘§—§§§&é
= 3 = =y 53 153 =] = =
Code Type Code Typology CCr Code Component Se|l&|2|E|=|E|8|&8|&|S|E3=ER5&c¢8R2
5 . . Col
S | & | S2 | Structural clement 000 52.2 oumi
0.00 | S2.3 Beam
L 2 5 L1 Slab 041 | L1.4 Balcony or projection 6
3 L2 C i 0.00 | L2.1 Staircase
0.00 | N1.1 Curtain wall
N1 | Facade 1 -
B “ | 000 | Ni2 Windows fixture
N 2§ 0.00 | N2.1 External R.C. wall
s | N2 External wall = - -
z 32 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
MATRIX OF DAMAGE Ox Cr Gi Df De
Av de las Gaviota Registry data R.C. Corrosion | Cracking pattern Defect in giuntion | ~ Component | Plaster or finiscing
\ Total area: 6888 m” 2 o and detachment deformation decay
=
N° of Floors: 12 E Oxl | Ox2 | Ox3 | Crl | Ci2 | €3 | Gil | Gi2 | Gi3 | Dfl | D2 | DB | Del | De2 | De3
Area of single floor: 574 m* a I e
- =P o 2125l |2 |B 5
Construction typology: R.C. 5 E £ P s |2 .ét S g [2 |5 5
7 = & L < 7
N° of buildings blocks: 4 SIS & R é E|E|E |z gf\“’;’ 2
2 2 ; <8 2|2
“ondition Ratir 3 ] 2lel2l3 |2 |25, 25 5|2 |5
3 2l 2| E|8 |2 |8 |%|E|SE3E5|t |8
0.42 8 g S oS 8 = B EREE= R R |5}
Bl el E BBl alEl=2]glzE 282,05
£ 2 £ oS 5
Sub-element éé% S = -§ g1 e8| 8% E@E%“agg—ga&gg
[y 3 = =y J5 o =] =153 =
Code Type Code Typology CCr Code Component Sel&|Z2|E|=|E|8|8|&|S|E3zER5c¢8R2
5 . . Col
N & | S2 | Structural element 000 f 52.2 oumn
0.00 | S2.3 Beam
L 2 = L1 Slab 084 | L1.4 Balcony or projection 30
S 12| Connecti 000 121 Staircase
0.00 | N1.1 Curtain wall
N1 | Facade 1 -
EES P® | 000 | Ni2 Windows fixture
N |TE 0.00 | N2.1 External R.C. wall
N2 External wall - - -
z 32 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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El Percllonet MATRIX OF DAMAGE Ox Cr Gi Df De
Av de las Gaviota. Registry;im R.C. Corrosion | Cracking patern | Peectin giuntion | Component | Plaster or finiscing
Total area: 3300 m mn and detachment deformation decay
N° of Floors: 11 én Oxl |Ox2 | Ox3 | Crl | C2 | €13 | Gil | Gi2 | Gi3 | Dfi | D2 | DB3 | Del | De2 | De3
Area of single floor: 300 m* ) £
& = o s|z2|sls |B |2 8
Construction typology: R.C. 2|2 £ P 512|121 |§ |2 |5 |z
= 2 = o] £ &0 g |= g 2
N° of buildings blocks: 1 2 S 2 E1E|2|E g £ |z |52 |&
£ ] glo|B|S|2 |32 |E-|EEE |5
Building Condition Rating 3 'g el S| |2 |5eEslesls |3
g Sl 25|85 |58|2|E5|2E5E25|8 |5
SEl w| S| EB|le| 2|5 E|2]2|2%Es8Eagle [E
23 E| | C|E|5 8512 212E82<|5885/5¢
Element ERR 5 ERR-RE- & g Il 53&%°§§82§2
= 2| § <
Code Type Code Typology CCrCode Component Sela|lz|E|S|BE|lala|a|S|d2E3aEd¢ga¢8
j X s2.2 Column
S | & | S2  Stuctural element 00
0.00 | s2.3 Beam
L 2 = L1 Slab 117 | L1.4 Balcony or projection 18
37 2| Conneti 000 | 121 Staircase|
0.34 | N1 Curtain wall 18
N1 | Facad I -
EE acade P | 000 | Ni2 Windows fixture
N |:§ 0.00 | N2.1 External R.C. wall
N2 External wall -
z 45 xlematw 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
El Perellonet MATRIX OF DAMAGE Ox Cr Gi Df De
Registry data Defect in giuntion Component | Plaster or finiscing
B R.C. i ki tt N
Total area: 1200 m? 5 C. Corrosion | Cracking patiern | ° ' jetachment |  deformation decay
N° of Floors: 4 E’ Oxl |Ox2 | Ox3 | Crl | €2 | €3 | Gil | Gi2 | Gi3 | Dfl | D2 | DB | Del | D2 | De3
'] ] " . 2 a =
£ Area of single floor: 300 m af " s . Fe s
H . = Ey £E15|sls |2 |2
Py Construction typology: R.C. § 8 | z g < k=1 2 54 Z 5 5
E 2 & 5 =0 2 s = b7
c N° of buildings block: 2 EIS & gl 3 |E ZlE s |5-|2 |2
< = K 2| 8BS |E |58 |E_|E5|2 |&
Building Condition Ratin 3 g AR E z|E 5|2 g2 |3
E Sl 2| 8|8 |5 |E8|2|B|celcE2Ele |
26 S g S = g ] 2 |2 5| 8|ES|lx |8
o = ° E £ 5 P = 5 |'z 8|5 >|=%|g
2zl E|l 2| 8| 2 3|5 212 |2 &= 5[2 5|5 5
Element Sub-element EREIE slel®|8|&8 g é £18 ElZ 3|8 4|2 g 8 g
o iy o N i=} =[5 o j3
Typology Component Ssla[z|E|=|E|a|a|a|S|83E3RE52a¢8
1 .39 | 822 Column 1 3
N E S2 | Structural element
0.00 | s2.3 Beam
L B = L1 Slab 134 | L1.4 Balcony or projection| 3
3 - -
= L2 Connection 0.00 | L2.1 Staircase
0.00 [ N1.1 Curtain wall
N1 F; I -
T acade P | 000 | Ni2 Windows fixture
N = § 0.00 | N2.1 External R.C. wall
£ 8| N2 | Extemalwall oG External brick wall
N4 Other 0.00 | N4.1 Joint between elements
El Percllonet MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Calle de Estribor Regisﬂydm g 4 RC. Corrosion | Cracking patiern Defect in giuntion Componf:nt Plaster or finiscing
Total area: m* Lz and detachment deformation decay
N° of Floors: cm Oxl | Ox2 | Ox3 | Crl | C2 | €13 | Gil | Gi2 | Gi3 | Dfi | D2 | DB3 | Del | De2 | De3
Area of single floor: m” A s
rea of single tloor: m’ B o o P g g B lél} 5 ‘5
Construction typology: ._E, 2|8 = P g 2| E S 15 |2 |5 |5
= B = S |3 Z
N° of buildings blocks: 1 2 NS & El5|2|s£ Elg |z |E-lE |2
. E|2 2 gl 3|22 |2 |52 [E_IEEE |
Building Condition Rating o § g s | 2 2 B > 2|5 2|E3 S 2|z |3
E Slg|5|8|2|5|2|5|2&8¢l25|5 |3
e R |8 2l 2 |2E25228|a
S| = & £ = g |23 £ |z 8|5 2|e%|& £
2z E| »| 5| 3| S| &% 212 El2<|2 8|2 5|15 5
Sub-element selS 5|58 |s || E|8s22|fzlgclee
= 2| § <
Typology Component Sgla|z|E|=Z|2|a|a|a|d|d3E=3cES¢8a2
; .01 | $2.2 Column 8 9 3
S & S2 | Structural element
i 0.00 | 2.3 Beam 3 10 9
3 138 | L1.1 Slab 6 6
L g L1 Slab e
1.03 | L1.4 Balcony or projection 3 3
1.04 | NI.1 Curtain wall 17 3
N1 | Facade I -
§ Ed o ] 007 N2 ‘Windows fixture 1
N |=§ 0.00 | N2.1 External R.C. wall
N2 External wall -
z 4 lematw 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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El Perellonet MATRIX OF D. Cod Ox Cr Gi Df De
Registry data £ ¢ . . Defect in giuntion Component | Plaster or finiscing
" Total area: 2700 m* . F RC. Corrosion | Cracking pattern and detachment deformation decay
N° of Floors: 9 Cod Oxl | Ox2 | Ox3 | Crl | C2 | 3 | Gil | Gi2 | Gi3 | Dfi | D2 | DB | Del | D2 | De3
2 | Area of single floor: 300 m” a g @ |
s = o & ] z = g 133 5
5 c i logy: R.C H (= £ S| 2|5 2 |.
& onstruction typology: R.C. 5 % E £ 2 E -?n - 5 = 5 5
E 2 K - |Z
P N° of buildings blocks: 2 2 EIS E Slel2| 2|58 |2 |E-|2 |2
Sl g g|ls|B8|S|E|5|2 |E_|EEE |S
I ndition Ratin O3 ® s 28|82 |2|52%382 |3
2 g “ sEl5 |38 | % = |° 5|28 2|5 2%
2 52| % 5 Gl 5
Sel L S| B2 2|3 222|252 2ss |2
zczl E|l 2| 8| 2|5 |85 |2 |8|%Ez2%z5Es5|5s
Sub-clement selSls|ls |8 2| €525 |8s55cl8glgglse
£ =4 £
Code Type Code Typology CCr Code Component Sgla|z|E|S|z|a|lal|la|d|b8E3EaE|58a¢8
5 0.90 | s2.2 Column| 15 5
S a S2 | Structural element ool 525 Beam 2
L k] = L1 Slab 2.67 | L1.4 Balcony or projection 25
3 L2 Connection 0.00 | L2.1 Staircase|
0.28 | NI.1 Curtain wam 12
1
X N1 | Facade P* 1000 | N2 Windows fixture|
N | TE 0.00 | N2.1 External R.C. wall
22| N2 Bxemalwall s External brick wall
N4 Other 0.45 | N4.1 Joint between elements| 6
MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Registry data 2l . . Defect in giuntion Component | Plaster or finiscing
Total arca: 5400 m> 2| RC. Corrosion | Cracking pattern | =4 doachment | deformation decay
N° of Floors: 6 od [Ox1 | Ox2 | Ox3 | Crl | €2 | €3 | Gil | Gi2 | Gi3 | Dfl | DR2 | D3 | Del | De2 | De3
= . B
Al f le floor: 900 s
g rea of single floor: m 5 - PR ERP s
8 3| g |8 Z
5 z|3 £ P S S5l |53 |2 |5 |2
£ G g Sl |5 288 |2 |2 |8 |2
s = s sl |E|2|2|35|8 |E_|EE2 |S
S| 2 SlE|E|E % |2 |5¢E53885 |3
z SlzlElE2|5 4|8 |3588¢55 |3
85 »| 8 | e SlEl 22 |E|2gi52ee |2
2 Z| £ g S|lcs|lgls|= S |2 S 2 5| 5|€ 5
Sub-element el é F |8l |3|2 % § 3 g gg%‘é §§§ ] é 3
Type Code Typology CCr_Code Component Sgla|z|F|[=|z2|a|la|a |3 |d3=38aE&|S2e2
: . Column
S 3 S2 | Structural element [oss] s22 6 20
16 | s2.3 Beam| 6
L 2 = L1 Slab L14 Balcony or projection| 27 61 34
g -
= L2 Connection 0.00 | L2.1 Staircase
0.00 | NI.1 Curlainwam 33
1
kX N1 | Facade P* 1 o00 | N2 Windows fixture
N | TF 0.00 | N2.1 External R.C. wall
2 2| N External wall 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements|
El Perellonet MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Paseo de las Golas Registry data " in giunti fsci
( 8 RC. Comosion | Cracking pattern Defect in giuntion | Component | Plaster or finiscing
Total area: 5000 m* - and detachment deformation decay
=
N of Floors: 12 Cod Oxl | Ox2 | Ox3 | Crl | C2 | €3 | Gil | Gi2 | Gi3 | Dfi | D2 | DB3 | Del | D2 | De3
Area of single floor: 500 m” A H
rea of single floor: m’ ED _ o P g g B ED 5 s
Construction typology: R.C. s I=H ] P s1S|2]2 g |12 |5 |5
= & s = =2 < =z
N° of buildings blocks: 2 o 8 _% & g E|3|E E g z g?% £
2% 2 2 5 &} o £
Building Condition Rating: o3 2 <] 2 § BlE |25 4|E=wl8Els |5
2 2 el 58|55 |2|8|2E2E55ls |B
EFI I B
w = = = = I B oS s
Tech. Unit Sub-clement B8 s lg| 2 28|22 % |E|icee5z3 HER
= 2| £ 2
Code Type Code Typology CCr__Code Component Sgla|Z|E|Z|2|a|a|a |3 |d3E=28aE|S2e8
= | ria] s22 Column 3
N @ S2 | Structural element $23 Beam 2 5o
L 2 s L1 Slab L1.4 Balcony or projection| 57 57 57
S L2 Connection 0.00 | L2.1 Staircase
By 128 | N1 Curtain wall| [5)
X NI | Facade P* 1 000 | N2 Windows fixture
N & 0.00 | N2.1 External R.C. wall
g2 | N2 Bxemalwall 0T External brick wall
N4 Other 0.00 | N4.1 Joint between elements|
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El Perellonet MATRIX OF DAMAGE Ox Cr Gi Df De
Entrada Llobarro Registry data . . Defect in giuntion Component | Plaster or finiscing
B R.C. Corrosion | Cracking pattern N
Total area: 10140 m " and detachment deformation decay
=
N of Floors: 10 g Oxl | Ox2 | Ox3 | Crl | €2 | €3 | Gil | Gi2 | Gi3 | Dfi | DR | D3 | Del | De2 | De3
g
Area of single floor: 1690 m* a = o |
ZNE w s | 2]15ls | |2 5
Construction typology: R.C. = 2|8 £ P 5121215 |8 |2 |5 |5
= ] &0 =2 <
N° of buildings blocks: 4 = =S & Sls|5|F|E18 |2 [2.]5 |2
3 3 g|S|E|2 |2 |52 |E_|EE2 |£
8 Building Condition Rating 3 2 s 2|52 |2 |2 |3258 82 |2
2 2l 2| 5|82 |8|5|E51|%ElsEEEE |5
EEE N
Element Sub-element SEl = g R % ‘é 3 g‘ R 54 g § ‘§ g
£ 2 £
Code _Type oloy Component Sgla|z|E|S|E|a|a|a|d|83=3RESgR¢8
P Typology p
3 0.06 | 2.2 Column| 9
S & S2 | Structural element
i 014 | 523 Beam| 8 | 2 5
g . Ll Slab 0.15 | L1.1 Slab
L 5° N P
L2 Connection 0.00 | L1.4 Balcony or projection| 15
§ 0.02 [ NI Curtain wall| 2
L N1 | Facadeenvelope |15 |15 Windows fixture
N | =§ 0.00 [ N2.1 External R.C. wall
S22 | N2 Exemalwall 001G, External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
El Perellonet MATRIX OF DAMAGE Ox Cr Gi Df De
Entrada Llobarro Registry data . . Defect in giuntion Component | Plaster or finiscing
> R.C. Corrosion | Cracking pattern N
Total area: 5200 m " and detachment deformation decay
=
N° of Floors: 4 g Oxl1 | Ox2 | Ox3|Crl | C2 | 3 |Gil | G2 | Gi3|Dfi | D2 | DB | Del | D2 | De3
g
Area of single floor: 1300 m* a = |
=E'0 . en ] Z s l= | 14 5
Construction typology: R.C. s|Elk £ P 5121215 |8 |2 |5 |8
ks ] = - <
N° of buildings blocks: 5 = =S & Sle|5|E|E18 |2 [2.]5 |2
3 3 g|S|E|2 2|52 |E_|EE|2 |£
Building Condition Rating 3 2 S| E2|5] 2|9 |2|Bg5825l |2
! sl 25|85 |8 |28 (cE=8255 |B
FRIFILEHUERE S LR
o 2 £ 5] 8 = 7 £ =
Element Sub-element 3 é % z = % 5| 8|8 |x%| & §§% i g o 34 § 8 g
>3 = |53 153 = = 23 |53
Code_Type olo Component Sgla|z|E|=|2|8|a|s|S|a8=EasS2R8
P Typology P
; Column
S | & | S2 | Structural element 023 { 52.2 12
0.11]s23 Beam| 6
L B P L1 Slab 034 | L1.4 Balcony orprojx.action
3 L2 Connection 0.00 | L2.1 Staircase
] 0.05 | NIL1 Curtain wall| 6
T N1 | Facadeenvelope |15 |1 Windows fixture
N =§ 0.00 | N2.1 External R.C. wall
S22 | N2 Exemalwall 001G, External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
P R Ox Cr Gi Df De
ADDRESS Av de las Gaviota Registry data . . Defect in giuntion Component | Plaster or finiscing
= B R.C. Corrosion | Cracking pattern N
Total area: 5500 m and detachment deformation decay
N° of Floors: 5 Oxl |Ox2 | O3 | Crl | €2 | €3 | Gil | Gi2 | Gi3 | Dfi | DR | D3 | Del | De2 | De3
3 . B
Al f single floor: 1100 =
5- || Area of single floor: m ._. ; w . g n 2 s 5
- Construction typology: R.C. SIEYE £ P 5121215 |8 |2 |5 |5
] =) - <
5| & |N° of buildings blocks: 2 HEx & £l s Té) ElEIE |2 |52 |&
) E|2 H gl 3| |S|Z |58 |[E_IEEIE |
M g cl2| 22 le|S|2g53 258 |2
] 2l 2| 5|8|2|8|35|E51|%ElsEEEE |5
0.79 8 5 8 g = 4 =} -] o[5S
. ce|lw| S| E|E|ls5|2|E|S)| 8|z E52%%E.|E
- 23 S|z |2| 8|85 |=|2|28l=%7%<5|5s8
: - = SElE|B|E|2 2|8 |5 |2 |E|2s558¢8[5¢8|5¢8
Code Type Code Typology CCr_Code Component Sgla|z|E|S|E|a|a|a|d|83=8RE|SgR¢
; Column
S | & | S2 | Structural element 0104 52.2 4
0.10 | s2.3 Beam 4
L B = L1 Slab 059 | L1.4 Balcony orprojx.action 8
3 L2 Connection 0.00 | L2.1 Staircase
] 0.09 [ NI Curtain wall| 4
L N1 | Facadeenvelope |15 |1 Windows fixture
N =§ 0.00 | N2.1 External R.C. wall
S22 | N2 Exemalwall 001G, External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
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El Perellonet MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Avdelas‘(iav'iota Registry data & R.C. Corrosion | Cracking pattern Defect in giuntion Component | Plaster or finiscing
Total area: 7600 m* EE T &P and detachment deformation decay
)
N° of Floors: 8 E od [ Ox1 | Ox2 | Ox3 | Crl | €2 | C3 | Gil | Gi2 | Gi3 | Dfl | D2 | DB | Del | De2 | De3
Area of single floor: 950 m* A s o |
en 5 & 7 z s |- |E 5} g
Construction typology: R.C. El > = k= 2 5| = | <€ ]2 B 5 5
=1 28 = < g 2| E |2 s |3 |Z
% S
N° of buildings blocks: 3 SIES g ElEl2|E|E £ 2 gﬁg 4
E - € (8 A E]
Condition K 3|3 § 5|2 R A 3 3z g%’ g &= s
g . 21|58 |2|8|2|5(283¢ 258 |5
5 SEl w| 8 g £ = = g 2 2 |2 = |5 &|w g
23 E|l2|5|21518|5|2 35§$Z>.5-_5§-5§
Sub-element $2 5| 3 g FERERE: 3 £ §82¢2 EISIEEIERE
£ =
Typology Component Sela|z|E|s|z|lala|la|d|d3E3aE58a2
1 . 3 Column
S & S2 | Structural element | %0 f 522 4
0.04 | 823 Beam| 3
L 5 L1 Slab 0.10 | L1.4 Balcony or projection 5
=] n
= L2 Connection 0.00 | L2.1 Staircase
0.04 | N1.1 Curtain wall 4
N1 | Facad 1 -
T acade P* | 000 | ni2 Windows fixture
N | =& 1.02 | N2.1 External R.C. wall| 12 12
2 N2 External wall - - -
z = rlemalwa 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
El Perellonet MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Av de las Gaviota Registry data £ ¢ RC. Cotrosion | Cracking pattern Defect in giuntion Component | Plaster or finiscing
Total area: 6400 m* LEE T &P and detachment deformation decay
&
N° of Floors: 8 E Cod | OxI | Ox2 | Ox3 | Crl | Cr2 | C3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
Area of single floor: 800 m* A H 50
en 5 & 7 z sl |E |B g
Construction typology: R.C. El > = k= 2 51212 |¢ B 5 5
=2 B = 3 g @ | E |8 s 5 Z
% S
N° of buildings blocks: 3 SIEES & ElEl2|E|518 |2 g 2|2 4
b=l ° - € (8 A E]
Condition Rating: S8 E ] g 2l |< |2 5z E?g gg 2 5
E 2 | § Eu =T B - 2 £ 2
Selw|B|B| 22|22 |2 2|eg2ssc|n |2
© | £ »| 5 Els z|l£|= g"zgo:>‘5_g E
Sub-element SE = Fle|g|28|< g8 | E|85Z¢ 5 3 § 8 §
25|85 |8 5|8 8 o3
Code Type Code Typology CCr Code Component Sgla|Z2|E|S|5|a|ad|&|S|a38zEasS8a¢8
1 . X Column
S ] S2 | Structural element | %0 522 3
0.04 | 823 Beam| 2
L E 5 L1 Slab 0.08 | L1.4 Balcony or projection 2
= L2 Connection 0.00 | L2.1 Staircase
0.03 | N1.1 Curtain wall 2
N1 | Facad 1 -
T acade P* | 000 | ~i2 Windows fixture
N | 2F 1.00 | N2.1 External R.C. wall| 5 6
2 N2 External wall - - -
z = rlemalwa 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Cod Ox Cr Gi Df De
ADDRESS Av de las Gaviota Registry data £ ¢ RC. Cotrosion | Cracking pattern Defect in giuntion Component | Plaster or finiscing
D - Total area: 3840 m* » o . ep and detachment deformation decay
&
N° of Floors: 8 Slcod | OxI | Ox2 | Ox3 | Crl | Cr2 | C3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
é Area of single floor: 480 m* A ] 0
: & 5 0 @ z gl |E |B 5
s Construction typology: R.C. = 2|8 % P 5|2 2|2 § 2 |5 5
=S £ e = e 5 |2
E | IN° of buildings blocks: 2 ZEE & Ele| 2|2 El8 |2 |EolE |2
] 5 2l o|B|ls|E|3|2 |8 £g £ s
. e 2 S|l | 8|22 E%éﬁsgé‘g -
04 S Bl 2 2|52 2| E|egzslies |2
2 2 E|E|s|eg|£|2|&E|2E5zs%5lE 5l
o - 28 E| 2l | 8|2 | = |&8|%El2s8%% 8|88
. e e : BEE|5|E|B8|=2|s5 |53 Eg&a‘ugs§=§=
Code Type Code Typology CCr  Code Component SSla|lz|E|lZS|z2|lala|a|S|d3E3ES 8RS8
1 . 3 Column
S & S2 | Structural element | %0 522 !
0.04 | 823 Beam| 1
L E 5 L1 Slab 0.06 | L1.4 Balcony or projection 2
= L2 Connection 0.00 | L2.1 Staircase
0.03 | N1.1 Curtain wall 2
N1 | Facad 1 -
T acade P* | 000 | ~i2 Windows fixture
N | 2F 0.80 | N2.1 External R.C. wall| 5 3
2 N2 External wall - - -
z = rlemalwa 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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Ox Cr Gi Df De
R.C. Corrosion | Cracking pattern | Defectin giuntion | - Component | Plaste or finscing
n and detachment deformation decay
&0
E Oxl1 | Ox2 | Ox3 | Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
1= &
= s @ |, L
E 2N E 212|805 | |2 |. |2
q = 28 E 2 2| %2l |8 |5 |8 |2
< z Z Ele |5 |2 EIE |5 B e |2
a ) 5 2 ° = £ £ =8 (=
- b=l 2 2 ° S e & 5 (2 g s 8|2 )
Building Condition Rating 2 g g Z E ° P o 5z E ] g | & °©
o .= = L = b=
gz sSlg| |85 8|28 |z8=825s |2
Sl w| 38| 8|&e]| |3 £ 2 2|28z 8lEgle |8
el Bl | 5| E|5|2|5|=| 87522558555
Element Sub-element g eS| slel8 8|82 s E|85123|8¢% g g g §
153 i j73 =l =] =9 9
Typology Component SSla|z|E|=|2|8|8|a]|S|&538= 2 &5 ¢ga¢
: Column
S & | S2 | Structural element 0.08 f 52.2 12
0.09 | S2.3 Beam| 16
L 2 = L1 Slab 035 L1.4 Balcony or projt.action 29
3 L2 Connection 0.00 | L2.1 Staircase
0.04 | NL.1 Curtain wall| 16
't'g 20 NI | Facade envelope 0.00 | N1.2 ‘Windows fixture
N |:§ 0.00 | N2.1 External R.C. wall
g2 | N2 Extemalwall o0 as External brick wall|
N4 Other 0.00 | N4.1 Joint between elements |
El Perellonet MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Registry data 2 Defect in giuntion Component | Plaster or finiscing
2l . .
Total area: 3960 m’ o R.C. Corrosion | Cracking pattern and detachment deformation decay
=1}
N° of Floors: 6 Cod Oxl | Ox2 | Ox3 | Crl | €2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
i . a
Area of single floor: o |, " B g <. lg s 5
Construction typology: R.C. = 2 % P § || % |2 § Z |5 5
= B 2| = S |3 Z
N° of buildings blocks: 1 S & Elelz|s E £ |z g,ﬂ&g k]
= 2 2 5 2 E
Building Condition Rating 5|3 g $12]12|% P ERER R g% 2 |®
3 2 2 5 51 2 g = 8|5 - =|3 =
Sl w2 2| 2|22 |22 s |2
2z S|l 2|5 | 2| S8 |5 |2 | &|2El=24%%5|25|5%
Sub-element cE|l S| 5le |8 |8 S| 8|2 |E|558¢E|8¢c288
= 2| E 2
Code Type Code Typology CCr_Code Component Ssla|z|E|=||la|la|la|d|88=3255¢8a¢g
5 .15 | S2.2 Column| 5 1 1
S & | S2 | Structural element
- 036 | 23 Beam| 10 4 4
2 .| L Slab 0.03 | L1.1 Slab 1
L 3= _ s
L2 Ci 040 | L1.4 Balcony or projection 5
0.02 | NL.1 Curtain wall| 3
EE NI | Facadeenvelope |10t N1 Windows fixture, 5
N |2F 0.00 | N2.1 External R.C. wall
22| N2 | Bwemalwal | External brick wall
N4 Other 0.00 | N4.1 Joint between elements|
Cod Ox Cr Gi Df De
H . . Defect in giuntion Component Plaster or finiscing
= - RC. Corrosion | Cracking patiern | © /' ioiachment | deformation decay
N° of Floors: 20 Cod Oxl |Ox2 | Ox3 | Crl | €2 | €3 | Gil | Gi2 | Gi3 | Dft | DR2 | Df3 | Del | De2 | De3
B " . > a
Area of single floor: 285 m’ £
5 ¢ i 5 o z | 2| 5 |x Z |z 5
> Construction typology: R.C. £ % £ % P é <122 £ % 5 |5
: ] & =
5 N of buildings blocks: 1 HEx & Elel2|E|2 £z (B2 |2
= L2 <] 51 = &
Building Condition Rating S8 ] - 2l 2| AR £3 g% = |®
Z 2 @2 3 = g = ElIGE =|3 £
049 Sel L2222 2 2g2Eliels |2
23 £l x| B 2|58 |5 |2|E(2E2428E555
Sub-element S el 3 5 s 2|2 & é 34 £ 33%°§§3§§§
= 2| E 2
Code _Type Code Typology CCrCode Component S8l s |z |E|S|E|a|la|la|d|E8zEc55ga¢2
5 0.00 | s2.2 Column
S & S2 | Structural element
@ 0.14 | s2.3 Beam| 4 4
L 2 = L1 Slab 3.40 | L1.4 Balcony or projection 20 20
Q B
— L2 Connection 0.00 | L2.1 Staircase
0.12 | NL1 Curtain wall| 16
B NI | Facadeenvelope |10 115 Windows ﬁxturil
N |27 . External R.C. wall
55 N2 Ewermawan |00 [N .
z 0.00 | N2.2 External brick wall|
N4 Other 0.00 | N4.1 Joint between elements |
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P Cod Ox Cr Gi Df De
ADDRESS Av. Gaviotas Registry data £ ¢ RC. Corrosion | Cracking pattern Defect in giuntion [ Component | Plaster or finiscing
o Total area: 3600 m? . Hi= e &P and detachment |  deformation decay
b . 3 . |N°of Floors: 12 “lcod | Oxl | Ox2 | Ox3 | Crl | Cr2 | C3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
- =4 b Area of single floor: 300 m’ = w
2 b, . 5 £ 2| | gl |E |3 5
3 4¥ Construction typology: R.C. = 2|8 £ P 5|2 - 5 2 s 5
,ﬂ - Z|8 3 2| 2 3 3 2
I -3 E N° of buildings blocks: 2 Z e z & Sl 5| 2)|:E ElS |2 |E-|B £
[~ - - E 2 2l e|B|<2|E |32 |8_|EEIE |S
= o3 Slo | B2 2|22 |2|3gE32ES |2
n 2 A i g 285 = g
: 02 S5l .| 5| E| 2| 22|22 2EzEEEe |2
= = ‘7 %
TR 28 S|z 2|s|B|s|5|E|kEl=%5z82828
=] = = Q O 123
SElR|E|E|2|2 |85 |2 |E |2z 2|8 E|8ElE¢
Code Type Code Typology CCr Code Component Sela|z|E|S|E|la]la]la|d|88z3aESgR¢
S | & | s2| Stuctural element | 20| 522 Column 1
0.01 | 823 Beam| |
L 2 L1 Slab 0.01 | L1.4 Balcony or projection 2
=] 0
= L2 Connection 0.00 | L2.1 Staircase
0.01 | NL.1 Curtain wall| 2
N1 | Facade 1 i
kX “ 000 | N2 Windows fixture;
N |=5 0.00 | N2.1 External R.C. wall
N2 External wall - : 8
2 - 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
MATRIX OF DAMAGE Ox Cr Gi Df De
Registry data Defect in giuntion Component Plaster or finiscin;
R.C. Corrosion | Cracki P ¢
Total area: 900 m’ S rrosion | Cracking patern | =y etachment |  deformation decay
=
N° of Floors: 3 E Oxl | Ox2 | Ox3 | Crl | C2 | €3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
Area of single floor: 300 m? a =
¢ B 5 o0 2| 2| 8| 2 s s
Construction typology: R.C. 8 £ £ P g |2 £ |S § I 5
= 2 = = = g =2 < %
N° of buildings blocks: 1 2 = B sls| 8|2 ¢ £ |z |E-|E8 |€
2 2 2| S|B12 |2 |58 [E_IEEIE |&
Building Condition Rating: 3 B s 2|22 |%|2|3Eessss |B
E 1| c 2|2 B 2|8 2E 5258 |B
SE 2| 2| Ble|s|Z|E|2|E|5E 2 EEE, |5
. £ o= 5
Element Sub-element '§ é = E ; '§ 2 § E] ] E‘ ﬁg % s E : § HER:]
g = g et
Typology CCr Code Component Ssla|2|E|S|E|R|R|&E|S|E5E8RE588¢
s | & | s2 | Stucwral clement [ 297 {522 Column| 2 4 4
0.00 | 823 Beam
L 2 L1 Slab 530 | L1.4 Balcony or projection| 9 9
=] 0
= L2 Connection 0.00 | L2.1 Staircase
0.79 | NL.1 Curtain wall| 16
N1 | Facade 1 H
3; Ed ] 000 | N12 Windows fixture!
N =5 0.00 | N2t External R.C. wall
N2 External wall : 8
:2 - 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
El Perellonet MATRIX OF DAMAGE Ox Cr Gi Df De
Calle de los Delfines Registry data o in giunti nisci
d ' < R.C. Corrosion | Cracking pattern | DeTectin giuntion | - Component | Plaster or finiscing
Total area: 3672 m ® and detachment deformation decay
N° of Floors: 8 g Ox1 | Ox2 | Ox3 [ Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dft | Df2 | Df3 | Del | De2 | De3
Area of single floor: 459 m’ =] £
ne = @ 2| Ezl. | |3 5
Construction typology: R.C. g 2 _,5 P g 3 ~§ 2 5 Z 5 5
5 < = - <
N° of buildings blocks: 3 = E 2 Elels|E|512 |2 |Eo|2 |2
! 2 2 2| 3|8 |2 |E|5|8 |5_|EEE |&
; Building Condition Ratin 3 g S| 2|8 S |%B 2| B|EEE |2
. 2 5 8 E=1 3 = @ - 2|8 8 S | =
3 2lz2| 53|28 | 2|2 E|l8E|5=2s |5
L e BIFEIEIEI R
R 22| & s I = o S |'m £ =
Element Sub-element el é = g = -§ |8 |28 |5|E|8 E 2 k] §' ; el § § §
£ 2% 2 = £
Code _Type Code Typology CCr_Code Component S8 & |z |E|S|E|2|a|&|S|28=EaE58R¢
5 . . Column
S | & | S2 | Structural element 033 | 52.2 - 12
0.10 ] s23 Beam| 4
L 2 s L1 Slab 0.87 | L1.4 Balcony or projection 17
3 L2 C i 0.00 | L2.1 Staircase
0.40 | N1 Curtain wall| 35
N1 | Facade envel 3
'§ 2 v 0.00 | N1.2 Windows fixture
N 2§ 0.00 | N2.1 External R.C. wall
2 N2 External wall = - ~
z % s 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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Ox Cr Gi Df De
N . Defect in giuntion Component Plaster or finiscing
Total arca: 7810 m’ 5 RC. Corrosion | Cracking patiern | °, ¢ yerachment | deformation decay
£ )
2 N° of Floors: 8 E Oxl | Ox2 | Ox3 | Crl | C2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
£ ) - 2 |s 5
= .= £ £18<ls |2 |E |5 |2
2 B ] = 2 g | S g g |& |5 5
@ o= 2} &l k] =0 g 2 = o
g 2l £ Slsls|2EIE |2 [E |8 |2
E ) o | S| E|2|F|£18 |5 |E=zg &
2 zleolB|le|E |32 |8_|EEE |<
8 3 B S12| 88|22 |3elgg 88l |C
a 2 S 2 £ 5 2 =1 2z = |2 g Sl 2 Bl= =
g slE2| 58|58 2|8 |cglsEl2s]S |8
g s ] s g1 222t 5l2e|a 2
a2l 2l S| E|E|ls|z2|E|= g 1% E|B 2255 4|5
23 E|z| 5| 2| S|8|5|2|&l2Elz2525185l5s
SEE|E|E|3|2|8|E|2|E|sg==(88|2E|8¢8
Code Type Code Typology CCr  Code Component C8la|lz|E|Z|z|lalal|la |0 |d2=z 3 5|0 2a?2
1 . Column
S | & | S2 | Structural element 14| 52.2 12
0.02 | 823 Beam| 2
L B P L1 Slab 029 | L1.4 Balcony or projection 12
g -
= L2 Connection 0.00 | L2.1 Staircase
N 0.05 | NI.1 Curtain wall 6
L N1 | Facade P | 000 | N2 Windows fixture
N |=§ 0.00 | N2t External R.C. wall
22| N2 Buemalwall - fo 60 o External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Cod Ox Cr Gi Df De
Calle de la Sirena 29 in giunti isci
> £ & RC Corrosion | Cracking pattem Defect in giuntion Compon.em Plaster or finiscing
Total area: 7200 m’ = and detachment deformation decay
&
N° of Floors: 15 Ood Oxl | Ox2 | Ox3 | Crl | €2 | C3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
; X 2 a =
Area of single floor: 480 m’ o . - . g = |, aEa - 5
Construction typology: R.C. = 2| 5 P SIS |22 |8 |2 |5 |8
= kG = =) =2 s
N of buildings blocks: 2 HE|x & s b £ |2 £ é?g 4
E el 2 3 3 |2 2
Building Condition Rating: O3 g - I N R i I 5 z|£ 5|8 €= s
| 2l | 5|82 |5 |5|2|SE=EE I
SE w|S|Ble|s|Z |22 |2Els8ege (&
2% E|l | 8| 2| S|8 |5 |2 |81|%ES<l»5E 555
Sub-element SEE sl |5 22|28 |s|¢8 R
= ] -2 3 =| 8
Code _Type Code Typology Component Ssla|Z2|E[S|E|a|o|&a|S|d3=3a&5ERa¢8
; 14| s2.2 Column 6
N &8 S2 | Structural element [
i 523 Beam 20 24
L 2 = L1 Slab L1.4 Balcony or projection| 59 59 51
S L2 C i L2.1 Staircase
| . NI.1 Curtain wall 48
E éﬂ NI | Facade * ] 000 | N1.2 Windows fixture
N 0.00 | N2.1 External R.C. wall
g2 | N2 Exemalwall 0T, External brick wall
N4 Other 0.00 | N4.1 Joint between elements
MATRIX OF DAMAGE Ox Cr Gi Df De
Registry data in giunti iscil
L"Lﬁ R.C. Cotrosion | Cracking pattern Defect in giuntion Componfent Plaster or finiscing
Total area: 12600 m? 5 and detachment | deformation decay
Z N° of Floors: 7 E] Oxl | Ox2 | Ox3 | Crl | €2 | €3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
4 = . . 2 a
I A f le floor: 1800 s
g g rea of single floor: 1800 m’ =) . - ° g =l ED . 5
E - Construction typology: R.C. £ £ £ P 512|212 |58 |2 |5 |=
@ = = £ o0 = < 27
5 N° of buildings blocks: 4 gL 2 Ele|s| 2518 2 |E-|2 |2
2 o sl o || |8 |58 [E_|EE|E |
] 3 g S| 2|52 S |5 £ 5|8 E|e |8
a ) 5} P 8 B . = 2 < |© g|8 2|2 E|l= b
= £ 2 5 2 = g 5 = S|o 5 =|0° 5
S g <} s 3 s |12z <= o
SEl w| S| 8 gl = | o £ | =2 £ |z §ls 2|ag|® |
2% £ | 8| 2|38 |2 |2(|2E2<|%5|8 35|55
Sub-clement EE AR E R R A R R E R R R
= 2| g =
Code Typology Component SSla|z|E|s|5|a|la|la|d |8z 32a §[S g2
5 0.49 | s2.2 Column 45
S & S2 | Structural element
@ 055 | 523 Beam| 16 32
L 2 P L1 Slab 0.60 | L1.4 Balcony or projection 8 24
37 12| Connecti 000 | 121 Staircasc
N 0.90 | N1.1 Curtain wall 30 30 30
EE N1 | Facade envelope |10 |1 Windows fixture
N |=§ 0.00 | N2.1 External R.C. wall
2 2 N2 External wall 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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El Perellonet ATRD AMAG Cod Ox Cr Gi Df De
Paseo de las Golas ° o -
£z . . Defect in giuntion Component Plaster or finiscing
= 5 E} R.C. C Crack e N
Total area: 990 m* Eia orrosion | Cracking patiern | 1 detachment |  deformation decay
N° of Floors: 5 Cod [ OxI | Ox2 | Ox3 | Crl | C2 | Ci3 | Gil | Gi2 | Gi3 [ Dfl | D2 | Df3 | Del | De2 | De3
3
& g &
E3 g 5
: 5 g , 212 &5 £ |2 |, |2
2| Z|5 = 2 S| Sl E|= |8 |5 [° |2
g =2 = o} = £ &0 EE |2 El 5 Z
A Sz & sl 8|2 |E& £ |z |5 |2 |&
Al (2 s 2| S|E|2 (55|28 [B_|EE1E |&
Building Condition Rating: o3 2 slElE|2|% |2 |5EE8ElE |2
g 2l 2|5 |8 |2 |5 |s|8|cEl=E85|5 |5
5§ g g1 S| = E 2|2 5|2 8|
a2l 2| S| E|E|5|e|E|=|5|z¢E52%% 2. |5
2 'z| E > S 3 o 8 = g |2 Zl5B|1E 5|E 5
SES 5 =882 3|2 |5|855% 52238
g 8 = =2 5 2 3 =8 8 53
Code _Type Code Typology CCr_ Code Component Sela|z|E|Z[=|la|la|a|S[d3=3a&CEal
1 0.56 | s2.2 Column 6
S & S2 | Structural element
@ 2.89 | 523 Beam| 20 20
L .| L1 Slab 0.00 | L1.4 Balcony or projection
g s _ -
= L2 Connection 0.00 | L2.1 Staircase
0.45 | NI.1 Curtain wall 10
N1 | Facad 1 -
g 4 acade envelope 0.00 | N1.2 Windows fixture:
N =& 0.00 | N2.1 External R.C. wall
2 N2 E: | wall - - -
z 4 remalwall 1000 | w2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
El Perellonet MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Av de las Gaviotas Registry data 2 g Defect in giuntion Component | Plaster or finiscing
g & R.C. Corrosi “racki t .
| Total arca: 5200 m? s | RC Corrosion | Cracking patiern | * 4 4 otachment | deformation decay
Ne of Floors: 5 Cod [ OxI | Ox2 | Ox3 | Crl | €2 | Ci3 | Gil | Gi2 | Gi3 [ Dfl | D2 | Df3 | Del | De2 | De3
Area of single floor: 1040 m’ 3 o | .
- 5 El z| 2|51 |E |8 5
Construction typology: R.C. 2|3 i P 512|215 |§ 2 |5 |5
=2 = o g &0 =2 < o 7]
N° of buildings blocks: 5 gz & Sls|3|2|EIE |2 |E-|2 |2
s 4 s 32|12 Z (218 |5 _|E5lE |&
7 . 5= 5 L o = & o = -5 2|= =
Building Condition Rating o138 2 s| 2|52 |%|=°|3=E3E8E= (2
2 2 2 £ 53| g < =z |° gl 2|lg Els =
E g L B oy g Bl 5 |5 .g|ls g[8 S|° 5
SE w| S8l el S| 5|2 2|25 sc8leagle |t
zE E| || 58|85 |=|2|Z2ES<|5|E 555
3 8l 2 5 5 o 3 S < 8 5|2 3z 2% 818 8
SE|S| S| EIB| 2|5 | 22| E|2<l5 2|8 g[8 8|1 2
S5 el 8|2 73 ° =4 S |x %3 58 & S|IR o
Code Type Code Typology CCr Code Component CSla|lz|E|=E|z]|la|la|la |0 |f3= 3 5|0 2a?l
= 0.64 | S2.2 Column 36
N & S2 | Structural element
@ 229 | 523 Beam| 126 126
L 2 L1 Slab Ll.4 Balcony or projection| 45 45 40
=3 =1 " N
= L2 Connection 0.00 | L2.1 Staircase
0.13 | N1.1 Curtain wall 15
N1 | Facad 1 -
EE acade envelore 10,00 | w12 Windows fixture
N = E 0.00 | N2.1 External R.C. wall
2 N2 External wall - -
z = Hemawal o0 | N2z External brick wall
N4 Other 0.00 | N4.1 Joint between elements
El Perellonet MATRIX OF DAMAGE Ox Cr Gi Df De
Registry data 2 Defect in giunti t | Plast finisci
c R.C. Corrosion | Cracking pattern | DSfect n giuntion | Componen aster o finiscing
_ Total area: 23178 m’ and detachment deformation decay
Ne of Floors: 6 Oxl | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
2 Area of single floor: 3860 m* g @ |
3 5 o z | 2| 5| |E |8 5
N Construction typology: R.C. £ E] 2 5|3 |€|S g 2 |5 |z
& E S £ = = = = 7
5 |N° of buildings blocks: 8 = & Els|s|E El2 |z |E-|E2 |&
2 2 2|l 2|82 |8 |38 |5_|EEE |£
ndition Rating: 3 e S |z g S - | © |3 2| B[8 2= |°
4 S 2 £ 1 = k=1 =< = |© |8 2|5 El|g 2
z S| 2| 5|8 |58 |28|85|egl°El2ES |8
SE w| 8|8l 2|2 )| 2| 2 |z%s EEEIE
2 z| £ - 5 g S 7] = ) o';Eo>>‘§_5__=_
< 8| = 2 = s | B S | 2 & 12 E|lzslz®% BlE 8
g El 3 S| E|Bl=]|<% g el £ 18elm 2|8 |8 g|S 28
£ 5 & < = = 53 ° =) I 52 O|E 5|2 §
Code Type Code Typology CCr Code Component CSla|lz|E|=E|z|la|la|la]|o |83z 3 502at
i 0.03 | s2.2 Column 12
S 8 S2 | Structural element
e 0.09 | 23 Beam| 20
L 2 = L1 Slab 0.08 | L1.4 Balcony or projection 10
S - 5
= L2 Connection 0.00 | 12.1 Staircase
0.30 | NI.1 Curtain wall 60
N1 | Facad 1 -
L acace envelore 10,00 | w12 Windows fixture
N | T E 0.00 | N2.1 External R.C. wall
o N2 External wall :
Zo - xiemal wa 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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El Perellonet MATRIX OF DAMAGE Ox Cr Gi Df De
Registry data in oiunti isci
: D ion ecay
Ne of Floors: 7 %0 Oxl | Ox2 | Ox3 | Crl | Cr2 | €3 | Gil | Gi2 | Gi3 | Dfi | D2 | Df3 | Del | De2 | De3
Area of single floor: 1400 m* a I3 o
' w 5 on @ z sl |€ |8 5
Construction typology: R.C. = 2|2 £ 2 511212 |8 |£ |5 |5
= = 50 5 |2
N° of buildings blocks: S Elz & £l s é ] E £ e é,\% 2
o) = B = < |2 |5 s
Building Condition 3 2 el 2|55 |2 5E58Els |B
@ 5] P <4 B = = zZ = |° = g S|l 8w =
z sl Z215|8|%|8 S 5 &|s €| £|° g
S8 w| 8| 8| s P gl e 2 (252 5|5 & 2
‘'z = 5 =l & = o |'z =] 5|8
LectiUnt Sub-clement I HHE IR AR L e
S |2 S| 2 o % | = S[E 5 8 g
Code Type Code Typology CCr_Code Component Sel&|z|E|=|2|8|a|a|S|E3=EAE5|5¢8K2
N 5 S2 | Structural element | 04 f 522 Column 3
0.09 | s2.3 Beam| §
L ] = L1 Slab 0.08 | L1.4 Balcony or projection 4
3 o
= L2 Connection 0.00 | L2.1 Staircase
0.40 | NI1.1 Curtain wall 28
NI | Facade 1 -
E El " 0.00 | N1.2 Windows fixture|
N = § 0.00 | N2.1 External R.C. wall
N2 External wall 2 - -
z 3 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
El Perellonet MATRIX OF DAMAGE Ox Cr Gi Df De
Registry data R o
: D ion ccay
Ne of Floors: 5 g Oxl | Ox2 | Ox3 | Crl | Cr2 | €3 | Gil | Gi2 | Gi3 | Dfi | D2 | Df3 | Del | De2 | De3
Area of single floor: 1400 m” En ; o % -
0 2 g £
Construction typology: R.C. £ _?; 8 P =8| E £ 2 |y ;
= = g ) 2 < b7
N° of buildings blocks: 3 2 E1S & gl 5|8 E £ |z |E_|E |
b= 2 sl S|E812 |2 |2|8 |[E_|EEE |&
= 151 -~ = 15} ~ 3 = —| 3 .2 = 1=}
2 Sl |B8ls|2|2|e|2|2gBE 25 |2
Z S £ g =, 2 | = 8 2|g 8|% =
Selw |8 2| 2| 2512|2225 282s |2
22| £ | 58| 3 s|lg|ls|= &'§E°C§§'E-£x—
Sub-element selS| 5|88 ER BRI gsé’0§-ﬁ$§3
Typology s EE|E|2Z|E|2|E|2|& |5 |8 |25|25REE5|8¢5
; 1
N E] S2 | Structural element | %4 f 522 Column 6
0.14 | 2.3 Beam| §
L ] L1 Slab 1.09 | L1.4 Balcony or projection 4
3 o
= L2 Connection 0.00 | L2.1 Staircase
0.32 | NL.1 Curtain wall 28
NI | Facade 1 -
EE © | 000 | Ni2 Windows fixture]
N = F 0.00 | N2.1 External R.C. wall
N2 External wall - - 5
z 3 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
El Perellonet Cod Ox Cr Gi Df De
,, R o
5 4 RC. . . Defect in giuntion Component Plaster or finiscing
| A RC Corrosion Cracking pattern | * i jetachment |  deformation decay
Ne of Floors: 5 Cod Oxl | Ox2 | Ox3 | Crl | Cr2 | €3 | Gil | Gi2 | Gi3 | Dfi | D2 | Df3 | Del | De2 | De3
=l
2 Area of single floor: 1400 m* ) IS o
3 N 2 5 o 2 B sl |E |8 5
z Construction typology: R.C. g 2 k) £ 2 g 8 £ ,°= § B 5 5
N = < = - <
s N° of buildings blocks: 2 SIS & Els 2| E £ e é,\g :]
iy 3z o) © B = < |2 |5 S8
Building Condition Rating: S|3 g AR R R fég 582 |3
E] Slg|s5|8|2| 5|2 |E|celse|25|5 |5
1.02 SElw|8|Ble|s|3|E 2| 2|28 s2egle |2
o 2| & g
Sub-element '§g§ z & 'ﬁ—’:: 2|8 § % §§§§%§§—§§§§
3 = 2 e g
Code _Type Code Typology CCr_Code Component SE&|2|E[2 8|85 |8 85558 E58R¢
N ﬁ S2 | Structural element | %% f 522 Column 3
0.19 | $2.3 Beam| §
L k] L1 Slab 089 | Li.4 Balcony or projection 4
3 o
= L2 Connection 0.00 | L2.1 Staircase
0.13 | NI.1 Curtain wall 23
NI | Facade 1 -
EEl © ] 000 | N2 Windows fixture
N |%§ 0.00 | N2.1 External R.C. wall
N2 External wall - - -
z 3 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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El Perellonet

MATRIX OF DAMAGE

Ox

Cr

Gi

Df

De

Registry data

R.C. Corrosion

Cracking pattern

Defect in giuntion

Component

Plaster or finiscing

Total area: 3672 m* ~ and detachment deformation decay
g =)
2 N° of Floors: 8 E Oxl | Ox2 | Ox3 | Crl | C2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
2 Area of single floor: 459 m” en ; = 2|y .
5 0 2z £ S
£ Construction typology: R.C. = £ - 121215 [ |2 |5 |3
a = 3] 3 £ g 0 g s B2 |5 [2 |2
N° of buildings blocks: 3 2 z & ElE|2 % 515 |z g? 2 |
2 2 5 b k]
Building Condition Ratir 3 2 ]2 g “é :m: g E 2 ET‘S sE|= 5
» =1 =3 = 9. R k]
- Sl ¥ 5|8 |% 5 B 5 |2 8|7 E E =|e 51
0.62 8 8 d gl e 2 |2 €|z S3[ES|le &
c2| 2| S| E|E|lBs|lg|E|= 5 1% E|5 2555 4|5
Element Sub-element %f ElE |5l 5|88 |8 |5|E|882354 g 3 % §
o i |53 o =] S =9 ©
Code Type Code Typology CCr Code Component Sgla|z|E|=]|z|l8|a|la|S|88EEcsSERe
2 . Column
S | & | S2 | Structural element 0031 52.2 4
0.12 ] S2.3 Beam| 9
L k] L1 Slab 0.54 | Li.4 Balcony or projection 18
8 -
= L2 Connection 0.00 | L2.1 Staircase
0.08 | NIL.1 Curtain wall 8
EE N1 | Facade envelope |15 |1 Windows fixture
N 7§ 0.00 | N2.1 External R.C. wall
z° 2| N2 External wall 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
onet Cod Ox Cr Gi Df De
Gaviotas g Defect in giunti C t | Plaster or finisci
g § . . efect in gruntion omponent laster or finiscing
| 24 R Corrosion | Cracking pattern | %,y yetuchment | deformation decay
)
N° of Floors: 6 E Cod | Ox1 | Ox2 | Ox3 [ Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2  Df3 | Del | De2 | De3
Area of single floor: 845 m* a = o |
&n & 7 z £~ |E 153 8
S| 2|8 £ o 512|218 |5 |2 |5 |s
= Kl E 3 sl =gl |2 |5 |5 |2
2 & Ele|s| 2512 [z |Eo]2 |2
B o o = = = =
= i) » = < |3 £ g8
Building Condition Rating S |3 8 21215 1°% P ERER HelEE Il
P g = = 2. = g
EH IR R e
Sub-element %gg z ° 2 < § § 3 £ 35£“5§*“’,%§'§§
EElE|8|E|8 |2 || 2|2 |E|2Slz2|28|8 ¢z ¢
Code _Type Code Typology CCr_Code Component SSla|=|E|=|2|a|a|a|S|E88=3cESgeze
: Column
S & | S2 | Structural element | 000 f S2.2 3
0.00 | S2.3 Beam| 6
L 2 .| LI Slab 0.00 | L1.4 Balcony or projection 4
g s . -
= L2 Connection 0.00 | L2.1 Staircase
i 0.00 | NI Curtain wall 21
kX NI | Facade ©T ] 000 | N12 Windows fixture|
N | =& . External R.C. wall
5_§ N2 External wall 000 N2.1 8
4 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
El Perellonet MATRIX OF DAMAGE Ox Cr Gi Df De
Paseo de las Golas Registry data . . Defect in giuntion Component | Plaster or finiscing
o s Total arca: 11200 m’ 5 R.C. Corrosion | Cracking pattern | i yoachment | deformation decay
; N° of Floors: 7 g Oxl | Ox2  Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
2 Area of single floor: 1600 m? =) g o |
2 g 5 & 2| 2|5 |E |8 8
£ Construction typology: R.C. £ 3 % P 5|3 |2 |2 g S 5
¢ = g o = < 7
N° of buildings blocks: 2 =R & Elel2|:s E % z P g £}
o 2 = S 2
“ondition Rating: 3 e Slzlglzs|S|3 5 sE% §% = |3
. Sl E|s|8|5|8|2|8|celsgE5|S |
1.93 S8 w| 8% = El 2| 225582 g|ly |&
v 2 5 Els|z|E|= S [Z gl° 2 HERER
o g2z £ g 2153 S| 2|8E=%z5<55¢8
Sebeslenicnt selE|Elsl2 8|25 2| E|8s5egslp st
£ = £
Typology Component Sgla|z|E|S|2|le|la|la|d|E3E3a558ga¢8
1 0.05 | s2.2 Column 8
S &8 S2 | Structural element
- 029 ] 523 Beam| 9 9
L 3B L1 Slab 029 | L1.1 Slab 15 15
3 L2 Ci i 114 | L1.4 Balcony or projection 55
' 0.13 | NIL.1 Curtain wall 18
T N1 | Facade envelope |15 |1 Windows fixture
N | 2§ 0.00 | N2.1 External R.C. wall
zO 2| N External wall 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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El Perellonet Cod Ox Cr Gi Df De
Registry data 2 g Defect in giuntion Component | Plaster or finiscing
g R.C.C i G i
Total area: 4205 m* ® HE orrosion racking patiern and detachment deformation decay
? N° of Floors: 5 Cmi Oxl | Ox2 | Ox3 | Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 [ Del | De2 | De3
@ 2
e Area of single floor: 841 m” a H
’E; rea of single tloor: m o0 o w0 B g g _ GEA) 5 ‘5
Construction typology: R.C. § 2|8 k= 2 5|2 |2 g § 2 s 5
= =N = 5 £ = = < = 7]
N° of buildings blocks: 2 2 IEES & ElE|l2]|2 E 2 s |52 £
= 2 4} 2|3 |2 =
Building Condition Rati S|3 e S22 |2 |2 5eEslesls |3
1 sle|85|8|S|8|3|E|288E582 |5
52 SEl w| 8 g | e = e £ 2 2 |28l |Eg|e |E
- e8|l Bl 2| 8| E|s|2|£|=2]|8|285<2|58|84Es
Tech. Unit Sub-element $2 3| 5| = S8 & |3 E|85|2 ¢ EER:-1-R
= o 5 | £ ) ] 3
Code Type Code Typology CCr  Code Component S8l&a|=z|E S |=z|a [=} = S |& 3lE 2|a &[S gl g
1 3 Column
S | & | S2 | Structural element 022 { 52.2 ! ! 6
0.23 | 523 Beam|
L k] 5 L1 Slab 0.00 | L1.1 Slab
=] . . .
= L2 Connection 079 | L1.4 Balcony or projection 15
0.08 | N1.1 Curtain wall 8
N1 | Facade envel -
E o acade P | 029 | N12 Windows fixture 5
N '—'g X X External R.C. wall
g 3 N2 External wall 000 N2.1 5
4 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Cod Ox Cr Gi Df De
ADDRESS Paseo de las Golas Registry data 2 o in giunti iscil
< £ 2l R Corrosion | Cracking pattern | Defectin giuntion | Component | Plater or finscing
Total area: 3738 m == and detachment deformation decay
)
Ne¢ of Floors: 7 S Cod | Ox1 | Ox2 | Ox3 [ Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 [ Dfl | D2 | Df3 | Del | De2 | De3
El n . 2 3
g Area of single floor: 53 m’ :. _ - ” § s |, g) 5 5
& Construction typology: R.C. 5 (M= _§ % 3 5 < k| ‘: § 5 5 5
e gl = 3 13 B
,% N° of buildings blocks: 3 A2 & 8 g S| E E '% P 5 ,_\g £
£ 2 2|l o|ls|S|E|35|2 |§_|E5E |£
o3 2 S22 |2 |2|3eEE8El2 |8
2 g 2 | £ % 2z 2]z |°2leglsEls |z
3 5| % 8| 5 5 S 5|2l 2% S g
0.08 SElw| 8| 8Ble|s|S| 2|22 |z%s¢8=€|y |E
27| £ | 8 3 S 2 = ° S|z 225 5|E 5|€ 5
e b sel= |z |ls|B| 8|28 | % £ 185|238 4|3 888
s El 8 3| E S| 2|5 -2 c ST 2|8 §[8 2
g 19 5] 53 53 = S |23 Z|o S|E §|2 §
Code Type Code Typology CCr _Code Component Ss8la|z|E|S|E|a|a|a|C|a8sEcE5Eas
1 . 2.2 Column
S | & | 2| Stuctural element | %%} 5
0.00 | s2.3 Beam|
L 2 = L1 Slab 021 | L14 Balcony or projection 6
3 o
= L2 Connection 0.00 | L2.1 Staircase
) 0.00 | NIL1 Curtain wall
g o NI | Facadeenvelope fro o0 fis Windows fixture
N ZE 0.00 | N2.1 External R.C. wall
8| N2 External wall -
Zo - x ™ 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
El Perellonet MATRIX OF DAMAGE Ox Cr Gi Df De
Av de las Gaviotas Registry data R.C. Cotrosion | Cracking pattern Defect in giuntion Component | Plaster or finiscing
Total area: 4200 m* D o P and detachment deformation decay
. =
N° of Floors: 7 g Oxl | Ox2 | Ox3 | Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
| |Area of single floor: 600 m’ a g @ |, B
- A |s E 2| 2| 5| |E |B 5
Construction typology: R.C. =l 2 £ 2 5 < k- 2 g |z 5 5
= = = = =l 2
N° of buildings blocks: 6 2 IE1 & Sls|5|2 12 |2 |E-|E |2
) o - s | £ s = S (B8 g ERCIE] o
R 5 I o & D |2 s _|5 8|2 P
i ondition Rati 3 B s 2|52 |% |2 |3=EsEleEl= |8
2 g » <] g 2 ] 2 2 = 5|2 8|5 Els =
2 5 2 5 3 o .8|T E|2 5|2 5
SEl w| 8|8l S| |28 2|2Ez:s8agy |2
2EE| 2|5 2|5 8|5 |2|2|3E25|2828|58
Sub-element sl l&8l=|%)|28 % g vé EREREEEERE 8 g3
= ’ g =
Code Type Code Typology CCr Code Component S8l&|z|E|S|E|2|8|a|C|a8zElsdeas
1 . . Column
S | £ | 82| Structural element 000 52.2
0.00 | 823 Beam
L B P L1 Slab 0.00 | L1.4 Balcony or projection
3 L2 C i 0.00 | L2.1 Staircase
0.01 | NI.1 Curtain wall 6
NI | Facade envel -
'é 2 | 000 | N2 Windows fixture
N |z 0.00 | N2.1 External R.C. wall
2 N2 External wall = -
z = ematw 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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El Perellonet X OF DAMAGE Cod Ox Cr Gi Df De
ADDRESS Paseo de las Golas Registry data 2 g . . Defect in giuntion Component | Plaster or finiscing
N B 2 2| R.C. Corrosion | Cracking pattern N
Total area: 3900 m = and detachment deformation decay
N° of Floors: 13 Cod [ Ox1 | Ox2 | Ox3 | Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
El . 2
& Area of single floor: 300 m’ g o0 .
g 4 . : 5 E 28| E]s |Z |2 :
5 || Construction typology: R.C. 28 & ] 5 '!:a z |2 s |2 5 5
=S| El S| = 2 s P 7
] % N° of buildings blocks: 1 S| & s 8 § = Elg |2 5|2 |2
z : £ |2 H sl S|E|2 |2 €02 |5_|252 |2
©|3 g SlE|E |2 |2 |2 |BeEEeEE |2
E] 2l 2| 5|8 |28 |5 | 2g|S822Ess|c |§
1.72 § g S|e SlEl el g |2Es e gl |E
22 2| 2|5 § slg|l=s|= S |'z S 2= %lE S|E 5
= gl = 2 g o 3 S | = D«gg_g‘g;‘“{xouu
SElZ ||l |B|2|<€|g|2|E(8s= 2|8 slEelee
£ 5 & 51 =l 53 53 =4 S |% %5 5|2 S|E 5|2 §
Code Type Code Typology CCr__Code Component CSla | |E|=Z|z|a|la|lal|o|d8= 3R 5|C2a¢%
5 0.00 | 2.2 Column
S | & | S2 | Structural element
0.00 ] s23 Beam
L 2 s L1 Slab 330 | L1.4 Balcony or projection| 12 26
S - -
—= L2 Connection 0.00 | L2.1 Staircase
NI | Facade envelope 0.04 | N1.1 Curtain wall 4
g Ed P 0.00 | N1.2 Windows fixture!
N =§ 0.00 | N2.1 External R.C. wall
s 2| N2 External wall :
z s termalwa 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
El Perellonet MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Registry;iata %5 R.C. Corrosion | Cracking pattern Defect in giuntion COmpun_cm Plaster or finiscing
Total area: 4000 m’ =5 and detachment deformation decay
N° of Floors: 5§ Cod [ Oxl | Ox2 | Ox3 | Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
Area of single floor: 800 m* = on
. ) 2| 2|5 |§ |B 5
Construction typology: R.C. 28 % P é ,SD 2 g 5 \z/ 5 5
= | = 9 - = 7]
N° of buildings blocks: 4 B 2 ElE|E|E|E|2 |2 |Eo|E |2
: Elg 2 2|l |8|S|E|3|& |5-E512 |
ndition Rating: O3 o S | 2 g ° s | ° 1% 2|53 g£|& |S
z Sz | 8|52 24| z|852ssE =
2 4 S| % 2] o 15} g S |o-8l°E[E8F 15}
SEl w| 8| 8lel|l S| |E|= 2 (25| 5|l=2Ele |2
P = £ 5] a = o S [z g|° ~ 518 o8 o
2z £ > S = o 3 S v} S |2 El=zslz 9% 8Bl 8
R E R E R - R R R R EE R R
S5l 2| 8| :E 2|3 sl S 1E3IE B8 B|IEGIR S
Code _Type Code Typology CCr_ Code Component C8la|z|E|Z|5|a|la|ld|o|d8=2Eas5C2a?
5 0.36 | S22 Column| 12 25
S ] S2 | Structural element |——
115 | 23 Beam 32
L 2 L1 Slab 0.00 | L1.4 Balcony or projection
S5 -
= L2 Connection 0.00 | L2.1 Staircase|
2.70 | NI.1 Curtain wall 72
N1 | Facade envelope -
L VEOPE 1o00 | w12 Windows fixture;
N |=& X .00 | N2.1 External R.C. wall|
E_GE N2 External wall 0.00 - -
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
R Cod Ox Cr Gi Df De
ADDRESS Paseo de las Golas Regislry:iala £ 8 RC Corrosion Cracking pattern Defectin giuntion | Component | Plaster or finiscing
Total area: 8522 m? = and detachment |  deformation decay
N° of Floors: 22 Cod | Ox1 | Ox2 | Ox3 | Crl | €2 | €3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
2 Area of single floor: 389 m’ g 2
E 5 0 2| |5 |E |8 5
=i Construction typology: R.C. 2|8 £ 2 5| 2|2 § 2 |5 B
g o AR | £ o0 g5 (& = ° 2
5 N° of buildings blocks: 2 gl & ElE|3|21E18 |2 |52 |2
a 2|28 H | 8lE€(2|2 |8 |E |g2=lg |=
51 2 o 2l s | € S | 2 -l S5 |5
o3 g clE|E| 2|2 |2|2eEE2EE |2
3 212|582 |5 |%|EISEREEE|S |§
1.8 8 g s S s s 2 S 2 |2E[2 Bl &S|
. oSl 2| S| Ele|ls|ze|E|=]| 8|5 &5 2"%2 . |8
23| § = b5 3 1 S o.wém‘o-%‘“.xﬁuﬁ
5 o = Z = | 5|88 8 o] £ |8 5|2 5|8 4|3 2[g &
SELEIS|E 2 2138153853538 ¢8[E8|85
Code Type Code Typology CCr _Code Component Sela|z|E|=|E|a|a|a |8 |58z 3a5|5¢a¢2
3 0.54 | s2.2 Column 52
S E S2 | Structural element
0.00 | s2.3 Beam
L g_ﬂ L1 Slab 119 | L1.4 Balcony or projection 36
S - -
— L2 Connection 0.00 | L2.1 Staircase|
1.07 | N1.1 Curtain wall 24
NI | Facad 1 -
E 4 acade envelope 0.00 | N1.2 Windows fixture
N | cF 0.00 | N2.1 External R.C. wall
2 | N2 External wall -
z = ™ v 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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El Perellonet MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Registry data § & RC Corrosion | Cracking pattern | Pefectin giuntion Component | Plaster or finiscing
Total area: 7200 m? H s * &P and detachment |  deformation decay
N° of Floors: 6 Cod [ Ox1 | Ox2 | Ox3 | Crl | C2 | €3 | Gil | Gi2 | Gi3 | Dfl | DR2 | D3 | Del | De2 | De3
2 Area of single floor: 1200 m* £ o |
3 . o0 z | 215l |E |B 5
> Construction typology: R.C. z _§ % P §1=|%|2 § I 5
! - =z E E | = s 12 |5 |8 |2
] N° of buildings blocks: 5 El 2 Slel2| 2212 |2 |Eo|E |2
E|2 2 el o | S| |2 |58 |E_|EEE |S
Building Condition Rating S|z Sl E|E|S |2 |2 |558[2EE |8
g c | 4| 5|8 2|8 |2|5|c&=E25lE |E
1.39 © g @ S 8 g = £ 2 £ |z 8|y glag|® £
v 2| g -~ | & g s | gl |= o.,.go‘ihg.'i‘_;:;.
L E| 7 S|le |88 |x%| E|852%37 235888
EEE|B|E|2 2|2 | 2|25 |22 585|2 5|55
Code Type Code Typology CCr _Code Component CS8la|lz|E|=S|=2|lal|lala|d|d3=3a &gc2a?
j .29 | s2.2 Column 15
S E] S2 | Structural element | %27
0.27 | 2.3 Beam| 23
L 2 = L1 Slab 1.07 | L1.4 Balcony or projection 33
] ; -
= L2 Connection 0.00 | L2.1 Staircase
0.00 | NI1.1 Curtain wall
N1 | F 1 -
EE acade envelope [0 0 1 N1 Windows fixture
N |=§ 0.00 | N2.1 External R.C. wall
5_§ N2 External wall -
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Cod Ox Cr Gi Df De
Registry data § &4 RC Corrosion | Cracking pattern | Pefectin giuntion Component | Plaster or finiscing
Total area: 7800 m? H s * &P and detachment |  deformation decay
N° of Floors: 5 Cod [ Ox1 | Ox2 | Ox3 | Crl | €2 | €3 | Gil | Gi2 | Gi3 | Dfl | DR2 | D3 | Del | De2 | De3
2 Area of single floor: 1560 m* £ o |
3 . o0 z | 2|15l |5 |B 5
> Construction typology: R.C. z _§ % P 5= |52 § I 5
. = E £ 50 g & < = 7
] N° of buildings blocks: 4 El 2 Slel2|E1EIE |2 |E |2 |2
E|2 2 sl S| S| 2|2 |58 |58_EEE |&
Building Condition Rating; S|z SlE|E|S |2 |2|25E2EE |8
g c | 4| 5|8 2|8 |E|5|c&=E25lE |E
0.09 85 w| 8|28 z2]|% gl 2] 2|2Els8Egy |2
2z £ | 5 El s | gl |= S |z £|2 > 5|E 5|€ 5
<8 = | 2 Z|le | 8|8 | x| E|%5es7i|<s8lgs
EElS|B|E|2 2|2 |8 |2 |E|55=<(8¢|2¢E2¢%
Code Type Code Typology CCr_Code Component CS8la|lz|E|=S|=2|lalala|d|b2=3a &gc2a?
1 . S2.2 Column 3
S E] S2 | Structural element | %%
0.01 | s2.3 Beam 2
L 2 = L1 Slab 0.04 | L1.4 Balcony or projection 6
] ; -
= L2 Connection 0.00 | L2.1 Staircase
0.03 | NI.1 Curtain wall 3
N1 | F 1 -
EE acade envelope [0 0 | N1 Windows fixture
N |=§ 0.00 | N2.1 External R.C. wall
5_§ N2 External wall -
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Cod Ox Cr Gi Df De
ADDRESS Calle de Mesana Registry data £ 2 R Corrosion | Cracking pattern | D€fectin giuntion [ Component | Plaster or finiscing
Total area: m? H s * &P and detachment |  deformation decay
N° of Floors: Cod [ Ox1 | Ox2 | Ox3 | Crl | C2 | €3 | Gil | Gi2 | Gi3 | Dfl | DR2 | D3 | Del | De2 | De3
2 Area of single floor: m” £ o | .
2l = = 2| 2|8 |s [E |2 8
> Construction typology: R.C. z _§ % P 5= |52 § I 5
- = E £ = 5 =2 s o %
] N° of buildings blocks: Els 2 Slel2|E1EIE |2 |E_|2 |2
|2 2 2| o |E|2|E|5|8 |E_|EE|E |
Building Condition Rating; S|z Sl E|E|S |2 |25 8[2EE |8
g sl el5|8|g|8|2|5|28El25|8 |8
0.05 85 w| 8|28 z2]|% gl 2] 2|2Els8Egy |2
2z £ | 5 El S £ = ° S |z S = 5|1E | &
2% £ & 22| B|E|=|2l|2Elzslz825|5s
EElS|B|E|2 2|2 |8 |2 |E|55=<(8¢|2¢E2¢%
Code Type Code Typology CCr _Code Component CS8la|lz|E|=S|=2|lalala|d|d2=3a &gc2a?
1 . S2.2 Column 3
S E] S2 | Structural element | %%
0.01 | s2.3 Beam 2
L = L1 Slab 0.02 | L1.4 Balcony or projection 3
] ; -
L2 Connection 0.00 | L2.1 Staircase
0.03 | NI.1 Curtain wall 2
N1 | F 1 -
EE acade envelope [0 0 | N1 Windows fixture
N |=F 0.00 | N2.1 External R.C. wall
5_§ N2 External wall -
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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El Perellonet MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Pasco de las Golas Registry data 2 Defect in giuntion | Component [ Plaster or finiscing
25 RrC i i N
Total arca: 340 m? o B RC. Corrosion | Cracking pattern | ° i jetachment | deformation decay
=
N° of Floors: 2 Cod Ox1 | Ox2 | Ox3 [ Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 [ Del | De2 | De3
I " | Area of single floor: 170 m” e» ; - - =
i : = IS £ ElE|&ls |2 |2 |5 |5
) Construction typology: R.C. =l 2|2 = ) 51 E=] =1 § £ ] 5
S S— 2 El = < El 2| ElE |2 | |5 |B
N° of buildings blocks: 1 S & EIEZ|2 1215 [2 1222 2
B 2 2 5 |2 k]
””l' Building Condition Rating S|3 B S22 2% |5 |2 |5Es|2ds |3
Z Sz Bl 2 5 2|5 38345: |5
! Sgl LB 22|28 282|222 |B
i E| 2|8 |2|5|8|5|2|2|2E2<258|E5|53
e AR R AR R AN RN L
Code Type Code Typology CCr _Code Component Ssla|lz|E|sS|E|lalala|S|E8EE3aEcga¢g
I 1.88 | $2.2 Column| 1 6
S a S2 | Structural element ol s2s Beam 7
L '§ 5 L1 Slab 0.60 | L1.4 Balcony or projection
= L2 Connection 0.00 | L2.1 Staircase
N1 | Facade envelope 0.88 | NI1.1 Curtain wall 4
L ¢ | 000 | N2 Windows fixture
N =& External R.C. wall|
E§ N2 External wall 0004 N2.1 8
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Cod Ox Cr Gi Df De
ADDRESS _ Entradaa la Casa el Moreno Registryzdm § & R Corrosion | Cracking pattern | DSfect in giuntion | Component | Paster or finiscing
Total arca: 1440 m 2 and detachment | deformation decay
&
N° of Floors: 4 = Cod | Ox1 | Ox2 | Ox3 [ Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
El . 2 a
e Area of single floor: 360 m g |
2 - £ 5 El 2| 25| |[E g 5
B Construction typology: R.C. = 2|8 £ » g S = | S § Z = 5
S|2 3 < 20| 8z |12 |5 [ |2
5 N° of buildings blocks: 2 2= & sl 2| E|518 |2 |2 |8
& =N ) S B ° S |8 =
L 2 P S| 2|2 | 5|8 |§_|EEIE |S
(SN} 2 Sl 21812 |% | 2|3 2Esssle |2
z 2l |5 |2 5|8 |s(2824z25l: |3
346 Sel L |8 2| 2|25 2|2]2|2glzeegn |2
5 23l Ele| 8|23 |85 |2 |2|2E2525|28l55
—— — AR AR R AN RN L
Code Type Code Typology CCr_Code Component Ssla|lz|E|S|E|lalala|S|E8EEaESgae
1 0.36 | $2.2 Column| 3 6 2
S E S2 | Structural element
0.46 | s2.3 Beam| 4 10
L = L1 Slab 1.94 | L1.4 Balcony or projection| 3 12
=] n
L2 Connection 0.00 | L2.1 Staircase
N1 | Facade envelope 0.83 | NI.1 Curtain wall[ 4 16 2
B ¢ | 000 | 12 Windows fixture
N =& External R.C. wall|
E§ N2 External wall 0.00f N2.1 8
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Cod Ox Cr Gi Df De
ADDRESS Calle de la Botavara Registry data £ 8 Re Corrosion Cracking pattern Defect in giuntion | Component [ Plaster or finiscing
-' Total arca: 2400 m* N=c and detachment deformation decay
- &
}’ N° of Floors: 8 = Cod | Ox1 | Ox2 | Ox3 [ Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
3 ¥l . : 8
Area of single floor: 300 m £
: ‘l= ; 2 E Y 2| 2]5ls |2 |2 5
> ;l Construction typology: R.C. = 2|8 % P §|= |52 § E |5 5
J = £ o = ] 7
E ] N of buildings blocks: 2= & Sl 2| EE12 |2 |52 |2
o E |2 2 2 o5 o = < |8 g5 £ 5|8
2 2|l o |8 |w|E 5 |2 |8 _|E 5 P
o3 2 SlE|E 2|2 |2|zeis|zzsle |
z 2lg| 58|25 |%|s|SE2EE2ls |5
2.6 Ssl w| 8|22 S| B|2|2(2Et5Ese |2
g3 &l 3|22 8|5 |2|2|2E=%75%58¢8
S RN NN AR RN AR T
Code Type Code Typology CCr_Code Component Ssla|lz|E|sS|E|lalala|S|E8E3aESgae
j 0.57 | s2.2 Column| 2 14
S E S2 | Structural element
0.27 | S2.3 Beam 10
LI Es L1 Slab 1.16 | L1.4 Balcony or projection 12
L2 Connection 0.00 | L2.1 Staircase
N1 | Facade envelope 0.49 | N1.1 Curtain wall 16
B ¢ | 000 | N2 Windows fixture
N =& External R.C. wall|
E§ N2 External wall 000 f N2.1 8
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Registry data e in giunti isci
L"zL gg R.C. Corrosion | Cracking pattern Defect in giuntion Componfent Plaster or finiscing
A ’ Total area: 1800 m’ = and detachment deformation decay
N° of Floors: 6 Cod Oxl | Ox2 | Ox3 | Crl | Cr2 | Cr3 [ Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 [ Del | De2 | De3
Area of single floor: 300 m” E) £ X =
= 2 = o <
Construction typology: RC. | = | & 5 ” 1512 ls |2 |2 |5 |5
& =EE = Sl | 8|2 g 5 |12 |z |5 |2
g N° of buildings blocks: 1 2 BN & ElE|2|E|5IE |2 |B~2 (2
- g 2 g|S|E|2|Z2 |58 |5_|EEE |§
2 Building Condition Rati O3 g sl 2| E|S|z|2lBg EE §g & e
E 2|l 2| 5|8 |Z2|5|3| 8 gl €|g =[5 |5
S g ] 9 < = 3 g |2 = 8
o8l w| S| Ele|ls|2|E|2| 5|88, |E,
< 2| = 2| 2|2 o 3 S | s |2 Elzslz = S
Element Sub-element cel 5| ; s 82| €| 2|28 |58% 2|85k g g 8
154 = 54
Code Type Code Typology CCr_Code Component Sgla|zZ|E|5|5|a|a|a|d|43F3a5S2acs
1 . 3 Column
S | & | 82 | Structural element g% :zi Beam ! 3
L B = L1 Slab 0.08 | L1.4 Balcony or projection 6
3 L2 C i 0.00 | L2.1 Staircase
i 0.04 | NI Curtain wall 3
't'g Ed NI | Facade envelop 0.00 | N1.2 Windows fixture
N |:=§ 0.00 | N2.1 External R.C. wall
22| N2 | Exemalwall 1o External brick wall
N4 Other 0.00 | N4.1 Joint between clements
El Perellonet MATRIX OF DAMAGE Cod Ox Cr Gi Df De!
Calle cabrestante Registry data e . . Defect in giuntion Component | Plaster or finiscing
Total arca: 5000 m’ JE & RC. Comosion | Cracking putiem | TE eI | mation decay
1 =
N° of Floors: 5 g Cod | OxI | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
3 ] - S -
5 Area of single floor: 1000 m’ ) . - o % = . Eo 5 5
3 Construction typology: R.C. El - 2 £ P 52 |12|5 |§ |2 |5 |5
= [ = = =2 =l %
5 N° of buildings blocks: 6 SEIR = g5 § 5 ElS |2 |E |2 ]
- £ 2 2| S|E|2|Z |58 |[E_IEEIE |
Building Condition Rating S8 2 Sl 21812 |% |2 |5 2tslgse |B
z Slels8|8 2|5 |2]8(2Esg25e |5
Sl w| 8|8 | 3|22 2|85c8ege (2
gz E|lz| 3|2 |5 8|5 |2 |2l3E25z52%l5s8
Element Sub-element S =] § g Tl2|E 1% g 88| S § EIE] § £ E
Typology CCr_Code Component Sela|z|E|[S[=|d|la|a|S[E8=3REC2aE
3 1.24 | 522 Column| 10 10 5 S
N ] S2 | Structural element
S2.3 Beam 12 1 1 57 12
L 2 = L1 Slab L1.4 Balcony or projection 14 1 75
3 L2 Connection 0.00 | L2.1 Staircase
B 0.14 | N1.1 Curtain wall 16
L] NI | Facade envelope |1 o 1 Windows fixture
N %z E 0.00 | N2.1 External R.C. wall
S22 N2 | Exemalwall 1ol External brick wall
N4 Other 0.00 | N4.1 Joint between elements
El Perellonet MATRIX OF DAMAGE d Ox Cr Gi Df De
Registry data 2 Defect in giuntion Component | Plaster or finiscing
: 2 . .
Total area: 5000 m” - RC. Corrosion | Cracking pattern | =4 4oiochment |  deformation decay
=
N° of Floors: 5 g d | OxI | Ox2 | Ox3 | Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
Area of single floor: 1000 m” a = | -
. 2B £l 2| 2|85 [E |2 5
Construction typology: R.C. S =] g P 5= |%|2 § 2 |5 5
= [ ] &0 =2 = 2
Ne of buildings blocks: 4 a8 _%- & § g g £ g '% z E’Eg 2
= 2 2 5 |35 |8 &
Building Condition Rating S |3 2 S22 |5 |25 4E588s |3
ER slel8|8| 2|52 |5 [cE8¢ 255 |3
S8l 2|2l E|Els El= | 2|2 g B3 2|2,
% 3 = 2 S| 2 o S = 2% Elas 2 %% 8(c 8
Sub-element § 2 §_ ] g 3 ] < £ 2 g §e =2 S g @ 2lg 2
Typology CCr Code Component SSls|z|E|=|E|a|2|a|d|28=3a 5S¢ ¢
; 070 | s2.2 Column| 10 20
N ] S2 Structuralelementl
1.40 | s2.3 Beam 12 46 12
L S L1 Slab L1.4 Balcony or projection 10 5 70
=] 0
= L2 Connection 0.00 | L2.1 Staircase
B 0.02 | NI.1 Curtain wall 16
gy M| Fewdeemdore 1o i Windows fixture
N |2 External R.C. wall
5 § N2 External wall 000 N2.1 5
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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El Perellonet MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Calle Cabres Registry data g o Defect in giuntion [ Component | Plaster or finiscin
£ ¢ . ; g P g
[ Total arca: 7800 m? | 27 RC Corrosion | Cracking pattern | "oy qeguchment | deformation decay
)
N° of Floors: 6 Cod Oxl | Ox2 | Ox3 | Crl | C2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
Area of single floor: 1300 m? a £ S =
2 |s El z| 2|15 [E |8 5
Construction typology: R.C. = 2|2 £ P 5= |Z[S |§ E |5 5
" ke E! HEALIELR IER R ERERE
N° of buildings blocks: 7 =2 @ g2 2 £ ] § K QE)’:\ 2 ._;
=] 2 4] 5 = = kol = P
Building Condition Rating S8 s 1212|212 5238882 |3
2 g » £ g} 2, e 2 = [© g|8 2l 8|« =
E sl 2| 5|2| 2|5 |3 |8 |sE&l%EEZ°e |5
. - EIE I IR R EE
Szl £ E] ° 5 2 g = 5
Element Sub-element s é o g = S8 8| 8|3 218 S| s § § E é ER
= 5} o | £ 3 5 o
Code _Type Code Typology CCr_Code Component SSla|=|E|zZ|2|a|la|a|d|E8=3c558a¢8
j 0.02 [ s2.2 Column| 12
S ] S2 Strucmralelememl
@ 1.16 | s2.3 Beam 40 40
L 2 = L1 Slab Ll.4 Balcony or projection| 72 | 28 | 14 114
=] 0
= L2 Connection 0.00 | L2.1 Staircase
N1 | Facade ' 2.40 | NL.1 Curtain wall 135 45
T P* 1000 | Ni2 Windows fixture
N | =§ 0.00 | N2.1 External R.C. wall
2-‘9 N2 Extemnal wall 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
El Perellonet MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Calle de sotavento Registry data e in eiunti inisci
—— - £ g R.C. Corrosion | Cracking pattern Defect in giuntion Compon.enl Plaster or finiscing
Total area: 6500 m ° and detachment deformation decay
=
N° of Floors: 5 Cod Ox1 | Ox2 | Ox3 [ Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
" . 2
Area of single floor: 1300 m ?3“ i - . g <. 2 |s s
Construction typology: R.C. = 2|8 £ B 5|13 |€1(5 |§ |& |5 B
= g S|l |E| 2218 |2 |8 |5 |2
NC of buildings bloc 2 BN & E|lE|2 2|58 |2 Egg 2
= i @ =3 S =
Building Condition Rating S|3 e sl2l2]c|2|2|5Eslesls |2
! E Sl 2|58 |E|2|E|2¢=5 253 |B
e8| Bl 2| 8| E| 52| £ |=2|8|ZE5<55|E%5s
Element Sub-element selZlz|le|®|B8]&)| 8 ? EREEIERE R E 8 3
o i j73 D N i=} =20 O |53
Code Type Typology Component SSla|z|E|=|E|a|2d|a |3 |58z 32 &S ¢2a¢2
5 . 2.2 Column
S | & | s2| Structural element | %%} S
023 ] 823 Beam| 16
L B = L1 Slab 089 | L1.4 Balcony or projection 29
3 L2 C i 0.00 | L2.1 Staircase
. 0.22 | NIL1 Curtain wall 32
'c‘g S NI | Facade envelop 0.00 | N1.2 Windows fixture
N |%F 0.00 | N2.1 External R.C. wall
2| N2 Extemalwall o000 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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Playa Puebla de Farnals

Puebla de Famals Cod Ox Cr Gi Df De
5 P .
2 g . N Defect in giuntion Component Plaster or finiscing
Total area: 6454 m’ n HE R.C. Corrosion | Cracking patiern and detachment deformation decay
=
N° of Floors: 14 g Cod [ Oxl | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 [ Del | De2 | De3
. . 2 a =
Area of single floor: 461 m’ ~ , w - g = . DE“ % =
Construction typology: R.C. -é 2|8 B @« 8 < g |° g B 5 I}
zEE ! Tlels|2|EE 12 5l |2
S|z sl 2| E 2 |z . k4
&l = |2 5 |38 |2 12|58 5|25 |2
ondition Rating: o3 2 S121E|3 % |28 2|E 5l8 2= |2
E sle|818|S|58|2|5|28=8 258 |8
2% =8| E|S| 2|5 |2|8|2E25<4%5|E 5|55
Sub-element 2253 |% 3 & § S| g 38%°§§%§§;§
2 2| E =
Code Type Code Typology CCr_Code Component Ssla|z|E|=|2]|a|a|& |8 |88z 30 E|C8a¢8
1 . 5 Column
S & | S2 | Structural element | 000 522
0.00 | s2.3 Beam
L B P L1 Slab 0.00 | L1.4 Balcony or projection
=1 0
= L2 Connection 0.00 | L2.1 Staircase
N 0.50 | N1.1 Cunajnwam 40
L N1 | Facade P* | 000 | ~i2 Windows fixture
N = 0.00 | N2.1 External R.C. wall
Zog N2 External wall 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
Ox Cr Gi Df De
. . Defect in giuntion Component Plaster or finiscing
Total arca: 6454 m’ 5 RC. Corrosion | Cracking patern | *,. i qeqachment | deformation decay
? N° of Floors: 14 g Ox1 | Ox2 | Ox3 [ Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
< Area of single floor: 461 m? a = o |
) 50 2| 2| g £ |8 5
i £ 8 S 2|1 8 |xs 2
Construction typology: R.C. £ = £ 2 5| = = § Z |5 5
= = = = 5] 7
N° of buildings blocks: | SIS & s é £ E|g z Eeg £
L 1] 8 “ ] <
Building Condition Rating B ] Sl 2|12 |5 |2|5<lEsled|e |t
@ S 0 s =] 2, 2 2 = = g|8 .8 S5 =
3 glz2| 5|38 |2|8|% |8 &lB E[8 |5 |5
8 c s | sl 2|28 g8|gEi5=2a
3| = 8 £ = o g = £ |z 8|y 2lag|¥ E
PEA R 5 5 5} 2 = = omgcwhgg.___:_
N 2l |8|8|=%|&8|6E2355% 8|88
EEE|B|E|2|2 |22 |25z 5E2BE(25E¢
Typology CCr  Code Component Sela|lz|E|S|z]lala]|la|o|bd8=z3nEC2at
; Column
S 8 S2 | Structural element | %00 522
0.00 | 2.3 Beam
L 2 = L1 Slab 037 | L1.4 Balconyorprojf?ction 10
3 L2 Connection 0.00 | L2.1 Staircase
050 | N1 Curtain wall| 38
§ 4 NI | Facade envelope 0.00 | N1.2 Windows fixture
N |2’ External R.C. wall
5§ N2 External wall 000 N2.1 5
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
Cod Ox Cr Gi Df De
Registry data in gi isci
- R.C. Corrosion | Cracking pattern | DefEctin giuntion | Component | Plaster or finiscing
Total area: 6454 m and detachment deformation decay
N° of Floors: 14 Oxl | Ox2 | Ox3 | Crl | €2 | €3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
Area of single floor: 461 m’ S 2 . =
Y " 2E » 2|28l |E |2 5
S _ Construction typology: R.C. S =k % 2 5 < z g g E 5 B
= £ o - g 3
N° of buildings blocks: 1 2 & Elels |25 |2 |Eo|2 |2
\ £ (=2 o z|lo|S|2 |2 |58 [E_|E5|€ |<
O3 o S| 2| g S % | ° |58 2| 8822 |°
@ 15} ” s k= 2 < £ 2 |° g[8 Bl Els =1
3 = g2 5 3 b g S 5 |o S|l £z Z|° g
1.85 SEl w| 3|28 || s|2|E82]2|=%ls¢geg|e |E
22| & 2 g g 5 § E = S_ggc’ﬁ%q’ii‘-—:“
h emen b-elemen IR R g% | g 238 ;|8 8|8 8
2E 3 |s|ls|BI2|&|& |3 8SlZ 2|8 g8 g|€ ¢
£ 28 ° ° =1 ISH 5 =8 S| 5|2 &
Code Type Code Typology CCr Code Component Sela|z|E|=S|2|8|a|a |3 |58=3a55¢88¢
: . . Column
S | & | S2 | Structural element 000 f 52.2 25 | 4
0.00 ] s2.3 Beam
L B = L1 Slab 0.69 | L1.4 Balcony or projection’ 14 | 2
37 12| Comnection | 000|121 Staircase
0.80 | N1.1 Curtain wall| 10 | 2
EE N1 | Facade envelope |1 oo [ 12 Windows fixture
N 2§ 0.00 | N2.1 External R.C. wall
£ 2| N2 | Exemalwal 0T External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
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Pucbla de Famals MATRIX OF DAMAGE Cod Ox Cr Gi Df De
ADDRESS Av. de Massamagrell Registry data £ ¢ RC. Cotrosion | Cracking pattern Defect in giuntion Component | Plaster or finiscing
v 1| Total area: 6454 m® " L 8P and detachment deformation decay
N° of Floors: 14 le Oxl | Ox2 | Ox3 [ Crl | C2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
i 2 i - 2 a I
%. Area of single floor: 461 m 2l . w 2 Elsl. |2 |z 5
By Construction typology: R.C. § 2 % % z u;j -i g g § % 5 B
- = 9 - =
s N° of buildings blocks: | 2 IE ES gls|s|2|E5 2 |52 2
= 2 @ =3 k4 = =
Building Condition Rating; S|3 E ]2 213 |% 2 E 2|E 5|8 £|= s
] 212|858 |2|8|5|5|cEs¢E|EEe |B
075 S 5 = 8 8 = = =) 2 2 |z 8ls o[5Sl E]
2 % £ E E S 2 = o S |'a S > %€ =
2z =5 2 2 ] o & |3 25|z 82 B 5
Sbatne] cEl S 5| |B|2|4| 5|2 5|85 T glr|Es
2 2 g =
Typology Component SSla|z|E|S|E|lala|a|S|&8=3a50¢8a¢
1 . Column
S E] S2 | Structural element | %50 | 522
0.00 | 823 Beam|
L .| L1 Slab 0.00 | L1.4 Balcony or projection
g s : -
= L2 Connection 0.00 | L2.1 Staircase
0.50 | N1.1 Curtain wall 15
E 2 N1 | Facade envelope 0.00 | N1.2 Windows fixture|
N | = External R.C. wall
§§ N2 External wall 000 N2.1 B
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Pucbla de Famals MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Av. de Massamagrell Registry data 2 in giunti inisci
- > § & R.C. Corrosion | Cracking pattern Defect in giuntion Compongnl Plaster or finiscing
Total area: 8576 m o and detachment deformation decay
=
N° of Floors: 16 Cod Oxl | Ox2 | Ox3 | Crl | Ci2 | Cr3 [ Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
Area of single floor: 536 m’ a £ o |
= = &0 2 z s |~ |E 153 5
Construction typology: R.C. § 2|2 £ 2 512|215 |8 |2 |5 |&
q = &0 2 < 7
N° of buildings blocks: 2 2 I 5 Slsls| 2|58 |2 (5.8 |2
I 2 gl o |S|S|2 |52 |E_|EEIE |
o138 2 S| 2| g c | % | =2 |% 2lg3F8E|E |2
2 Sla|l&8|E |22 z2|°5leglsEle |z
2 £l ¥ 5 2| s 5 S 5 |o 8lT E|2F|S 5
S g S| 8 Sl B2 |le| 2|25l B|lEgln (B
e Bl |5 E|s|al2|2|El7zE252 25|85
Tech. Unit Sub-element sel35l=|8|28)8 gl 35| (8523 g 5|2 § E] g
= © S | Z 3 5 3
Code Type Code Typology Code Component Sgla|lz|E|Z|=|a|la|la|S|d3=3aES2as
; Column
S | & | S2 | Structural element 000 52.2
0.00 | 823 Beam|
L g . Ll Slab 0.00 | L1.4 Balcony or projection
s -
3 L2 Connection 0.00 | 12.1 Staircase|
0.01 | NL.1 Curtain wall 2
T N1 | Facade envelope |5 o0 [ i Windows fixture
N '—'g X X External R.C. wall
5 g N2 External wall 000 N2.1 -
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Puebla de Famals MATRIX OF DAMAGE Ox Cr Gi Df De
Registry data 2 Defect in giuntion Component | Plaster or finiscing
R.C. i ki N
Total arca: 8576 m’ - C. Corrosion | Cracking pattern | ° | 4'otachment | deformation decay
; N° of Floors: 16 éﬁ Ox1 | Ox2 | Ox3 [ Crl | C2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
2 Area of single floor: 536 m’ a g o | L
8 C " . .gn 5 2 2| 2|85 |E |2 °
z onstruction typology: R.C. 5 ] = 2 5 < = g £ 5 B
A k = o = 2 < b7
5 N° of buildings blocks: 2 2 EIE ) g5 g £ |5 g z |52 |2
H] zlo|B |2 |2 |32 |58_|E51E |5
Building Condition Rating 3 2 s|2| 55| 2|2 |T¢E8lesle |
F g 2 5 g |2 z Sls El2 5|8
ERE I e
g3 E|l || 2|58 15|22 |6Elz3z5855s
Sub-element ER R 5 £ 8 3 - g g8%3§§$§=§=
I3
Code Type Code Typology CCr__Code Component Sela|z|E|S|z2|lala|la|d|b83z3aEC8ag
; Column
S | & | 82 | Structural element LI4} §2.2 12
118 | s23 Beam| 16
L 2 = L1 Slab 1.87 | L1.4 Balcony or projection| 12 46
3 L2 Connection 0.00 | L2.1 Staircase|
0.15 | N1.1 Curtain wall 30
kX NI | Facadeenvelope |15 | Windows fixture
N |2’ X External R.C. wall
55 N2 Exemalwan | 000 [ :
z° 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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R Cod Ox Cr Gi Df De
ADDRESS Avenida madrid Registry data 2 gl . . Defect in giuntion Component Plaster or finiscin;
B 2 5 R.C. Corrosion | Cracking pattern ) 8
Total area: 4500 m =5 and detachment deformation decay
N° of Floors:1 Cod [ OxI | Ox2 | Ox3 | Crl | €2 | C3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
2 || Area of single floor: 300 m’ H 0
2 . = o 2| 25| |E |8 5
> Construction typology: R.C. = _§ £ P 5= |= (S 5 2 s 5
z =8 = £ o0 g |2 Pt 7
5 N° of buildings blocks: 1 E g SlE|2)|E Elg |z |-l |2
i 2 @ g S| |2 |5 _|E =8
Building Condition Rating: S |3 g R 28 |S |3 3 2|2 3|8 £|= ]
« S =N = 5 8|28 =
0.05 P ElL| 5| 8|S |5 |c|5|celsEEElS |B
- < 3| e 23 <4 £ = £ = 2 |z Blg Olas|® g
» 'zl £ > 5 E =] 2 = s S |z g|° - ®1.E =
S| Elel3|e|2| 5|2 |Elies aalz it
S ElE g | E = o} 5 -2 s |2<l= 5|8 B|E 5|3 5
Code _Type Code Typology CCr Code Component S8la|z|E|=S|z|la|la|la|d &3z 32 5[C¢ag
. . Column
S | & | s2 | Stuctural clement | %% | 522
0.00 | s2.3 Beam
L 2 5 L1 Slab 0.00 | L1.4 Balcony or projection
= .
= L2 Connection 0.00 | 12.1 Staircase
0.12 | NL.1 Curtain wall| 5
NI | Facade envelope -
kX Pe | 000 | N2 Windows fixture
N |=Z& X X External R.C. wall
58 N2 | Exemalwan | 000 N2 :
z = 0.00 | N2.2 External brick wall|
N4 Other 0.00 | N4.1 Joint between elements
Pucbla de Famals MATRIX OF DAMAGE Cod Ox Cr Gi Df De
ADDRESS Avenida madrid Registry data e D in giunti finisci
> g E: R.C. Corrosion | Cracking pattern efect in giuntion Componfenl Plaster or finiscing
Total area: 6880 m - and detachment |  deformation decay
N° of Floors: 16 Cod [ OxI | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
Area of single floor: 430 m’ . w |, -
= o 2 £ |3 5
Construction typology: R.C. = _§ '_E P g _i .% ‘E % B 5 5
=|¢e 3 L g
N° of buildings blocks: 1 S|z ) El5| 2= £ % P gALE £
= 2 9 3 E |35 g BE]
Building Condition Rating: S8 ] 12|23 |T|2|542%less |B
2 2 2 g g = 2 ] 2 |° g2 2|5 E|s =
2« sl 2| 5|8|5| 8|88 |egl°tEl2s g
SEl w| 8|8 e = gl 2| 2 |2%s8Eglx |2
2 £ =~ | & g 5|l g |2 |= OmE°.> 51E 5| &
5 8| = z 5 o | 8 S | % £ |8 5|les|g ¥ Bl 8
SEIE|E|E|3 |2 |3 |8|2|5|2<|z28¢|¢58¢
Code Type Code Typology CCr_ Code Component S8la|z|E|S|=z|lele|a|oc|d3=3E[C2n2
Pt
3 .00 | s2. Column
S ] S2 | Structural element | %00 | 522
0.00 | 2.3 Beam
L g .| L Slab 0.00 | L1.4 Balcony or projection
E=] -
S L2 Connection 0.00 | L2.1 Staircase
0.08 | N1.1 Curtain wall 6
N1 | Facade envelope 5
§ ® P 0.00 | N1.2 Windows fixture
N | 2F 0.00 | N2. External R.C. wall
5 _ﬂ§ N2 External wall N2l 5
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Pucbla de Famals MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Avenida madrid Registry data 2 o Defect in giuntion Component | Plaster or finiscin
58 rReC ;. “racki tt g ~0mp g
Total area: 6880 m’ £ | RC Corrosion | Cracking pattern | © 4 tachment | deformation decay
N° of Floors: 16 Cod | Ox1 | Ox2 | Ox3 [ Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
=
& I
E » w 2|z ]sl. |E |2 5
B . ¢ 2z = E IS5l 1512 |5 |2
= - 2 173
5 N° of buildings blocks: 2 gz & sle|5|2|E18 |2 |E |z |2
“ ; ; £|5 2 | 55|12 |3 |28 |5 |E5E |&
Building Condition Rating: o3 2} S22 |% |2 |5<Esesle |B
E 22|58 |2|E|%]| 88285l |8
0.08 8 a sl ¥ 5| 8| % S| 8 |eglcEl2E g
- 9 S| wo S s £ = £ =2 s |z Bls SRS £
ezl £l | 553|285 || 8|2E2<55E 5|55
Lzl £ | 2 Zlo|l8|s|=|&|2Elz%z5%8|58
SElE|B|E|B|2|5|2|2|E|2€=<2¢8|582¢2
&
Code Type Code Typology CCr  Code Component S8la|lz|E|=S|z|a|la|lal|d |83z 3a &S 8 a?
5 0.03 . Column
S | & | S2 | Structural element 822 2
0.00 ] s2.3 Beam
L B L1 Slab 0.0l | L1.4 Balcony or projection 2
3 L2 Connection 0.00 | L2.1 Staircase|
0.03 | NIL.1 Curtain wall 3
NI | Facade envel :
kX ¢ [ 000 | N1 Windows fixture
N 2§ 0.00 | N2.1 External R.C. wall
o N2 External wall = - 5 -
z % 0.00 | n2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Registry data £ gl Defect in giunti as isci
g ! ) giuntion | Component | Plaster or finiscing
H R.C. C Cracki e
S Total area: 21200 m? oz & orrosion Tacking patem | o4 detachment deformation decay
=
< ; b N° of Floors: 16 Cad Oxl | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | DR2 | Df3 | Del | De2 | De3
y = L S
2 R ) Area of single floor: 1325 m’ a = o0
3 L] N 2 5 e 2| 2| 5| |E |B 5
2 o ) Constructon typology: RC. ) 28| 2 £ P S 2|50z 5|2 |5 |B
S & o = g ] = %
£ SNLRSD) N° of buildings blocks: 2 2 IE1ES & 2l | 8|2 E|E |4 [E_|e |2
° = s g2 g S| 35|23 (218 [5_|E52 |2
. g Condition Ratir 3|3 ] 2lel2|3|%|3|5c58Els |B
= = 3 2l g | 5|82 |5 |3 | E|SERE S |§
= 55 Sslw 8|2 e|s|S|E|2|2|25:8agle |E
PR 8 g
Sub-element §é=§ § s 222 g% 5?51"55;%%??‘3
= S = 153 51 -2 S = 2 -] =]
Type _Code Typology CCr_Code Component SE &2 |E|S|5|8|8|8|S|a8zEAa55¢88¢
S (’,:, S2 | Structural element | %% f 522 Column
0.00 | S2.3 Beam|
L b P L1 Slab 0.00 | L1.4 Balcony or projection
S L2 Connection 0.00 | L2.1 Staircase
0.01 | NI1.1 Curtain wall 5
N1 | Facade envelope -
L P¢ | 000 | ni2 Windows fixture
N |TE 0.00 | N2.1 External R.C. wall
8| N2 External wall = - —
s 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Cod Ox Cr Gi Df De
£ g . . Defect in giuntion Component Plaster or finiscin,
> 24 RC king patt e
Total area: 3704 m* = = Corrosion | Cracking pattern and detachment deformation decay
N° of Floors: 8 g Cod [ Ox1 | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
5 2
Area of single floor: 463 m*~ a a2
g ‘g E’ 5 eh @ z 5 |« £ s 5
> Construction typology: R.C. 3 2|8 % 2 5 'i ‘§ 2 § Z s B
k 2 L |z
,,E, N° of buildings blocks: 1 a § B & § g § £|E § 2 é _|5 %
e o @ k=i = £t =8
Building Condition Ratir S |3 e 212|239 |2lzeesletls |3
g Sl |15 |2 2|4 228283 |5
0.16 8 g S| 2| 8| =% 5 2 5 |o8|° E|23 g
' SEl el 3|Bl sl B2 252 E5E 2
= = v}
Element Sub-element 3 é = 2 = ERE 818 |5 | g g 5|2 s|E 2 3 E 28
b5} 25 |3 |23 5
Type _Code Typology Component Ss|&|2|E[S|E|8|8|&|S|25EE88588¢8
3 . . Col
S | & | S2 | Structural element 000 52.2 oumi
0.00 | S2.3 Beam
L 2 5 L1 Slab 0.00 | L1.4 Balcony or projection
=] .
— L2 Connection 0.00 | L2.1 Staircase
0.10 | N1.1 Curtain wall 5
N1 | Facadeenvelope | ° | -
E @ P¢ | 000 | n12 Windows fixture
N |e=§ 0.00 | N2.1 External R.C. wall
N2 External wall - - -
z = @ 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Cod Ox Cr Gi Df De
ADDRESS Avenida madrid Registry data 2 2l RC. Corrosion | Cracking pattern Defect in giuntion Component | Plaster or finiscing
" Total area: 3704 m” - H e &P and detachment | deformation decay
&
¥ N° of Floors: 8 = Cod | Ox1 | Ox2 | Ox3 | Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
5 5
# Area of single floor: 463 m* A s
5 € & 5 ) z | 2| 5|« 2 |z 5
5 Construction typology: R.C. S =B % P g 3 2 |S 5 2 |5 5
= - =1 2
Z N° of buildings blocks: 1 SEIR & Els|2|E 512 |2 P
k=] » E = e |8 )
5(3 2 2122|2225 48528c |2
] 2| 2 ElE 8| 2| 8|28l28sEls |&
4.06 §g S| €| 5|8 |F|8|2|5|cglssl2s §
g S35 w| 3 g2l e | = £ 2 £ |2 §|s S| ¥ |
gZ £l 5| 55| 8| 2| E|=]|¢2|Z2ES2l>5|E5|€s
. o eleme £ 2| 2 g
e m b-clemen 3 El = dles|8|8 2 ER §§3%0§5§§§§
2| $ 2 bt
Code Type Code Typology CCr Code o Ssla|Z|E|S|E|2|28|&|S|E3z3255¢8 8¢
S 5) S2 | Structural element | %00 f 522 Column
0.80 | S2.3 Beam| 9 5
L 2 P L1 Slab 424 | L1.4 Balcony or projection 15 24 |15
< n
= L2 Connection 0.00 | L2.1 Staircase
0.24 | NIL.1 Curtain wall 11
N1 | Facade envelope -
'g El P 034 | N1.2 Windows fixture 11
N | =F§ 0.00 | N2.1 External R.C. wall
8| N2 External wall = - -
z s 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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P d Cod Ox Cr Gi Df De
ADDRESS Avenida madrid Registry data 2 g . . Defect in giuntion | Component | Plaster or finiscing
K B g 2| R.C. Corrosion | Cracking pattern N
Total area: 3704 m = and detachment deformation decay
N° of Floors: 8 Cod | OxI | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | Df2 | D3 | Del | De2 | De3
2 Area of single floor: 463 m’ = o |
3 5 e z | 2| 8| |E |B 5
M Construction typology: R.C. z|E 8 2 s|s|2€ S |§ 2 |5 |s
: =2 | < o | 3 |3 2
E Ne of buildings blocks: 1 S| = gl = 5 E|E[E |2 [5|8 |2
Elz s s | 3|22 2|52 |E_|EER |E
Building Condition Rating: S8 B 2122522525585 |5
& 2 5|, 8l E| 2| 2|22 |8 25885« |&
El 2|l 2| 5|8|2|8|3|E|%ElsEEEe |8
3.84 5g S| e | & ) 2|2 52 2|
S 3| = S s £ = g = s [z gls 2% ¥ £
w2 & - 5 g5 8 2] = = s |3 5] %l =
2% £ | & 21|28 |=|8|2Elzslz858|Es
BEE|B|E|2 |2 |5 | B2 5242285558
Code Type Code Typology CCr Code Component S8la|lz|E|=S|z|la|la|la|c|d38z3a&C2a?l
3 0.33 | s2. Column
S | & | S2 | Structural element 22 12
0.42 | s2.3 Beam| 16
L B L1 Slab 433 | L1.4 Balcony or projection| 46 12
S L2 Connection 0.00 | L2.1 Staircase
0.36 | NL.1 Curtain wall 30
N1 | Facade envelope -
kX VeloPe 000 | 1.2 Windows fixture
N =& X X External R.C. wall
g _42) N2 External wall 000 f N2.1 -
z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Pucbla de Famals MATRIX OF DAMAGE Ox Cr Gi Df De
ADDRESS Avenida madrid Registry data . . Defect in giuntion Component | Plaster or finiscing
2 R.C. Corrosion | Cracking pattern N .
Total area: 2640 m and detachment deformation decay
e"z N° of Floors: 8 Ox1 | Ox2 | Ox3 [ Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
4 2 Area of single floor: 330 m? o w |
2 - = &0 zlz]l5]s |E |2 5
g § Construction typology: R.C. £ =§ P § S 1% ° |g ; 5 |B
2 2 F S 2 = = 7]
H 2 NC of buildings blocks: 1 = & - A = § 2 |z [58-|2 |2
g = 3 gl |B|S|E|5|& |E_|EEE |5
2 4 S| 2 - | S |8 <|EE[8E|e |°
] @2 5 ” 8 & 3 = 1<) < |8 2|8 8|2 E|= -
g S| 4| 5| 8|5|8|8|5|eLgl®E23S |8
19 SEl w| S| 8|l S| 3|82 2|28lzs8Ege |E
2z £ | © 3 sleg|l=s|=2 2|2 E|S 2|5 5|8 5|E 5
g ElE2|2ls | 8|25 ST = § g
Code Type Code Typology CCr_Code Component Sgla|zZ|E|S|5|a|a|a|S|d43=38aES8az2
5 0.00 | s2. Column
S | & | S2 | Structural element 22
0.27 ] 823 Beam| 10
L ‘§ L1 Slab 220 | L1.4 Balcony or projection 29
= L2 Connection 0.00 | L2.1 Staircase
0.27 | NI.1 Curtain wall 16
N1 | Facad: 1o -
kX acade enveiore 170,00 | 1.2 Windows fixture
N =5 0.00 | N2.1 External R.C. wall
g 38| N2 External wall = -
z42 rlemalwa 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Puebla de Famals MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Calle de la Marina Registry data ey sfect in eiunti . s
: § & RC. Cormosion | Cracking patern Defect in giuntion | Component | Plaster or finiscing
Total area: 3960 m = and detachment deformation decay
;f N° of Floors: 12 Cod [ OxI | Ox2 | Ox3 | Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
A = : 2
g Area of single floor: 330 m s
H = £ o w sl Elzl. |2 |3 5
2 Construction typology: R.C. B _§ K] P g :‘?n 215 |§ 2 |5 5
4 F|= -4 £ = g 2
& N° of buildings blocks: 1 E1S & sls|2|E|EfE |2 |E-|2 |2
sz 3 gls|3|2|2|5|2 |BE-|ZE|2 |5
O3 2 S| 2112|532 |5 «Es82= |2
Z 2lz| S8 |55 |58 |252g5sls |2
3 Sl 8|« 5|88 |eE8°E|2S g
1.6 SEl w|S|B|le|S|S| 8|22 |z8s8eagle (&
27| £ > 5 E 3 2 = = gWEO:ZSEh;h
SEl Sl gl |3 |22 22| E|8528 58282
o = 53 o =i 1) -1 Of £ 53
Code _Type Code Typology CCr_Code Component Sela|lz|E|=|5|a|a|a|d |43z 388 E|S2a82
5 0.00 | s2. Column
N E S2 | Structural element 2
0.26 | S2.3 Beam| 3 10
L ‘:'g L1 Slab 1.23 | L1.4 Balconymprojéction 16
= L2 Connection 0.00 | L2.1 Staircase
0.39 | NL.1 Curtain wall 24
N1 | Facad: 1o -
kX acade enveiore 17 00 | 1.2 Windows fixture
N | =& .00 | N2. External R.C. wall
gg N2 External wall 000 ! 5 -
Zz 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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P ATR D Cod Ox Cr Gi Df De
ADDRESS Av. De Neptuno Registry data & RC Corosion | Cracking pattern | Pefectin giuntion | Component | Plaster or finiscing
J | Total area: 6600 m? sq % 8P and detachment | deformation decay
N° of Floors: 6 Cod [ Ox1 | Ox2 | Ox3 | Crl | Cr2 | €13 | Gil | Gi2 | Gi3 | Dfl | DR2 | D3 | Del | De2 | De3
E Area of single floor: 1100 m’ g o | u
H - ] o 2| 2|55 |E |2 s
2 Construction typology: R.C. 2|2 £ P 512|215 |58 |2 |5 |s
=2 = S £ & L |z P 4
5 N° of buildings blocks: § gz & Sls| 8| &5 |2 |E-|E |2
E|e 3 B-1 o = =] g S
=l bt 2 z|lo| Bl |E |35 |2 |5_|EEE |S
Building Condition Rating: O3 |15 S | 2 g S - < |% =8 B8 2| °
~ = 2 Slz| 18|28 |5 |8 |T52E5ss |8
043 § g slel 2| s|=|2|28|z2legloslec|a |2
8 3l w| o 8 g = - g = £ |z 85 2lexg|d =
o 2| 2 slez | E|=| 8|z E |E .
23 Elzlc|2|S|8|38|%|2|2E=2%25%5|858
SElRE|E| |22 |5 |5 |2|E|5<€52|8¢8|88|8¢
Code Type Code Typology CCr_ Code Component CSluv|[Z|E|Z|2|la|la]|la |0 |d3Z 3R ECEAZ2
5 0.00 | 2.2 Column
S a S2 | Structural element
0.00 | 2.3 Beam
L 2 .| Ll Slab 0.68 | L1.4 Balcony or projection 5 10
=31 . .
— L2 Connection 0.00 | L2.1 Staircase
0.06 | NI.1 Curtain wall 5
NI | Facade envelope -
L] VeoPe 1 000 | i Windows fixture
N | 2§ 0.00 | N2.1 External R.C. wall
8| N2 External wall -
z 42 * ™ 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Registry data £ re Comosion Cracking pattern Defect in giuntion Component | Plaster or finiscing
Total area: 7488 m* = o ; and detachment deformation decay
£
2 N° of Floors: 12 Cod [ OxI | Ox2 | Ox3 | Crl | Cr2 | €13 | Gil | Gi2 | Gi3 | Dfl | D2 | D3 | Del | De2 | De3
A = 5 5
. 2 =
<5 Area of single floor: 624 m " S5 ERP 5
28 - 5 o 218 |s [ |2
= - Construction typology: R.C. 2|8 £ P § S| 215 |8 [& |58 |8
2 13 =2 ] < 2| = s |2 |5 |2 |2
s B N° of buildings blocks: gl o Sl 8|2 |E § 2 g |8 -2 |2
S = |8 5|2 ° = £ ] £ =8 o
= = E g 2 z|lo|B|<|E|3|2 |8 s1€ |&
2 ndition Ratin O3 ° S | 2 £ ° - S |5 2|EE g 2= °
A z Slzl 88|22z |2588E5s |&
0.24 Szl w|s|8|e|S|2|2|2|2|E52858|r |2
22 Elzlc|2|Ss|8|38|%|2|2E=2%5%8%5|88
BElEEE|2 |2 2|2 |25 |2522¢85]8¢5
Code Type Code Typology CCr_Code Component S8la|lz|E|Z]lz]lala|la|o|bd8z3nEC2a2
1 . 2.2 Column
S ] S2 | Structural element | %2 | S
0.00 | 2.3 Beam
L 2 L1 Slab 0.00 | L1.4 Balcony or projection
g s - ;
= L2 Connection 0.00 | L2.1 Staircase
0.16 | NI.1 Curtain wall 15
NI | Facade envelope 3
E Ed veioPe 17 0 | N1z Windows fixture
N =& 0.00 | N2.1 External R.C. wall
g § N2 External wall -
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Cod Ox Cr Gi Df De
ADDRESS Calle de la Marina Registry data 22 Rc Cormosion Cracking pattern Defect in giuntion |~ Component | Plaster or finiscing
Total area: 3040 m* == and detachment deformation decay
N° of Floors: 8 Cod [ OxI | Ox2 | Ox3 | Crl | Cr2 | €13 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
2 Area of single floor: 380 m’ = o | .
S I 5 o0 a g £ |« g 153 15}
= Construction typology: R.C. 2|8 £ P 5= ]%|2 5 S ) 5
2 — =8 ] g e g | ] = 7
= N° of buildings blocks: 1 8|5 3 Sls|3|2|E|E |2 | |8 |2
& £|2 i sl 2|52 |2 |82 [E-|E512 |&
Building Condition Rating: o3 2 %5 ER-E R ;; 3 E 2|3 §§ = |3
2 » =] =X = 8.2 = =1
2.08 e Sl ¥ |58 |%|8|¢8|&5|egl®tl2z|s |8
d O35 w| S 8 g = p E | =2 £ |z g5 | g
v 2| = | &5 E sl g|l=|= S|z gleZ|=5|E 5|2
22| £ 2 2 © 3 S | = & |2 E|lz sl o< 8t 8
EEIE|B|E|2 |2 5|22 |E|2gE22 8|8 2|E 2
Code Type Code Typology CCr  Code Component S8la|lz|E|ZE]|z]|lala|la|o|bd8=3nEC2al
3 0.00 | s2.2 Column
S 8 S2 | Structural element
e 034 23 Beam 3 10
L ] = L1 Slab 223 | L14 Balcony orpmj?ction 34
S L2 Connection 0.00 | L2.1 Staircase
N1 | Facade envelope 0.29 | NL1 Curtain wall 20
B P¢ | 000 | w12 Windows fixture
N | =% External R.C. wall
g § N2 External wall 0001} N2.L 5
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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Ox Cr Gi Df De
ADDRESS Calle de la contarrana Registry data . . Defect in giuntion | Component | Plaster or finiscing
2 R.C. Corrosion | Cracking pattern .
Total area: 6600 m and detachment deformation decay
N° of Floors: 11 Oxl | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
2 Area of single floor: 600 m’ a = | -
H N 2 5 E 8 Z £l [E§ |8 5
Iy Construction typology: R.C. = & £ £ 2 5 < E-1 g § Z 5 5
= = £ 50 L < z
5 N of buildings blocks: 1 2 [E1)S 2 Els|3|:E E 2 |z |E-|E |2
) E|[2 ° s 315|212 |€18 |5 |E=lg |&
] 5 2 o el | € S = 82 |%
S (3 g R R - R I I S B - =1 o
Z Zlz B8 254|228 8E2z |3
S s|35| ¢ s | 8 2 g g (222 §|l2 E
=] = £ = £ = £ |z 5 S| EE| g
22| E > g El 4 2 5 < 2 "‘Eov....>.5'-'\--=‘-
eme e S8l = | g S|l g8 S| % & |8 El2s |5 8|8 8
o : ' R AN AN AR RE AR AR AR A R
Code Type Code Typology CCr  Code Component S a|lz|E|S]| = [=} [=} 3] o |& 8|z 3|a 5|0 2o 2
j X . Column!
S | & | S2 | Structural element 0001 52.2
0.00 | 823 Beam|
L 2 P L1 Slab 0.67 | L1.4 Balcony or projection 12 4
S - -
= L2 Connection 0.00 | 12.1 Staircase
0.66 | N1.1 Curtain wall 30 12
k] NI | Facadeenvelope |11 ;) Windows fixture
N |2 & External R.C. wall
58| N2 | Exemalwan [ 00021 :
z = 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Puebla de Famals MATRIX OF DAMAGE Ox Cr Gi Df De
Carrera de Lepanto Registry data in giunti nisc
- - R.C. Corrosion | Cracking patiern Defect in giuntion Compon?nt Plaster or finiscing
g | Total area: 2150 m @® and detachment deformation decay
§ ¥ IN° of Floors: 5 ED Oxl | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
7] i . 2 a =
é g Area of single floor: 430 m ) . - o g =l :én 5 5
=S Construction typology: R.C. § £ £ z 5 ] k=1 g 5 Z 5 g
- E 2] = £ e O =
5 N° of buildings blocks: 1 SIEIPS & g E|2|E E 8 £ g -2 ]
o @ =3 ] =
Building Condition Rating: 3 g SlEl 2|2 |2 S |3eEeEle |2
g Sl 2|58|8|2 |8 |55 |cg=EEE|5 |5
S 154 8 P 14 g S 2 |2 = o5 S| g
s gl 2 E|lE|ls5| 2| E|=|2|ZE&522%8 |8
£z £ > ] o | B S | = & |3 25|z %% 8|S 8
Sub-element SElEl:5le|3)|8 Sl g% £ §“9‘%8§5§Sg§
Type Code Typology Component SSla|z|E|=|2|8|a|a]|d|&d3E 38 &S Elas2
; Column
S | & | S2 | Structural element 000 52.2
0.00 | 823 Beam
L g .| Ll Slab 0.00 | L1.4 Balcony or projection
s 5
3 L2 Connection 0.00 | 12.1 Staircase
y 0.08 | NL.1 Curtain wall 2
B2 N1 | Facade P | ooo| N2 Windows fixture
N |’ External R.C. wall
58 N2 | Exemalwal | 00021 :
P 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Puebla de Famnals MATRIX OF DAMAGE Ox Cr Gi Df De
Registry data in giunti “nisci
_’L‘TLZ R.C. Corrosion | Cracking pattern Defect in giuntion Componf:nt Plaster or finiscing
Total area: 12410 m @ and detachment deformation decay
N° of Floors: 17 ED Oxl | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
B i . 2 [=] =
g Area of single floor: 730 m ) , w - g g |, %D 5 5
Py Construction typology: R.C. § £ £ z 5 3 g : 5 = 5 5
X . 2] = % £ e L g =
5 N° of buildings blocks: 1 SR & ElE| 2| E £ z |52 :]
o @ =3 o =
Building Condition Rating 3 g 512 R E 5 gl2g|2 s s
g e Sl 2|58|8 |28 |55 |cEsEEE|5 |5
SElw|S|E8|le|s5|2|E|2|E|zEs2eg|2 |E
szl El | 512|585 ]2 c..ﬂé.,,wgﬂ*'xﬁg€§
Sub-element SEZE|B|E|B|2|S|E|2|E|2elz2l8s8|82lss
Typology Component SSla|z|E|Z[=2|a|c|a|S@3=3aESEa?
; Column!
S | & | S2 | Structural element 000 52.2
0.00 | 823 Beam
L 2 = L1 Slab 3.08 | L1.4 Balcony or projection| 20 20 15
3 L2 Connection 0.00 | 12.1 Staircase
y 0.17 | NL.1 Curtain wall 32
EE N1 | Facade P* | 000 | ni2 Windows fixture
N | =5 0.00 | N2.1 External R.C. wall
g2 N2 Bxemalwall o0 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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Pucbla de Famals MATRIX OF DAMAGE Ox Cr Gi Df De
Registry data in giunti isci
- R.C. Corrosion | Cracking pattern Defect in giuntion Camponfem Plaster or finiscing
Total area: 8240 m’ @ and detachment deformation decay
)
N° of Floors: 8 E Oxl | Ox2 | Ox3 | Crl | Cr2 | C3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
3
Area of single floor: 1030 m* a ] o |
°Eﬂ 5 &0 2 Z s |- |E 14 5
Construction typology: R.C. 8 £ 8 2 g S| €S |§ Z |5 |s
= ] o 2 < 7
N of buildings blocks: 1 2SI & Ble|s|£|E5 £ |2 -2 £
2 P =€ (8 K]
Building Condition Rating: 3 ] S22 28|35 2|5Eslesls |2
2 2 [ g = = e e |= g 2ls 8|%w g
2 s | £ 5 g | S 5 S g |o &ls E|8 = 5
18 Sl w| B B e|c|2 |25 2|25ceesly |2
gzl E| 2| 8|22 8|5 |=2 8“§2u>‘§§§5§
Sub-element R R E R ER A 3 £ g& EEEEIERIER:
= =4 54
Code _Type Code Typology CCr_Code Component Ssla|2|E[=|2|8|a]|s |3 |48=58aE[Sga¢
5 . Column
S | & | s2| Stuctural element [ %90} 522
0.00 | s2.3 Beam
L 2 = L1 Slab 3.08 | L1.4 Balcony or projection| 40 20 15
3 12 Connection 0.00 | L2.1 Staircase
0.17 | NI Curtain wall| 32
B2 N1 | Facadeenvelope |1 6o [ Windows fixture|
N | = . . External R.C. wall
EE N2 External wall 000 N2.1 -
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
Puebla de Far MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Registry data g Defect in giuntion Component Plaster or finiscing
25 RC i i ;
Total area: 3138 m? o B RC. Corrosion | Cracking pattern | °_ ' yeachment | deformation decay
=
N° of Floors: 6 Cod Oxl | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 [ Dfl | Df2 | Df3 [ Del | De2 | De3
Area of single floor: 523 m* e‘, ; w . ; <. aEn % =
Construction typology: R.C. .E, z2|3 é 2 § ] = g § 5 5 s}
i ZElE el Sl 2220 12 |25 |2
Ne of buildings blocks: 6 = 2|z & £l 8|2 % 15 § 2 22 |5
2 Y 9 5 P b = P
Building Condition Rating: S3 B el e |5 |25 <eg8E= |°
] 5} P <] g 2 k=1 2 = [© g|l8 .2|lg E|w 2
2| g g - g S 5 |o 8lT E|E& T[S 5
8 s ] SlEl B2 2|25 2s8ese |2
o 2| 2 S|l E|ls|2g| E|=]|2E|% E 5 >|=%|s |E
- 2% £ | 8| 2 3 2|2 Elas|z ?|Z 8|S B
Tech. Unit Sub-element sel=|gle|B |88 R - Z 5|5 4% 8|2 g
S i< |53 o =l i=3 E(0 © |53
Code Type Code Typology CCr_Code Component S8l a|z|E|=S|E|la|la|la|3|88E3aEd¢ga¢
3 . 5 Column
S | & | S2 | Structural element 000 52.2
0.00 | 523 Beam
L 2 L1 Slab 0.00 | L1.4 Balcony or projection
S s - -
= L2 Connection 0.00 | 2.1 Staircase|
0.00 | N1.1 Curtain wall|
g o NI | Facade envelope 0.82 | N1.2 ‘Windows fixture 14
N | =& 3 External R.C. wall|
g g N2 External wall 0.05 § N2.1 - 2
z° 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
Pucbla de Famals MATRIX OF DAM/ Cod Ox Cr Gi Df De
Calle de la Ribera Registry data in giunti isci
— - E: R.C. Corrosion | Cracking pattern Defect in giuntion Componf:m Plaster or finiscing
Total area: 13640 m’ @ and detachment deformation decay
&
N° of Floors: 22 Cod Ox1 | Ox2 | Ox3 | Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
3
Area of single floor: 620 m* a g o | =
2 °E“ 5 £ 2 Z g |- |E 153 5}
| | Construction typology: R.C. S b £ P g S |25 |§ |2 |5 |5
=B = & B - 2
N of buildings blocks: 3 2l & Ele|s|£|E5 s é?‘g £
= 2 ] 2|35 |2 =
Building Condition Rating: S8 ] Slel eS| 2|5eleslss|e |2
2z S “ g 55| 8 £ 2 | gl 8|5 Els =1
g 4 S| 5|58 |2 |5 |eglvoEl2s g
Selw| S| B2 2|3 | B (2|22 tzEge |2
- = » Z| & o El 3 = @ 5|-E =
Tech. Unit Sub-element 3 é Z| & = R 8 é % | £ QE% B g g el g 8 g
2% -2 5 5 o3
Code _Type Code Typology CCr_Code Component SSla|=|E|Z|2|a|a|a|S|83=3ES¢8¢
5 . Column
S ] S2 | Structural element | %0 | 522
0.00 | s2.3 Beam
L g L1 Slab 0.00 | L1.4 Balcony or projection
=l n
3 L2 Connection 0.00 | L2.1 Staircase
0.02 | N1 Curtain wall| 4
B2 N1 | Facadeenvelope |1 oo [ Windows fixture|
N | = . . External R.C. wall
EE N2 External wall 0004 N2.1 -
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
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Pucbla de Famals MATRIX OF DAM. Ox Cr Gi Df De
Calle de Maestrat Registry data . . Defect in giuntion Component | Plaster or finiscing
Total area: 2750 m’ . RC. Corrosion | Cracking patern | 4 dorachment | deformation decay
Ne of Floors: 11 %a Oxl | Ox2 | Ox3 | Crl | Cr2 | C3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
Area of single floor: 250 m* a £ @ |
E . o 7 z sl [E |B 5
Construction typology: R.C. £ £ £ P 512|218 |5 |2 |5 |B
= [ENE = £ o — g E]
N° of buildings blocks: 1 2 z o g E S| E E '% z g = % £
o P = 3 2
Building Condition Rati 3 g S1E|E|3 |2 2|52 |E |2
@ = = _ = =
PRI
S| @ Elels| 2| E|=|8|38525%%2.|E
Lz E|l 2|8 2| 3 S 212Elz%5lz52888
Sub-clement cElE|Ele |22 2|22 E|8eBEalidst
£ S £
Typology Component Ssla|z|E|=|E|8|a|xa ]| |88E B8 &S 28 ¢
1 . Column!
S | & | S2 | Structural element 0001 52.2
0.00 | 2.3 Beam|
L g .| LI Slab 0.00 | L1.4 Balcony or projection
= 0
3 L2 Connection 0.00 | L2.1 Staircase
020 | NI.1 Curtain wall| B
EE N1 | Facade envelope {10 1y Windows fixture
N | T E 0.00 | N2.1 External R.C. wall
g2 | N2 Bemalwall oo s External brick wall
N4 Other 0.00 | N4.1 Joint between elements|
Pucbla de Famals MATRIX OF DAMAGE Cod Ox Cr Gi Co De
Registry data 9 PR .
1 2 & RC. Corrosion | Cracking pattern Defectin giuntion | (o, |Plaster or finiscing
Total area: 11600 m’ ® H and detachment decay
N° of Floors: 16 Cod Oxl | Ox2 | Ox3 | Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Csl | Cs2 | Cs3 | Del | De2 | De3
Area of single floor: 725 m* a s | = -
=B g 2|22 s |2 5
Construction typology: R.C. -5 2|8 £ @ g 5] 5 g |2 5 5
- = 5|2 El Ll | E| 2|2 5 |z |5 |2
N° of buildings blocks: 1 2 IS o ElE|2|£ |3 2 |8 -2 |2
. |2 2 21318 |2|2| 2 s [EE|E |S
Condition Rati S |3 g s|2| 2|2 |2 |% T |2E|e S
3 2 2 5 kst b =[BT
1.6 Sel o8 2 c|e|e|2|2 5| x|Ec282 |2
- 2% |2 5|2 |58 |5 |2 2|5 (252885/58
Tech. Unit Sub-element SelZ |5l |58 8 é 3 E|3 |25 ¢ g é :
bt 2|l 5|2 |5
Code _Type Code Typology CCrCode Component Sgla|z|E|S|2|a|als ||+ [SEAaESZA S
1 . . Column
S & | S2 | Structural element 000 f S22
0.12 | s2.3 Beam 16
L 2 .| Ll Slab 0.50 | L1.4 Balcony or projection 29
g5 - -
= L2 Connection 0.00 | L2.1 Staircase
036 | NI.1 Curtain wall| 2 12
'§ E N1 | Facade envelope 042 | N1.2 ‘Windows fixture 50
N (=& External R.C. wall
E§ N2 External wall 000 f N2.1 -
Z 0.00 | N2.2 External brick wall
N4 Other 0.18 | N4.1 Joint between elements| 30
Puebla de Farnals MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Calle de la Marina Registry data 2 g . . Defect in giuntion Component | Plaster or finiscing
> g 2| R.C.Corrosion | Cracking pattern N .
Total area: 4600 m’ = and detachment deformation decay
&b
N° of Floors: 10 Cod Oxl | Ox2 | Ox3 | Crl | Cr2 | C3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
. : 2 a I
Area of single floor: 460 m o , w . £ s |, cEn 5 5
Construction typology: R.C. £ £ - 518|218 (512 |5 |5
= 1K | Sl |52 ElE |2 |z 8
N° of buildings blocks: 1 a BN & ElE|S|E|E 5 |2 geg <
E o @« B = b =
Building Condition Rating: S |3 2 sl2 22|22 5E5 222 |3
E 2128|8258 |c|5|383¢E5|5 |5
I I R B
2Z Elg|8|2|23|8|5|2 g |z E|S 2|5 8|E 5|5
Sub-clement EHIHEEIE I IR R B
= 2| E =
Code Type Code Typology CCr Code Component Ssla|z|E|=|2|28|2a|& ]| |838E 28 &S 28 ¢
; Column
N 8 S2 | Structural element | %00 | 522
0.18 | 2.3 Beam| 10
L 2 P L1 Slab 135 | L1.4 Balconyorprojc.zction 15 10
3 L2 C 0.00 | L2.1 Staircase
y 031 | NI.1 Curtain wall| 32
g | NI | Facadeenvelope oo fis Windows fixture
N = 0.00 | N2.1 External R.C. wall
2| N2 Bxtemalwall 00 a External brick wall
N4 Other 0.00 | N4.1 Joint between elements|
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MATRIX OF DAMAGE Ox Cr Gi Df De
Registry data Defect in giuntion Component | Plaster or finiscing
R.C. C i Crackii .
Total area: 6000 m* orrosion racking pattern and detachment deformation decay
&
N° of Floors: 10 E Oxl | Ox2 | Ox3 | Crl | Ci2 | Cr3 [ Gil | Gi2 | Gi3 [ Dfl | Df2 | Df3 | Del | De2 | De3
" . 2 a
Area of single floor: 460 m = , w o ; = . %n = 5
Construction typology: R.C. § £ £ P 512|215 |8 |2 |5 |8
g = g s 3 =t 2
N° of buildings blocks: a _;; & gls|s|E g £ |z |5 _|& ng
y = g 2| 3| 52|12 |5|8 |E_|E5E |
M Building Condition Rating 2 g S = g ° - o T2 ng)g §-§ & 23
2 g g 5 s |2 5 5 - 3|ls E|8 =|° €
FELIEIHEIEERRRE ] R
2G| & =S| 5 E sl g|l=s|= 8.'7’§°«.:i5'5 =2
Sub-clement Sl S| B2 5 |2 2|2 |EliceeEaltglat
5 2|3 2 2|8 g
Code Type Code Typology CCr Code Component S sz |E|Z|BE|8|2|&|S|a8EER 5S8R ¢2
1 0.00 | 522 Column
S 3 S2 | Structural element
- 017 523 Beam 3 10
L k] = L1 Slab 1.13 | L1.4 Balcony or projection’ 34
3 L2 Connection 0.00 | L2.1 Staircase
0.14 | NI Curtain wall| 20
NI | Facade 1 -
E El Y 0.00 | N1.2 Windows fixture
N %z § 0.00 | N2.1 External R.C. wall
2| N2 External wall 8
z 48 x ™ 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
Cod Ox Cr Gi Df De
F"ue de Carabelas Registry data R.C. Corrosion | Cracking pattern Defect in giuntion Component | Plaster or finiscing
Total area: 2400 m? = 8P and detachment |  deformation decay
N of Floors: 8 Oxl | Ox2 | Ox3 | Crl | C2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
El i . 2
§ Area of single floor: 300 m - ; - El 5 =
) . . 5 S 2 3 3|5 2 2 S
Py Construction typology: R.C. k] = 2 g < 2 g g < 5 B
S o0 =2 < %
§ N° of buildings blocks: S o E|l5|3|£ E 2 |z |5 4] EANE
st 2 s | 3|52 |2 |€1|8 |5 [€=& |&
B B k] ° 2 5 & D |2 S _ 3= o
E: sl .l sl 215182 |2|5gEs8Esle |2
g = sl €| 5| 8|58 |2|8|laglvEl25|S |B
S8l w| S| 8| e = E| 2| 5|2 Els8eg|? |E
22| & > & g 5} § = = 0m§°>%5.5h:h
o b-e SElE| 5 R S| | 8525525888
SEE|S| 52|28 |5 |2|E|2£|z2|8s|8ElE s
Code Type Code Typology CCr _Code Component S§la|z|E|s|E|a|la|la|d|dg=EcEc8es
1 . 2.2 Column
S 3 S2 | Structural element | %% | 5
0.00 | s2.3 Beam
L '§ = L1 Slab 0.00 | L1.4 Balcony or projection
= L2 Connection 0.00 | L2.1 Staircase
0.06 | N1.1 Curtain wall| 2
NI | Facade 1 H
L] P 1 .00 | ni2 Windows fixture
N %z E 0.00 | N2.1 External R.C. wall
2 N2 External wall 8
2 - 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
Pucbla de Farnals MATRIX OF DAMAGE Ox Cr Gi Df De
Calle de la Ribera Registry data Defect in giuntion | Component | Plaster or finiscing
R B R.C. i ki it .
# Total arca: 7920 m? . C. Corrosion | Cracking patern | 4 qotachment |  deformation decay
&
N° of Floors: 11 g Ox1 | Ox2 | Ox3 [ Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
Area of single floor: 5 a s
rea of single floor: 720 m’ o~ ; w 2 g = . %n 5 5
Construction typology: R.C. .5 E % P 5|3 £ |2 § 2 |5 5
= 2 £ 20 =2 ) 2
N° of buildings blocks: 2 2 [ & tls|2 E E | P gﬁg £
o @ < |8 AE
Building Condition Rating: 3 £ lelE|ls |2 |3 5z £3l8Els |3
» =] =N = = 5.2 8 b
5 ERe Sl g5 |25 |8 |25 288258 |B
SE 2l S| ElE|slz|El=|2|3Es25EE |2
8 -8 =
Sub-clement L8l | S22 |22 2| el6kes78358Es
SE|E|B|E|2 |2 |5 |22 |E|2glE228|2El28
Type_Code Typology Component S8la|z|E|=s|E|a|a|la|d|dg=EcE588
1 . Column
S E] S2 | Structural element | %00 | 522
0.00 | 2.3 Beam
L '§ = L1 Slab 224 | L1.4 Balcony or projection| 9 21 15
= L2 Connection 0.00 | L2.1 Staircase
0.29 | NL.1 Curtain wall| 16
N1 | F I -
EE acade envelope |0 00 1 i Windows fixture
N :‘§ 0.00 | N2.1 External R.C. wall
N2 External wall = : 8
ZO - 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
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Ox Cr Gi Df De
- R.C. Corrosion | Cracking patiern Defect in giuntion Compon?nl Plaster or finiscing
Total area: 7920 m m and detachment deformation decay
N° of Floors: 21 g Ox1 | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 [ Del | De2 | De3
i . 2
Area of single floor: 300 A g
g rea of single floor: m p) i - 2| £ 2], 2 |3 5
2 Construction typology: R.C. S [EH £ P 5121215 |8 |2 |5 |&
7 = £ & 2 <
E N° of buildings blocks: 3 SIS & Elel2]|=s § u-g) £ é?% x ]
Q2 P = £ 2
Building Condition Rating: 3 ] sle2ls|2 |52 EezEsE |3
g 2l2|E|lE8l2|5|2|8|28l2EEsls |5
85w | 8|2 2| c|E|2]2]2|2%z28<g2 |2
2 2| £ B g 3 ) = = 3 'z S |2 5
Element Sub-element fg é 3 % ; S| 8 8|18 |3 g §§% s § ; é % g E
= 153 5 | £ 3 5 3
Code Type Code Typology CCr  Code Component S8l & | = £ = = a =) = S |& Blz 2|8 §|S Z2la g
5 . . Column
S | & | S2 | Structural element 000 52.2
0.00 | 823 Beam|
L 2 5 L1 Slab 226 | L1.4 Balcony or projection| 7 20 15
] - 5
= L2 Connection 0.00 | L2.1 Staircase
0.11 | NL.1 Curtain wall 16
N1 | Facade envels -
LR aeace P | 000 | ni2 Windows fixture
N |TE 0.00 | N2.1 External R.C. wall
N2 External wall = - -
z 3 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Puebla de Famals MATRIX OF DAMAGE Ox Cr Gi Df De
Calle de Camp Morvedre Registry data A Defect in giuntion Component | Plaster or finiscing
2 R.C. i ki th .
Total arca: 3840 m’ . C. Corrosion | Cracking pattern | °, 4 jetachment |~ deformation decay
N° of Floors: 11 %a Oxl | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
|| Area of single floor: 480 m’ a =
| gle floor: m = . - v g = . %n 5 5
Construction typology: R.C. ] £ g P 50 |2 S g |12 |5 s
= ] &0 = < Z
| IN° of buildings blocks: 3 SEIR ) s é E£E|¢ z gﬁg x]
2 @ 5 |5 |2 =8
Building Condition Rating 3 ] Sl 2|23 |5 |2|5slE58ss |3
g 2 2| 5|8 |2|8|2|5|283E 85| |8
0.19 8 g S 8 gl 2 |e2lCsl2e
SSlw| S| 28l E|s5|2|E|=2]5|28s52%5%2. |8
2z E|l 2|8 | 2|2 | 8|5 |2 |2|2Elz%2z58255s
S SEE|E|E|2|8|2 |52 |E|88 228l glEt
Typology Component S8ls|z|E|S|E|a|la|la|d 888 ESgR¢e
5 . . Column
N & | S2 | Structural element 0.00 ) 52.2
0.00 | s23 Beam
L 2 s L1 Slab 0.00 | L1.4 Balcony or projection
3 L2 C i 0.00 | L2.1 Staircase
0.12 | N1.1 Curtain wall 6
N1 | Facade envel -
R * | 000 | N12 Windows fixture
N | =§ 0.00 | N2.1 External R.C. wall
2 N2 External wall = -
z 2 emarw 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Pucbla de Famals MATRIX OF DAMAGE Ox Cr Gi Df De
Calle de la Costera Registry data . . Defect in giuntion Component | Plaster or finiscing
2 R.C. Corrosion | Cracking pattern .
Total area: 3600 m 5 and detachment deformation decay
N° of Floors: 8 g Oxl | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
Area of single floor: 450 m’ a =
rea of single floor: 450 m = . w A g s |, %D 5 5
Construction typology: R.C. -5 £ £ 2 5 ] g : 5 = 5 5
= 2 = = o0 2 <
N of buildings blocks: 1 SIENPS & ElE|l2]|2 E 2 £ gAg x]
2 P 1€ (8 =2
Building Condition Rating: B ] S1212]8 % 2 |5eleg2sls |3
2 212|582 |5 |58 |S5=E 555 (B
e (Eel LB E 2| EF| 22 2|2 ze e |2
b-cl 22 Bl 2|58 518|515 8|2624 28555
S fel B |5l |E 2|2 |52 5|85 528gl2 888
£
Typology G Ssla|=Z|ElsS|5|8|8|&8|S8|8328c5[62a¢8
5 . . Column
S ] S2 | Structural element | 20 522
0.00 | 23 Beam
L 2 5 L1 Slab 0.02 | L1.4 Balcony or projection 2
S - -
= L2 Connection 0.00 | L2.1 Staircase
0.00 | N1.1 Curtain wall
NI | F 1 -
EE acade P* | .00 | ni2 Windows fixture
N | %F 0.00 | N2.1 External R.C. wall
2| N2 External wall | = | 5
z 2 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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Pucbla de Famals MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Registry data B . . Defect in giuntion Component [ Plaster or finiscing
Total arca: 11250 m’ . B RC. Corrosion | Cracking pattern | \'yoachment | deformation decay
|
N° of Floors: 9 g od [ Ox1 | Ox2 | Ox3 | Crl | C2 | €3 | Gil | Gi2 | Gi3 | Dfl | DR | D3 | Del | De2 | De3
2| . . 2 a -
g Area of single floor: 1250 m = . " A E s |, .DEO 5 5
g Construction typology: R.C. El = £ £ P 512|215 |8 |€ |5 |8
= I E o S |5 %
é N° of buildings blocks: 1 2 B _% & § g § £ E 2 z éeg <
N L w B = o= 13 <
Condition Rating; 5|3 E Slel|2|3 |5 2|z42s5s| |3
] g @ slE2] 2| % = [° £|8 2|5 Els <
E s | 2 5 g o 5 S 5 |o 8l E|8F[° 5
0.14 gz 5|z 5 ER I =] I ) )
o2 2 S| E|ls|e| &= S |%E5 2252 k|
& 2 3 2
Element Sub-element fé 2 ) g ER -] < § A‘é £ g& 2 ; 38 —g § é g
Code Type Code Typology CCr _Code Component Sgls|z|E|s|s|d|8d|a|d@BzEoEc8as
5 . . Column
S | & | s2 | Stuctural element | %%} 522
0.00 | s2.3 Beam
L 2 Ll Slab 0.00 | L1.4 Balcony or projection
g s -
= L2 Connection 0.00 | 12.1 Staircase
. 0.09 | N1.1 Curtain wall 18
R NI | Facadeenvelope [0 61, Windows fixture|
N | TE 0.00 | N2.1 External R.C. wall
z = N2 External wall 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Pucbla de MATRIX OF DAMAGE Cod Ox Cr Gi Df De
ADDRESS Calle el Alcoid Registry data E in giunti inisci
. £ 8 R comosion | Cracking paten Defectin giuntion | Component | Plaster or finiscing
Total area: 5720 m @ and detachment deformation decay
N° of Floors: 13 c«a Oxl | Ox2 | Ox3 | Crl | C2 | €3 | Gil | Gi2 | Gi3 | Dfl | DR2 | D3 | Del | De2 | De3
Area of single floor: 440 m® a = 0
2 o o 2 B sl |E |8 5
Construction typology: R.C. é = _§ % P § s |52 § N ) 5
= =2 £ o0 2 ] = 2
N° of buildings blocks: 1 LS g gls|E|EE|2 [« [E-|2 |2
E|2 s | S |5 2|5 |€1|8 |§ |[EEE |&
“ondition R SIE 3 Zles|Els 2|22, |E|5E2 |5
yndition Ratir 2 g .12z 5| 2 2 | |8 glEElgEls |2
H 2l | 5|8 |5 |5 |%| 8|S 82Els £|% |3
1.19 SEl w|S|B || |3 |E|2|5|E5s22gle |E
@ Z| & > El S = 7 £ 5|5
Tech. Unit Sub-element ‘c‘é é 5|5 = ER % ‘é -%‘é g QE 2 K § ; g § § %
= : g e 8
Code Type Code Typology CCr_Code Component Sgla|z|E|=s|s|l2|8d|a|S|@8E3oEcgas
5 . Column
S 3 S2 | Structural element | %37 | 522 1 21
0.24 | 52.3 Beam 16
L 2 = L1 Slab 042 | L1.4 Balcony or projection 12
S L2 C i 0.00 | 2.1 Staircase
§ 0.36 | NI.1 Curtain wall 16
g g NI | Facadeenvelope | Tis Windows fixtur|
N =% . . External R.C. wall
5_§ N2 External wall 000 f N2.1 5
z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Puebla de Famals MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Av. de Ia Constituci Registry data N — -
s § 2 RC. Corrosion | Cracking pattern | Defectin giuntion | Component | Plaster or finiscing
Total area: 6860 m” = and detachment deformation decay
=
N° of Floors: 7 =l cod| Ox1 | Ox2 | Ox3 | Crl | €2 | €3 | Gil | Gi2 | Gi3 | Dfi | D2 | Df3 | Del | De2 | De3
g
Area of single floor: 980 m” a s [
B |5 o 2| 2| 5| |E |8 5
Construction typology: R.C. é = _§ % P g ] 2 g 5 B 5 5
5 = on - < 7
N° of buildings blocks: 3 S E|z & Elels| 2512 |2 |52 |2
E |5 8 2|l s|E|S |2 |58 |5_|E512 |€
°% 5 cle| S22z |S|zgsg2Es |2
El 212|522 |5 |3|§|%E&sEles° |§
SEl w|S|8|le| S| 3| E|2]|2|28s8Egy |2
2zl E|le| 3| 2|25 | 8|5 |2 |8|2E=235252558
Sub-element S 2| T I s | B 8 5 (8 5= °|8 <|l3 2|8 8
SElE|8|E|B|2|3s|8|2|85|z2€E<8¢8|gsBs
Typology Component S§la|z|E|S|2|8|8d|a |3 |d38z 32 E|5¢g8¢
5 . . Column
S | & | S2 | Structural element 0001 52.2
0.00 § s2.3 Beam
L g .| L Slab 0.00 | Li.4 Balcony or projection
g=} n
27 12| Conneci 000 121 Staircase
B 0.04 | N1.1 Curtain wall 4
g p| NI | Facade P* 1 000 | ni12 Windows fixture
f=a=}
N =g 0.00 | N2.1 External R.C. wall
2| N2 Exemalwall 00 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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Pucbla de Famals MATRIX OF DAMAGE Cod Ox Cr Gi Df De
ADDRESS ___ Calle de la Val d'Albaida Registry data e Defect in giunti - ¢ |Plaster or finisci
: § & R Corrosion | Cracking patier | Defect n giuntion | Componen aster or finiscing
Total area: 2800 m” = and detachment deformation decay
g
? N° of Floors: 7 Cod [ Ox1 | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 [ Del | De2 | De3
A = . 2
= Al f single floor: 400 m~ s
H : rea of single floor m ; w 2151 e, ERP 5
& Construction typology: R.C. EE £ o s|S|€1(2 [§ |2 |5 |B
28 =8 El £ g2la|lEls B |5 [ |2
= g |2
H | N° of buildings blocks: 2 S|z & ElE|2|£|E51% |2 |52 |2
% Els 2 gleo|B|2|E|35|2 |E_|E5|E |5
E ondition Rating: O3 g Sl e |23 |2 |2 |3¢sgcgle |2
a 2] 2 “ it - =] < = 2 = =1
3 glz| 5|8 |Z2| % £ 5|2 35 =T |
0.08 el w| 82| 2| S22 5|2 |2Eceegln (B
22 El 2|5 | 2| S8 |5 |2 |2|3Ez25%525|58
gl £ | s | 8 % 8 5|2 5|7 2
2 El = 3 g B =1 < g el £ 1887 23 518 2| &
s 5 & S = 153 2 =} S |25 52 S|E 5|2 5
Code _Type Code Typology CCr__Code Component CSla | |E|Z|2|a|la|a|o 882 3A &0 2a2
1 0.00 | 2.2 Column
S & S2 | Structural element
0.00 | 2.3 Beam
L 2 .| Ll Slab 0.00 | L1.4 Balcony or projection
=3 =] o .
— L2 Connection 0.00 | L2.1 Staircase
0.10 | N1.1 Curtain wall 2
N1 | Facad I -
E & acade envelope 70 0 | w12 ‘Windows fixture!
N = 0.00 | N2.1 External R.C. wall
53| N2 | Fxtenal wall :
z 0.00 | N2.2 External brick wall|
N4 Other 0.00 | N4.1 Joint between elements
Pucbla de Famals MATRIX OF DAMAGE Cod Ox Cr Gi Df De
iyerrdatdclVen Registry data g Defect in giuntion | Component | Plaster or finiscin;
5 £ & RC Corrosi “racking pat e pon e
Total area: 3010 m” g C. Corrosion | Cracking patern | * 4 yotachment |  deformation decay
5 N° of Floors: 7 Cod [ Oxl | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 [ Del | De2 | De3
< Area of single floor: 430 m” = w | _
s H 5 &0 ) (33 £ | £ 13 3
=5 B [ Construction typology: R.C. z|2 8 P 51212158 |58 |2 |5 |5
@ |8 =2 S = Ed = ] o 7]
A 5 N° of buildings blocks: 3 s 2 gl s § - s (B2 |
2 i) 2 2 Sl |8 |35 |28 2 |&
2 Building Condition Rating: S8 2 121885 |2 5z §§ §§ = |z
] 3 2| 2 S| 8| 2| 5|3 s |5 g[8 =5 g
121 Selw|B|E|2|c| 52|25 ]2|eg2eEgly |2
zz| El 2| 8|2l S| 8|5|2|2.|2E2<|25|E 5|58
ol = 2 9 S < 3 2 3|8 E
SElE| S| E|2B| 2|5 | 82| E5|2<|5 2|8 8|8 &lg 2
s Bl & £ E 53 53 =} S % T B gl= 5(R B
Code Type Code Typology CCr_ Code Component S8l & | T = a|lo|a|o |@3= A 5[0 2 2
5 0.00 | 2.2 Column
S ] S2 | Structural element >
0.00 | s2.3 Beam
L 2 L1 Slab 0.00 | L1.4 Balcony or projection
g5 5 -
= L2 Connection 0.00 | L2.1 Staircase
0.81 | N1.1 Curtain wall 30
N1 | Facad: I - ~
k] acade enveore 1 o.00 | w12 Windows fixture
N | =§ .00 | N2.1 External R.C. wall
5 g N2 External wall 000 -
z° 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Pucbla de Famals MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Calle ¢l Alcoid Registry data 2 g Defect in giuntion Component | Plaster or finiscing
2 8 R.C. C Cracki e .
Total area: 2870 m’ 5F orrosion | Lracking atem | o4 detachment | deformation decay
2 N° of Floors: 7 Cod [ OxI | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
2l = . 2
= Area of single floor: 430 m* =
H: £ . @ 2|2zl |2 |2 5
& Construction typology: R.C. 2|8 % P é S|z 5 |5 Ti’ s |5
& 1 =|= —_ I 17
=H: § N° of buildings blocks: 3 gz & Eles|E|E|EIE 2 [Eo|E |2
- E |5 2 2| 3|8 |2|E|3|8 |E_EEE |
Building Condition Rating: O3 e S |z g ° - | ©|% «|E B8 E|& |°
E] 2 ) E|1E| 3| 2| % =[S £|2 2|5 Els |&
H < 5 ] = 5 e} 5 |o 8|7 €2 5}
0.08 SEl w|S|E || S|E|el2|2|2Eseegy |8
zzl El | 5| 2| S| 8|5 || 2&1|2E245%5|25[5s
o 2| = = =] =] D a S £ 18 3= 2|8 <2 2|ls &
SE|E|B|E|3 |23 |32 5 |2€|Z 5|8 8|2 5(8 5§
£ 5 & £ B = 1S3 - ol
Code Type Code Typology CCr__Code Component O 8l w | =T = =} [=} m | O |d-8 3la gl 2|a 2
5 0.00 | s2.2 Column
S | & | S2 | Structural element
0.00 | s2.3 Beam
L ] P L1 Slab 0.02 | L1.4 Balcony or projection 2
< . n
— L2 Connection 0.00 | L2.1 Staircase|
.06 | NI.1 in wall )
£} N1 | Facade envelope 0.06) - Curtain wal
= 0.00 | N1.2 ‘Windows fixture!
N 2§ 0.00 | N2.1 External R.C. wall
2 N2 External wall - - -
ig © xlematwa 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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P Cod Ox Cr Gi Df De
ADDRESS Avenida del Mar Registry data £ ¢ . . Defect in giuntion Component | Plaster or finiscing
—— > 5 2| R.C. Corrosion | Cracking pattern ¢
Total area: 2800 m =il and detachment deformation decay
)
N° of Floors: 7 = Cod | Ox1 | Ox2 | Ox3 [ Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
2 i . 2 3
% Area of single floor: 400 m T. . w . § s, En . .
N Construction typology: R.C. 2|2 £ P 5| |2 S |5 Z |5 |z
< on = = b7
5 N° of buildings blocks: 3 2 § = & s § £k § s |52 |&
| 2 zleo| B2 | 2|5 |& |E_|EEE |<
&l: g S| 2|5 |2 2| 2|3g53 25 |2
E Sl 2|58 |3 | 8|2 |E|cElsE 2SS |B
0.08 SEl w| 8|8 le| |3 ||| 2|z%s2sEgly |E
A ] 5 sl gl == S |z S HERER
2ozl = 2 2 5 S & |2 E S U B 5
eleme ol = 2 o o3 % 15 2 o . 8lg 8
: e SElR|B|E 2|2 2|5 |2|5|25=2|8¢8[355¢
Code Type Code Typology CCr__Code Component Ssla | T |E|[Z|z|a|a|a | |d35 8a 5[0 2a?
; Column
S | & | S2 | Structural clement 000 52.2
0.00 | s2.3 Beam
L B = L1 Slab 0.06 | L1.4 Balcony or projection 4
3 -
= L2 Connection 0.00 | L2.1 Staircase
' 0.02 | NI.1 Curtain wall 2
k] N1 | Facade P* | .00 | ni2 Windows fixture
N T E 0.00 | N2.1 External R.C. wall
S 2| N2 | Extemalwall T External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Puebla de Famals M/ i Ox Cr Gi Df De
Avenida del Mar i in giunti inisci
. R.C. Corrosion | Cracking patiern Defect in giuntion Componfent Plaster or finiscing
Total area: 2940 m” ~ and detachment deformation decay
=h
N° of Floors: 7 g Oxl | Ox2 | Ox3 | Crl | €2 | €3 | Gil | Gi2 | Gi3 | Dfl | DR | Df3 | Del | De2 | De3
Area of single floor: 420 m” a £ o | B
20 5 on 2 B s |= [& ° S
Construction typology: R.C. .§ £ % z 5 kel g g g B 5 5
E £ 50 2 < 2
N of buildings blocks: 3 ZEIH 2 Elels |25 |2 |EoE |2
3 3 s| 3|22 |52 |E_|EEIR |S
Building Condition Ratir 3 3 Sl 2|52 |2 |2|32cE88e |2
2 2|l 2| 58|28 |2|5|288E8E |8
EFIE RIS BN
2zl E|le| 3|2 | 2|8 |5 |2 |2|2E2%25825|58
S EElE| 22|22 2|2 2552 BeEEEd
Typology Component Sl & |z |E|=|2|28|a|xa |8 |28 EaE552a¢
1 . Column
S | & | S2 | Structural element 000 52.2
0.00 | 823 Beam
L - P L1 Slab 0.06 | L1.4 Balcony or projection 6
3 L2 Connection 0.00 | L2.1 Staircase
j 0.00 | N1.1 Curtain wall
g g N1 Facadeenvelope oo\ Windows fixture
N | § 0.00 | N2.1 External R.C. wall
S 2 N2 Extemalwall {0 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Registry data e P —
o 5 & RC Corrosion | Cracking pattern Defect in giuntion Compongm Plaster or finiscing
Total area: 2700 m e and detachment deformation decay
N° of Floors: 6 Cod [ Ox1 | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
Area of single floor: 450 m’ s 0
- 5 @ 2|zl |E |2 5
Construction typology: R.C. 2|2 = P 512|215 |§ |2 |5 |5
= = 2| @ o 2
N° of buildings blocks: 3 o _5» o g g S E g '«g z g?g £
k=] o - g S| €18 2
Building Condition Rating: S|3 ] S22 |3 |2 5E58sls |3
] Sl g5 |85 |E|2 |8 (2828258 |5
1.1 = S 8 g =t 2 Sla
| 0 S 3|8 Els|z|E|2]|5|3 E 5 2=%|8 |8
@u| o k51 U |
Tech. Unit Sub-element s gl = S |88 Sl 8|3 g §e 2 t§ ] g § §
EEE|E|E|S|IEB|&E SlE3BEERE £ 525
Code _ Type Typology Component C8lw|= | E A|la|a| o |882 3a &0 Ea ¢t
1 . 2.2 Column
S | & | 2| Stuctral clement | 2|5
0.00 | 823 Beam
L '§ P L1 Slab 141 | L1.4 Balcony or projection 15
= L2 Connection 0.00 | 12.1 Staircase
. 0.26 | NI.1 Curtain wall 16
T N1 | Facade “ ] 000 | N12 Windows fixture
N 2§ 0.00 | N2.1 External R.C. wall
22 N2 External wall 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Registry data 2 Defect in giunti Pl finisci
- & 8 RC. Corrosion | Cracking pattern efect in giuntion Compm’\:cnt aster or finiscing
Total area: 2700 m* = and detachment deformation decay
3 N° of Floors: 6 Cod [ OxI | Ox2 | Ox3 | Crl | C2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | D2 | D3 | Del | De2 | De3
< Area of single floor: 450 m? s o | L
g . @ 2|2 lgls |E |2 5
= Construction typology: R.C. 2|2 £ - |18 |1€(2 |8 |2 |5 |z
4 =1 k| 18|l Bl |2 |5 |2 |2
g N° of buildings blocks: 3 2z & ElE|2|E|51E |2 |82 [B
= = > Elg 2 2l |82 |E |5 |8 |8_|E5E |5
8 Building Condition Rating: (S8 51 2 S = g o - < |% »| g B8 &[> o
a 2 5|, | ElE| 2|22 z=|82858¢8Els |=
2 £ | % 5| 8|5 5 S 2|0 E|sElE£|s g
1.06 Ssl w| 8|28 || |E|2|2|2|8%z2c5gle |2
el gl 2B B 52| & |2 |2laEE25% 8,05,
5 8| = Z E= I T 1 g | ¥ 1% 525|525 8|88
38 3 5| E|13|=2|% g |3 £ 1885 2|8 5|8 2[E 2
£ Bl & 2 S| B2 |E |2 |23Es 55|25
Code Type Code Typology CCr  Code Component CSla|Z|E|=E|2|a|a|a |0 |f8=3Q 50 2a2
; . 2.2 Column
S | & | S2 | Structural element 0004 S
0.00 | 82.3 Beam
L B 5 L1 Slab 141 | L1.4 Balcony or projection 6
3 - -
— L2 Connection 0.00 | L2.1 Staircase
0.26 | N1.1 Curtain wall 6
NI | Facade envelope -
kX VEoPe [ o.00 | i Windows fixture
N T F 0.00 | N2.1 External R.C. wall
N2 External wall = — -
z = remawal o0 | n22 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
b Cod Ox Cr Gi Df De
ADDRESS Calle Caravalles Registryzdata % & RC. Corrosion Cracking pattern Defect in giuntion Compon.ent Plaster or finiscing
Total area: 2700 m = and detachment deformation decay
& Ne of Floors: 6 Cod [ Oxl | Ox2 | Ox3 | Crl | Cr2 | €13 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
El . 2
Area of single floor: 450 m* g e
g 2 5 El 2| 2|5 |s |E |8 5
Py Construction typology: R.C. = _§ g P 513|%|¢ E z 5 5
— =|2 = S E| @ 2l |5 |3
£ N° of buildings blocks: 3 G & Sls|8|E|E|E |2 |E |2 |2
@ E |5 5 - S 5 2 = % 8 g £ 5|8 &
Building Condition Rating: S| 2 Sl2|E|2 2|2 |2¢Es g% S |2
E £ i} 5 S| > E € 5|3 - =|0 g
1.08 Sel LB |El2|c| 2| B2 2legtEEss |2
@2 & | 5 g ) 8 = =} s |2 ElezS 5|8 5|2 &
% 8| = 2 2 P 3 S | |2 Elzs|a % 8|28
SE|E|S|E|3|=2|S5| 2|2 | E|2&% 2|8 8|8 8|2
£ 5 2 S ﬁ ) 33 o = S |25|S 5|2 2|E B2 5
Code _Type Code Typology CCr_Code Component C8la | = S|=|a|e|ad |0 |d8=E8a 5082
i 0.00 | s2.2 Column
N & S2 | Structural element
0.00 | $2.3 Beam
L g L1 Slab 0.56 | L1.4 Balcony or projection 15
S L2 Connection 0.00 | L2.1 Staircase
0.09 | NI.1 Curtain wall 16
N1 | Facad 1o -
EE acade envelopre 1.0 | ni2 Windows fixture!
N = F 0.00 | N2.1 External R.C. wall’
§_§ N2 External wall >
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Pucbla de Famals MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Calle Caravalles Registryﬂdata £ 8 RC Corrosion Cracking pattern Defect in giuntion Compongm Plaster or finiscing
Total area: 2700 m* = and detachment deformation decay
N° of Floors: 6 Cod [ OxI | Ox2 | Ox3 | Crl | C2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
Area of single floor: 450 m* ; " B g - 2 |3 s
Construction typology: R.C. 2|2 £ P 512|215 |§ |2 |5 |s
=2 ] £ e = ] = b1
N° of buildings blocks: 3 gz 2 Bl |E1E1E |2 |EoE |&
— - " E|g 2 2| 3|8 |<|E|5|2 |5_E5E |
Building Condition Rating: Ak 2 S |z g ° . | 2|5 2|E B8 S| |8
3 2z | 5|8 |28 |2 |8 |T8R 2525 |E
S| = S 8 =] = P £ = g |z E|5 2|e%|E £
2zl £ | | 5|5 °S| 8|S 212 E|2<|= 5|2 5|5 5
5 8| = g S|l 8|8 2| 3 2 Elzs|3 5|12 8|88
SEEIB|E|3 2|35 |2 |2 |E|28E<2¢8|8E|5 %
Code Type Code Typology CCr  Code Component CS8la|z|E|=|z]|la|la|lada|o|d3E= 3 5|C2a?2
5 .00 | s2.2 Column
S | & | S2 | Structural element
0.00 | s2.3 Beam!
L g .| Ll Slab 1.70 | L1.4 Balcony or projection 18
3=} N .
= L2 Connection 0.00 | 2.1 Staircase
0.23 | N1.1 Curtain wall 14
NI F; e I -
E = acade envelope 0.00 | N1.2 Windows fixture;
N T=§ 0.00 | N2.1 External R.C. wall
s | N2 External wall - -
z 2 emawal o0 | n22 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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Pucbla de Farnals

MATRIX OF DAMAGE
Registry data

Total area: 2700 m’

Ox

R.C. Corrosion

Cr

Cracking pattern

Gi
Defect in giuntion
and detachment

Df
Component
deformation

De
Plaster or finiscing
decay

g N° of Floors: 6 Oxl | Ox2 | Ox3 | Crl | Ci2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
Q Area of single floor: 450 m’ = 50
2 5 £ 2| 2| 8| |E |8 5
g Construction typology: R.C. £ £ P 5121215 |8 |2 |5 |z
2 B =z £ | e S |z Z
= N of buildings blocks: 3 > & £l 5|55 g 2 |z |5 |2 £
2 oot 2 zleo| B |2 | 2|5 |& |E§_|EE5E |<
2 ndition Rating 3 8 Slz|El S22 |225EcsEle |2
= E 2l g|5|8|2|5|35|5|283%E5|8 |5
= g S| 8| 2 s (22| 5|23 23
S8 | S g = = g2 2 |2 8l 8[E€|le |2
R =] 5 g S 2 = S S |3 S = 51E |2 o
22 &8 > S 3 > 3 S % g.mgm“-%“’.xuuu
SElZ| 5|82 |2 2|2 |2 E|2gE|EslEgEd
= 4
Code Type Code Typology CCr _Code Component C8la|lz|E|l=S|z]lala|la|d|d838= 3502’
; . 2.2 Column
S 3 S2 | Structural element | %2 |
0.00 | 2.3 Beam
L . L1 Slab 1.90 | L1.4 Balcony or projection 20
g s -
= L2 Connection 0.00 | L2.1 Staircase
0.44 | N1.1 Curtain wall 18
N1 | F: it -
L acade envelope 0.00 | N1.2 Windows fixture!
==}
N | 2F 0.00 | N2.1 External R.C. wall
2| N2 External wall . . o
2 - rematw 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Puebla de Famals MATRIX OF DAMAGE Cod Ox Cr Gi Df De
ADDRESS Registry data g Defect in giuntion |~ Component [ Plaster or finiscin
Q 2 g5 RC.C i “rackil e e P s
Total area: 2700 m’ H C. Corrosion | Cracking pattern | °. | yetachment | deformation decay
N° of Floors: 6 Cod [ OxI | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
- ) B -
Area of single floor: 450 m . w “ g <. DEQ % 5
Construction typology: R.C. 2|3 g P 5|2 2|8 5 Z |5 5
=8 = £ & 2 < z
T Ne of buildings blocks: 3 2z g § 5 S| E g % z g - g =
; k=S K 5 b=t |52 B
i “’-’”!H\H“ Condition Rating: o3 g sl2lel%|% |32 %z §§ @% =z
v — 4 El 2| 2 E=T el =T I A =1 3|5 g[8 =5 g
E_ViChin Sel L 5|2 2| 2|22 22|25 zEEee |2
cgl 2| 2 El Z £ 5lE 5
I I R R R B R R
ES 54 = 153 53 =] 3 =8 8 53
Code Type Code Typology CCr _Code Component Sel&|z|E|=|2|8|a|a |3 |58z 3255282 ¢
; . 2.2 Column
S 3 S2 | Structural element | %% |5
0.00 | 2.3 Beam
L .| L1 Slab 1.40 | L1.4 Balcony or projection 14
g s o
= L2 Connection 0.00 | L2.1 Staircase
- 0.20 | N1.1 Curtain wall 10
N1 | Facade envelope :
E & P 0.00 | N1.2 Windows fixture!
N | 2F 0.00 | N2.1 External R.C. wall
S| N2 External wall - : 8
2 - ~ ™ 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Puebla de Famals MATRIX OF DAMAGE Cod Ox Cr Gi Df De
ADDRESS Calle Caravalles Registry data £ &l R Cormosion | Cracking pattern | Defect in giuntion | - Component | Plaster or finiscing
Total area: 2700 m’ H - ep and detachment | deformation decay
N° of Floors: 6 Cod [ OxI | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
g- Area of single floor: 450 m’ ; - Y g <. e 5
g Construction typology: R.C. Bk £ P 5121215 |8 |2 |5 |z
=12 =} £ &0 = El 2
(% N° of buildings blocks: 3 .§ z o § E|l2|:E g % z g —~ g £
E o « 5 F|€ |2 B E]
Building Condition Rating: S (3 5 Sl 2% 52 5eleslgsls |3
E 2l 2|5|8|2|5|5|8|celstlEse (B
12 SE w| 3| Ble|S |2 |2 2|z%Es8Egy |2
23l E|l | B2 S| 8|5 |2 | 22824558555
SelS gl |8 8|28 2| E|8523|82 8|82
ES 54 = 153 53 =] 3 =8 8 |53
Code Type Code Typology CCr _Code Component Sel&|z|E|=|2|28|a|a |3 |58z 325582 ¢
; . 2.2 Column
S 3 S2 | Structural element | 29| S
0.00 | 2.3 Beam
L .| L1 Slab 1.40 | L1.4 Balcony or projection 15
g s -
= L2 Connection 0.00 | L2.1 Staircase
- 0.33 | N1.1 Curtain wall 20
N1 | Facade envelope :
E @ P 0.00 | N1.2 Windows fixture!
N ZE 0.00 | N2.1 External R.C. wall
S| N2 External wall - : 8
2 - ~ W 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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Puebla de Famals

MATRIX OF DAMAGE

Ox

Cr

Gi

Df

De

Calle Caravalles Registry data . . Defect in giuntion Component | Plaster or finiscing
2 R.C. Corrosion | Cracking pattern .
Total area: 2700 m m and detachment deformation decay
=
N° of Floors: 6 g Oxl | Ox2 | Ox3 | Crl | €2 | €3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
Area of single floor: 450 m* a = o0 -
e =P o A EEEEEE 5
Construction typology: R.C. £ 2 E P 513 |5 |[S g Z |5 5
= 3 o =2 < b7
N° of buildings blocks: 3 2 _‘D; 2 § E g % E £ 2 §e§ 2
2 ) 3 3 |3 &
Building Condition Rating 3 g 512 R “_,:, 3 5z gg g% s |z
1 2| 2 5 s | > g ] 3|3 - =|8 g
266 Ssl .| B2 2| 2|F |22 g.“é‘gé%aﬁgb z
v 3 3 = 7 g =
Element Sub-element ;g é % S ; -§ 2|3 E] § % g S % s 5 : ag § E] §
o [ o 13 y i=} =2 9 j3
Typology CCr Code Component S a|z|E|=|2lald|al|d |88z ZER2&[S2R¢2
5 0.00 | s2.2 Column
S & | S2 | Structural element
@ 090 ] 523 Beam| 12 2
L g L1 Slab 141 | L1.4 Balcony or projection 15
= L2 Connection 0.00 | L2.1 Staircase
0.39 | NL1 Curtain wall 24
EE; NI | Facade envelope {7y o0 [ 15 Windows fixture
N |2 & ! 3 External R.C. wall
53 N2 | Exemalwanl | 00N .
Z 0.00 | N2.2 External brick wall|
N4 Other 0.00 | N4.1 Joint between elements
Puebla de Famals MATRIX OF DAMAGE Ox Cr Gi Df De
Calle Caravalles Registry data . . Defect in giuntion Component | Plaster or finiscing
2 R.C. Corrosion | Cracking pattern N
Total area: 2700 m n and detachment deformation decay
=
N° of Floors: 6 g Ox1 | Ox2 | Ox3 | Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
' " X 2 a
Area of single floor: 450 m g e
%. 2 2 . o0 2| 2| 8|5 |[E |3 5
g Construction typology: R.C. 2|2 £ P 5121212 |8 |2 |5 |&
= ] o =2 < b7
H N° of buildings blocks: 3 SIS & £l g g £ E 2 |z gﬁg z
2 « 3
Building Condition Rati B Bl R R T Il I - ég sel= |3
@ 5 @« s 52| = 2 = S §|8 2|§ E|s ]
2. 225|258 |25 [283¢24]3 |B
L cEl gl c|ElE|s|e|E|=|51|5¢E52%%F,|8
Sub-element % gl = z ; 2|3 3 g * 5 Z Eg“a 2 9% §'§ g
EEE|Z|E |22 2|2 |2 |5|2552825|25
Typology Component C38la |z S|lz|a|la|la]|c|d8= 3aE|C2A?
: Column
S | & | S2 | Stuctural element 000 52.2
0.00 | s2.3 Beam
L E s L1 Slab 1.69 | L1.4 Balcony or projection 1 15
= L2 Connection 0.00 | L2.1 Staircase
033 | NL1 Curtain wall| 20
1
EE NI | Facade “ ] 000 | N12 Windows fixture
N =& External R.C. wall
53 N2 | Exemalwan | 000N .
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Puebla de Famals MATRIX OF DAMAGE Ox Cr Gi Df De
ADDRESS Calle Caravalles Registry data RC. Corrosion | Crackin Defect in giuntion Component | Plaster or finiscing
B " g pattern N
- Total area: 2700 m’ . and detachment | deformation decay
)
N° of Floors: 6 g Oxl | Ox2 | Ox3 | Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
B Area of single floor: 450 m’ a = o |
H Bl | = s | Elsgls |E |2 5
g Construction typology: R.C. - 2|2 £ P g5 |28 g 12 |5 |5
| =2 2 = 0 3 |3 2
(% N° of buildings blocks: 3 2 z ) § é 3| E g -% 2 g - g g
2 <] E |5 |2 =
Condition Rating 3 8 Sl 2|25 |2 5z 238 g2 |3
] 2l e |88 |2|E |2 |E(3E3E 253 |5
2.66 SEl w|S8|8|le|s|2|E|2| 25 |zEs2EEl® |E
o2 & g S = 2 2 5
Element Sub-element FE RS c 2| e E 25| E|8 Eé 3|8 2|% g 8 g
SEEl B 8| |2 |3 |3 |25 |2%2s88Es3s5
Typology Componeat Sl a|lz|E|=|E2|2a|8|a|d|&8= 22 &[S 2a 2
Column
s | & | s2 | Strucwralclement | %20 f 522
0.90 | s2.3 Beam| 12 6 2
L '§ L1 Slab 142 | L1.4 Balcony or projection 15
= L2 Connection 0.00 | 12.1 Staircase
0.39 | NIL.1 Curtain wall 24
I
EE NI | Facade P~ | 000 | ni12 Windows fixture
N | =F 0.00 | N2.1 External R.C. wall
22| N2 | Bxemalwal oGS External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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Puebla de Famals MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Avenida del Mar Registry data 2 in giunti inisci
ﬂ}L :E: R.C. Corrosion | Cracking pattern Defect in giuntion Compomf.n( Plaster or finiscing
Total area: 2700 m = and detachment deformation decay
g )
2 N° of Floors: 6 E Cod [ OxI | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 [ Dfl | Df2 | Df3 | Del | De2 | De3
= Area of single floor: 450 m* a s o | N
£ Construction typology: R.C. g z|E g 212 &5 |5 | |, |2
&l nstruction typology: R.C. E = e B Z
7 =i ypooey = el g 12022l 12 |5 |2 I3
E N of buildings blocks: 3 2 E1S 2 E|lE|2|E|518 |2 |58<2 |2
c . =B 2 glo|E 2|2 |32 |5_|EE2 |5
F] Condition Rati Ak g s | =z g ° P Tl|Z 2 EE gg s |S
w = = - B - =
2 io L lElel| |58 2|2 5828253 B
SE w|S|E|&|s E = §'5§5>°*‘§g)\_§._
B = <) o = 33 vl
Tech. Unit Sub-element § é 13| e|% 2 §i ERECR - EIE] 5|8 § é g E] g
i o )3 =i i=3 =153 o
Typology Component S§la|z|E|S|EBE|a|a|as |3 |88E= 30558 a¢
; Column
S | & | S2 | Structural element 000 52.2
0.00 | s2.3 Beam
L 3 = L1 Slab 143 | L1.4 Balcony or projection 15
3 -
= L2 Connection 0.00 | L2.1 Staircase
' 0.33 | NIL.1 Curtain wall 20
EE N1 | Facade P* 1 000 | n12 Windows fixture
N =§ 0.00 | N2.1 External R.C. wall
S 2| N2 | Extemalwall o, External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Pucbla de Famals MATRIX OF DAMAGE Ox Cr Gi Df De
Camino de la Playa Registry data in ciunti inisci
- R.C. Corrosion | Cracking pattern Defect in giuntion Componén( Plaster or finiscing
Total arca: 2700 m 5 and detachment | deformation decay
g &
2 N° of Floors: 6 E Ox1 | Ox2 | Ox3 | Crl | Cr2 | Cr3 [ Gil | Gi2 | Gi3 | Dfl | Df2 | D3 | Del | De2 | De3
2
Area of single floor: 450 m” a £ e
i o Bl s @ szl |E |2 5
g Construction typology: R.C. S I=H & P RN g ; s |5
k 2 2z = |z
N° of buildings blocks: 3 5 z & § »g § g E ~§ 2 g ~|2 %
Y 2 5 | € =&
Building Condition Rating 3 ] 1212|152 |2|5E58sl= |5
z Slz|s5|8|2|8|%|2|S52Es5Es |g
8z g3 Sls |28 |2g|e2C5les 2
S 2 2 |z = Sl | E
l2lS|E|E|5|e E| 2| 5|z 85 2=%|2
2% £ | » El 515 |2 | 21%2Elz2%|z5|S5|5s
Sub-element SElE|8|E|3 2 Sl E|2| E|8el= 2|8 5|’ g8
= 2|5 Pt
Code _Type Code Typology CCr_Code Component Sgla|z|E|E|E|la|ala]|3|&83= 30 5S 282
5 2.14 | S2.2 Column| 10 30
S 3 S2 | Structural element
< 072 | s23 Beam| 12 6
L B 5 L1 Slab 114 | L1.4 Balcony or projection 15
5 - -
— L2 Connection 0.00 | L2.1 Staircase| 24
] 0.66 | NI.1 Curtain wall
L NI | Facadeenvelope [0, 1, Windows fixture
N = 0.00 | N2.1 External R.C. wall
22| N2 | Extemalwall External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Pucbla de Famals MATRIX OF DAMAGE Ox Cr Gi Df De
Camino de la Playa Registry data 2 . . Defect in giuntion Component | Plaster or finiscing
Total area: 2700 m’ 2 #| RC Corrosion | Cracking patern | %,y qeqachment | deformation decay
? N° of Floors: 6 E’ Ox1 | Ox2 | Ox3 | Crl | Cr2 | Cr3 [ Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
< Area of single floor: 450 m* a o w | _
2 = . 2 E 2| 2|85 |[E |2 5
& Construction typology: R.C. : B £ - s|13S[€|2 |§ |2 |5 |s
Z = e = 35 é w | |5 |2 Pt ° 2
— N of buildings blocks: 3 S & £ 5|2 £ 5[5 |z g?g £
2 2 3 3 |8 k]
Building Condition Rati 3 ] SlelEle|S|2|528l2g2 |
2 @ s 5 2 = < 2 |° 5|2 2|5 Sl =
2 s | 2| 5|8l 2 5 £ 5 |o.2l® E[2F|C 5
2 Egl L5 2| 2|22 |2|8legeeegn |2
23 E| |55 281512 2l3E2455245
Element Sub-element g ezl zle|B|2]E g § R ] g g g
g = 153 E 5 8 51
Code Type Code Typology CCr_Code Component Sgls|z|E|ls|E|ad|ad|la|d|88zEcs5[d¢gRe
1 k 2.2 Column
S | & | s2 | Stuctral clement | %% S
0.00 | s2.3 Beam
L 2 5 L1 Slab 123 | L1.4 Balcony or projection| 2 12 2
3 L2 Connection 0.00 | L2.1 Staircase
. 0.43 | NL1 Curtain wall| 2 14 | 2
EE] NI | Facade envelope |15 |1 Windows fixture
N | 2% External R.C. wall
5§ N2 External wall 000 N2.1 8
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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Pucbla de Famals MATRIX OF D Ox Cr Gi Df De
Camino de la Playa Registry data Defect in giunti - ¢ |Plaster or finisci
> R.C. Corrosion | Cracking patiern | Defectin giuntion |- Componen astet or finiscing
Total area: 2700 m* and detachment deformation decay
f—f N° of Floors: 6 Oxl | Ox2 | Ox3 | Crl | Ci2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
Al f single floor: 450 m* s
£ rea of single floor: m ; " - 2 s s
&l Construction typology: R.C. £ £ P 52|25 |§ |2 |5 |8
Iz 2 = = o g |2 s = |z
5 N of buildings blocks: 3 = & Bl 21512 |2 |22 |2
g b= g glo|B|2|E|5|2 |5_|EE|E |5
g g 5 Slz|E|S |z |2|3e5Eess |2
E] 2| 2 5 5|2 g 35 = S|ls E|8 =|° g
8 g ) < ] 2 3 g 2= 5l= S|
S w| 8|8l =] S £ | =2 2 |z §|s 2|ES|Y £
2z E|l 2|85 2|58 |5 |2 | &|2E=2525|258|5¢%
selSls|le | B8 S8 |2 E|85235ql2 8|82
S5 & 8|2 = 1} © = 5 |2<%|l= 5|8 8|8 5|3 5
Code Type Code Typology CCr__Code Component CSlwm|z|E|ZE|z2|Aa|la|la|o |43z 3 5[Cga?
3 0.00 | s2.2 Column
S = S2 | Structural element
0.00 | S2.3 Beam
L 2 . LI Slab 1.65 | L1.4 Balcony or projection 15
3.8 - -
= L2 Connection 0.00 | L2.1 Staircase
0.36 | NI.1 Curtain wall 20
E 20 N1 | Facade envelope 0.00 | N1.2 Windows fixture
N TE 0.00 | N2.1 External R.C. wall
s | N2 External wall - - -
z = remalwa 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
P Cod Ox Cr Gi Df De
ADDRESS Camino de la Playa Registry data gy A . . Defect in giuntion Component | Plaster or finiscing
. 2 £ 2| R.C. Corrosion [ Cracking pattern X . )
F\« Total area: 2700 m 2 and detachment |  deformation decay
3 N° of Floors: 6 Cod [ OxI | Ox2 | Ox3 | Crl | C2 | C3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
E!‘* Area of single floor: 450 m’ s o | .
H 5 El z| 2|5 |= [E |2 5
2 || Construction typology: R.C. 2|8 £ o s1S|€12 [§ [ |5 |5
g e 3 1212 E158 |2 |2 |5 |2
2 N° of buildings blocks: 3 gz 2 EIEZ2|2|218 |2 2= |2
F 2 ) slae|E|5|8 |E_|E5E |€
g Building Condition Rating o3 2 slelel2|5 |2 5 al2522|E |
@ |2 £ 5 3lg 5 =
129 2 ElL |88 |5 |5 |2 |5 |cgsg25|S |B
- SE w|S|B|e| S |3 |E|2|2|28zsceegle |
2 El 2|8 | 2| S8 5|2 |2(2E2S<|25|8 5|55
S 8| = S = | & Py 8 ERE £ 185|238 <% 2|8 8
EElE 8|22 2|28 |2 |E|2slz<l28|8¢2¢2
Code Type Code Typology CCr__Code Component CSlam |z |E|=E|z2|a|la|la|o |83 3R 50 2a?
5 . 2.2 Column 1
S | & | S2 | Stuctural element 021 f S
032 | s2.3 Beam 6
L '§ L1 Slab 095 | Li.4 Balcony or projection 11
= L2 Connection 0.00 | L2.1 Staircase
0.45 | NIL.1 Curtain wall 9
'§ Ed NI | Facade envelope 0.00 | N1.2 Windows fixture
N | 2% External R.C. wall
5 § N2 External wall 000 f N2.1 5 -
z = 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Cod Ox Cr Gi Df De
ADDRESS _ Camino de la Playa Registry data 2 gl R.C. Corrosion | Cracking pattern Defect in giuntion Component Plaster or finiscing
\ Total area: 2700 m’ Hi= &P and detachment | deformation decay
N - B\ N° of Floors: 6 Cod [ Ox1 | Ox2 | Ox3 | Crl | Ci2 | Cr3 [ Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
E - . B
Area of single floor: 450 s
g rea of single floor: m B " s E] 2], 2 s 5
> Construction typology: R.C. z|s k] 2 E < ;;: S |5 2 |5 |s
g - 4 3 o L le |5 |%
2 Ne of buildings blocks: 3 § S g § 5|8 |£| 5|2 P E’E 5 £
£ a o S22 |25 |8 £ |
2 o3 Bl 2l 8|5 2 g |2lzgelede IS
L1 E Sl4| 28|52 |2|B|zEzEes|s |2
. SE w| S| 8| = El S| 228z 2Egly [E
2zl £ >| © El ° < | = 212 ElS<|» 5|8 5|5 5
% 8 = z Z | e g g | =% 18 5|l2%|& 2|5 8|8 8
SE|E|E|E|B|2 |5 |52 |E|2<€lz2|8¢8[85|5¢
Code _Type Code Typology CCr_ Code Component C8la |z |E|Z|z|lala|la|c|d8=3a5|C8a?2
5 0.00 | s2.2 Column
S | & | S2 | Stuctural element
0.00 | s2.3 Beam
L ‘SQ L1 Slab 142 | L1.4 Balcony or projection 15
S L2 Connection 0.00 | L2.1 Staircase
0.26 | N1.1 Curtain wall 16
N1 | Facad it - ~
EE acade envelore 10 | ni2 Windows fixture
N |TF 0.00 | N2.1 External R.C. wall
5 bl N2 External wall -
z < 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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Pucbla de Famals MATRIX OF DAMAGE Cod Ox Cr Gi Df De
ADDRESS Camino de la Playa Registry data 7 d Defect in giunti ¢ | Plaster or finisci
pl : § 8 R Corrosion | Cracking patiern | Defectin giuntion Componen aster or finiscing
} Total area: 2700 m = and detachment deformation decay
;ff N° of Floors: 6 Cod [ Ox1 | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | DR2 | Df3 | Del | De2 | De3
H Area of single floor: 450 m’ £ o |
2| 5 o0 a2z |85l |E |3 5
2 3| Construction typology: R.C. 2|2 e P 523|215 |§ |2 |5 |5
£|8 E| e < g |5 |2
5 N of buildings blocks: 3 =1 & ElE| S| 25|12 |2 |EolE |2
5 $ gl oSS |2 |58 [E_|EE|E |£
o3 2 Slz| 2|2z |S|3gEE2EE |2
z sl2| 5|82 |8|2|5|2¢ElsEz25e |5
115 gz g | Sles 2|22 |2g25lEgn |2
w2 @ E|lE|ls5|e|E|=]| 8|2 E s 2l=%|E |2
2zl E 2| 9| 2 S & |2 2=l 2 Y% B|S B
el | 8|58 8|8 5| E|85235:3d28|8¢8
SE[E| 3| 2| 8| 2|3 |3 |2| 5 |26|S=|88lgEs 35
Code _Type Code Typology CCr_Code Component SSla|g|F|S|2|a|a|a|d |88 3 ElC2a?
1 . 2.2 Column 2 2
N & | S2 | Structural element 031 S
022 | s2.3 Beam 3
L b L1 Slab 0.55 | L1.4 Balcony or projection 5
3 - o
= L2 Connection 0.00 | L2.1 Staircase
0.45 | NI.1 Curtain wall 4
-g » N1 | Facade envelope il iz Windows fixture
N | 2§ .00 | N2.1 External R.C. wall
£5 N2 Exemalwal | 2% -
z = 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Pucbla de Famals MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Regiswyzdaw & & RC. Corrosion | Cracking pattern | Pefectin giuntion | Component | Plastr or finiscing
Total area: 2700 m =5 and detachment deformation decay
N° of Floors: 6 Cod [ Ox1 | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | DR2 | Df3 | Del | De2 | De3
5 it : :
= I \ Al f single floor: 450 =
£ il rea of single floor m . - Sl E 2. 2 s 5
2 Construction typology: R.C. 2 ] 5 2 5 kel g g 5 E 5 5
=2 = £ = = ] M Z
5 N° of buildings blocks: 3 =1 & ElE|2|EE|2 | 5|2 ]
= 2 ) B |le | € |3 |2 |5 - S D
Building Condition Rating; SIE 5 sl2|le|3 |2 |2|5eléz|zs|e |2
3 2l 2| 5|8 2| E8|%|E8|282El83c |5
1.1 SEl w| S| B8le| 2| S|E|2)|28|2%Es8Egly |2
2% E|l x| 5| 2|28 5|2|8|2E 2425|8555
selE g ls|B| 8| 8| 8|8 585235 [E 2|82
SEIE|8|E|2 |2 |3 |3 |2|58|252xs885|38¢5
Code Type Code Typology CCr_Code Component Sgla |z |E|ZS|E|ala|la|ld|E8Ez3aE5¢ga¢
1 . S22 Column
N & | S2 | Structural element WD
0.00 | $2.3 Beam
L 2 = L1 Slab 142 | L1.4 Balcony or projection 15
& - -
= L2 Connection 0.00 | L2.1 Staircase
0.26 | N1.1 Curtain wall 16
NI F; 1 -
E Ed acade envelope 0.00 | N1.2 Windows fixture|
N = § 0.00 | N2.1 External R.C. wall
2 | N2 External wall =
- emawal o 00 | 22 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
A Cod Ox Cr Gi Df De
ADDRESS Camino de la Playa Registry jiﬂ‘a § 8 RC Corrosion Cracking pattern Defect in giuntion |~ Component | Plaster or finiscing
Total area: 2700 m* = and detachment deformation decay
N° of Floors: 6 Cod | Ox1 | Ox2 | Ox3 | Crl | Cr2 | Ci3 | Gil | Gi2 | Gi3 | Dft | D2 | Df3 | Del | De2 | De3
5 . 2
ca of single . 2 =
g- Area of single floor: 450 m . w o g < tén % 5
> Construction typology: R.C. 2|2 £ P =12 |2 g 12 |5 |8
=& E o & S 2
£ #|N° of buildings blocks: 3 gl o g | g E £ E 2 |5 |8 |2
& El2 2 c| 318|223 S_|EEE |5
Building Condition Rating: O3 g é EN R A 2|E35|8 2|5 |3
] 21 25|88 |Z2|5 |3 % g8 ElEE| |5
L1 SE w| S| B8le|S| S |22 |2%Es2Egly |2
2| & | 5| 3 Sl 2|l |= e ElS L% B8 5|5 5
g = g g | 8 g |3 2 3|5 4|3 8|8 8
SElS|B|E|3B|=2|5 |82 | & SIF 2|8 §|8 2[E 2
S5 23| E E I T =R 5| 2|2 B|E 5|3 5
Code Type Code Typology CCr  Code Component CS8la|zZ|E|=E|2|a|la|la |0 S|Z 2| §|C 2| 2
3 0.00 | s2.2 Column
S | & | S2 | Structural element
042 ] s2.3 Beam 6
L 2 L1 Slab 0.51 | L1.4 Balcony or projection 8
5 - -
= L2 Connection 0.00 | r2.1 Staircase
.43 | NI.1 “urtain wall
N1 | Facade envelope i) - Curtain wa 3
E =4 0.00 | N1.2 Windows fixture
N ¢ g 0.00 | N2.1 External R.C. wall
5_«2 N2 External wall -
z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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Pucbla de Famals MATRIX OF DAMAGE Ox Cr Gi Df De
Camino de la PI: Registry data . . Defect in giuntion Component | Plaster or finiscing
— 2 R.C. Corrosion | Cracking pattern .
Total area: 2700 m n and detachment deformation decay
=
: N° of Floors: 6 a Ox1 | Ox2 | Ox3 [ Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
= g
3 : R 2
é- Area of single floor: 450 m en . - o ; = . En 5 5
3 Construction typology: R.C. £ E g P 5|2 = 5 2 s 5
= & = 2| @ 8 |3 2
,% N° of buildings blocks: 3 2 z o § g2 % g £ 2 g = g £
Y « £ < |8 Z
Building Condition Rating 3 g Sl 218 5 2 |5eleslggls |3
z sl 2|58 |25 |3|5|%E&lsEE83c |8
1.13 S5 w| S| 38 S|l 2)| 2|28 3|lEsly |2
o8 g g 5| 2 = g % 5 2|e%|g
i EB|o|E|E 122 | 2(2E25%55/53
Sifbrelisineit 2ElZE |52 |3 |2|S |2 |2 |E|8g52|8s[285¢8
£ =4 £
Code Type Code Typology CCr_Code Component Sgla|lz|E|3|[2|c|a|a|S[@E3=3cEdEaE
; Column
S | & | S2 | Structural element 000 52.2
0.00 ] s23 Beam
L g . L Slab 0.62 | L1.4 Balcony or projection 9
= L2 Connection 0.00 | L2.1 Staircase
i 0.22 | NL.1 Curtain wall| B
g B N1 | Facade “ | ooo | N2 Windows fixture;
N =5 0.00 | N2.1 External R.C. wall
S 8| N2 Extemalwall - fry o External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
Cod Ox Cr Gi Df De
ADDRESS Camino de la Playa Registry data ° in eiunti nisci
- - £ R.C. Corrosion | Cracking pattern Defect in giuntion Componf:nt Plaster or finiscing
Total area: m’ =5 and detachment deformation decay
N° of Floors: Cod | Oxl | Ox2 | Ox3 [ Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del & De2 | De3
5 : R
£ Area of single floor: m 2 | v .| g =1z |s 5
M Construction typology: R.C. = 2|8 E] P s |3 - § 2 s 5
== 3 on = < 2
H N° of buildings blocks: 21 & sl |5 |2 El |2 |Eo|E |3
2|85 5|2 s | = | & |8 = 22z e
£ 2 2|l o|B|<|E|5 |8 |5_|EEE |S
<K £ Sl2| 22|z |2|2g2E2Es |2
@« =1 = = 8 .8 R=1 g
3 < I 5138 15|25 |5|ElsE25|3 |5
O g e 53 s £ = P =] =2 £ |z Bl 2|lag| g
2Z E| | 8| 2| S| 8|52 &&Eca_»ﬁi\-s\-
A o cleme = 8 o ™ % Z 5|5 B
AR AN AR AN A AR,
£ =4 £
Code _Type Code Typology CCr_Code Component Ssla|f|E|[5|3|8|a|a|S|&358cE[C2a¢8
S 0.18 | s2.2 Column| 12
N 5 S2 | Structural element
i 091 | 523 Beam 16 10 10
L 2 L1 Slab 3.80 | L1.4 Balcony or projection| 18 34 42
2% 2| Connecti 000 121 Staircase
, 2.68 | NI Curtain wall| 135 45
T N1 | Facade © ] 000 | N12 Windows fixture
N =& . External R.C. wall|
5 _§ N2 External wall | 200 | N1 5
z 0.00 | N2.2 External brick wall
N4 Other 0.10 | N4.1 Joint between elements | 2

194



Playa Puig

Cod Ox Cr Gi Df De
ADDRESS Urbanizacién Playa Puig Registry data 2 g . Defect in giuntion Component  |Plaster or finiscing
B g 2| R.C. Corrosion | Cracking pattern .
Total area: 10080 m H and detachment |  deformation decay
N° of Floors: 21 Cod [ OxI | Ox2 | OX3 | Crl | Cr2 | €3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
2 Area of single floor: 480 m* g o |
H 5 o0 2| 2| 8|« [E |B 5
: Construction typology: R.C. 2|2 £ P 53|25 |8 |2 |5 |B
& - - = B == E S £ &0 g = s st 7
z e ey . ™™ W Ne of buildings blocks: 1 2|z & £ 5 2| E g s |z |8<2 |2
= - — =[5 E] zleo|B|<|2|3|& [E_|EEE |5
- Yy - Building Condition Rating: (SN 51 2 S = = 14 1 © |3 2|E E|S 2> |4
VTt g 2 5| .1 812|252 |22 |8258¢2El< |2
o & z Sl 2|58 |5|E|2|8E|2s=E255 |B
251 SEl w| 8|8l c|S|e|2|28|28s¢2eagle |&
2f 2| 2B B sl | 2|2 |El5E225%E.5,
S8=| 2|25 |e| 88| x| &|85258238E¢8
gEl B sl |8 | 2| &g £ 188|%F 2|8 5|8 gl
sl &l 2| & SR8 8 |53E88EE8|8¢8
Code Type Code Typology CCr_ Code Component O3l »n | = = a [=] -] O [d S 3|Q g|C 2|la 2
j 0.42 | 2.2 Column 30
N & S2 | Structural element
0.16 | s2.3 Beam| §
= —
L Es L1 Slab. 2.75 | L1.4 Ba]conyorproy.:cuon 160
= L2 C 0.00 | L2.1 Staircase
0.18 | NIL.I Curtain wall 21
NI | Facade envelope -
§ &0 velop 0.00 | N1.2 Windows fixture
N |:=§ 0.00 | N2.1 External R.C. wall
N2 External wall = - - -
z emawal o00 | 22 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Playa Puig MATRIX OF DAMAGE Cod Ox Cr Gi Df De
ADDRESS Les marines 1 Registry data o Defect in giunti Plast finisci
> 5 4 RC Corrosion | Cracking pattern efect in giuntion Compongm aster or finiscing
Total area: 9240 m’ == and detachment deformation decay
é N° of Floors: 21 Cod | OxI | Ox2 | Ox3 | Crl | C2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
e Area of single floor: 440 m” £ @ |
2 ’ 5 3 2| 2| 8ls |E |2 5
S 2 b 1| Construction typology: R.C. = ‘% 5 P 5|3 |2 |8 5 2 s 5
@ =2 = =} = = < P 7
& N° of buildings blocks: 1 E|z & ElE| 22|52 |2 [EoE |2
- B2 2 2|l 2|2 |S |2 |5 |8 |E_|EE|E |
Building Condition Rating: O3 2 el g o PR EE §-€ = |3
ES 2| 2 3|2 | 8 g S|ls £[8 =[S |5
211 el | 5|22 2|22 2|2|eg2Elen |2
zgl £l 2|8 |22 |85 |2 |28(|2E8 254|558 555
S S| = z = ] 2 8 % 8 2l2 3|7 2|5 8|8 8
BEIE|B|E|2 |2 |3 |82 |E|252<|8¢8|58|2¢
Code Type Code Typology CCr__Code Component CSla|z|E|Z2|z2z|a|la|la]|o |48 3R 5C 2’
a5 . 2.2 Column 2
N a S2 | Structural element | 15 |- 0
0.00 | 2.3 Beam
L 2 = L1 Slab 3.10 | L1.4 Balcony or projection 80 18
37 2| Connecti 000 | 121 Staircase
NI | Facade envelope 0.19 | NI.1 Curtain wall 21
LR Pe | 000 | ni2 Windows fixture
N 2% 0.00 | N2.1 External R.C. wall
2 N2 External wall - -
z 2 xlematwa 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
> Playa Puig MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Al ADDRESS Caminbo Playa Registry data g ¢ . . Defect in giuntion [ Component | Plaster or finiscing
B g 2| R.C. Corrosion | Cracking pattern
Total area: 12000 m* = and detachment deformation decay
f-ff Ne of Floors: 15 Cod [ OxI | Ox2 | Ox3 | Crl | Cr2 | €3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
A = 5
I 8 g
g g Area of single floor: 800 m’ , w . g s |, Eo 5 5
= | Construction typology: R.C. z|8 £ P s 8|2 S |5 2 |5 |s
3 =2 3 = 2| @ 2 |5 2
A £ N° of buildings block: Sl & S| E|2|& £ 2 |z |52 |2
e E|2 2 2| S8 |2 |2 |5 |8 |5_EE1E |&
8 Building Condition Rating: S |3 2 S22 |%|2|52EE8E= |®
A = 4 Sla| 8|52l |2 |2 |°828zsEls |z
K E s | 2 B g | S 51 S 5 |o 8|° E|2F|C 5]
1.6 SEl w| S| B8lels| S| e|2)|2|z8scleagle |E
c2| 22| 5| E|l8|g|E|=|E|ZECz28|E 4|
SE=E| 2l 2| S]] 8|8 % g8 5|2 3|8 |8 2|8 8
SElS| gl |B|=2|€| & |2 SE|F 2|8 |8 2|8
Sslal 2| E S 3 2 =) S 23|12 5|8 IS 8|R 5
Code Type Code Typology CCr_ Code Component O3l a | = A|la|la|o @3 2la g|o 2(Aa 2
j 0.13 | 2.2 Column 3
S | & | S2 | Structural element
0.00 | 2.3 Beam:
L 2 5 L1 Slab 238 | L1.4 Balcony or projection’ 43 23
3 ‘ -
= L2 Connection 0.00 | L2.1 Staircase
0.15 | NI.1 Curtain wall 15 3
N1 | Facad 1 -
'§ &0 dcade emveiore 1o00 | N1.2 Windows fixture
N | =§ 0.00 | N2.1 External R.C. wall
5§ N2 External wall =
z° 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements

195



Playa Puig ATRIX OF g Ox Cr Gi Df De
Calle Semillar in giunti isci
R.C. Corrosion | Cracking pattern Defect in giuntion Compon.ent Plaster or finiscing
Total area: 9702 m’ " and detachment deformation decay
=
N° of Floors: 3 E Oxl | Ox2 | Ox3 | Crl | C2 | Cr3 [ Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
Area of single floor: 3234 m* Al | . o | -
Ed p< = 2 S
Construction typology: R.C. = 2|8 £ “ 5128|815 |2 |5 |5
pology = = = i) 2 = g | 5 =t 3 2
i 2 2 =
N° of buildings blocks: 3 2 EIS & Sls|2|E|E1E [ |B |z |2
3 E g|s|E|2|2|35|2 |E_|EEE |S
Building Condition Rating 3 I S| 211 2|5 |2|5<Es8E= |8
Z Zlg|E 5|25 |28 8 52 |3
8 c S| S| 8| =8 2| 8 |eglvEl2E|s |8
sEl el Bl el 222 ElzEE2282,E
£ 5 e
Tech. Unit Sub-element el é = %‘ =5l 8| 8|8 |3 K EE 3 %‘ g el g %? g
2|15 | 8| ¢ g =
Code _Type Code Typology CCr_Code Component S§la|z|F|Z|F|la|a|a|S|d38=380E&d8a8
; Column
S | & | S2 | Structural element 0.04f 52.2 4
0.00 | s2.3 Beam
L k] = L1 Slab 0.08 | L1.4 Balcony or projection 4
3 L2 Connection 0.00 | L2.1 Staircase
N 0.04 | N1.1 Cuminwam 2 4
'5?3.“ N1 | Facade P* | 000 | ni2 Windows fixture
N =5 0.00 | N2.1 External R.C. wall
g 2| N2 | Extemalwall G External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
Playa Puig MATRIX OF DAMAGE Ox Cr Gi Co De
Calle Semillar Registry data d in eiunt nisci
.C. Corrosion rackin, attern orrosion
. RC. Corrosi Cracking p Defect in giuntion | Plaster or finiscing
Total area: 3246 m’ @ and detachment decay
Ne° of Floors: 6 g Ox1 | Ox2 | Ox3 | Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Csl | Cs2 | Cs3 [ Del | De2 | De3
El . 2 =
& Area of single floor: 541 m* a g g —
z » 2 ] 22|28 = |2 5
S = | Construction typology: R.C. g E é 2 5 =] E5) 8 Z 5 B
= £ £ o [ © s |2 |F
5 N° of buildings blocks: 1 SRS & ElE|2|£ |3 g |58 |2
E H 2lelg|s|E|2 £ 552 |5
2 sl | 8|E| 2| 2|2 2] = E Zlz |z
g ¢ S|l £| 5 g | = 2 g g s |2 @ 2
cel 2|2 ElEls |z |E |2 |2|2|585% 8.2,
zl £ | » 3 £ El % 8|S
Sub-clement TEEls|e|3|8|2|8|s|c|32|E2Exlsg2
SEE|2|E El2|2|5|8|28|888¢8|c5|2¢8
Typology Component O [z = = - N m | o | > |0 8Aa&lc Al
1 3 Column
S & S2 | Structural element | %00 522
0.48 | S2.3 Beam| 10
L 2 . LI Slab 331 | L4 Balcony or projection 25 10
] -
= L2 Connection 0.00 | L2.1 Staircase
0.28 | N1.1 Curtain wall| 20
N1 | F I -
§ 2 acade envelope 041 | N1.2 Windows fixture! 10
N =% 0.00 | N2.1 External R.C. wall
3 -
z 4 N2 External wall 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
Playa Puig MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Calle Semillar Registry data £ H . . Defect in giuntion Component Plaster or finiscing
Total area: 3600 m’ N: - RC. Corrosion | Cracking pattern | 4 4oochment |  deformation decay
=
N° of Floors: 8 1 Cod | OxI | Ox2 | Ox3 | Crl | Cr2 | €3 | Gil | Gi2 | Gi3 | Dft | D2 | DB3 | Del | D2 | De3
g
Area of single floor: 450 m* a = )
&) 5 en 2 z s |- |E k3] 5
Construction typology: R.C. El > £ £ P 52215 |8 |2 |5 |5
=K = o | 8 2 |3 2
N° of buildings blocks: 1 2 Elz & tls|s]|2 S| | 5?2 4
=) £ ] 1 P s = P
Building Condition Rating S8 3 1218 |°% AR Elsgl= |3
9 g B=Y = B 8 ]
5= Sl5| 2| 8| | B |28 |28 52sa |2
S8l el 2|l Els]2|E]2]ElFEE22%2,lE
5 5 ]
Sub-clment FUZ gl 2|5 22|22 |Elifeclsclzyzt
o i~ o o § =S| 9 9
Typology Component Sl a|z|e|s|Ela|la|&|S|E3zEeES2gas2
1 . . Column
S | & | S2 | Structural element | 0001 52.2
0.00 | s2.3 Beam
L ] = L1 Slab 16 | L1.4 Balcony or projection 15
3 L2 Connection 0.00 | L2.1 Staircase
0.10 | NILT Curtain wall| 16
't'g = NI | Facade envelope 0.00 | N1.2 Windows fixture!
N |25 0.00 | N2.1 External R.C. wall
£ 2| N2 | Extemalwall o External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
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Playa Puig MATRIX OF DAMAGE Cod Ox Cr Gi Df De
ADDRESS Calle Semillar Registry;lm £ & RC. Corrosion | Cracking patern | PeTectin giuntion | Component | Plaster or fniscing
Total area: 6300 m =5 and detachment deformation decay
-§ Ne of Floors: 8 Cod | OxI | Ox2 | Ox3 | Crl | Cr2 | €3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
i 2 Area of single floor: 450 m’ g EI =
H s 5 @ 212|855 |£ |2 s
=i Construction typology: R.C. z|2 £ 2 512|215 |§ |2 |5 |s
< . EE E 5 g P g 5 ]
=B N° of buildings blocks: 1 G g Els|3|2|EIE |2 |-l |2
: £|12 H S| S12 2|5 |2|8 |5_|222 |&
] ndition Rating: o3 2 TI2| 5|25 |2|3esEB8sle |2
2] 2 2lz| 8|8 |28 |3 |E|TEREEE" |3
0.8 8 g 8 g = 54 £l 2 2 |25 8|5gle |8
o2 @ £ £ 5| = = g |z 5 >=%|g
2% £ | | 5| 3 g |5 212 Elza<|z 5|2 5|5 5
S8l = 2| 2|45 o | 8 % £ 1852738 |5 8|8 8
SEE|E|E|2 |2 |5 |B|2| 525228825558
Code Type Code Typology CCr  Code Component CS|la|lz|E|=Z|z|la|la|ld|o|d3= 3 5|C2a?
j 0.00 | s2.2 Column
N E S2 | Structural element
0.00 | S2.3 Beam
L 2 .| LI Slab 0.00 | L1.4 Balcony or projection 12 4
==} N .
— L2 Connection 0.00 | 2.1 Staircase
0.00 | NI.1 Curtain wall 16
E Ed NI | Facade envelope 0.00 | N1.2 Windows fixture|
N 2§ X .00 | N2.1 External R.C. wall
S8 N2 | Extermalwal | %% :
z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
Playa Puig MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Calle Semillar Registry data 2 o Defect in giuntion Component | Plaster or finiscin;
. 28 rRe i “racking pat e pone e
”J Total area: 7740 m? 2 & RC Corrosion | Cracking patiern | ° i jotachment | deformation decay
?N"ofFloors:Q Cod | OxI | Ox2 | Ox3 | Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | D2 | Df3 | Del | De2 | De3
; e
= o 2 sl [|E |2 8
2|2 e g S1SE12 12 |5 |5 |2
ElE ES Sles|B5 21218 |+ [2_ |5 |2
2z & Sl | 2|2 5|8 |2 |8 -2 [&
E|5 2 sl o|B8 |2 |B|3|2 |[E_|EEE |5
O3 2 S22 |% |2 |5<EsEEe |2
E lz| S8 2|82 |2 |283€52|c |B
0.52 Ssl w| 88| 2|3 2|22 (25252 |2
© 2| £ S| E|s|g|E|3]| 8 |%Ele~2%lc |5
2z £ > 5 3 1 S 212 E|lo<|= 5|2 5§ 5
selZ|lz|le|B[2]& g3 £ 185|238 2|8 2|8 8
SElE|B|E|33 |2 |3 |B8|2B|5|2€F%|8¢8f%58s
Code Type Code Typology CCr Code Component S8 a|lz|E|=|2|8|2|a|d|d3= 22 &0 ¢88¢
1 ! 2.2 Column
N & | S2 | Structural element 0004 S
0.06 | s2.3 Beam| 3
L k] = L1 Slab 0.50 | L1.4 Bﬂlconyorprojﬁ.:ction 15
3 L2 Connection 0.00 | L2.1 Staircase
0.12 | NIL.1 Curtain wall 15 5
N1 | Facad it -
E E acade enveiope 1g.00 | w2 Windows fixture
N =g 0.00 | N2.1 External R.C. wall
5_?12 N2 External wall 8
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
y MATRIX OF DAMAGE Cod Ox Cr Gi Df De
ADDRESS izaci Registryzdaw § &l RC. Corrosion | Cracking patiern | PeTectin giuntion | Component | Plaster or fniscing
Total area: 4500 m B and detachment deformation decay
2 N of Floors: 15 Cod | OxI | Ox2 | Ox3 | Crl | Cr2 | C3 | Gil | Gi2 | Gi3 | Dfl | DR2 | Df3 | Del | De2 | De3
’H S | Area of single floor: 300 m? = o |, N
H : 5 Ed 2 | 2|55 |E |2 5
IS ¥ Construction typology: R.C. 2 E % P g .SD e § Z 5 B
5|8 5 |2 e 5
5 § [N° of buildings blocks: 1 gz & tlsl2|E]5 £ |z 5|2 £
= 2 <] o 4 & S 15} = P
ndition Rating: J|3 B R N b
2 gla| S8 2|2 |€|2|25228s8ls |B
2 21518 |5 |58|8|5|egl®E g
8 5 8 q I g S 2 |25 8|5sle |8
celw| |8l els|2|E|2)| 5|5 Els2%%E. |8
L2zl E 2 9|2 g S i 9-55m“-‘>~°’x“u§3
AR R R R AR L L I
Code Type Code Typology CCr  Code Component c8la|lz|E|S|=z|lala|la]|d |82 3 5|0 2a¢2
i 0.00 | s2.2 Column
N & | S2 | Structural element
- 064|523 Beam 10 | 20
L .| LI Slab 1.55 | L1.4 Balcony or projection 15 9
Q ° N .
= L2 Connection 0.00 | L2.1 Staircase
NI | Facade envelope | %16 [ N1-1 Curtain wall 14
g 2 P 0.00 | N1.2 Windows fixture
N =& .00 | N2.1 External R.C. wall
58| N2 External wall 000 :
z = 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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Playa Puig MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Calle Semillar Registry data. ey in giunti < “nisci
. £ & RC. Corrosion | Cracking patiern Defect in giuntion | Component | Plaster or finiscing
Total area: 4500 m~ ~ B and detachment deformation decay
N° of Floors: 15 Cod Ox1 | Ox2 | Ox3 [ Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
Area of single floor: 300 m’ a = o
= o 2 z = £ 5 5
: . = 5 E - g |
Construction typology: R.C. = R £ 2 5| - § E |5 5
= Bl E 2| @ S 2
N° of buildings blocks: 1 2 2z & § g 2| E E % z g?g £
= 2 @ g S| € |2 2
Building Condition Rating S3 g Sl2lEl% %3 3z £3l8€ls |3
©w = -1 2. = =
8 < S| €| 5|8 %58 '=§ 5 |e8|° § slS |8
SEl »| 8| Elg|5|=|E|2|5 (28528252, |5
- Lzl E|l || 2| S| 8|5 =12 Elzslz o2 8|88
Tech. Unit Element Sub-element s gl = 50=2|%3 Ll e 23 ERERICEE § HERER:
= I = ] £ 2
Code Type Code Typology CCr_Code Component Sl &|z|E|S|E|a|a|la|s|&a8zEcs5[¢gRre
1 k 3 Column
S ] S2 | Structural element | %00 | 522
0.00 | s2.3 Beam
L 2 .| LI Slab 0.00 | L1.4 Balcony or projection 14 9
g s _ -
= L2 Connection 0.00 | L2.1 Staircase
§ 0.00 | NI.1 Curtain wall[ 26 | 8 | 8
EE N1 | Facade P oo | ~i2 Windows fixture
N | E 0.00 | N2.1 External R.C. wall
23 N2 External wall 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
Cod Ox Cr Gi Df De
ADDRESS Calle la Palma Registry data 2 g . . Defect in giuntion Component | Plaster or finiscing
3 g 2| R.C. Corrosion | Cracking pattern N
Total area: 9600 m - B and detachment deformation decay
£
N° of Floors: 15 “Cod [ OxI | Ox2 | Ox3 [ Crl | C2 | Ci3 | Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 | Del | De2 | De3
3 Area of single floor: 1600 m? a s o0
: : 2P 4 2125105 |E |2 5
Py Construction typology: R.C. ] & E] % P E S = 2 5 Z 5 5
= - < 7
5 N° of buildings blocks: 3 2 ELS S Eles|E|E|EIE |2 [E-|E |2
3 £ |2 |21 E(2 |25 |€(8 |5 |E=lg |=
ol k1 £ ) o I3 b < S (= 3 2l= )
SiE [ R T - - B P B Rt =B - ol
E] g | 2 5 g | = S 8ls E|8 =|° g
— 0.96 Sel L |8 2 2|52 g EN IR 525|s |2
. o 2z E|lz| 8|2 |s|8 |5 5| 2|2E2%25828/83
e ol =
: e SEE|B|E|8 |2 |2 |E|2|E|255<lBs|2E|28
Code Type Code Typology CCr_Code Component S|z |F|S|lzla|la|la|oc|fi3z3a&C2at
1 3 Column
S E] S2 | Structural element | %00 | 522
0.06 | s2.3 Beam 3
L 2 P L1 Slab 154 | L1.4 Balcony or projection 90
3 L2 Connection 0.00 | L2.1 Staircase
‘ 0.07 | NI Curtain wall| 16
kX NI | Facadeenvelope [0/, 1, Windows fixture
N |Z& External R.C. wall
5§ N2 External wall 000 N2.1 -
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joimbetweenelementsl
Cod Ox Cr Gi Df De
ADDRESS Calle de Lanzarote g Defect in giunti Co t | Plas finisci
5 §: . . efect in gruntion mponen laster or finiscing
Total area: 9600 m? N R.C. Corrosion | Cracking patiern | ° 'y tachment | deformation decay
=)
N° of Floors: 15 Cod Ox1 | Ox2 | Ox3 [ Crl | Cr2 | Cr3 | Gil | Gi2 | Gi3 | Dfl | DR2 | Df3 | Del | De2 | De3
Area of single floor: 1600 m’ a £ &
- : £ NE & s 2]5]s £ |2 5
Construction typology: R.C. 3 2|8 & 2 § |3 | |2 g Z |5 5
b ] = - < 271
N° of buildings blocks: 3 ZEE & glzl5 |2 E £ |z |52 |£
2|2 2 2| 3|8 |2|E |58 |5_EEE |&
ondition Rati S |3 3 s 2|22 |% |2 |32c58eEs |2
E] glgls5|8|2|58|3|5|sé&lsEl582| |5
g = 8 S| 8| = R R R
SEl |3 |E|s|ls|a|E|=2|5 2825552, |5
2% E | 5| 3 1815 |2 2|2 El2<|z8|2 5155
Sub-element 2EZ| 3| |BB|B8B|<€ gz £ 1823 2|8 (8 2|s 2
S &2 E L E ° ° = S |25 § 5|2 8| 5|2 &
Code Typology Component ) v | T = Qo |4d]|o |@3F 3A &0 A 2
‘ X . Column!
S | & | S2 | Structural element 0001 52.2
0.06 | S2.3 Beam 9 1
L k] = L1 Slab 118 | L1.4 Balcony or projection 69
3 L2 C i 0.00 | L2.1 Staircase
§ 0.08 | NI.1 Curtain wall| 18
g N1 Fecdeenvelore oo [ via Windows fixture
N = External R.C. wall
5_§ N2 External wall 000 N2.1 5
Z 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
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Playa Puig MATRIX OF DAMAGE Ox Cr Gi Df De
Calle Fuerteventura i P -
R.C. Corrosion | Cracking pattern Defect in giuntion Componént Plaster or finiscing
D and detachment deformation decay
=
N° of Floors: 15 E Oxl | Ox2 | Ox3 | Crl | €2 | Ci3 [ Gil | Gi2 | Gi3 | Dfl | DR2 | D3 | Del | De2 | De3
Area of single floor: 1600 m* a g o |,
&) 5 &0 ] Z s |« |E ° s
Construction typology: R.C. = 2|2 £ P 52|28 |8 |2 |5 |3
= = &0 = < b7
N° of buildings blocks: 3 2 = & tls| 5|8 Els |2 |E |2 |3
3 g gl |E|S|2|3|2 |E_IEEE |5
Building Condition Rating: 3 ] S| 2|21 2|5 |2 |B«cEsE2e |2
| 2 s|lae| 85|22 2|°E88lsEls |&
. ] 22| 5 = | &5|%| 5 |o.gl°ElEE|S |5
c2 2|5 Els|e|£|=|8lZEcz|eks |2
Tech. Unit Element Sub-element sgl = ERREE S| 8|3|&|852¢ §g el g é §
2|15 |85 | ¢ g -
Code Type Code Typology CCr_Code Component Sgla|z|E|S|E|a|a|a|d|88E538255¢8a¢
; Column
S | & | S2 | Structural element 000 52.2
0.05 ] s2.3 Beam 8
L k- P L1 Slab 1.03 | L1.4 Balcony or projection 60
3 L2 Connection 0.00 | L2.1 Staircase
By 0.07 | N1 Curtain wall| 16
T N1 | Facade P | oo | Ni2 Windows fixture
N =§ 0.00 | N2.1 External R.C. wall
g2 N2 Exemalwall o0\ External brick wall
N4 Other 0.00 | N4.1 Joint between elements |
Playa Puig MATRIX OF DAMAGE Cod Ox Cr Gi Df De
ADDRESS Av. Tramontana Registry data. d in giunti “nisci
m . & Re Commosion | Cracking pattern Defect in giuntion | Component | Plaster or finiscing
Total area: 1200 m* @ and detachment deformation decay
N° of Floors: 8 g od | Ox1 | Ox2 | Ox3 | Crl | Cr2 | Cr3 [ Gil | Gi2 | Gi3 | Dfl | Df2 | Df3 [ Del | De2 | De3
\ f si s 2 a =
Area of single floor: 1500 m = ; o ” g N g) 5 .
L Construction typology: R.C. -5 28 % 2 5 2 k| 2 g z 5 B
S = =0 £ | e 2 |5 Z
* N° of buildings blocks: § 21 % Slsl3| 22|12 |2 |E-|E |2
E (S 2 2l o | B2 |E |35 |2 |§_|EEE |<
S|3 1 £12]| |3 < |5 & 5|8EE |
] 5 @ £ 3 2l e 2 = [° |2 8|5 Els =
| 2 2|5 54 2 5 |o &l® sl e 5
8 g 3 5 2 2[5l 2
SE w| 8| 8| ]| = E|l 2] 5 |z2F5S|Eag|ly |E
o 2| = g S 2z = ° S |'z S = 51 | & =
< Z| = < ° 3 o S ] 22 El2<lz 8|2 5|5 5
sl Z |zl 2|l |2)| g |8sl= 28«2 gle g
SE|E|[8| 28|22 |3 |32 3 |2€|E 5|8 8|8 5|38 5
Code Type Code Typology CCr Code Component S8la|z|E|sS|E|la|la|a|C|a8EEcE58es
i 0.26 | 2.2 Column 32
S & S2 | Structural element
@ 040 | 523 Beam| 30 6 30
L B = L1 Slab 0.50 | L1.4 Balcony or projection 29
3 -
= L2 Connection 0.00 | L2.1 Staircase
025 | NI Curtain wall| 32 16
§ S NI | Facade envelope 0.00 | N1.2 Windows fixture!
N =§ 0.00 | N2.1 External R.C. wall
g2 | N2 Extemalwall 0T s External brick wall
N4 Other 0.00 | N4.1 Joint between clements |
Playa Puig MATRIX OF DAMAGE Cod Ox Cr Gi Df De
Av. Tramontana Registry data ] Defect in giuntion | Component | Plaster or finiscing
25 RC si i
— Total area: 11730 m” o . R.C. Corrosion | Cracking pattern and detachment deformation decay
S e e e s e —
e " . "
e ———— | ————— N° of Floors: 17 Cod Oxl | Ox2 | Ox3 | Crl | Cr2 | Ci3 [ Gil | Gi2 | Gi3 [ Dfl | Df2 | Df3 | Del | De2 | De3
e [ ——rr—
Area of single floor: 690 m? a g o | .
£l . 0 2| 25|« |E |8 5
Construction typology: R.C. - 2|2 £ P sl=1£€12 [§ | |5 |s
E IR F sl |5 |21E|E |- |8 |5 |2
oy @ S1E |3 |2 s |13 |2 [2=|3 |[=
g 2 2|l ol Bl |E |52 [E_|E5E |S
S |3 5 S121 512 |% |2 |3elEE 88 |8
4 S ) £ 5|3 8| % = |° gle 2lg Els ]
H 2158|283 5 |2glsElEs g
= 3 S s S =1 = o
o 3| e 15 ] =] = = =2 = |z = =< £
25| Bl 2|51 E|l5|g|£|=2|2|2E3255|5555
Sub-element $21 5| 5= R g |8 3 g 8‘§%O§833§3
= 2 g =
Code Type Code Typology CCr_Code Component Sgla|z|E|Z|2|a|a|la|S|d3E38aE[52a?
3 . . Column
S & | S2 | Structural element 014} §2.2 4
0.00 | s2.3 Beam
L g .| LI Slab 0.75 | L1.4 Balcony or projection 9
] -
= L2 Connection 0.00 | L2.1 Staircase
' 0.30 | N1.1 Curtain wall 16
T N1 | Facadeenvelope |00 11 Windows fixture
N Tt 0.00 | N2.1 External R.C. wall
23 N2 External wall 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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Playa Puig W OF DAMAGE Cod Ox Cr Gi Df De
Av. Tramontana Registry data 2 g Defect in giuntion Component | Plaster or finiscing
2 & R.C. Corrosi “racki c i
Total area: 11730 m’ £ | RC Corrosion | Cracking pattern | ° 0 i goachment |  deformation decay
N N° of Floors: 17 Cod [ Oxl | Ox2 | Ox3 | Crl | Cr2 | €3 | Gil | Gi2 | Gi3 | Dfi | DR2 | D3 | Del | De2 | De3
‘: Area of single floor: 690 m* ; - . g sl Ele 5
N Construction typology: R.C. 2|2 £ P £ |8 E S 15 |2 |5 |s
» = |2 i o3 2 S |5 |2 |2
2 N° of buildings blocks: 1 E & Sle|E |2 E|E |2 |E |z |2
X = |5 2 s 2152|258 |E_|E5E |&
O[3 2 <1213 |% |2 |5=exl8g= |&
- 2 Slg|E|EB|2|s|%|z2|2828sss |&
z 133 g g s|g| 2| c|5|2|8|¢2|25eslegls |8
" o8l w i =T N 2| 5 |z &5 2[=%|2
232 £l 2|5 |2 S5 g2 Elz2%|28|2 8|58
S 2l 3 2 s |5 |3 3 g | % FRFE R ERIER
SElE|BIE|2B |2 |3 |38 |2 |5 |22E<|8¢8|8B%|8¢%
Code Type Code Typology CCr Code Component S a|lz|E|l=S|2|a|ad|a]|d|a8=2a 5|5 g2
3 0.17 | s2.2 Column 6 14
S & S2 | Structural element
« 030 | 523 Beam 30 | 30
L 2 L1 Slab 048 | L1.4 Balcony or projection 29
Q o - .
— L2 Connection 0.00 | L2.1 Staircase’
NI | Facade envelope 0.25 | N1.1 Curtain wall 32 16
B P¢ 1000 | Ni2 Windows fixture
N |:=§ 0.00 | 2.1 External R.C. wall
5§ N2 External wall o
z*° 0.00 | N2.2 External brick wall
N4 Other 0.00 | N4.1 Joint between elements
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