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Abstract—Monitoring existing reinforced concrete buildings at 

the large-scale is a complex issue for holders and administrators 
that are responsible for the 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. This paper specifies a DSS devoted to evaluate the 
building safety performance level. The DSS includes an 
application software (APP) developed for mobile devices and a 
web service-based platform (Quality Detection Platform - QDP) 
that stores and processes data. The collected data are elaborated 
by a suitable procedure, which assigns automatically some Key 
Performance Indices to every report. The DSS allows monitoring 
buildings at the regional scale and provides a classification of the 
most damaged ones, useful for civil protection aims and for the 
prioritization of interventions. In order to assess the proposed 
methodology, a case study of a reinforced concrete residential 
building in El Perellonet, Valencia (Spain) is developed.  

Keywords—Decision Support System, Monitoring, Building 
damages, Reinforced Concrete Building 

I.�  INTRODUCTION  
Maintenance and monitoring perform a fundamental role in 

the context of existing buildings. These activities should be 
considered important factors for the productivity and 
competitiveness of building companies, however this aspect can 
still be studied in deep and improved.  

Several authors have studied new methods to improve 
building management and monitoring through building 
information systems [1][2]. In the related literature, different 
approaches through code and protocol guidelines to assess the 
criticalities of Reinforced Concrete (R.C.) building are studied, 
especially to detect the damages caused by an earthquake [3][1]. 
Moreover, the diagnosis is realized by the building structure 
evaluation by using methodologies based on scoring systems 
and specific criteria [4][5][6].  

The possibility to bring together the personal experience and the 
huge amount of available data is offered by Decision Support 
Systems (DSSs). A DSS can be defined as an interactive 
computer-based system, which helps decision makers to utilize 
data and models to solve unstructured problems [7].  

The methodological approach proposed in this paper 
specifies a cloud based DSS to support the integrating a Quality 
Detection Platform (QDP), a data base and a mobile application 
(APP) devoted to the assessment of structural and safety 
conditions of large number of Reinforced Concrete (R.C.) 
buildings. The building users 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 acquired the photographic data, the users are helped 
by a guided questionnaire in order to complete the collected 
information. The user reported data and the registry tab of the 
buildings are stored in the cloud based DSS useful for 
technicians, holders and administrators to guarantee safety. 

Moreover, the core of the DSS is the QDP where the visual-
based surveys are processed by a procedure that categorizes the 
building pathologies and quantify the buildings’ damages. This 
basic operation is performed through a scoring system based on 
a set of KPIs, named Condition Ratings. Such Condition Ratings 
are evaluated and classified through the application of an 
Optimized-Analytic Hierarchy Processes (O-AHP) [8] for R.C. 
buildings. AHP is a multi-criteria decision making [9] that is 
largely used to assess the weighing of criteria in different areas 
of building engineering [10]. In particular, the O-AHP is an 
optimization-based procedure proposed [8] for improving the 
evaluation of the Matrix of Judgments and the weights of AHP.  

The novelty of the presented approach in comparison with 
the procedures proposed in the related literature is twofold. 
Firstly, the application of modern Information and 
Communication Technologies (ICT) in the building monitoring 
and evaluation pathologies by specifying a DSS is new and not 
presented in the related literature. A result of this novelty is the 
possibility of storing a large amount of data and acquiring 
information in real time by the modern Internet of Things tools 
(smart devices).  

Secondly, the intelligence of the DSS is realized by the 
computation and the analysis of the KPIs that provide an 
objective quantification of the building damages. This module 
allows detecting the R.C. building safety performance in large 
scale. The resulting DSS is an effective computer-based system 
suitable for the applicability on regional scale and for a 
systematic update of the building diagnosis based on new 
reports.  



 

In the paper, the proposed DSS is described in detail and 
applied to a case study represented by a residential building of 
the municipality of El Perellonet, Valencia, Spain.  

The paper is organized as follows. Section II specifies the 
methodological phases of the proposed DSS approach. Section 
III presents the data acquisition phase, Section IV describes the 
data processing phase and Section V the diagnostic phase. 
Finally, Section VI describes the case study and Section VII 
summarizes the results.  

II.� THE DECISION SUPPORT SYSTEM  SPECIFICATION 
This section outlines the structure of the proposed DSS and 

the methodology applied to perform the monitoring and 
diagnostics. In particular, the roles and functions of the QDP and 
the APP are specified, from the data acquisition to the diagnostic 
system. Moreover, the cloud based DSS architecture is 
described. 

 
Fig. 1 Information flow of the APP and the QDP of the DSS 

A.� The Methodological Phases of the DSS 
The connection between the APP and the QDP is 

schematized in Fig. 1 and can be described by the following 
three phases [10]: data acquisition phase, data processing phase 
and diagnostic phase. 

1. Data acquisition phase: Such a phase is performed by two 
methods: 

• the data acquisition realized by the compilation of Registry 
Tabs based on the buildings sheet proposed by the Department 
of Italian civil protection and the Ministry for cultural heritage. 
The choice of considering this approach also in a Spanish case 
study is effective because it considers all the necessary data to 
identify, characterize buildings and to perform the DSS phases;  

• the large-scale visual survey obtained by photographic 
inspection and performed through the APP, which allows the 
acquisition of photographic inspections and characteristic data 
which are linked to the physical position inside the building 
through a Bluetooth sensor system. 

2. Data processing phase: The classification of critical issues 
is realized through a suitable Matrix of Damages, which is a 
schematization of building criticalities in a matrix composed by 
damaged components in row and damages in columns. 

3. Diagnostics phase: This phase is performed by computing 
a set of three quantitative KPIs that are defined in order to 
measure the criticality and the relative level of risk. Such KPIs 
take the meaning of condition ratings and assume real values in 
the interval {1, 10}: 1) Criticality Condition Rating (Cr), i.e., a 

numerical value that qualifies a single criticality; 2) Component 
Condition Rating (CCr), i.e., a numerical value that quantifies 
the critical condition of a class of components (for instance, the 
beams); 3) Building Condition Rating (BCr), i.e., a numerical 
value that quantifies the global damage of the building. 

B.� The Decision Support System Architecture 
This sub section presents the architecture of the proposed 

cloud based DSS that is constituted by five components: 

•� the mobile APP used by people to report problems; 
•� the Data Management System (DMS), which collects the 

information provided by the users, the building register data 
and processed data; 

•� the Quality Detection Platform, that represents the 
intelligence of the DSS. This web service application 
processes the users and register data, classifies the building 
components and pathologies, evaluates the KPIs. A 
multicriteria approach based on Optimized-Analytic 
Hierarchy Processes (O-AHP) [8] for R.C. buildings 
compute the ratings, by combining the judgments of expert 
people, the mathematical model and the potentiality of 
modern web based and cloud based system; 

•� the user interface, which is a web application where it is 
possible to access the reports coming from the users, the 
register information about the buildings and all processing 
results; 

•� the Application Programming Interface (API) connecting the 
mobile APP and the web application with QDP and the 
DMS. 

Moreover, through a plug and play approach it is easy to add 
new modules and applications. All processing algorithms run in 
the webserver and it can store and retrieve information from the 
DMS. Fig. 2 schematizes the main DSS components and their 
connections. 

 
Fig. 2 DSS architecture scheme. 

III.� DATA ACQUISITION PHASE  
This section describes the data acquisition phase, carried out 

through the regulatory and technological inventory and through 
the APP transmitting the photographic inspections on a large 
scale.  



 

A.� Data acquisition phase: Registry Tabs 
The first acquisition phase regards the technical registry 

phase that allows retrieving, processing and easily storing the 
necessary information to describe the building regulatory, 
functions, spatial identity and technological components. In 
particular, data acquisition and classification are set in the QDP 
through the Registry Tabs (Fig. 3).  

 
Fig. 3 Registry Tab of data acquisition phase (example of compilation) 

This classification is structured into three main categories: 

i) General data, which includes descriptive information 
useful to know the localization and urban data;  

ii) Dimensional and characteristic data, which includes 
relevant information to identify the technological units and 
elements of the building, with particular reference to the 
construction techniques, dimensions and positions (Fig. 3). This 
technological identification is important to give the basis for a 
subsequent accurate individuation of the damaged building 
components, in order to determine the Condition Ratings;  

iii) Original project availability, which stores information 
about original documents and relative localization of the storage 
place. 

In order to offer a complete data collection, we implement 
two different data storage approach, a repository space on the 
webserver for all the files related to a building and a server 
application where are stored all general data and specific 
characteristic of the building. 

B.� Data acquisition phase: the APP 
The second data acquisition phase concerns the achievement 

of the photographic surveys on a large scale by the APP. The 
visual inspection is the basic first step in each investigation. The 
methodology proposes a tool for supporting the systematic 
visual survey of building criticalities and assessing the 
degradation level of the heritage ones.  

The APP can be provided to the building staff to report any 
critical issue and degradation phenomenon to the QDP and it has 
been specifically developed to allow a quick and “inexpensive” 

visual inspection at a regional scale. The APP can be employed 
by the users of the building to send to the QDP their reports, i.e., 
photos and other useful information about the building’s 
damage. It is based on two main operations: photographic shoots 
and compilation of a guided questionnaire. The APP enables the 
users to send images about the criticalities equipped with labels 
indicating the localization and the date of the picture. Then, in 
order to complete the description, two structured alternative 
questionnaires are proposed to guide the user and correctly 
identify additional data involved by the reported damage. The 
two questionnaires are calibrated for non-professional people 
(generic users) and for people with specific competences in the 
field (certified users). The main information acquired by the 
questionnaire are: i) the criticality location (floor, room, 
surrounding elements, building component and height above 
walking surface); ii) the extension of damage; iii) the type of 
damage.  

 
Fig. 4 Activity diagram of the report process. 

The APP is implemented in a mobile device: every time the 
user wants to add a new report, the APP get the list of all building 
available for the specific user and the questionnaire. The user 
selects the building and takes some pictures. Then the report 
(questionnaire and pictures) can be submitted. It is stored into 
the DMS through the Application Programming Interface (API).  

When a new report is loaded, the QDP sends an alert to the 
engineers managing the DSS and calculates the rating indicators 
to support the engineers in their decision process. In particular, 
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the decision makers check the reports and decide if it is 
necessary to verify in person the damages. The procedure is 
showed in Fig. 4 reporting the Unified Model Language (UML) 
activity diagram [12] that describes the main activities 
performed by the actors involved in the decision process.  

IV.�DATA PROCESSING IN THE MATRIX OF DAMAGES 
The classification of criticalities detected by the APP is 

performed through a Matrix of Damages associated to each 
building. The classification is set according to the type of 
damaged component (reported on the matrix rows) and the types 
of criticalities (reported on the matrix columns).  

A.� Component classification  

The building components classification of the Matrix of 
Damages is realized in partial compliance with the technological 
classification system scheme provided by the UNI 8290 [13] 
Part one, to include building characteristic feature. The Matrix 
of Damages rows correspond to the type of damaged 
components, whereas the columns indicate the criticality types. 
In particular, the Matrix of Damages is designed by 
decomposing the building into three Units (structural, load 
bearing, not load bearing). 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 [14]. 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) Rebar corrosion cracking, ii) Spalling, iii) 
Heavy expulsion of concrete cover and rebar corrosion.  

The final Matrix of Damages allows assessing the conditions 
of components and of the whole building by displaying KPIs that 
quantify the degradation and damage of the components. It 
should be observed that the Matrix of Damages is not only a 
methodological approach useful for data classification but 
provides an effective 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. In 
addition, limit thresholds are identified ad displayed by yellow 
and red colour, to be able to launch the alert.  

B.� Component and damages in the matrix  

 The Matrix of Damages showed in Fig. 7 contains the 
defined component and damages classification. 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 magnitude. Additionally, lines in the inferior left part 
contain the ranked and coded components 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. 

Such a matrix creates a data base necessary for the development 
of condition assessment, reliability analyses and feasibility 
forecasts of maintenance operations.  

V.� DIAGNOSTICS 
This section presents the DSS methodology to carry out 

diagnostics and assessment of damaged elements through the 
evaluation of the three Condition Ratings. To assess the 
Condition Ratings, it is necessary to estimate the importance of 
the criteria involved in the calculation. Such evaluation is 
performed through a multicriteria decision method (MCDM) 
[15] [16], by which numerical weights are extrapolated in order 
to generate a suitable index formulation. In particular, firstly the 
problem of the damage assessment is structured in criteria and 
alternatives, secondly an appropriate weighting is obtained by 
the application of O-AHP, one of the most widespread MCDM, 
and finally the condition rating is evaluated in the DSS by 
exploiting information obtained in the Data Acquisition Phase.  

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, the Condition Rating can not be 
reliable. In order to avoid these kind of errors, the building stuff 
can read, change o set a report as duplicate. If a report is declared 
duplicate, then it is removed from the reports list and the 
Condition Ratings are recalculated. 

A.� Problem structure 

The problem is schematized through a hierarchical scheme 
and the R.C. building safety performance level is defined as the 
goal of the procedure. Moreover, the following m=6 criteria are 
individuated in relation with the goal: i) Damaged component, 
i.e. the importance of the damaged component; ii) Damage 
severity, i.e. the gravity of the damage; iii) Damage progress; 
i.e., the damage typology aptitude to rapidly worsen; iv) 
Damage extension, i.e. the damage extension in relation with the 
component dimension expressed in percentage; v) Height above 
walking surface of the criticality, i.e., the risk of falling broken 
components; vi) Room crowding, i.e., the potential number of 
people present in the room where the damage is detected (Fig. 
5) [17].  

 
Fig. 5 Hierarchical scheme of the involved criteria 

The following sets of criteria and alternatives are defined:  
•� � 9 ?� 9 
�� ��@, set of criteria of cardinality m; 
•� �, 9 :�,-�	�� 9 
� � � �,;, set of �, alternatives 



 

associated to each criterion � � � . 

B.� Weights evaluation 

Once defined criteria and alternatives, the application of the 
O-AHP provides the weights defined as follows: 
• �i is the weight associated to each criterion � � � ; 
•  ij is the weight associated to each criterion alternative �,- �
�, of criterion � � � . 

Figure 5 shows the association of weight �, to the i-th 
criterion for i=1,…,m and the weights  ,- to the j-th alternative 
for j=1,…,ni. In Fig. 5 it holds m=6, n1 =16, n2 =26, n3 =26, n4 
=10, n5 =5, n6 =9.  

C.� The Condition ratings of the DSS 

Once weights are obtained the DSS is able to perform a 
systematic evaluation of the Condition Rating by exploits the 
following procedure. Let us assume that � reports are received 
with the associated questionnaires. On the base of the answer 
of the questionnaire and for each report h (with h=1,…H), the 
DSS assigns a set of alternatives to each criterion. Hence, it is 
possible to define the sets �+ (with h=1,…H) to collect the 
alternatives, denoted as �,-+ , associated to criterion i: 
�+ 9 � :�,-+ �A��,-+ � �,����� � �;             with h=1, …, H. 
In the proposed procedure, the first KPI is the Criticality 
Condition Rating (��+), which is determined for � 9 
�� �� 
as: 

��+ 9 < �,
/

,%$
-A)564�(4

8  ,-����������������������������������������������������������������=
> 

More precisely, vi is the weight of the i-th criterion and wij is 
the weight assigned to �,-+ � �+ obtained through the O-AHP 
and showed in [17].  

The second type of KPIs, denoted Component Condition 
Rating (���.>, is defined to quantify the damage of each class 
of components after processing all collected reports. To this 
aim, all reports are filtered by the alternatives of damaged 
components, obtaining the following set of reports: 
#. 9 :��A��$.+ � �+; ������ 9 
� � � �$. 

In order to quantifies the damage of a class of building 
components the Component Condition Rating ���. is defined 
for each alternative of damaged components criterion (� 9

� �!$). In addition, a specific normalization with respect to 
the total number of components present in the building is 
performed, as follows:  

���. 9 � &144�#7
(37

          with � 9 
�� �$���������������������������=�> 
The value �*. is roughly estimated according to the following 
formula:  
�*. 9 ". � �202���������������������������������������������������������������������������=�> 

where �202  is the building total area and ". is the approximated 
evaluation of the number of the considered components per 
square meter, evaluated for the R.C. building typology [17].  

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

��� 9 �� ��+'
+%$
�)

��������������������������������������������������������������������=> 
Even in this case the exact value �) is roughly estimated 
according to the following formula: 

�) 9 ") � �202���������������������������������������������������������������������=�> 
where �202  is the building total area and ") is the approximated 
evaluation of the number of all the building components per 
square meter for the specific R.C. building typology. 

VI.�CASE STUDY: A R.C. BUILDING IN THE VALENCIAN COAST  
In order to assess the proposed methodology, among the sets 

of R.C. buildings analyzed on the coast of Valencia (Spain), the 
case study of the residential building in “Passeig de les Goles 
31" named Building 1 (B1), is selected because it exhibits some 
typical and widespread structural degradation phenomena in the 
Valencian coast. The building is placed in the coast of El 
Perellonet, a town located few kilometers from Valencia. It was 
built in the first Spanish period of expansion of the building 
industries (1968-1973) [18]. It is a multi-family, multi-storey 
buildings built in R.C. frame structures with one-way slabs. 
Outer and inner walls are built in situ, these are made of two and 
one layers of hollow brick respectively. Furthermore, the 
building is composed of 6 floors and it has a shared wall with 
another building. The location is less than 50 meters from the 
sea, which makes the structure exposed to aggressive marine 
environment [18]. Such aggressive exposure leads to a rapid 
degradation of many buildings in the Valencia coast. In addition, 
the touristic use of the buildings worsens the situation by the fact 
that maintenance and repairs are not carried out regularly, as in 
the case of buildings composed of habitual places of residence. 

A.� Application of the proposed methodology  

The first phase of the methodology application involves the 
following operations of data acquisition: i) data acquirement and 
compilation of the registry tabs (Fig. 3); ii) data retrieved 
through the APP, which integrates the large-scale photographic 
surveys with the information obtained from the questionnaire. 
For B1, the users sent H=59 reports that are validated by a team 
of experts in the field of building damages. In Fig. 6 a Diagnostic 
Tab shows the questionnaire answer and the evaluation of 
Cr6=8.9 calculated through (1) with h=6. In particular, the report 
concerns a wide crack of a reinforced concrete column located 
on the façade that causes a local danger for the building users.  

In the second and third phases of the DSS, the detected 
criticalities are classified in the Matrix of Damages in which 
CCr and BCr are calculated and displayed according to (2) and 
(4), respectively. Fig. 7 shows the Matrix of Damages of 
building B1 with all the Condition Ratings calculation. 
Moreover, it is possible to examine the Matrix of Damages and 
the Condition Ratings out coming from DSS. In the cell of the 
matrix (Fig. 7) are in indicated the number of the damages 
detected with respect to the component and the type of 
criticality. Some considerations can be carried out by analyzing 
the Matrix of Damages: i) 7 of 59 reports are considered medium 
damages (CCr exceeding 4 and the corresponding matrix cell are 
indicated in the Matrix of Damages by yellow color); ii) 5 of 59 
reports are evaluated heavy damages related to structural and 
load bearing components of the building (CCr exceeding 6 and 
the corresponding matrix cells are indicated by red color). 



 

 
Fig. 6 Diagnostic Tab for a single element criticality. 

 
Fig. 7 Matrix of Damages of the Building 1. 

The most damaged components represent a danger for the 
building users because of the possible fall of broken component 
pieces on the pedestrian area, in addition the progression of the 
damages could affect the building form a structural point of view 
(Fig 6). The BCr (calculated value of 5) shows that the building 
in general is in a state of medium degradation. Furthermore, the 
overview of the buildings’ reports through the Diagnostics Tabs 
points out that the specific actions involved in the intervention 
priority are the rehabilitation of the external column of the 
façade and the reparation of the expulsion of the concrete cover 
and rebar corrosion of the front facing the sea in order to ensure 
user safety and building proper operability. 

VII.�CONCLUSIONS 
This paper specifies a Decision Support System (DSS) based 

on a Quality Detection Platform (QDP) that detects building 
structural damages by integrating technical registry data with 
information collected by an APP designed for a large-scale 
photographic survey. In particular, a mobile devices application 
software (APP) allows the building users to report criticality 
through photographic inspection and to answer a suitable 
questionnaire to obtain additional information. Among the sets 
of masonry building buildings of El Perellonet, Valencia 
(Spain), the building located in “Passeig de les Goles 31”, has 
been selected for the case study, because it exhibits some typical 
and widespread structural degradation phenomena in the 
Valencian coast. The methodology is able to outcome the 
condition of the building by exploiting a set of KPIs named 
Condition Ratings. The KPIs formulations are computed by an 
Optimized Analytic Hierarchy Process (O-AHP), which is a 
modified version of the AHP. Future research will extend the 
applicability of the tool to the masonry buildings and this tool 
will be used to map the degradation of whole cities.  
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