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Abstract 
The seismic events which stroke the Italian territory over the last few years have enlightened relevant 
critical issues about the historical built environment in terms of damages yet caused by earthquakes of 
modest extent. Starting from the studies developed around the project PRE.CU.R.S.OR. (Prevention of 
Seismic Risk at Cascina Cuccagna, within a significative Architectural-Historical Context), Cariplo 
Foundation’s tender notice “Art and Culture – Heritage at Risk”, the paper presents an experience 
halfway between didactic and research, focused on the definition of the vulnerability elements for the 
historical buildings and characterized by a multi-criteria approach. The work has been developed as part 
of the Preservation and Reuse Design courses (continuing education program “P.R.D.”) – Dept. of 
Environmental and Civil Engineering (D.I.C.A.) – in cooperation with the Mitigation and Risk Design 
courses (workshop “Mi.Ri.De.”), promoted by the School of Architecture, Urban Studies and Building 
Engineering (A.U.I.C.) of the Politecnico di Milano. 
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1 INTRODUCTION  
The number of existing buildings which have been designed and built with no consideration of the 
seismic action or by following inadequate design rules, and which are therefore high-risk buildings, is 
largely superior to the number of new and correctly conceived and designed buildings. Moreover, 
different problems arise when dealing with the assessment of groups of buildings or of entire urban 
areas. Recent catastrophic events all over the Italian territory such as earthquakes and collapses have 
pointed out once again the centrality of the issue of the safety evaluation and of the conservation for 
historical buildings. Methodological tools and procedures eligible for both monitoring the preservation 
state of manufactured fabrics and identifying possible pragmatic choices from a preservation point of 
view need a process of afterthought. In the next years, the research in the area of earthquake 
engineering will necessarily redirect its focus towards the development of approaches for assessing the 
risk of existing structures, which will have to be at the same time acceptably simple and accurate. 

The paper faces the theme of the vulnerability through theoretical explorations and didactic researches: 
starting from the data about damages surveyed after seismic events it is aimed at identifying frequent 
situations and at tracing possible operational approaches to the theme itself. 

2 CASE STUDIES AND METHODOLOGICAL APPROACHES  
The first part of the work is dedicated to the analysis of some relevant experiences in the field of the 
evaluation of safety and of the identification of the “alert signals” in quick ways; in these researches, 
experimental studies and operative methods it is important to catch the transversal issues about the 
problem of the collecting and the managing of the data, which will be the starting point for our research. 

2.1 “Casa Sicura”: an analogy between building and human body 
One of the main themes that the National Congress of Architects (5th edition, Turin 1999) pointed out 
among the fundamental and necessary proposals for the Italian built heritage was the “Safety and 
Transparency of Buildings”. The CNA then proposed a handbook called “Safety of Buildings” that 
contained a discussion on the topic of the safeguard of common buildings; for the first time a quick-to-
consult manual was published in order to involve the majority of common people into the issues of 
structural safety of their own houses: the goal there was to write texts that many people could easily 
understand and, at the same time, to include vital information about such a specific and technical theme, 
matching the most widespread doubts and questions on it. 
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Since achieving this objective was not easy at all, an interesting comparison was traced in order to 
comprehend how fabrics are built and therefore evaluate the safety problems: the analogy between a 
building and the human body (which indeed has further historic references: all the Italian medical terms 
that highlight illness and bad body conditions have their roots into the Latin word “firmitas”, which means 
the good state of stability of a building). When a building shows anomaly such as cracks, displacements, 
deformations, a technician is needed to detect the causes and evaluate the seriousness of them, just 
the same way when a person is sick, it calls the doctor in order to get diagnosis and cure. 

The analogy between the elements of a building and the ones of a human body can be surprising: the 
structure represents the skeleton in its sustaining role (for newer buildings it can be a “concrete or steel 
skeleton”, while in older ones it is made of masonry walls and timber beams); the heating, electric and 
hydric plants seems to be the body apparatuses (respiratory apparatus, blood system, digestive tracts); 
the walls corresponds to the muscles, which give volume and vigour to the body; the external perimeter 
(painting, plaster, cladding system) has an analogy with the human skin, with a protective role. 

 
Figure 1. Drawings from CNA handbook “Sicurezza degli edifici. La tua casa è sicura?” 

The relevance of this metaphor is that, just like the human body, buildings need to be taken care of and 
kept under control to maintain them in good status: it is vital to be able to detect the symptoms of “illness”. 
Such as in the human body illnesses reveal themselves through symptoms like temperature, paleness, 
aches, so in buildings alarming features can be cracks, damaged walls, tilting parts, degraded materials, 
humidity spots. This comparison allows also to better comprehend and classify defects and damages 
that can be detected on a building and can be summarized as follows:  

- (intrinsic) defects due to building materials,  
- (extrinsic) defects of operation due to lack of maintenance,  
- (hybrid) defects due to traumas or natural ageing. 

In this framework, architects, engineers and technicians appear to be the doctors when anomalies and 
altered features show up in a building: they must be able to detect the determining causes. As doctors, 
they can use measuring instruments, survey tools and specific machineries to enlighten and follow the 
beginning and the development of the illness. It is fundamental to keep under control the overall 
conditions of the buildings and it is mandatory to identify new phenomena of damage and, above all, to 
monitoring those under evolution, that can be the most dangerous. 

2.2 A possible operative procedure: a comparison with the medical field. 
The analogy presented in the former part of the paper highlights the importance of the research about 
reliability and vulnerability approach to historical constructions and, in particular, it has the capability to 
raise concern upon the theme of the safety evaluation of built heritage over the territory. 

Being aware of the complexity of the discipline and that further studies and researches must be 
considered, as a logic and operational outcome of the link between construction themes and medical 
ones, it is now presented a sort of procedural approach eligible for both monitoring the preservation 
state of manufactured fabrics and identifying possible pragmatic choices from a conservation and 
overhaul point of view. 

Of course, it does not imply any mandatory action to make or any particular goal to reach, but it has the 
strength of represent a synoptic view of the various aspects to take into account and the potentiality to 
be a kind of check list with all the necessary procedural step to face when examining a real and complex 
situation. Following the medical check procedures, it is made up of five steps:  
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1 History, which corresponds to medical Anamnesis, means the research of the past events that 
affected and whose consequences may still affect the building;  

2 Analysis implies the detection of the current situation and can be carried out through visual 
methods as well as instrumental techniques (this phase can be implemented with a check list to 
have the various aspects of the analysis procedures under control);  

3 Diagnosis, as in the medical field, stands for the research of the causes of the situation under 
observation and deals with the evaluation, selection and prioritization of the given components;  

4 Prognosis leads to the definition of the operations that must be undertaken to solve problems and 
improve the situation, it deals with methods, techniques, duration, inner and outer resources; 

5 Control, the final component of the procedure, represents the scheduled programme of the 
actions to be foreseen, a sort of periodic planned maintenance, in order to deal dynamically with 
the past and the future history of the building. 

Beyond the analogy shown between the medical and the building fields, this procedure enlightens the 
need to put into strict relation data about damage and degrade conditions detected on the building, the 
study of the mechanic and structural behaviour with the purpose of tracing compatible design scenarios. 

2.3 The prevention of collapse risk: auto-evaluation of the points of weakness 
Frequent catastrophic events show that every building could carry “hidden faults”, being present since 
the building phase, and that those defects, if combined or enhanced by other factors or subsequent 
events, could lead to disaster scenarios. In this situation, it is necessary to start an extensive program 
of acknowledgement and verification of the state of the built heritage: that implies a very complex, 
expensive, and long-lasting one; however, the building-related risk issue is urgent and relevant, and 
must be taken into account quickly. 

Into this framework, the Politecnico di Milano proposed and agreed (2000) with Regione Lombardia the 
development of an articulated program for knowledge, maintenance and management of the built 
heritage, which could be realized through subsequent phases, first facing the most urgent issue: the 
prevention of collapse risk. With this purpose, considering for the very beginning phase only the 
residential buildings, it was necessary to observe the presence or the absence of some symptoms and 
conditions standing out for probability of risk. Those symptoms and conditions could be recognized in 
different steps and anyway before the collapse point, from whoever inhabits or knows directly the 
building under consideration.  

Therefore, it was fundamental the development of a tool for the first alert, able to allow anyone (either 
the owner or the inhabitant) to keep immediately under control the building, also with future perspective. 

The “self-assessment form” represents a guide toward the identification of possible “symptoms” that can 
underline a risky condition of the building; it does not have the purpose of providing directly a technical 
diagnosis (i.e.: establishing whether the building presents indisputable risks or not), but more likely the 
one of providing an “alarm signal” able to stimulate the accountable people in charge of the building to 
undergo further examination made by specialized technicians. 

 
Figure 2. Drawings from the handbook “Prevenzione del rischio di crollo nei fabbricati residenziali.” 

The Form is drafted with a simple language, non-specialized technicians-friendly too; it is divided in 
sections, organized through questions and answers; every section is accompanied by brief instructions 
for the filling-in and by a final paragraph that shows how to evaluate the answers obtained. The sections 
and their specific contents are briefly summarized as follows: 
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1 General Information: particularly relevant in the case of coexisting different portions (in height, in 
techniques, in materials). 

2 Direct Indicators (elementary control of the cracks pattern): here are gathered some factors of 
mechanical issue (collapse, damage, significant cracking of structural parts); these are limited to 
the main elements of the fabric (beam, wall, roof, floor, balconies, …) and to their main evidence 
of damage (displacements, cracking, lack of parts, …). 

3 Explosion Risk: shows the most evident signals relatable to explosions that could provoke 
collapses, for what concerns especially the plants and pipe systems. 

4 Indirect Indicators – Area-related Risks: these are connected to the very close surroundings of 
the building. 

5 Indirect Indicators – Manufacture-related Risks: these are connected to the problems given by a 
poorly accurate manufacturing of the building. 

6 Indirect Indicators – Transformation-related Risks: these are connected to the lack of safety due 
to poorly accurate transformations of the building during its history. 

7 Existing documentation: the lack of documentation related to the building works can identify critic 
situations of irregularity, being themselves risk factors. 

From the filling-in of the sections, some different outcomes can be provided: the situations could be not 
alarming, for some situations there will be the suggestion of having technical observation, for other ones 
there will be the need of keeping under control the building or undergoing further examinations in 
different periods. 

The described procedure plans, only for the most critical and complex cases, different levels of 
examination: I level: the self-assessment form (with the need of possible further surveys); II level: 
technical survey after the form outcome (with the need of possible specialized surveys); III level: 
specialized survey, with a final evaluation of the conditions. 

2.4 The experience of the data collecting for an historical urban centre 
The Osservatorio Civis, final outcome of the project “Intervention for the creation of a urban observatory, 
promotional and informative research centre”, is part of the Progetto Pilota Urbano Civis Sistema for the 
Old town of Genoa, established in 1997 with the aim to carry out a list of informative activities, research 
activities and services, to promote and assure the environmental, economic and social sustainability of 
the project and the action taken towards the territory. The office supervises the Geographic information 
System (GIS) of the old town of Genoa, which is used by Osservatorio Civis for the running of its main 
activities. The system of Osservatorio is based on alphanumerical data tables and on cartographical 
charts (the data are associated to the elements represented on the maps). 

The tables contain information from Municipal and external archives, and it is organized in 5 parts: 

• Territorial section: toponymy, road surfaces and signals, technological lines, archaeology, subsoil, 
street furniture,… 

• Architectural section: “cultural mapping of the old town” (a territorial informative system of the 
historic centre of Genoa, realized with the help of the University of Genoa through the recording 
of the historical, cultural and structural heritage – about 2.900 – of the centre area), properties, 
recovered buildings, projects, construction sites, relevant historical monuments, … 

• Census survey section: data relating to the 1991 census 
• Social section: birth registry, schools districts, public services, offices for territorial safety,… 

• Economic section: commercial and artisanal activities, historical workshops 

The graphic charts, on the other side, represents the fundamental mapping of the territory and the 
technological infrastructures. In order to enrich this part, a huge specialistic documentation based on 
historical sources (building census, 1798; churches census, 1804, general census, 1871, unitarian land 
register 1907) and references from contemporary ages are added (among these, the cartography for 
single buildings, for structural units, for accesses). 
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Figure 3. Highlights from the Civis on-line portal for Genoa. 

The main activities carried out by this office, beyond the data cataloguing, elaborating and updating 
ones, relates to: the diffusion of the information about the historic centre under the form of cartographic 
maps, historical maps, single building charts; the monitorization of the transformation phenomena of the 
old town; the production of thematical charts and maps (1:550 to 1:2000). Frequently, collaborations are 
made up with external operators for the realization of interesting projects, such as the cooperation with 
the Ministry of Environmental and Cultural Heritage for the realization of the archaeological map. 

Among the most relevant activities not linked to the GIS, are the attendance to European projects for 
Restoration, Safeguard and Renewal of the Historical Centres (1998-2002) and the Multimedia 
Workshop productions (digital images acquisition and their usage). Osservatorio Civis is also 
fundamental for the theme of the monitoring of the state of conservation and transformation of the local 
public built heritage (“Palazzi degli alloggiamenti pubblici – Rolli”) on behalf of UNESCO. 

The difference between the former experienced proposed and the European Civis Project is that for the 
latter, although being applicable to extensive fields of work, it requires a high level of competency to the 
compiler(s). 

3 MULTILEVELS APPROACH AND SAFETY CRITERIA 
The statistical study of damage/collapse phenomena, which affected the “minor” Italian built heritage in 
recent ages, has shown the necessity of an afterthought of policies and strategies for its safeguard. In 
this part of the paper, the theme faced so far will be brought to some intermediate conclusion in order 
to highlight the direction and the sense of the various experiences reported: the purpose here is to draw 
some operative proposals aimed at the dynamic evaluation of the structural vulnerability (propension 
towards damage) for the common and numerically significant built heritage. 

3.1 The Multilevel Reliability Check System 
 “Starting from multidisciplinary reconnaissance of knowledge and tools for the security level’s definition 
of existing buildings, studies and experiences in the definition of the seismic vulnerability index, 
settlement of plausible mathematical models for the analysis of the natural materials’ ageing process, 
the research [carried out by the Department of Structural Engineering of the Politecnico di Milano in 
200?] works out a Multilevel Reliability Check System”. [2] 
The M.R.C.S. is particularly relevant in its way of working through various scales of the detailing process 
and of the cooperation between people with different roles and levels of competence relating to the 
subject. Therefore, a system built-up by layers can be truly effective, also on a very large basis of data. 
The different levels (to which correspond different pre-formed informatized charts) are explained as it 
follows: 

The scope of first level form is to collect general data about the state of the building: its history, its 
context, its current conditions; so the first step is the filling-in of the first level chart by the owner of the 
building: that provides a panoramic frame whose data are computed starting from software linked to a 
Geographical Information System (GIS), that create probabilistic combinations and define possible risk 
elements. If from GIS no risky elements do emerge, the owner will fill up an updating chart after ten 
years from the first survey. 

The second level occurs if an elevated vulnerability element, or a combination of elements that can 
create a safety crisis (Check Points System), is present, or if it is detected an incoherence between data 
of different areas in the first level form and/or in presence of a repeated uncertainty of data. The 
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consequence of that is the on-site visit of the municipal technician and the redaction of the second level 
chart. This step has a double function: the former is to provide the disposition of provisional urgency 
structures, the latter is the other is to define aspects that must be studied deeper in the diagnostic phase 
and focus the attention on the project of conservation and reuse of the building (third level). 

According to the bonds and the consideration emerging in the previous level schedules, the conservation 
project is reviewed again, and as such this step represents the fourth level, aimed to identify and 
evaluate the scheduled risk-reduction oriented structural interventions, the operative modalities linked 
to the building site, the upgrading of the performance level of the structure after the interventions. As 
hinted before, in the end of the process a periodical (every ten years) update chart is foreseen, aimed 
at control dynamically the building and check the time risk-dependent phenomena. 

 
Figure 4. The general procedure of the Multilevel Reliability System for Historical Building Heritage. 

“The basic scheme of schedules is very flexible and every time new risk elements are found out it can 
be updated, some new parts can be added. Examples make notice that the schedules are particularly 
operative in recovery projects of historical widespread buildings. They enable to identify quickly the 
foremost dangerous elements which highlight situations that show vulnerability, tracing and attending 
the preparatory phase of the intervention and reutilization project.” [2] 

3.2 The four criteria for safety evaluation 
“Safety evaluation is a consequential operation to the diagnosis phase: after the original defects and 
their possible causes have been identified, safety evaluation completes the diagnosis phase by 
indication the necessary, scope and scale of possible repairs. If this essential phase of the study is 
missed any interpretation or solution becomes arbitrary, and often unnecessary measures are chosen 
with excess strengthening compensating for the lack of knowledge.” [3] 

Nevertheless, diagnosis and safety evaluation are also very difficult operations, so that procedures that 
are not strictly analytically demonstrable, but represent the best possible rational formulation based on 
data, hypothesis and interpretation, should be included in the science’s reasoning process. 
Computations and structural analysis are certainly useful, but since these often deal with uncertainty 
and unknown factors, they are not always able to provide the most appropriate elements to evaluate 
safety levels, unless integrated with qualitative considerations. So, those different but equally vital 
procedures must be followed if interested into catching the real problems of existing buildings, rather 
than the theoretical behaviour of abstract schemes. 

The safety evaluation - where reported to the current state of the building - represents the final step of 
the diagnosis phase, following procedures that can be named as the historical-critical, the empirical-
qualitative and the analytical-quantitative criterion. Each of these criteria is capable of giving different 
but recognisable contributions; considered together, however, they can provide the most reliable overall 

10220



judgement, taking into account the objective knowledge and the individual interpretative ability. 
Sometimes a fourth one, the experimental criterion, may be used in addition, to evaluate the safety level 
of specific structural elements. 

“Each one of the above criteria is imperfect and contains both objective and subjective aspects; it is 
seldom possible to determinate a “safety level” in quantitative term, as structural engineers are used to 
dealing with new construction, and it is only through a process of synthesis and a weighing together of 
all the relevant information that enables on to arrive at a more reliable judgement; this judgement is 
therefore a skilful and difficult operation that requires a solid scientific background combined whit 
intuition and an acuteness of observation.” [3] 

 
Figure 5. Different criteria used to assess the safety level of an historical building. 

4 DAMAGE DISTRIBUTION AT URBAN SCALE: CORRELATIONS  
The work presented here faces the evaluation of damage of the widespread built heritage in the 
Municipality of Fontecchio (L’Aquila). The research, after a first step of acknowledgments of the territory 
and of the built system, has been articulated in four phases: monothematic analysis at a urban scale, 
systemic multisectoral analysis at urban scale, identification of possible factors and parameters 
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indicating the levels and the typologies of damage, identification of paradigmatic case-studies and of 
possible guidelines for the development of the research. 

Based on the disciplinary references of the technical-scientific literature and starting from the studies of 
the typology of collapse of historical buildings, following the seismic events which stroked Italy in recent 
years, the research works through a first possible re-organization of data contained into the AeDES 
charts. The obtained database allows to mark behavioural conditions that frequently occur in relation to 
specific surveyed situations. Firstly, parameters related to morpho-typological characteristics of the 
fabrics and parameters linked to the history of fabrics before the earthquake (number of floors above 
and below the ground level, usage of the fabric, location of the fabric into the complex blocks of buildings, 
typology of building elements, previous damage, …) have been determined. To the grapho-numerical 
analysis of frequencies, it has been made possible to elaborate thematical maps through the 
geographical localization of the data: in this way it was possible to elaborate at the same time qualitative 
analysis (maps) and quantitative ones (diagrams). Such a technique allows to identify from the very 
beginning the first scenarios of structural behaviour at an urban scale, approaching the decisional 
process at the basis of the design phase for the reconstruction project. Subsequently, it has been made 
possible to detect the behaviour of the building in relation to the earthquake, evaluating the level of 
usage, the extension and the import of damage, the survey of the building systems and the structural 
elements, the indications for provisional emergency protection structures.  

In order to catch the global behaviour of the building and contextually the problematic situations that led 
to such a level of damage detected, it emerged the need for correlation of the data through suitable 
merging, with the double purpose of defying the factors that majorly affect the definition of the damage 
and of evaluating significant parameters for the study of seismic vulnerability of the complex blocks of 
buildings. The comparison between the recurrent behaviours while varying the modes of merging can 
be considered as well as a phase of conceptual overlaying of qualitative maps: from that overlaying, 
some local situations to be studied punctually can emerge as paradigmatic examples of critic conditions. 

The typological variety and the huge quantity of collected data about Fontecchio, after the seismic event, 
has shown the need of an organization of that amount of information in a completed and organic way, 
in order to enable the usage of a ready-to-use, dynamic and multidisciplinary tool. 

 
Figure 6. Drawings about GIS approach. 

The organization of data in a Geographical Information System appeared immediately as the right 
choice, aimed to integrate the geographical information with the survey/research related alpha-
numerical ones. Through the GIS software, the cartography in numerical form has been geo-referenced 
and structured following different thematic layers, thus providing general information about the territory 
overview and the analysed context and the volumetric characteristics of the built system related to the 
earthquake. The geographical data was firstly interpolated to obtain a Digital Territorial Model (DTM) 
and then to extrude three-dimensionally the buildings, all in order to make analysis and evaluations to 
an urban extent. 

In the following phase, still with the GIS method, a semi-automatic association was made between data 
from alpha-numerical supports (AeDES charts) and the cartographic created base (DTM): in that way 
the topographical database was created covering the historic built centre of Fontecchio. 

10222



 
Figure 7. GIS methodology adopted for the case-study of Fontecchio (L’Aquila). 

For every single building, data about state, typology, accessibility, structural characters, modes of 
damage, and so on have been gathered, those to be used for the subsequent phases of analysis and 
correlation. Such a process of bijective association between position and information has put the basis 
for the realization, in the future, of a Informatic Territorial Sistem (SIT) for the entire territory of 
Fontecchio, to be managed as a tool for gathering data in a systematic way, for thematical analysis and 
for planned activities aimed at future development at a urban and territorial scale, dealing with seismic 
prevention and aware designing for the local resources. 

5 VULNERABILITY DISTRIBUTION: OVERLAYERS APPROACH  
In the framework of the studied about the determination of seismic vulnerability for built heritage, the 
theme of identification of potential damage conditions requires tools able to keep in dialogue categories 
of data achieved independently. Starting from acquired data of the PRE.CU.R.S.OR. project, a GIS 
system has been implemented with the purpose of defying critic correlations. 

 
Figure 8. Cascina Cuccagna data input: geometrical and photographic survey, historical studies. 

Through GIS open-source software (v. 3.6.1 Noosa), joints have been established between 
georeferenced building elements and data related to the building quality and to the damage phenomena. 
The latter are expressed through gradient scales aimed to parametrize the presence (or absence) of the 
phenomenon itself and the level of seriousness for the structural safety. 

 
Figure 9. Database implementation. 
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Aiming at catching the vulnerability elements, the query of the database can be made starting from two 
typologies: mono-thematic one, in order to catch the distribution of the level of gravity for a type of 
vulnerability, or multi-thematic one, in order to catch the simultaneous presence of many types of 
vulnerability, that could activate some phenomena of structural damage, even if the single values do not 
reach a critic point (but, combined, become critic). 

 
Figure 10. Example of data output. 

From the elaboration through overlayers, with the creation of proper rules of query, it becomes possible 
a multiparametric query and the creation of thematic tables, aimed to identify the presence and the 
localization of vulnerability factors. 

 
Figure 9. Comparison between the results of the GIS model and the current state of the building. 

The first outcomes of the work have highlighted possible future development of the research, especially 
for the definition of the modes of querying the database, with the purpose of making a comparison 
between the employed approach by overlayers and the outcomes of an analytic deepened evaluation. 
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