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PREFACE

PREFACE

The International Conference on Structural Analysis of Historical Constructions (SAHC) 
was first celebrated in Barcelona in 1995, followed by a second edition also in Barcelona 
in 1998. Since then, nine subsequent editions have been organized in different 
countries of Europe, America and Asia.  The SAHC conference series is intended to offer 
a forum allowing engineers, architects and all experts to share and disseminate state-
of-art knowledge and novel contributions on principles, methods and technologies 
for the study and conservation of heritage structures. Through all its successful past 
editions, the SAHC conference has become one of the topmost periodical opportunities 
for scientific exchange, dissemination and networking in the field. 

During the last decades the study and conservation of historical structures has attained 
high technological and scientific standards. Today’s practice involves the combination of 
innovative non-destructive inspection technologies, sophisticated monitoring systems 
and advanced numerical models for structural analysis. More than ever, it is understood 
that the studies must be performed by interdisciplinary teams integrating wide expertise 
(engineering, architecture, history, archeology, geophysics, chemistry…). Moreover, the 
holistic nature of the studies, and the need to encompass and combine the different 
scales of the problem –the materials, the structures, the building aggregates, and the 
territory – are now increasingly acknowledged.  Due to all this, the study of historical 
structures is still facing very strong challenges that can only be addressed through 
sound international scientific cooperation.  

Taking these ideas in mind, the 12th edition of the SAHC conference aimed at creating 
a new opportunity for the exchange and discussion of novel concepts, technologies 
and practical experiences on the study, conservation and management of historical 
constructions. 

The present proceedings include the papers presented to the conference, which was 
finally celebrated on September 29-30 and October 1, 2021, in an on-line mode due 
to the word sanitary emergency situation created by the Covid-19 pandemic. 

The conference included the following topics: history of construction and building 
technology; inspection methods, non-destructive techniques and laboratory testing; 
numerical modeling and structural analysis; structural health monitoring; repair and 
strengthening strategies and techniques; conservation of 20th c. architectural heritage; 
seismic analysis and retrofit; vulnerability and risk analysis and interdisciplinary 
projects and case studies.

The SAHC 2021 conference has been possible thanks to the large contribution of the 
scientific committee and reviewer panel who took care of selecting and review the papers 
submitted. The contribution of the different sponsors and supporting organizations is 
also acknowledged.  Above all, the conference has been possible thanks to all the 
authors who have contributed with very valuable papers despite the difficulties caused 
by the world pandemic. New editions of the conference are already planned in normal 
face-to-face formats which, in the upcoming years, will provide new opportunities for 
sharing valuable knowledge and experience on structural conservation, as well as for 
keeping alive and fulfilling the purpose and aims of the SAHC conference series. 

The Organizing Committee
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Abstract. This paper discusses the classification of risks as a tool for the identification, the 
assessment and the management of risks for the built heritage. Existing typologies of risk vary 
according to the selected criteria on which they are based and their utility within the risk 
management process. Indicative examples of risk classifications proposed and used in the 
field of cultural heritage management, as well as in other fields, are examined. The 
comparison of the selected criteria for analysing risks and the reflection upon their relevant 
aspects to the built heritage conservation provide a frame for a systematic approach to 
the built heritage management.  

1 INTRODUCTION 
During the last thirty years, the risk management methodology has been recognised as an 

effective approach to the conservation decision-making process. Among the various efforts that 
have been made to develop coherent and clear procedures for the risk management in the field 
of cultural heritage, the experience carried out in museums preventive conservation practices 
stands out.  

With respect to the field of built heritage, we can notice the prevalence of a fragmentary 
vision of the problems and their solution. Indeed, many methods have been elaborated for the 
analysis of the different risks to which built heritage is exposed. From air pollution and acid 
rain to natural hazards, and from inappropriate intervention and use to mass tourism, we can 
find a relevant number of studies and practice involving respectively numerous specialists and 
skills from a variety of fields. Naturally, this kind of “separation” arises from the necessity to 
deepen the knowledge of the different problems and their solution and it cannot be undoubtedly 
considered as a stumbling block. The problem emerges from the difficulty to coordinate 
interdisciplinarity, to understand multifaceted problems, and to put together all the findings. 

With the aim to frame a more methodical and holistic approach to the built heritage risk 
management, firstly, the different parts of a risk management process are examined, and their 
main characteristics, as well as their relationship are underlined. Secondly, different risk 
classification schemes are discussed with regard to their usefulness and practicality to respond 
to the diverse needs of the process.  
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2 RISK ASSESSMENT IN RELATION TO RISK MANAGEMENT 

2.1 The importance of meaningful measurements for a successful risk management 
David J. Ball [1] in his article about the evolution of risk-based thinking describes the 

contribution of the studies of mathematicians and scientists during the 17th and 18th centuries 
to the development of risk based approaches to the first insurance companies. The mathematical 
calculation of the probability of future adverse events in a defined period and the wide range of 
its application has given rise, in the 20th century, to the extension of risk management 
approaches from the financial and insurance sectors to the industrial and public health sectors  

Similarly, Douglas W. Hubbard in his brief history of risk management highlights the 
determinant role of probability theory and statistics in assessing risks: “[…] throughout most 
of human history, we were dealing with only half of the risk management problem, at most. 
From Babylon through the Middle Ages, risk management was an unguided mitigation of risks. 
Choosing what risks to prepare for was always a matter of gut feel. What differentiates risk 
management since the start of the Age of Enlightenment is in part a more systematic approach 
to assessing the risk. The development of probability theory and statistics in the 17th century 
allowed for risk to be quantified in a meaningful way” [2, p. 22].  

However, Hubbard warns that the predominant approach to risk management is not based 
on actual measurements of risks. Indeed, the probabilistic models will be adopted only in select 
industries for select applications, such as the quantitative methods used in insurance and 
financial industry, as well as the “probabilistic risk analysis” used in engineering. In contrast, 
many of the risk analysis techniques adopted and widely used by consultants and standards are 
based on arbitrary and ineffectual scoring approaches that are not supported by any theoretical 
or empirical analysis. In addition, he concludes, “if the initial assessment of risk is not based 
on meaningful measures, the risk mitigation methods, even if they could have worked, are 
bound to address the wrong problems. If risk assessment is a failure, then the best case is that 
risk management effort is simply a waste of time and money because decisions are ultimately 
unimproved. In the worst case, the erroneous conclusions lead the organization down a more 
dangerous path that it would be probably not have otherwise taken” [2, p. 6]. 

2.2  Risk analysis for better decisions 
The big influence of risk-based approaches over all the agencies has been determined not 

because of the willingness to reduce all risks (Ball considers three factors, firstly the lack of 
resources, secondly the non-exclusive interest for risks, and thirdly the positive aspects of risky 
activities), but as a consequence of the capacity to prioritise the activities when managing a 
great number of risks, and above all to reach efficient decisions [1]. 

In this perspective, the definition of acceptable-risk problems and the critical analysis of the 
viability of various approaches to decision making offered by Fischhoff et al [3] is very relevant. 
As stated in their report, “risk acceptable problems are decision problems, i.e. they require a 
choice between alternatives. That choice depends upon the alternatives, values, and beliefs that 
are considered” [3, pp. ii, 4-6]. As for the decision making methods, three categories have been 
identified and analysed: professional judgment, bootstrapping techniques and formal analysis, 
such as the cost/benefit analysis or the multi-criteria analysis. 

Similarly, Kaplan and Garrick [4] in the light of two quantitative definitions of risk they 
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discussed the notion of risk acceptability and argued that “[…] the purpose of risk analysis and 
risk quantification is always to provide input to an underlying decision problem which involves 
not just risks but also other forms of costs and benefits. Risk must thus be considered always 
within a decision theory context. Within this context, that risk is acceptable, which comes along 
with the optimum decision option, all other risks are unacceptable, even if smaller”. 

Thus, risk assessment is only one phase in the process of risk management. It is the technical 
estimation of risks or else the “tool of gaining knowledge about the risks” and consists in 
identifying hazards, assessing their probabilities and measuring their consequences [5]. The 
other phase regards the decision process and includes further considerations, incorporating 
social and economic concerns as well as legal requirements and policy issues [1,6]. In other 
words, “risk analysis is only part of decision analysis and analysis is only part of any kind of 
management – risk management or otherwise” [2, p. 242]. 

2.3 Parts and content of the risk management process 
The review of the main current approaches to risk in a wide set of environments, provided 

by the International Risk Governance Council IRGC [5, pp. 86-156], comes to the conclusion 
that although there is a lack of consistency in the use of terms, as well as different emphases 
placed on the parts of the risk management process, the basic processes involved in assessing 
and managing risks are to a great extent the same.  

Thus, without dwelling on the terminology differences between the wide range of 
organisations and publications concerning risk management, the intention is to understand the 
logic and the function of the common process phases or else, as Hubbard proposed, a simplified 
risk management cycle. Necessary conditions of an informed risk mitigation is first to identify 
and then to assess risks. Although there are cases of easily understood risks that can be 
addressed apparently without great assessment efforts, in most situations there is a large number 
of risks, with different potential risk mitigation strategies but only a restricted availability of 
resources. For this reason, it is necessary to assess not only the initial risks but also the expected 
risk reduction if various measures were taken against their costs. In this way, as Hubbard 
underlines, “risk assessment appears prior to and as part of the selection of risk mitigation 
methods”. Once the mitigation options have been selected and implemented, they have to be 
monitored with the same manner and the risk management cycle is about to begin again [2, pp. 
30-31]. 

3 RISK CLASSIFICATION SYSTEMS IN THE FIELD OF MUSEUMS  
The publication of The ABC Method: a risk management approach to the preservation of 

cultural heritage in 2016 represents the updated version of the risk management practices 
developed by the Canadian Conservation Institute, the ICCROM, and the Netherlands Cultural 
Heritage Agency [7]. The manual, based on the experiences carried out in the field of museums 
since 1980 [8,9,10], is built around the five principal steps of a risk management process 
[11,12], and provides detailed explanations about tasks and activities for the implementation of 
each step.  

Two aspects are of particular interest for the purpose of this study. The first one regards the 
use of frameworks “for thinking about risks in the identify, analyse and treat steps” [7, p. 69]. 
Five classification schemes are proposed based on “agents”, “types”, “stages”, “layers”, and 
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“sources of knowledge”.  
The ten agents of deterioration are used to identify risks and serve as channels to organise 

all the scenario paths from hazards to adverse effects [7, pp. 70-72].  
In terms of occurrence, risks can be classified in three practical types, i.e. rare events, 

common events, and cumulative processes, with the aim to “guide the risk discovery process, 
to guide the location of information during the analyse step, and to guide thinking during the 
treat step” [7, p. 73].  

The analysis of risks according to the five stages of control – corresponding to preventive 
conservation (1. avoid sources of the agent, 2. detect the agent, 3. block the agent, 4. respond 
to the agent), disaster planning (5a. recover from the fast agent), and remedial 
conservation/restoration (5b. recover from the slow agent) [8] – ascertains the feasibility and 
the effectiveness of the risk treat options [7, pp. 75-76].  

As for the six layers – region, site, building, room, fittings, packaging/support, and items – 
besides being useful for the analysis of the block stage of control, they organize possible sources 
of hazards and agents of deterioration, as well as they structure the knowledge and expertise 
needed for the analysis [7, pp. 77-78].  

The last framework of the three sources of knowledge is closely related to the three types of 
occurrence. Regional statistics is the source of knowledge about the frequency/intensity of rare 
events; local knowledge (surveys) is the source for common events, the intensity of cumulative 
hazards, the five stages of control and the local layers; scientific and technical knowledge is the 
source for the sensitivity to cumulative processes and for most theories that can analyse risks 
[7, p. 79].  

The second aspect concerns the quantification of risks. The two basic criteria, probability 
and consequences, have been formulated in order to place events and cumulative processes side 
by side and to include the relative importance/significance of the various items of the collection 
[7, p. 17]. The former becomes Frequency (for events) or Rate (for cumulative processes) and 
the latter is called Loss of value and is divided into two parts, the fractional loss of value to 
each affected item, and the items affected expressed as a percentage of the total value of the 
asset [7, p. 93]. The estimation of these three factors constitutes the basis for the comparison of 
risks.  
Following the common practice in risk assessment of distinguishing between the technical 
components of risk analysis and the subjective components, i.e. the value judgements, the 
manual affirms the necessity to provide a clear description of the two stages in derivation of the 
loss of value to each affected item: the expected damage in technical terms and the impacts on 
value [7, p. 129]. As stated in the manual “comparing risks with different kinds of deterioration 
requires the adoption of a common scale to convert the predicted deterioration into predicted 
loss of value. This is the hard part of comparative risk assessment and the essential part. It links 
material science to cultural values” [7, p. 23]. In addition to the loss of value, criteria such as 
uncertainty, constraints, opportunities, or the cost-effectiveness of options and the cost of 
options can be assessed and used during the risk evaluation phase [7, pp. 134-138, 142]. 

4 RISK CLASSIFICATIONS SYSTEMS IN THE FIELD OF BUILT HERITAGE 

4.1 Classifications based on “hazard” and “vulnerability” categories and levels 
The first example taken into consideration is the Risk Map of Cultural Heritage developed 
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by the Italian Central Restoration Institute (ICR) [13]. The division in three groups made by 
Risk Map attempts to the characterisation of the risks according to three hazard categories and 
the corresponding vulnerability aspects of the building elements that have to be considered. In 
detail, the three clusters defined, the environmental-air domain, the static-structural domain, 
and the anthropic domain, connect the three diverse nature of risk factors – i.e. the 
climatic/microclimatic and air pollutants risk factors, the geomorphological characteristics of 
the ground and of the subsurface, and the demographic/socio-economic dynamics – to the three 
different aspects of vulnerability defined by the material surface characteristics, the structural 
characteristics and the use/safety aspects of the building. 

Even if the taxonomy is referred to the nature (climatological, geophysical, and anthropic) 
of risk factors and the building vulnerability aspects, we can notice that the two of the three 
types defined are equal to the types defined by Waller. Indeed, in the first category of 
rare/catastrophic risks we can link the static-structural domain, where the hazards considered 
are: seismic, landslides, floods, coastal dynamics, avalanches and volcanic, i.e. with low 
probability but severe effects, involving the structure of the building. In the third category of 
constant/mild-gradual risks we can associate the environmental-air domain characterised by 
threats, such as temperature, precipitation, wind, air humidity, pollution etc., that have 
cumulative effects on the surfaces of the building materials.  

Another project that follows the same groups of risks with Risk Map is the European CHIC 
protocol [14]. In this case, the distinction between certain/long term and uncertain/rapid onset 
effects for the natural risks is clarified.  

Similarly to the three types of risks defined in museum collections, they contribute to the 
identification of risks, they organise the knowledge and the expertise necessary for the analysis 
and finally guide thinking in the treat step. Moreover, this sort of classification, as Baer [15] 
explains, is significant in the risk management process. A rapid onset event with low probability 
may not justify preventive actions, whereas a slow acting agent that it is expected to affect with 
certainty the elements exposed may is a reason to take immediate action. On the other hand, the 
risk of a catastrophic event, characterised by a worrying rate of occurrence may necessitates a 
significant allocation of resources.  

As for the measurement of risks, Risk Map considers three different detail levels according 
to the scale considered: territorial, individual, and local risk. The territorial risk is based on the 
hazard and exposure indicators related to the municipal area; the individual risk concerns the 
hazard indicator of the municipal area combined with the vulnerability of a single building; and 
lastly the local risk that relates the indicator of local hazard with the building vulnerability.  

Recent developments of Risk Map tool concern the elaboration of a new evaluation model 
of seismic risk by updating the indicators of seismic hazard and vulnerability according to the 
new recommendations for the assessment and mitigation of seismic risk to cultural heritage 
approved in 2011 [16], as well as a proposal to adapt the tool to the characteristics of the 
buildings in historical centres [17].  

4.2 Classification schemes based on “nature”, “temporality”, “scale” and “probability” 
of risk factors. 

Another example of risk classification schemes for the built heritage is Dario Camuffo’s 
work “Perspectives on risk to architectural heritage” [18], in which the author compiles a list 
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of the major risk factors. He focuses on the problems related to the physicochemical decay of 
the buildings and discusses the gaps in our scientific and technological knowledge, the 
controversies over the interpretation of results, and the latest trends. At the end of the chapter 
proposes a classification of selected risk factors to cultural heritage. The risk factors are divided 
in two large groups, natural and anthropogenic and qualitative indications of “nature”, 
“temporality”, “scale”, and “probability” are given.  

With regard to the nature, risk factors are characterised mainly by a physical, chemical, or 
biological action. Concerning the temporality, they are separated in long term, medium term 
and rapid onset, while in respect of the scale, they can be local, regional, and global. As for the 
probability, risk factors vary from rare, infrequent and frequent events, to continuous cycles 
and continuous. Although the criteria and the various categories proposed in this table by 
Camuffo are not new, on the contrary they are commonly used in the conservation field, this 
work gains importance because of its holistic and systematic approach. Indeed, the organisation 
of the major threats to which is exposed built heritage and their qualitative characteristics 
contributes to their understanding and their management. 

4.3 Classification schemes based on “cause-effect” relationships, “building materials”, 
“building elements”, and “building typologies”  

Another common risk classification scheme in the field of build heritage is the consequence-
based approach. In fact, thanks to several efforts matured in architectural preservation field, 
guided procedures for the analysis of the decay/damage have been introduced in national and 
international recommendations. The data collected from different sources, such as literature, in 
situ investigations, and laboratory simulation tests has improved our knowledge on the possible 
decay/damage causes and their consequences. 

Indicative examples are the Damage Atlas published in 1998 [19] and the subsequent 
development of a Structural Damage Atlas in recent years [20]. The first gathers and schematize 
into relations between damage types, causes and deterioration processes the current knowledge 
of the environmental effects on brick masonry deterioration by drawing attention on the 
complex interaction of different materials and different boundary conditions [21]. The second 
focuses on the mechanical behaviour of brick- and stonework masonry under different actions, 
caused by sudden events such as earthquakes, floods etc. or by long term phenomena such as 
soil settlement, heavy loads and lack of maintenance, and forms a basis for the definition of 
typical structural damage patterns. 

Without going into details, the damage classification concerning the structural behaviour and 
the failure mechanisms of the building elements takes into account not only the construction 
materials, but also the different building typologies and the role of the various structural 
elements and their connections. 

4.4 Classification schemes based on the “combination of risk factors” and the “risk level 
change” in the course of time 

During the last years, the studies on the effects of the environmental factors on the cultural 
heritage have drawn attention to the issues related to climate change and the new pressures that 
will be caused by variations in temperature and precipitation, changes in soil conditions, 
groundwater and sea level, and extreme climatic events. 
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The Noah’s Ark project has developed quantitative models for the global climate change 
impacts on the deterioration of different heritage materials on European geographical scale [22]. 
The results of the research project, gathered in different types of maps, correspond to the 
methodological approach adopted. Firstly, “climate maps” were elaborated by selecting the 
traditional climate parameters, both meteorological and pollution, relevant to cultural heritage. 
Estimations were carried out by taking into account different future scenarios and three periods, 
recent past, near future and far future. In order to obtain the most critical synergetic effects for 
the historic building materials, the previous climate maps were combined and specific “heritage 
climate maps” were produced, representing the advancement of the conservation science to 
adapt the classic meteorology to the needs of conservation [18]. The next step regarded the 
quantitative expression of damages or else the development of damage functions for the 
different building materials, based on different information sources, such as field data, literature 
survey, and laboratory investigations. The results were translated into “damage maps” which in 
their turn were summarized in “risk maps”, showing the type of risks that are likely to increase 
or decrease in the different regions of Europe.  

Among the various classification schemes used in this example, two of them stand out. On 
the one hand, the examination of synergetic effects based on the combination of different risk 
factors is necessary for the identification and the assessment of risks for different materials .On 
the other, the reflection on the risk level change in the course of time becomes useful for the 
understanding of the priorities and the need of measures.  

4.5 Classification schemes based on the “building elements relationships” and the 
“dependency of risks” 

The need for improving management tools has given rise to regular inspection surveys, to 
systematic monitoring, to periodic maintenance and risk assessment practices as the most 
proper preventive strategies, e.g. Monumentenwacht organisations in different European 
countries, Maintain our Heritage in UK, Preventive and Planned Conservation in Italy, the 
Heritage Care project in South-West Europe, etc. [23,24,25,26,27]. Indeed, the European 
standard Conservation of cultural property – Condition survey of immovable heritage [28] 
integrates the risk assessment with the condition assessment and represents an attempt to 
implement preventive strategies. 

In the first draft of the standard, despite the consideration of relevant aspects related to the 
analysis of risks during the phase of assessment, the identification of the related measures was 
not based on the previous analysis or rather it was not based in an explicit way. Indeed, the 
activities of condition and risk assessment were not separated and the classification of measures 
was linked directly to the condition classes. The final version of the standard, approved in 2012, 
has resolved the previous ambiguities firstly by pointing out the difference between condition 
and risk assessment, and secondly by setting up a classification of urgency categories, i.e. urgent 
and immediate, short term, intermediate term, and finally long term, connected to the risk 
analysis. This sort of classification, based not only on the level of risk but also on the risk level 
change in the course of time (or the velocity of damage progression), as it has already been 
mentioned in the previous paragraph, is essential for the planning of the necessary measures.  

Another important aspect of the risk analysis that the document proposes is the relationships 
between the building components. In fact, the description of the elements interactions is 
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fundamental for the understanding of the unity and the complexity of the building system. For 
instance, the four basic interaction modalities between the various building technological 
elements suggested by the Italian guidelines for the conservation plan contribute to the better 
understanding of the effects that could be caused by the changes of the conditions of the 
elements in the course of time and in relation with the use of the building [26, pp.41-42]. 
Another example is the classification of typical seismic damage of the immovable artistic assets 
according to their connection with the structural elements proposed by the PERPETUATE 
project [29].  

4.6 Classification based on “risk reduction measures”, their “control level” and the “time 
of action” 

The most important international organizations, such as UNESCO, ICOMOS, ICCROM, 
Council of Europe, etc., have strengthened their activities to develop operative methods for an 
overall prevention and mitigation strategy for the protection of cultural heritage against 
disasters. For example, the Risk-Preparedness Manual for World Cultural Heritage in 1998 
[30] and Between Two Earthquakes in 1987 [31] are two of the first publications in a series of 
handbooks that is still being added to and updated in view of current concerns related mainly 
to the risks of climate change faced by cultural heritage.  

The planning framework proposed in these manuals usually takes into account three 
elements: the action time, i.e. the preparedness (before), the response (during), and the recovery 
(after) phases; the typology of risk reduction measure; and the control level or else the different 
role of public institutions and private owners.  

Apart from a guide to the identification and organisation of the measures that can be taken 
against disasters, this scheme could be also used to classify the risks to which built heritage is 
exposed according to the feasibility/effectiveness of implementing the various typologies of 
measures [32,33]. What is more, this classification not only indicates the prevalent strategies 
for the prevention/mitigation of risks but defines also the priorities for their assessment. 

5 RISK CLASSIFICATION SCHEMES PROPOSED IN OTHER FIELDS 
The most common approaches to the classification of risks employed in other fields, e.g. in 

insurance and financial industry, in the safety engineering field, or in health and environmental 
sector, are based on causal agents, risk events, and their potential consequences.  

A different approach was developed by WBGU [34], and reviewed later by IRGC [5]. It is 
based on the concept of systemic risk, i.e. draws attention to the interdependencies and 
interactions between environmental, social, financial, and economic risks and opportunities. As 
Klinke and Renn [35] argue there are two key elements that characterise this approach, firstly 
the extension of factors that should be taken into consideration when managing systemic risks 
and secondly, the inclusion of analytic-deliberative processes in the regulatory framework.  

In detail, the analysis increases the number of criteria, from two– the two classic components 
of risk, probability and magnitude of damage– to eight, by adding other physical and social 
impact categories, i.e. the incertitude, the ubiquity, the persistency, the reversibility, the delay 
effects, and the potential of mobilization.  

Considering these criteria, four risk clusters have been identified, according to the different 
states of knowledge for each risk, distinguishing between ‘simple’, ‘complex’, ‘uncertain’ and 
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‘ambiguous’ risk problems. “The characterisation of a particular risk depends on the degree of 
difficulty of establishing the cause-effect relationship between a risk agent and its potential 
consequences, the reliability of this relationship and the degree of controversy with regard to 
both what a risk actually means for those affected and the values to be applied when judging 
whether or not something needs to be done about it” [5, p. 12]. Based on these risk categories 
different strategies have been defined for both risk assessment and risk management, as well as 
about the level and the form of stakeholder participation, supported by suitable methods and 
tools.  

The importance of this classification lies, on the one hand, in the acknowledgement of social, 
political and cultural contexts, as well as of individual and cultural value judgments, beyond 
the level of risk, that influence the acceptability/tolerability evaluation of risks (34, p. 29; 5, p. 
37]. On the other hand, it allows flexibility in regard to the appropriate position of decision-
making concerning the acceptability/tolerability of a risk by assisting assessors and managers 
in assigning, or dividing this judgement task through the consideration of its two distinct 
components, the evidence-based and the value-based component [5, pp. 37, 40].  

These two factors become relevant to the management of built heritage. The concern about 
the broader context of the built heritage and their coevolutive relationship, as well as the 
maturing of sustainable principles, and the necessity of a long term perspective [36] can be 
reflected by the above systemic approach.  

6 CONCLUSIONS 
The study of various examples of risk classification schemes draws attention to the different 

criteria on which they are based and the variety of the risk aspects analysed, useful in diverse 
ways in the risk management process.  

Specifically, the analysis indicates that two main groups can be distinguished according to 
their utility within the risk management process. The first one contributes mostly to the 
identification and the assessment of risks, and the second one is associated mainly with the 
management phase. If in the first group, criteria such as nature, scale, timing, 
probability/frequency, severity, relations and consequences of risk factors play a part in 
establishing and/or estimating cause-effect relationships, in the second group, the criteria 
suggest priorities, strategies, and their efficiency. 

In fact, these sorts of classifications have been already applied in an organised manner to the 
risk management methodology elaborated by the museum sector as it is shown in the example 
taken into consideration here. Concerning the built heritage conservation, it can be noticed that 
the various classification schemes proposed and analysed have not been incorporated into a 
systematic risk management methodology.  

In this perspective, the overview provided in this paper represents an attempt to frame a more 
methodical and holistic approach to the built heritage risk management. In other words, the 
combination of different classification schemes could be integrated with the various phases of 
risk management in order to respond adequately to the diverse needs of the process.  

However, the different classification schemes analysed in this study cannot be considered 
exhaustive. The examples that are presented here cover basic and generic classes of risk and 
they are indicative. According to the particularities of each case, the classifying criteria can be 
adapted to the specific needs and more precise categories can be formed. Thus, the 
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methodological approach suggested depends not only on the different needs of the process but 
also on the needs of the specific built heritage case. 

Table 1: Different risk classification schemes according to the selected criteria on which they are based and their 
utility/scope within the risk management process 

Selected criteria Risk classes Utility 
Risk factors nature 
 
Scale 
Temporality 
Probability/Frequency 
 
Hazard and vulnerability 

categories 
 
Damage mechanism, building 

elements characteristics, 
building typologies 

Combination of risk factors 
 
Building elements interactions 
Relationships of risks 

Cause based or mechanism 
based classes 

Local, regional, global 
Long term, rapid onset 
Rare events, common events, 

cumulative processes 
Environmental-air, static-

structural, and anthropic 
domain 

Consequence based classes 
(decay/damage types) 

 
Synergetic effects-based 

classes 
Dependency based classes 
 

Risk identification, risk 
assessment, risk 
management 

Probability, consequences 
(direct and indirect, tangible 
and intangible) 

Hazard level, exposure level, 
vulnerability level 

Risk level based classes Risk assessment 

Risk level 
Risk level, constraints, 

opportunities 
Risk level, risk level change in 

the course of time 
Reduction measure, response 

level, action time  
Feasibility/effectiveness/cost-

effectiveness of measures 
Knowledge characterisation 

Priority based or urgency 
based classes 

 
 
 
Management strategy based 

classes or management 
strategy efficiency based 
classes 

Risk management 
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all highly qualified professionals. Our aim is to offer software 
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S.T.A. DATA offers 3Muri Project, developed specifically for 
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masonry structures; 3Muri Project was born from the specific 
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to obtain a safe and reliable calculation of historical, exhisting 
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IRS is a smart Engineering, Research and Development company 
founded by a group of engineers in 1993. IRS Structural Health 
Monitoring division designs, develops and integrates automated 
systems for mechanical and structural monitoring. Thanks to 
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well as professional production and after sales service provide 
a complete suite of structural health monitoring solutions. 
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