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IDENTIFYING BUILDING RISK:

THE POTENTIAL CONSEQUENCES OF
THE VULNERABILITY OF BUILDING
ENVELOPES’ TECHNICAL ELEMENTS

Abstract

The building envelope serves as the interface with the external environ-
ment. Its technical elements (e.g., cornices, balconies, and finishings) are
highly vulnerable to damage from external hazards due to their technolog-
ical characteristics and state of preservation. Such phenomena can lead to
potential detachments and falls of these elements onto surrounding areas,
posing significant risks to exposed agents and transforming them from
“factors at risk” to “risk factors” for urban systems. This paper seeks to
formalise the concept of Building Risk, which is defined as the probability
that a hazardous event, stemming from the vulnerability of the technical
elements of the building envelope, can have detrimental effects on ur-
ban systems. A scientific literature survey was conducted to analyse how
existing studies have addressed these issues. The results indicate strong
interest in the impacts of external hazards on buildings and urban systems,
revealing significant gaps in modelling the cascading effects arising from
the building envelope vulnerability. Assessing this vulnerability and its
impacts is crucial to ensure urban system safety and to fully understand
the multi-risk dimensions to which these systems are exposed. The pro-
posed topics aim to inform the implementation of risk reduction measures
and the design of low-vulnerability technological solutions tailored to
contexts’ specific hazards. Future implications include the renewal of risk
management strategies to enhance urban system safety.

Keywords
Building risk, Building envelope, Vulnerability, Urban system, Multi-risk.
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The frequency and intensity of hazards and the severity
of their impacts have increased significantly worldwide
over the past two decades, amplified considerably by
Climate Change and other risk drivers [1]. Many di-
saster management and mitigation policies concerning
buildings and urban systems to date have focused on re-
ducing the loss of life, property, and services in single
disaster risk scenarios [2]. The increasing emergence
of complex risk scenarios has revealed the necessity
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to adopt and implement comprehensive and long-term
multi-risk approaches as the basis for Disaster Risk Re-
duction [1]. These approaches emphasise the urgency
of establishing cross-sectoral frameworks to improve
the understanding of risks in all dimensions, character-
istics, and interactions, as well as developing renewed
governance measures [2]. By extending conventional
risk reduction and disaster management strategies, these
measures aim at the broader goal of building resilient
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systems employing systemic and coherent multi-risk
management strategies [3, 4].

The Horizon Europe Programme [5] and the 2030
Agenda (Goals 1, 11, 13) [6] include the adoption of new
emergency management procedures among the global
challenges aimed at making human settlements safer.
The challenges announced in Cluster 3 of Horizon Pil-
lar 2 promote strategies to improve cities’ safety against
natural and man-made disasters by identifying priority
actions based on an enhanced understanding of risks and
strengthening management strategies [5]. By referring
to global guidelines, the program analyses disaster risks
(Sendai Framework for Disaster Risk Reduction [4]), in-
cluding chemical (Seveso Directive [7]), climate (Paris
Agreement [8]), and hydrogeological (EU Floods Direc-
tive [9]). The Key Research and Innovation Orientations
outline the necessity to develop integrated approaches
that, while addressing short-term safety needs, must fos-
ter a proactive culture to deal with long-term risk scenari-
os [5]. The National Programme for Research 2021-2027
aligns with these themes, as described in section 5.3.1,
where it proposes prioritising research on understanding,
monitoring, and developing multi-risk strategies against
natural and man-made disasters [10].

In developing a multi-risk approach, the above-men-
tioned programs primarily address disaster risks per-
ceived as exceptional and potentially catastrophic.
These can be classified as “Intensive risks”, defined as
high-intensity and low-frequency events caused by ma-
jor hazards, distinguished from “Extensive risks”, which
are defined instead by low-intensity and high-frequen-
cy events, usually associated with weather-related and/
or highly localised hazards [11, 12]. For the purpose of
this paper, these definitions were deemed functional to
express the proposed topic, particularly in the way they
classify risks according to relevant events’ characteris-
tics.

Although the classification of Extensive risks iden-
tifies persistent events, the focus of both definitions re-
mains on external hazards directly impacting buildings
and urban systems [3]. In contrast, a comprehensive
analysis of the cascading risks that buildings themselves
generate for the urban system is often overlooked. The

multi-risk concept encompasses the complex assess-
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ment of multiple hazards, which can trigger chains of
hazardous events across different spatial and temporal
scales [13]. Unlike simpler multi-hazard perspectives,
multi-risk assessment accounts for the interdependen-
cies between hazards and risks, addressing their interac-
tions and combined effects on other risk factors, such as
triggered events, cascade effects, and amplified vulnera-
bility in successive hazards [13, 14]. In these scenarios,
the multi-risk dimension emerges from multiple hazards
threatening the same elements at risk either non-simulta-
neously, simultaneously, or in rapid succession, whether
independently and through impact chains [2, 4, 13, 14].

Based on the above considerations, multi-risk ap-
proaches must comprehensively analyse and evaluate
cascading effects stemming from building vulnerability.
The hazard posed by the vulnerability of building enve-
lopes’ technical elements and their cascading impact on
surrounding areas is often overlooked in the described
context. This contribution seeks to expand on and ad-
dress this gap by introducing the concept of Building
Risk (R)).

1.1. RESEARCH CONTEXT AND RELEVANCE OF
THE TOPIC

As the boundary between the building and its context,
the building envelope plays a critical role in protecting
the building from external actions and directly interacts
with other elements of the urban system. This system
consists of two main components: the social component,
representing the population, and the infrastructural com-
ponent, which includes, among others, buildings, net-
works, and essential services [15].

In this study, the building is conceptualised as a com-
plex system of technical elements, following the system-
atic classification of the Italian national standard UNI
8290 [16]. The UNI8290 categorises buildings into four
levels, based on the functions and interrelationships of in-
dividual elements: Classi di Unita Tecnologiche (Classes
of Technological Units); Unita Tecnologiche (Technolog-
ical Units); Classi di Elementi Tecnici (Classes of Tech-
nical Elements); Elementi Tecnici (Technical Elements).
This classification recognises the non-hierarchical inter-

connection between elements and their role in achieving
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overall building performance, moving beyond the typ-
ical distinction between “structural” and “non-structur-
al” elements. Unlike other classification systems, such
as FEMA’s (Federal Emergency Management Agency)
hazard-specific classification [17], the UNI8290 offers a
comprehensive approach that aligns more closely with
the framework of the proposed research by providing a
functional breakdown of building subsystems, essential
for understanding, assessing, and ensuring efficiency in
the entire building process. Following the UNI8290, the
building envelope comprises the set of Classes of Tech-
nological Units’ Chiusura (building closure elements)
and Partizione esterna (external partition elements) [16].
These two classes include all the Technical Elements that
define the building envelope, ensuring the separation be-
tween internal and external spaces and shaping the areas
connected to the building system [16]. Therefore, these
Technical Elements represent key factors in assessing the
interactions between the envelope itself and other urban
system components.

These elements (e.g., cornices, balconies, chimneys,
cladding) are particularly vulnerable to the direct impact
of external hazards and are traditionally identified as
“factors at risk”. These impacts determine a more or less
severe decay in technical elements’ performance. This
decay leads to progressive deterioration, resulting in phe-
nomena such as degradation and detachment, which pose
continuous threats to urban systems in terms of potential
falls and/or obstruction of escape routes (Fig. 1). In this
sense, the technical elements of the building envelope
become an additional hazard factor for urban systems,
shifting from being “factors at risk” to becoming “risk

factors” themselves.
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These phenomena are widespread in many urban
areas, particularly affecting buildings over fifty years
old, which form a substantial part of today’s cities. In
addition, recent years have shown that climate change
exacerbates the degradation of technical elements of the
building envelope, increasing its vulnerability to both
Extensive and Intensive hazards [18]. As a result, the
widespread risk of collapse from damaged building en-
velopes poses significant safety consequences for urban
systems, regardless of the occurrence of exceptional con-
ditions typical of intensive hazards, identifying in these
elements an additional risk factor beyond codified ones.

Intensive hazards typically cause immediate and sub-
stantial damage to both the technical elements of the
“building envelope” and the “load-bearing structure”
[16]. Conversely, Extensive hazards have a persistent,
cumulative effect over time, which is less evident on
the load-bearing structure, but they cause gradual and
equally significant damage to the technical elements of
the envelope in relation to the exposure of urban systems
[19-21]. While scientific literature regarding risk assess-
ment to the built environment extensively covers risks to
the “load-bearing structure” [16], particularly regarding
Intensive hazards, a multi-risk approach requires deep-
er analysis of how these hazards affect other Classes of
technological units, especially the particularly vulnera-
ble elements of the “building envelope™ [16].

Regarding Extensive risks, a further critical issue
arises. Recurrent and persistent actions are common in
urbanised contexts and continuously affect the building
envelope under normal operating conditions [19-21].
Even without Intensive hazards, technical elements are

still highly vulnerable to these continuous actions. Al-

Fig. 1. Examples of damaged cornices, balconies, plasters, and decorations.
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though research has focused on the reduction of energy
performance due to the impact of Extensive risks, the
cumulative effects on other vulnerability dimensions are
often neglected. The widespread degradation of these
elements and the rising frequency of hazardous events
from their collapse highlight the need to expand studies
on their vulnerability, assessing the impact of Extensive
hazards in terms of urban systems safety as well [22-25].

Despite the intuitive nature of R, its assessment is
not often explored in the scientific literature [19] and is
inadequately addressed in international development and
planning policies, and a proper definition of such risk
does not emerge from the current state of the art. Further-
more, existing studies on building envelope technical el-
ements are limited, failing to provide a full understand-
ing of hazards’ impact in relation to their vulnerabilities.

The experience gained by the research group in the
field of risk management, particularly in supporting Pub-
lic Administration in the Phlegracan area, has revealed
that the persistence of Extensive hazards affects citizen
safety as significantly as disaster events [20]. Indeed, in
the specific context of the Phlegracan area, the low-in-
tensity and high-frequency solicitations typical of the
Bradyseismic phenomena add up to other extensive haz-
ards typical of current conditions in urbanised contexts,
such as those related to weather phenomena or interfer-
ence of infrastructures. These hazards, acting as constant
triggering events, continuously contribute to increasing
the vulnerability of technical elements of the building
envelope. These ongoing triggers together amplify their
degradation, generating cascading effects due to the sub-
sequent fall of these elements onto surrounding areas,
which, in turn, configure a Building Risk scenario for the
urban system.

1.2. PAPER’S CONTRIBUTION

Based on the considerations discussed, it is evident that
the vulnerability of the technical elements of the build-
ing envelope plays a crucial role in response to exter-
nal hazards at the building scale and in determining the
cascading effects at the urban scale. The topic addressed
highlights the need to comprehend and identify R, as an

additional rate within a multi-risk approach, focusing not
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only on the impact of external hazards on the built envi-
ronment but also on the cascading effects generated on
urban systems by buildings and their components during
their service life.

This contribution aims to conceptualise and formalise
R,, along with its characteristic parameters, providing a
preliminary definition of it, aligned with the hierarchical
process of risk management techniques, which begins
with risk identification, followed by analysis, evaluation,
and mitigation [13].

2. METHODOLOGY

To achieve the expected result, this contribution: con-
ducts a bibliometric survey on buildings and urban sys-
tems risks (§2.1); analyses key concepts underpinning
risk scenarios for the built environment (§2.2); and iden-
tifies R, by defining its characteristic parameters (§2.3).

The first phase involves analysing existing scientific
frameworks on risks related to buildings and urban sys-
tems, within which R can be identified along with its
parameters, to understand the focus of these studies and
confirm the gaps noted in multi-risk management frame-
works. The second phase applies a comparative analysis
of risk scenarios for the built environment, examining the
differences and similarities between risk parameters and
their characteristics, as well as the main factors useful
for their assessment. In this phase, the aim is to outline
common concepts underlying recognised risk theories
to support the identification of R, and its characteristic
parameters. The third phase, building on the previous
analyses, develops a methodological framework to for-
malise R, characteristic parameters by conceptualising
the distinctive type of hazard determined by the technical
elements of the building envelope due to their vulnera-
bility and how it can determine, in turn, cascading effects
on the urban system.

2.1. BIBLIOMETRIC DATA PROCESSING

Data collection was conducted using Elsevier’s Sco-
pus database, chosen for its efficiency, expert curation,
and regular updates, making it suitable for analysing
peer-reviewed literature across diverse disciplines. The
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initial search focused on the keywords “urban risk” and
“building risk”. The results were refined by narrowing
the search to articles published between 2013 and 2023
and within the subject areas of Environmental Scienc-
es; Engineering; Earth and Planetary Sciences; Energy;
Social Sciences; Business Management and Account-
ing; Computer Science; Economics, Econometrics and
Finance; Multidisciplinary. These areas were considered
most relevant, and the chosen time range ensured data
stability. The first query (“urban risk” AND “urban”
AND “risk”) yielded 38,354 documents with 57,193
interactions across the subject areas, while the second
(“building risk” AND “building” AND “risk”) returned
36,215 documents with 55,994 interactions (data export-
ed as of 20 February 2023). The lexical analysis reveals a
steady increase in the number of articles over the period
analysed (Tab. 1), underscoring the growing relevance
of these topics.

Figure 2 shows the distribution and incidence of re-
sulting documents across the scientific area considered.
The pie chart in Figure 2a illustrates a predominant
presence of these terms in the scientific fields of Envi-
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ronmental Science (33.1%), Social science (22.5%),
Engineering (14.5%), and Earth and planetary sciences
(11.1%). This suggests that urban system risks are ad-
dressed across diverse sectors, particularly focusing on
environmental and social aspects. The literature wide-
ly discusses the topic, especially in relation to climate
change, sustainability, and risk perception and commu-
nication, highlighting the cultural component inherent in
risks in urban systems. The pie chart in Figure 2b shows
a similar distribution for these terms but with a notable
increase in Engineering (28.9%), reflecting a growing
focus on risk management for the built environment and
urban systems.

Further studies were conducted to understand wheth-
er the observed increase reflects a deeper focus on risks
within the specific framework of the built environment.
Data from the Scopus survey were exported and pro-
cessed using two open-source text-mining and keyword
co-occurrence tools, Bibliometrix [26] and VOSviewer
[27]. These tools were used to identify the most frequent
keywords in the relevant subject areas and to analyse the
co-occurrences between these terms and topics. This re-

Queries Year of reference
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
el g 2 2223 2470 2555 2867 3046 3643 4237 4840 5560 6002 911
urban” AND “risk
[building risk” AND | 3.2 5506 2586 2015 3133 3531 4082 4363 4793 5290 699
building” AND “risk

Tab. 1. Number of documents per year for each of the queries used in the bibliometric search. Source: data retrieved from Elsevier online database.

N Environmental Science
W Engineering
Earth and Planetary Sciences
I Energy
I Social Sciences
I Business Management and Accounting Nna%
I Computer Science

Economics, Econometrics and Finance

B Multidisciplinary

16,3%

Fig. 2. Distribution and incidence of documents’ number by subject area. (a) Incidence of documents’ number by subject area for the queries
“urban risk” AND “urban” AND "risk”. (b) Incidence of documents’ number by subject area for the queries “building risk” AND “building” AND “risk”.

Source: data retrieved from Elsevier online database.
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sulting keyword index helps to identify the most recur-
rent themes in current scientific literature concerning the
impact of codified risks on buildings, performance loss,
and consequences for urban systems.

The Bibliometrix R package employs various biblio-
metric analysis methods to conduct scientific literature
mapping analyses, offering intuitive data visualisations
and mappings of scientific literature [26]. Due to limited
data processing capacity, 2000 documents per year were
selected using the “relevance” filter, resulting in 20,699
articles (data exported as of 20 February 2023). After
loading the data into Bibliometrix, an additional filter
limited the study to the following specific Document
Types: article, book, book chapter, conference paper,
review, short survey. A recurrence analysis of the Most
Relevant Words among the Author’s Keywords was
performed for each of these scientific products. A syn-
onym filter was applied to group inhomogeneous data
and exclude keywords unrelated to the survey to avoid
scattering the data derived from Scopus. The results are
summarised in the recurrence plots shown in Figure 3.

Figure 3a illustrates the frequency of each Author’s
Keyword over the selected period, providing a break-

risk assessment
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down of the Most Relevant Keywords. Cumulative oc-
currences up to 2023 highlight the prominence of top-
ics such as risk assessment (802 occurrences) and risk
management (523 occurrences). The results support the
evidence that scientific research is currently shifting its
focus from disaster risk reduction (61 occurrences) and
disaster risk management (58 occurrences) to risk analy-
sis (265 occurrences) and proactive assessment and man-
agement approaches, emphasising resilience. This trend
reflects a growing focus on overarching governance pol-
icies. The graph in Figure 3 also reveals a strong con-
nection between this approach applied to the built en-
vironment (616 occurrences) and policies connected to
climate change (526 occurrences) and energy efficiency
(516 occurrences), demonstrating that the focus of re-
search is trending towards concepts of resilience (490
occurrences) and vulnerability (487 occurrences). The
similar cumulative recurrence values of these concepts
reinforce the relevance of the topics proposed.

Figure 3b shows the cumulative recurrence rate vari-
ation for each Author’s Keyword over the reference peri-
od, indicating a steady increase in interest related to cli-
mate change, resilience, risk assessment, etc., throughout

risk

built environment

climate change

risk management
energy efficiency

resilience

vulnerability

bim
earthquake
sustainability
risk analysis
safety
adaptation

flood risk

fragility curves

risk communication
seismic vulnerability
uncertainty

risk mitigation
exposure

seismic hazard
disaster

cultural haritage
risk perception
hazard

building materials
damage

monitoring

risk factors
governance

risk reduction
disast. risk management
natural hazards

Author's Keywords

Occurrencies

— risk assessment
—— risk
— climate change
—— resilience
—— vulnerability
seismic risk
— flood risk
drr
fire risk
—— natural hazards

2013 2015 2017 2019 2021

2023
Reference Period

400 800 B00

Fig. 3. Results of the recurrence analyses of the Most Relevant Words among the Author’s Keywords. (a) Total number of occurrences for each
Author’s Keyword over the reference period. (b) Variation in the cumulative number of occurrences for each Author’s Keyword over the reference
period. Source: adapted from Bibliometrix [26].
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the years. This trend can be attributed to the adoption of
a multi-risk approach influenced by the ongoing climate
crisis.

Figure 3 further highlights that current scientific stud-
ies focus primarily on Intensive risks directly affecting
buildings and urban systems (seismic risk (342 recur-
rences), flood risk (187 recurrences), fire risk (180 recur-
rences, etc.). However, these studies do not adequately
consider the cascading impact buildings generate on ur-
ban systems. Despite using the query “building risk”, a
prominent correlation between risks, buildings, and the
technical elements that constitute the building envelope
does not emerge with sufficient impact.

To better understand this evidence, the search was
refined with the two more specific keywords “build-
ing” AND “risk” AND “element” and “building enve-
lope risk™. In order to identify the interconnections be-
tween the most recurrent themes associated with these
keywords and the contexts in which they are used, an
analysis was carried out using the VOSviewer software
tool, which enables the determination of co-occurrences
between keywords providing network maps and visuali-
sations (Fig. 4) [27].

Figure 4a confirms that the studies concerning the
technical elements of buildings are sector-specific,

showing stronger correlations with Intensive natural
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hazards (seismic risk, flood, landslide) and topics relat-
ed to climate change and energy performance (including
sustainability, building materials, and energy efficiency).
Despite including the keyword “element”, terms such
as concrete and masonry, which pertain to the Classes
of technological units of the “Load-bearing structure”,
appear with significant frequency. There are only weak
correlations between “non-structural elements” and seis-
mic risk topics, confirming the rigid decomposition of
the building into structural and non-structural elements,
which does not fully capture the complexity of the build-
ing system. Additionally, it shows a lack of comprehen-
sive studies addressing the technical elements of build-
ings, the risks they are exposed to, and their cascading
impacts.

Figure 4b reveals similar considerations, showing that
risks to the building envelope and its technical elements
are mostly related to climate change and are strongly con-
nected to energy efficiency issues, with no clear connec-
tions to risks associated with urban systems. Although
there is a correlation with “durability”, it mainly pertains
to energy performance and retrofitting, while terms such
as maintenance, monitoring, and other aspects of envelope
performance, vulnerability, or safety are absent.

This indicates that, despite the intuitive correlation
between risks directly impacting buildings’ technical el-

mosture

R —

nnerg;ﬁiciwy

urgpility

nygrothermaliperformance

bul\dlr‘%we\ups

dimatgghange

natural ventilaton

thermaligomlort

(b) gg,\doswewer

Fig. 4. Network visualisation map of co-occurrence connections between keywords. (a) Co-occurrence of keywords associated with the queries
“building” AND “element” AND “risk” (b) Co-occurrence of keywords associated with the query “building envelope risk” Source: adapted from

VOSviewer [27].
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ements and those they pose in turn to urban systems, the
focus of scientific research remains too distant from a
systemic analysis of these interconnections. This gap in
the existing scientific literature hinders the integration of
these risks into multi-risk analyses, preventing a compre-
hensive understanding and management of the system of
risks affecting urban systems.

2.2. RISK PARAMETERS IDENTIFICATION AND
ANALYSIS

Due to the probabilistic nature of the concept of risk, the
definition of such scenarios varies depending on the con-
texts and disciplinary fields considered. It is possible to
trace recurring archetypal concepts based on an analysis
of the main concepts underlying these scenarios within
the State of the Art.

In scientific literature and regulatory frameworks,
risk (R) is conventionally defined as the probability (P)
that a Hazardous Event [11, 13] will cause harmful ef-
fects (D) on population, settlements, and infrastructure
within a specific area and over a specific period. This
relationship considers the interaction between the haz-
ard (H) affecting a given context, the exposure (£) of
elements subjected to it, and their vulnerability (V) [11,
28] and can be expressed by the equation R = H x V' x
E, where the magnitude of the expected damage (D) is a
function of the parameters V and E. Therefore, defining
these three parameters is essential to accurately identify-
ing a specific risk.

The hazard (H) refers to the probability of an event
occurring within a specific period, in a certain area and
with a certain intensity [13, 28]. In seismic risk assess-
ment, the hazardous event may threaten people’s safe-
ty depending on the presence and density of affected
buildings. In contrast, hydrogeological risk manifests as
threats regardless of the presence of buildings [29].

Damage is the consequence resulting from the occur-
rence of a Hazardous Event [29]. Its magnitude depends
on the hazard itself and the vulnerability and exposure
of elements at risk. For seismic risk, sparse urban areas
with high-hazard levels may result in a near-zero level
of risk, while heavily urbanised low-hazard areas may

result in higher levels of risk. In hydrogeological scenar-
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ios, events like floods may pose higher risks if they im-
pact infrastructure systems and lower risks if they affect
agricultural systems [29, 30].

The commonly used definition of vulnerability of an
element at risk describes its susceptibility to damage or
alteration caused by the actions induced by a hazardous
event of a certain intensity or by physical, social, eco-
nomic, and environmental factors that may amplify the
impact [11, 13, 29]. Vulnerability can be classified into
different types (physical, economic, social, etc.), and its
assessment varies depending on the specific nature of the
analysed risk and the characteristics of the associated
phenomena. The parameters considered in the assess-
ment should be those relevant to understanding the sus-
ceptibility of exposed elements. For instance, in seismic
risk assessment, the vulnerability of structures is eval-
uated through their fragility and capacity to withstand
and respond to seismic events. When dealing with envi-
ronmental risk assessment, parameters connected to the
chemical and physical compatibility of materials with
their environment are also of paramount importance.

Exposure can be expressed in two forms: physical ex-
posure, which refers to the quantity and value of exposed
elements that may suffer damage, alteration, or destruc-
tion as a result of a hazardous event, and functional ex-
posure, pertaining to the functions that may be wholly or
partially disrupted by the hazardous event [13, 28, 29].

2.3. R, PARAMETERS IDENTIFICATION AND
ANALYSIS

Building upon the gaps that emerged from the bibliomet-
ric analysis and adapting the themes exposed in section
2.2, R, is conceptualised along with an identification of
its characteristic parameters.

The panel in Figure 5 provides a synoptic overview of
the concepts underlying R, .

Figure Sa illustrates the building as an elementary par-
ticle of the urban system, and some of the most vulnerable
technical elements of its envelope are pointed out. Figure
5b identifies two hypothetical multi-risk scenarios for
the urban system and its buildings. Scenario A depicts a
multi-risk storyline where the urban system and its build-
ings are exposed to both Intensive (R, ) and Extensive
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Fig. 5. Synoptic overview of the concepts underlying R,.

(R, ) hazards, which can either combine with each other
or trigger subsequent cascading effects [13, 14]. Scenario
B identifies a multi-risk storyline where the urban system
and its buildings are predominantly exposed to Extensive
hazards (R_ ). Extensive hazards in this context include,
for instance, those related to Climate Change (e.g., sud-
den heavy rainfalls, heat waves, wind loads), solicitations
typical of highly urbanised contexts (e.g., interference
with civil infrastructure systems), phenomena of ground
deformation and dynamics (bradyseism, landslides, etc.),
and environmental conditions [11, 18, 21, 25]. Indeed,
regardless of the occurrence of Intensive hazards, Ex-
tensive ones act with persistence, continuously exposing
the components of the urban system to recurrent stresses
during normal operating conditions and determining dif-
ferent combined impacts [13, 14, 21, 22].

At the building scale, in both scenarios, the hazards
directly impact the technical elements of building enve-
lopes, configuring them as “factors at risk”. The extent
of the impact of different hazards on technical elements
is related to their susceptibility to damage or alteration
caused by the relevant hazard. By building upon the
definition expressed in the previous section, the Vulner-
ability of the Technical Elements (V,) can be therefore
defined as the tendency of the technical elements of the
building envelope to suffer damage because of external
hazards [11, 13, 28, 29]. This vulnerability depends on
their characteristics (technical solutions, construction
and installation methods, materials, dimensions, etc.)
and their state of conservation as a physical factor which

can amplify the effect of external stresses [11, 31].

75

e-ISSN 2421-4574

Scenario A

£l K LY ke

Rint |
L lsow | | 20w | som | 0%
cht F :
|
|
Rlnl
L ocoam, Lo, (o1%, L o0i%
Rext | s
(b) (c)

The damage to these elements, proportional to their
specific V_, determines a cascading effect for urban sys-
tems, turning into hazard factors in terms of potential falls
and/or obstruction of escape routes. This hazard, defined
as Building Hazard (H, ), can, in fact, be conceptualised
at the urban level and is identified as the probability that
the fall of a technical element of the building envelope
(Hazardous Event) may occur in a specific period, in a
certain area and with a certain intensity [3, 11, 13, 28].
In this setting, technical elements shift from being “fac-
tors at risk” to being “risk factors” for the urban system
(Fig. 5¢). It is consequential to establish a relationship
between the V_ and the H,, which could be conceptually
expressed by the relation H, = f(V)), defining the direct
correlation between the V and the probability of occur-
rence related to the fall of the technical element consid-
ered or portions of it.

The expected damage caused by H, is related to the
safety of exposed elements and depends on both Sys-
tem Vulnerability (Vsyst) and System Exposure (Esyst).
VSyst can vary based on characteristics such as the type
of urban fabric (including regularity, distances between
buildings, open spaces, and accessibility) and the ratio
of building height to roadway width [13, 28, 30]. While
the V_ is a “direct vulnerability”, definable at the build-
ing scale in terms of the failure of the individual techni-
cal element, the VSyst is an “induced vulnerability”, and
it is defined at the urban scale, in which the relationships
between different elements and subsystems are consid-
ered along with the indirect consequences of the V
[29]. The assessment of the E . might refer to the num-
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ber of people, or exposed elements in general, living and
transiting in a given area, providing a measure of how
populated a portion of the urban fabric is. It can depend
on, among others, the destination and intensity of use,
the value and importance of the building typologies, the
level of urbanisation, and the intensity of flow services
[3, 13, 28, 29], and its assessment relies on the effect
that H, might have on the exposed elements. It can refer
to, for instance,

On the basis of the above considerations, R, arises
transversely to other hazards commonly considered in
multi-risk analysis. Within both multi-risk storylines de-
scribed, it can be seen firstly as a cascading effect trig-
gered by other hazards, configuring itself as an addition-
al Extensive risk rate for urban systems since its impact
persistently acts on them and threatens the safety of the
exposed population. However, it can also be seen as an
amplifying factor that increases, for instance, the vulner-
ability of an urban system exposed to Intensive hazards
such as earthquakes or volcanic eruption, in considering
the probability of obstruction of escape routes caused by
the falling debris.

3. RESULTS AND DISCUSSION

Based on the studies developed and considering the three
characteristic parameters identified and their relation-
ship, an overall definition of R, is given.

R, is defined as “the probability that a hazardous
event, resulting from the vulnerability of the technical
elements of the building envelope, can cause harmful
effects on urban systems” and it can be expressed as a
function of the following parameters (Eq.1): the hazard
associated with the vulnerability of the technical ele-
ment, (H,); the Exposure of the components in the affect-
ed urban system, (Esyst); the vulnerability of the affected
urban system, (V-

Rb = Hb X Vsyst X Esyst (1)

The analytical description of each parameter is still
under study, in accordance with the preliminary phases
of the present research and in line with the aim of the

paper, deferring actual methods for its quantification to
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future discussions. However, a theoretical application of
these concepts and some practical examples of potential
methods to be used for the Rb assessment retrieved from
the existing literature are provided.

A technical element of the building envelope situ-
ated in an Extensive risk scenario is considered, such
as a reinforced concrete balcony in a densely urbanised
area. This element is regularly exposed to external ac-
tions due to operational conditions (e.g., mechanical
stress and fatigue) and environmental factors. Depend-
ing on its technological characteristics, such an element
and its components (such as front edges, soffits, balus-
trades, etc.) can be more or less vulnerable to the direct
impact of external actions, configuring them as “factors
at risk”. For instance, water infiltration, exacerbated by
increased rainfall and CO, pollution, triggers oxidation
in the reinforcement, especially at the front edge. This
causes volumetric expansion and detachment of cover
layers, often resulting in the “expulsion” of the front
edge. Such deterioration creates an additional “risk fac-
tor” for the urban system, exposing it continuously to its
potential fall into surrounding areas. This exemplifies
how external hazards affecting building envelope tech-
nical elements can trigger significant cascading effects
on urban systems.

The V, as described in section 2.3, can be expressed
as a scale of a-dimensional values and comprises two
rates: an intrinsic rate related to the technological char-
acteristics of the element and a second rate related to its
state of preservation. The intrinsic rate reflects the sus-
ceptibility of the technical element to damage from ex-
ternal actions. It can be defined on the basis of compar-
ison criteria among different construction technologies
and their response to external action in terms of degrada-
tion and damage. The second factor acts as an amplify-
ing coefficient, linked to the state of preservation of the
element, to be multiplied by the intrinsic rate to obtain
the final V_. For instance, considering two balconies of
two different construction technologies, one in masonry
and one in reinforced concrete, at an equal state of pres-
ervation, it can be argued that, with respect to seismic
solicitations, the masonry balcony would exhibit higher
vulnerability to seismic forces than the reinforced con-

crete balcony.
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The H, is also an a-dimensional factor, directly cor-
related with V (e.g., as vulnerability increases, so does
the probability that the element will experience signif-
icant degradation levels leading to its collapse), to be
combined with both the height and the mass of the el-
ement to obtain a potential magnitude of the relevant
hazard posed [32, 33].

The extent of damage caused by elements’ fall varies

based on the urban system’s Vi andthe E.__. V

. can
syst syst

be evaluated in terms of the compactness or dispersion
of the urban fabric, for example through metrics such as
Building density, expressed in m3/m?, which indicates
the volume of built-up spaces relative to land area; the
number of buildings per km? combined with the ratio of
building height to street width; the Territorial coverage
ratio, expressed in m?/m?, representing the proportion
of area covered by buildings; and urban form and the
network topology [20, 28, 34]. Always relying on ex-
isting assessment methods, E_  can be quantified using
Residential density, expressed in inhabitants per km?,
the Crowding index, expressed in the number of per-
sons per dwelling, combined with the Index of produc-
tive activities, expressed in number of productive units
per km? [20, 29].

By building upon the examples provided, in evaluat-
ing the safety of people exposed, it can be conceptual-
ly presented that balconies at significant heights above
street level in urban fabrics with high building density
and facing crowded streets pose a significantly higher
risk compared to those at lower heights in less densely
constructed and less crowded areas. The topic of the
hazard posed by the technical elements of the building
envelope to people was addressed by a few previous
studies [21, 32, 33]. These works, however, focused
mainly on the lack of maintenance without consider-
ing the vulnerability of technical elements to specific
hazards. On the contrary, this paper suggests that the
probability of building technical elements that collapse
is closely related to this vulnerability and must be as-
sessed in a multi-risk approach.

At this stage, Building Risk can be assessed in vari-
ous ways depending on the type of harmful effect to be
assessed and the urban system component considered
as the exposed agent. For instance, when considering
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the physical component of the population, R, evaluates
the number of people potentially affected by a fall and
the relevant extent of damage caused. When consider-
ing the functional component, R, can evaluate the per-
centage of obstructed escape routes due to fallen debris,
indirectly affecting peoples’ safety during catastroph-
ic events [35]. These examples illustrate how Build-
ing Risk contributes within the multi-risk approaches:
in the first case, it can be seen as a cascading effect
triggered by other hazards; while in the second case,
combined with other hazards, it can be seen as a factor
amplifying vulnerability, especially during events such
as earthquakes or volcanic eruptions.

4. CONCLUSIONS

The observations presented in this contribution are
based on scientific literature surveys, along with an
analysis of risk scenario definitions for the built en-
vironment and urban systems. The literature reveals a
growing interest in multi-risk management strategies
and resilience, particularly regarding the direct impacts
of risks on buildings and urban systems. However, two
critical gaps have been identified: not accounting for
the impact of both Intensive and Extensive risks on
the technical elements of the building envelope and
overlooking the subsequent cascading hazards affect-
ing urban systems. The research team’s experience in
risk underscores the relevance of the issue, as current
policies primarily address Intensive risks while over-
looking the need for an effective assessment of the con-
stant impact of technical elements of the envelope on
the urban system. The definition of R, becomes a key
factor for a comprehensive multi-risk approach that en-
ables the assessment of this impact. Its identification
provides a foundation for more in-depth studies on the
vulnerability of technical elements to various hazards.
It serves as a preliminary step toward prevention mea-
sures and design strategies that propose low-vulnera-
bility technological solutions tailored to the relevant
system of hazards. In this sense, both design and main-
tenance measures serve as risk prevention and mitiga-
tion strategies since they become strategies to reduce
the vulnerability of technical elements and, at the same




Vol. 11, No. 2 (2025)

time, strategies to mitigate their impacts on the urban
system.

The formalisation of R as an additional rate in
multi-risk scenarios marks a significant advancement
in scientific research, especially in multi-hazard and
multi-risk modelling. The work is limited to the formal
definition of R,. Practical applications will enable the
development of innovative tools and methodologies to
support public decision-makers in defining informed
multi-risk reduction and management strategies. For
instance, they will help identify priority intervention
areas and determine proactive early-warning monitor-
ing actions.

The demand for in-depth studies is evident in the top-
icality of the issues addressed and in the pressing need
for research products that are directly applicable and
measurable in real contexts. This strengthens the con-
nection between research and practical application in a
multi-sectoral and participatory approach, as emphasised
by international research and innovation planning instru-
ments. Future research will build on these preliminary
studies and definitions to enhance knowledge and deep-
en all phases of risk management techniques, including
the development of operational methods for assessing

and evaluating R,.
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