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Abstract. The conservation of building heritage in danger (BHID) has been
a longstanding and intricate matter, garnering widespread global attention.
Although there has been much research conducted on monitoring, evalua-
tion, restoration, and management in this subject, there is a lack of studies
focusing on the perspective of heritage site communities and their possible
negative implications. Thus, this study examines UNESCO and ICOMOS
publications on building heritage preservation and Web of Science second-
ary substances on protecting at-risk heritage. The aim is to identify 24 suc-
cess factors that significantly impact the protection of BHID. Subsequently,
surveys were carried out among residents, merchants, visitors, and architec-
tural specialists in the surrounding community, utilizing the leaning tower
of Garisenda in Bologna, Italy, as a case study. The aim was to identify and
analyze the crucial aspects that contribute to the success of BHID protec-
tion, considering the viewpoint of the community. The research findings
identified twelve critical success factors. The community generally agrees
that the most important factors for successful BHID protection are financial
support, safety and risk assessment, government policy support, project or-
ganization and management, as well as the adoption of technologies and
methodologies. However, there is also a recognized lack of awareness re-
garding the importance of community involvement and cooperation in
BHID preservation efforts. Therefore, the study proposes enhancing com-
munity involvement in the Garisenda tower protection project to promote a
balance between public and private interests. This will help minimize the
adverse effects of conservation efforts on the community and achieve a
more sustainable preservation of building heritage. These research out-
comes not only apply to the protection of the Garisenda tower but also pro-
vide valuable insights and references for the practice and study of protect-
ing other BHIDs.

Keywords: Building Heritage, Garisenda Tower, Heritage in Danger, Iden-
tified Dangers, Community Engagement
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1. Introduction

The challenges faced by historic buildings are complex and urgent, with signifi-
cant risks to their integrity arising from aging materials, unstable structures, natu-
ral disasters such as earthquakes and fires, and extensive demolition activities. To
prevent the loss of national heritage, it is essential to implement proactive and
sustained measures to preserve heritage buildings and to respond swiftly and ef-
fectively to these issues, to achieve current and future sustainable development
goals. In 2019, the World Heritage Committee highlighted at its 43rd session the
inclusion of certain heritage sites in the "List of World Heritage in Danger," aimed
at mobilizing international support and assisting signatory countries in effectively
addressing the challenges facing these heritages. The dangers to heritage are clas-
sified into two categories: "identified" and "potential." Identified dangers refer to
specific and proven imminent threats, such as severe material degradation, struc-
tural deterioration, and deteriorating urban planning consistency. Potential dangers
refer to threats that may adversely affect the inherent characteristics of heritage,
such as changes in legal status, decreased protection levels, and threats from re-
gional planning projects. By implementing precise categorization and prompt
action, together with collaboration with consulting firms, restoration strategies can
be developed to guarantee the efficient safeguarding and preservation of cultural
assets. In the protection of building heritage, failure to conduct rigorous health
assessments and repairs can easily expose these ancient historical buildings to the
risk of collapse, as evidenced by the collapse of the bell tower in St. Mark's
Square in Venice, Italy, in 1902. Despite early intervention measures to stabilize
the structure, post-collapse studies revealed underlying structural issues and the
use of inferior materials, leading to years of erosion. Among the ruins and rubble
were not only various ancient and sturdy Roman bricks but also substandard ma-
sonry materials used for repairs, resulting in the erroneous construction that
caused the bell tower to lean north-eastward and ultimately collapse on its own
[1]. Although reconstruction was carried out in 1912, the authenticity and cultural
value of the heritage could not be fully restored (see Fig. 1). Therefore, there is a
growing need to increase attention and emphasis on the protection of building
heritage in danger.
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Fig. 1. Collapse of the bell tower in St. Mark's Square, Venice, 1902 .by Antonio De Paoli.

Based on the micro-citation topics in the Web of Science (WoS) related to endan-
gered building heritage, this study found that current research mainly focuses on
monitoring and restoration technologies, such as laser scanning applications|[2],
structural deterioration, and erosion issues[3], and building safety and risk assess-
ment technologies[4]. However, there is a lack of examination of protection be-
haviors, particularly from the perspective of heritage site communities. Recent
studies highlight the importance and positive impact of resident involvement in
heritage protection[5], with some pointing out the negative effects on local com-
munities. The 44th session of the World Heritage Committee in 2021 emphasized
the need for local resident involvement in heritage protection decision-making[6].
Therefore, research on heritage site communities and their integration into protec-
tion and management practices is necessary to promote sustainable development
and harmony between heritage sites and local communities. To enrich the com-
munity perspective and improve protection efficiency in endangered heritage pro-
jects, this study uses the Critical Success Factors (CSF) method from management
studies to survey community stakeholders. The CSF method, introduced by Har-
vard University professor William Zani in 1970, is widely used in performance
evaluations[7].In architectural projects, CSFs serve as strategic principles and
implementation factors. This study reviews international documents and academic
papers in building heritage protection, using the Garisenda tower in Bologna as an
example. Critical success factors were identified and analyzed to understand
community viewpoints better. This approach aims to enhance project success
comprehensively, thereby improving the performance and likelihood of successful
repair and protection of endangered building heritage.

2. The Garisenda Tower in Bologna

Bologna, Italy, is a medieval city that boasted over 180 towers during the 11th and
12th centuries. These towers not only served strategic and military purposes but
also symbolized the prestige of the respective owning families. Today, only 24
towers remain, among which the most famous are the iconic "Two Towers" of
Bologna: The Asinelli Tower, standing at 97.2 meters, and the Garisenda Tower,
at 48 meters in height. The Garisenda Tower has been the subject of controversy
due to its noticeable inclination since its construction, leaning at an angle of 4°
with a 3.22-meter overhang [8]. Built in 1109, it is currently Italy's most leaning
brick and stone tower. Initially towering approximately 60 meters high, the Garis-
enda Tower faced demolition in 1293 by the city council due to its significant
lean. However, the lack of funds at the time prevented the execution of this plan,
leading to its abandonment. In 1353, the government opted to dismantle a portion
of the tower by reducing its height by 12 meters to ensure the building's safety.
Regarding its inclination, there has been no significant change over the centuries,
as evidenced by the alignment of two holes drilled from the Garisenda Tower to
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its neighboring Asinelli Tower, indicating that these two sister towers remain
aligned [9]. Before 1871, a small 18th-century chapel dedicated to the Virgin of
Grace stood beneath the Garisenda Tower. Subsequently, Count Piriteo Malvezzi
purchased the tower and demolished the chapel (see Fig. 2).

Fig. 2. Left: The 18th-century chapel under the tower; Center: After its demolition in 1880;
Right: The tower under repair in 2024. Source: Galleria Due Torri.

Since 1886, with the introduction of tramways, the condition of the Garisenda
Tower has deteriorated further, prompting strict regulation and enforcement by
municipal authorities on the passage of private vehicles, along with the establish-
ment of stringent rules and restrictions. Between 1887 and 1889, measures were
taken to isolate the Garisenda Tower from surrounding buildings, covering it with
a protective layer of selenium-enriched stone, a practice that continues to this day
[9]. The 1889 overall city plan for Bologna ordered the demolition of the area
surrounding the twin towers and the construction of a road suitable for urban axis
functionality, meeting new commercial, representational, and transportation needs.
From 1910 to 1918, Ravegnana Square housed a total of five towers, including the
Asinelli Tower and the Garisenda Tower. However, in 1919, despite strong oppo-
sition from citizens, the municipal government proceeded with the demolition of
the Artenisi, Guidozagni, and Ricadonna towers, further underscoring the im-
portance of protecting the last two towers. In the late 20th century, various moni-
toring instruments were installed on the Garisenda Tower, constituting a continu-
ous monitoring system controlled over time with technological advancements. In
2018, the government conducted surveys and inspections using laser scanners,
thermal imaging, petrography, and rock core drilling at the tower's base, conduct-
ing compression tests on materials, and analyzing selenium-enriched thin sections.
The survey and inspection revealed infiltration within the tower's masonry, lead-
ing to restoration work in 2019, including waterproofing of the rooftop terrace,
partial closure of bridge openings, and sealing of mortar joints on four facades
[10]. That same year, the Bologna City Council appointed a scientific committee
to support government intervention measures for the ongoing monitoring, restora-
tion, management, and control of the Garisenda Tower. In October 2023, the



Garisenda Tower was diagnosed with potential collapse risks due to signs of in-
creasing material deterioration at its base, prompting special monitoring. This
news, confirmed by expert monitoring systems, garnered significant social atten-
tion. Concurrently, the Asinelli Tower also decided to close to the public and im-
plement urban traffic diversion. In response, the Fagioli Spa company responsible
for reinforcement proposed a series of measures to ensure public safety. Firstly,
they planned to erect a fence to contain debris in the event of a tower collapse,
reducing the vulnerability and risk of injury to surrounding buildings and people
entering restricted areas. Additionally, they intended to install safety alarm sys-
tems and video surveillance cameras at the construction site. Construction would
be phased, with the first phase expected to be completed from January to Febru-
ary. The total intervention cost was estimated at €4,032,000 [10]. The Italian Civil
Protection Agency declared the area under yellow alert, indicating close monitor-
ing of the building but not posing a direct risk to public safety, as higher-level
orange or red alerts had not been issued. As of February 2024, efforts to ensure the
safety of the Garisenda Tower continued, with the positioning of the first layer of
containers completed from January 22nd to 25th and the assembly of the second
layer of containers on the side of Palazzo dei Drappieri from February 6th to 9th.
At certain stages of the project, the affected area (in front of Feltrinelli bookstore)
would be pedestrian-restricted, with pedestrians rerouting to the Acquaderni tun-
nel, accompanied by police and local authorities providing guidance (see Fig. 3).
The protective measures for the Garisenda Tower hold significant value for both
the heritage itself and the future development of the city. However, the long-term
restoration process inevitably impacts the local community, particularly the issues
faced by surrounding businesses and residents, including traffic congestion, noise
pollution, and reduced foot traffic. Therefore, it is essential to better balance the
protection of building heritage in danger with community interests to ensure suc-
cessful implementation of heritage protection efforts. Innovative approaches are
needed to integrate the wisdom of local communities into heritage protection
management, listen to community voices, better meet community needs, empower
communities through this process, enhance community support and participation
in heritage protection efforts, promote sustainable heritage conservation, and truly

Fig. 3. Left: Bookstore staff covering display windows. Right: Impact of Garisenda Tower
protection measures on community traffic.



3.  Research steps and Methodology

3.1. Implementation Steps

The research methodology of this study will extract low-level elements from five
steps [11]: (1) Identification and selection of success factors from secondary
sources This will involve reviewing and analyzing international documents and
academic papers related to building heritage protection to extract and condense
influential factors that can promote the protection of building heritage in Danger,
explaining the importance of each factor in heritage protection. (2) conducting
research in accordance with established objectives to determine the importance of
each success factor. Given the community perspective on endangered heritage
adopted in this study, questionnaires were distributed to stakeholders surrounding
building heritage in Danger, including local businesses, residents, tourists, as well
as students and scholars from the university's architecture department, using the
Likert scale questionnaire to assess the importance of 24 success factors. (3) Cal-
culating the importance index values of each factor based on survey data. The
collected data will be analyzed using SPSS statistical tools to calculate the results
and determine the weights of each option. (4) Extracting critical success factors
from the 24 data pools based on the values of importance indexes (5) Explaining
and analyzing the extracted CSFs, incorporating analysis and discussion based on
the endangered twin tower building heritage protection in Bologna.

3.2 Factor Extraction

The extraction of success factors primarily consists of two parts. The first part
stems from the interpretation of official policies and documents issued by interna-
tional organizations such as the International Council of Monuments and Sites
(ICOMOS) and UNESCO. The second part originates from the extraction of rele-
vant academic articles pertaining to the protection of building heritage in danger
and the preservation of the twin towers in Bologna. Subsequently, the overlapping
factors from these two parts are amalgamated to form a targeted pool of success
factors. The "Athens Charter" of 1931 is considered the first comprehensive inter-
national document outlining principles for the preservation and restoration of his-
toric buildings and urban areas. Its significance lies in its holistic approach to cul-
tural heritage conservation. Prior to this, conservation efforts primarily focused on
individual buildings, lacking uniform standards and methodologies. Post-charter,
it marked a new era for building heritage, with the issuance of an increasing num-
ber of international reference documents for heritage conservation. Hence, we
selected the "Athens Charter" of 1931 as the starting point and extensively re-
viewed international heritage protection documents. Through understanding and
analyzing the key points of these documents, we identified 16 relevant literature
pieces related to building heritage protection. These sources include the Athens
Charter (1931) [12], Venice Charter (1964) [13], Amsterdam Declaration (1975) ,
Florence Charter (1982), Rome Declaration (1983) , Washington Charter (1987) ,
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NARA document (1994) , San Antonio Declaration (1996) , Burra Charter (1999),
Nizhny Tagil Charter (2003) , Xi'an Declaration (2005) , Valletta Principles
(2011) , Dublin Principles (2011), Taipei Declaration(2012) , Florence Declaration
(2014) , and China Principles (2015) . Through the examination of these papers,
we have discovered 16 characteristics that are associated with building heritage in
danger and have the potential to contribute to successful protection endeavors. The
second component of factor extraction is derived from the primary literature data-
base of the Web of Science (WoS). WoS is widely regarded as the most authorita-
tive instrument for retrieving scientific publications, granting access to research in
crucial disciplines. We collected literary data from the University of Bologna's
library in Italy, covering information up until February 2024. We then performed
extensive data retrieval focused on two primary topics. For Theme 1, which focus-
es on the effective preservation of endangered structures, we first applied a filter
to the data using the following combination of keywords: ((TS= (Dangerous build-
ings)) OR TS=(endangered building)) AND ((TS=(Success factor)) OR
TS=(Successful) OR TS=(Success) OR TS=(CFS)). A total of 366 papers were
obtained because of this. For Theme 2, our initial data filtering involved utilizing
the keyword combination: (TS= (Bologna Tower)) OR TS= (Bologna Twin Tow-
ers)) OR TS=(Bologna Two Towers)) OR TS=(Garisenda Tower)) OR
TS=(Garisenda Tower). This resulted in 39 literature sources that were relevant to
our study. Consequently, we limited the language to English and omitted unneces-
sary literature, such as medical, marine biology, botany, and zoology. Through
this procedure, we acquired a total of 40 documents pertaining to the effective
safeguarding of endangered structures and 39 papers concerning the preservation
of the Bologna Garisenda Tower. Subsequently, we examined the abstracts of
these 79 papers to ascertain their relevance to our research. In the end, we chose
18 publications that focused on the effective safeguarding of vulnerable buildings
and 14 studies that examined the protection of the Bologna Garisenda Tower. 17
success factors affecting the conservation of endangered built heritage were ex-
tracted After extracting the success factors from international documents and aca-
demic articles, we merged and reordered the overlapping content from both
sources, ultimately identifying 24 success factors conducive to the protection of
the Garisenda Tower in Bologna (see Fig.4). We categorized these factors into six
categories: government and policy, organization and management, economic sup-
port, safety and risk, participation and cooperation, and technology and methods.
These categories deepen the understanding of the explicit boundaries and scope of
the protection of the Garisenda Tower and promote a more comprehensive and
systematic concept of protecting building heritage in danger. To gain a more spe-
cific understanding of the importance of these success factors in the community
surrounding the Garisenda Tower in Bologna, we combined these 24 factors into a
Likert five-level scale and created a questionnaire survey. This questionnaire was
presented to residents, tourists, merchants, and professionals in the architectural
field near the Garisenda Tower in Bologna for scoring on a scale of 1-5, with "5"
indicating very important, "4" indicating important, "3" indicating moderate, "2"
indicating not very important, and "1" indicating negligible. Additionally, we



encouraged respondents to add factors not included in the original questionnaire to
discuss critical success factors for the successful protection of building heritage in
danger from the perspective of the heritage community, thereby enhancing com-
munity involvement in sustainable heritage conservation. After completing the
data collection, we input the collected questionnaire data into IBM SPSS 26 and
used its analytical tools to calculate the average and standard deviation for each
value. Then, we ranked the success factors and criteria based on the average
scores. In cases where two or more factors had the same average score, we as-
signed a higher ranking to the factor with the lower standard deviation. Through
this method, we were able to select the critical success factors that have a signifi-
cant impact on the protection of the Garisenda Tower in Bologna.
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Fig. 4. Success Factors, Sources after Integration.

4, Results and Discussion

A total of 89 valid questionnaires were received from persons living in the vicinity
of the Garisenda Tower in Bologna. Throughout the process of filtering and ana-
lyzing the data, we eliminated partial and entirely consistent responses, resulting
in the utilization of 88 questionnaires for data analysis. We analyzed the question-
naire findings to ascertain the roles assumed by the respondents in the survey. Out
of the total respondents, 34 were male, making up 38.64% of the sample, while 54
were female, accounting for 61.36%. Concerning the age distribution of partici-
pants, 90.91% of responses fell within the age range of 18 to 35, amounting to a
total of 80 individuals. In addition, 6.82% of the participants fell within the age
range of 35 to 60, which corresponds to a total of 6 individuals. Conversely, just
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2.27% of the respondents were in the age range of 50 to 65, amounting to 2 indi-
viduals. It is important to mention that there were no participants below the age of
18 or over the age of 65 who were willing to take part in this poll. Regarding the
community identity of the respondents, 54.55% were inhabitants, amounting to a
total of 48 individuals. The area surrounding the Garisenda Tower in Bologna is
home to businesses and professionals in the field of architecture. Each of these
groups comprises 15.91% of the total, with a total of 14 individuals in each group.
The survey included 12 participants, accounting for 13.64% of the respondents
who identified themselves as tourists. In order to clarify the significance of the
success factor criteria mentioned, we utilized IBM SPSS 26 to compute the aver-
age value for each success factor. The overall average value for all success factors
was determined to be 4.24. Thus, elements with an index higher than the mean
value of 4.24 were identified as essential success factors for safeguarding building
heritage in Danger, specifically from the viewpoint of the population residing near
the Garisenda Tower in Bologna. (see Table.1) displays a total of 12 critical suc-
cess factors. These factors can be categorized into 2 factors associated with gov-
ernment and policy (CSF 8 and CSF 11), 3 factors associated with organization
and management (CSF 3, CSF 4, and CSF 10), 1 factor associated with economic
support (CSF 2), 4 factors associated with safety and risk (CSF 1, CSF 6, CSF 5,
and CSF 12), and 2 factors associated with technology and methods (CSF 9 and
CSF 7).

Table 1. 12 Critical Success Factors.

Mean b
Category SFs |Contents Mean SD ean Y CFSs
category
SF1 (.}overnment support and incen- 436 081 CFS 8
C1 Government and tives 435
Policy SF2 Feglslatlve protection at the na- 434 068 CFS 11
tional level
SF3 Comprehensive sus.talnablhty 418 0756
management and commitment
11 tion i i truc-
SF4 Collaboration in design, construc 453 055 CFS 3

tion, and project management

C2 Organization and Organization and recording of 4

F5 14 0.905 4.34
Management S daily data ?
SF6 Estabhs.hment .of. spec1ahzed4'48 0.664 CFS 4
restoration organizations
Organization of safety training
SF7 . 4.36 0.574 CFS 10
and education
3 E i -
Eort conomic SUp-q e |adequate financial support 455 0.627 455 CFS2
SF9 [Pre-assessment of disasters 441 0.622 CFS 6
C4 Safety and Risk SF1 OCOmmumty emergency prepared- 409 083 4.36

ness
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Attention to the impact of wind,
carthquakes, and traffic vibrations
Regular inspection of building 457

SF11 443 0.728 CFS5

SF12 0.545 CFS1
structures' health
sFBEnsurmg the.: safety of bulldlngs4.3 0773 CFS 12
and the public (safety)
SF1 4Estabhshment of mecham.sms. for 423 0743
stakeholder share or contribution
o SFISBalapcmg .conﬂ.lcts betweenl98 0.876
CS Participation and public and private interests 4
Collaboration SF1 6Encc?u.rage participation of com- 418 0.691
munities and governments
SF 17Collaborat.lol? . and exchal.lge 391 0.984
between disciplines and countries
SF1 8Authentlc pressen.tatlon of archi- 389 0993
tectural authenticity
SF1 9P.reservat%on. of the original integ- 308 0.927
rity of buildings

SF20|Reversible restoration measures 4.02 0.792
C6 Technology and SF2 1Utlllzlng 1.nnovatlve materials and 407 0818 4.09
Methods technologies

SF2 2AdoPt1ng moderfl health system 436 0613 CFS 9
monitoring techniques

SF23 Specifying long-term mamte-4'39 0.655 CFS 7

nance and intervention measures
SF24|Adaptive reuse 3.93 0.998

4.1  Safety and Risk

Among the 12 critical success factors, the heritage community considers "regular
inspection of building structures" (CSF1) to be the most crucial success factor (see
Table.2). This viewpoint is emphasized in 16 international heritage charters and
32 articles in the Web of Science (WoS) literature. It is the most frequently men-
tioned factor in all aspects, with 20 articles closely related to the protection and
regular inspection of building structures. For instance, the 2015 China Principles
for Heritage Conservation, promulgated by ICOMOS, state in Article 25 that
"maintenance, upkeep, and monitoring are the foundation of monument protec-
tion, capable of promptly eliminating safety hazards affecting monuments" [14].
Additionally, the University of Bologna has implemented a series of structural
health monitoring measures for the twin towers [15], such as permanent monitor-
ing systems and various structural monitoring based on GNSS data with millime-
ter-level accuracy, providing this data to the Technical Scientific Committee for
timely analysis [16]. Thanks to continuous monitoring measures, the Garisenda
Tower in Bologna has been able to capture issues before a heritage crisis occurs
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since the 1990s and take corresponding measures. The tower has been under con-
tinuous monitoring and has been continually updated with advancing technology,
achieving multifaceted and refined health monitoring analysis to ensure its safety.
Furthermore, in the safety and risk category, factors addressing the impact of
wind, earthquakes, and traffic vibrations on buildings (CSFS5) and pre-disaster
assessment (CSF6) are also recognized by the local heritage community as critical
success factors for protecting building heritage in danger. Assessing the impact of
wind, earthquakes, and traffic vibrations on buildings is an important part of safety
and risk management. In heritage preservation, it is necessary to consider not only
the damage to the building itself but also external factors. For example, in the
protection of the twin towers in Bologna, an expert team from the Department of
Civil Chemistry at the University of Bologna identified the impact of traffic-
induced vibrations on the twin towers through modal frequency recognition, con-
firming the influence of base inputs generated by busy traffic on the towers and
the correlation between signal amplitude and the intensity of human activity [17].
In a recent event regarding the protection of the Garisenda Tower, the government
rerouted the bus routes that once passed under the twin towers and closed the
roads, blocking Piazza di Porta Ravegnana Square to better maintain the heritage.
These studies and measures also demonstrate the importance of considering the
influence of external factors on the protection of endangered heritage. Pre-disaster
assessment (CSF6) is also recognized as the sixth most valued success factor by
the local community. This is emphasized in the literature on endangered buildings,
identifying safety prevention and assessment as critical factors in maintaining
building safety in projects [18]. In the protection event of the Garisenda Tower, it
was precisely because of the pre-assessment of its risks that targeted solutions
could be designated according to the assessment results. Of the 12 critical success
factors, ranking 12th is protecting buildings and public safety from a safety per-
spective, which is acknowledged by professionals, local businesses, and the com-
munity but less prioritized by tourists, with a score of 3.33. This is because tour-
ists do not have long-term and stable connections with the heritage site, so they
are not particularly concerned about this issue. However, overall, these viewpoints
are recognized by the surrounding community of the Garisenda Tower and are
considered critical success factors. Although the protection of building heritage in
danger is a necessary and urgent measure, it often overlooks the negative impact
on the local community during implementation. In CSF1, surrounding businesses
are less concerned about the health issues of building heritage because mainte-
nance work affects their operations. During the survey, it was found that mainte-
nance work on the heritage site narrowed the roads, causing traffic congestion (see
Fig 3b). Businesses had to cover their display windows to avoid traffic congestion,
resulting in business losses. A business behind the Garisenda Tower stated during
the interview, "We hope Garisenda will collapse because it blocks our storefronts,
especially during maintenance, and almost blocks the roads, leading to our store-
fronts being covered. Therefore, we hope the heritage will collapse, making it
easier for tourists to visit our storefronts." This also explains why businesses often
prioritize personal interests over the safety of heritage, further emphasizing the
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importance of considering the interests of the surrounding community in the pro-
tection of buildings in danger. Although heritage has attracted many tourists in the
past, driving local economic development, once protection measures affect mer-
chants' income, they may overlook the safety of heritage, even forgetting the flow
of visitors' heritage once brought and focusing more on personal interests. There-
fore, in the protection regulations for building heritage in danger, safety and risk
should be assessed in advance, considering the interests of surrounding stakehold-
ers to balance various interests, reduce adverse effects on community life and the
economy, and actively listen to the community's voice.

Table 2. CSFs in safety and risk classification from different stakeholder scores.

CSFs Residents Architects Visitors Merchants
CSF1 4.58 4.57 4.67 428
CSF6 4.17 5 4.17 4
CSF5 4.17 5 4.5 4
CSF12 4.52 4.43 3.33 428
Average 4.36 4.75 4.1675 4.14

4.2  Economic Support

In the realm of critical success factors, economic support emerges as the second
most prioritized factor within the community, with all stakeholders particularly
acknowledging its significance. Adequate financial backing is deemed especially
crucial for the protection of building heritage in danger (see Table.3). This per-
spective finds resonance in the 1975 Amsterdam Declaration of the European
Building Heritage Congress, which emphasized the necessity of providing local
authorities with ample financial assistance for the restoration and renovation costs
of building heritage [19]. In the restoration project of the Garisenda Tower, in
January 2024, Italy's Deputy Minister of Culture, Luci Borgonzoni, proposed allo-
cating €5 million in funding for the safety, reinforcement, and restoration of the
tower [20]. However, within the first two months of the tower's initial restoration
project, the budget has already exceeded €4 million. Despite receiving some spon-
sorship from enterprises, substantial financial support is still required. The Mayor
of Bologna also stated that the comprehensive restoration and consolidation of the
project would require €20 million or even more, and efforts are underway to raise
funds for this purpose [20]. This includes crowdfunding channels developed by
the Bologna city government's website, encouraging individuals and enterprises to
donate to the restoration project through methods such as credit cards and PayPal.
The success of building heritage-related protection projects largely hinges on the
adequacy of economic support. This support not only emanates from government
departments but also necessitates active involvement and assistance from enter-
prises, individuals, and various sectors of society to ensure that heritage sites re-
ceive sustained maintenance and protection. Therefore, in the process of restoring
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and protecting building heritage in danger, the issue of financial support must be
fully considered, and efforts must be made to actively explore various fundraising

channels to ensure the long-term sustainability of projects.

Table 3. CSFs in Economic Support classification from different stakeholder scores.

CSF Residents Architects Visitors Merchants

CSF2 4.63 4.86 4.33 4.14

4.3  Government and Policy

Heritage preservation policies have long been recognized as strategic tools for
maintaining significant buildings and achieving other societal and economic poli-
cy objectives, a perspective equally endorsed by the community surrounding the
Garisenda Tower. Among the 12 critical success factors in the protection of build-
ing heritage in danger, government support and incentive measures are deemed
crucial for the local community, ranking eighth (see Table.4). As proponents of
project success, governments can enhance policy efficiency and effectiveness in
heritage preservation by adopting various combinations of modes and tools, such
as public expenditure, tax incentives, and regulation. Through decision-making
measures and support processes, governments can meet citizen demands and rec-
ommend the realization of expected project outcomes. In Italy, building heritage
protection is implemented at three different government levels: national, regional,
and local. Political decisions related to heritage policies are made at the regional
government level, specifically by the heads of regional heritage offices (Asses-
sore). They oversee the protection status of heritage assets and the supervision and
inspection activities of engineering works on building assets by establishing regu-
latory agencies[21]. In the past three months of the Garisenda Tower's protection
process, the Bologna City Government has promptly proposed intervention pro-
jects, mobilizing the best resources, dispatching top experts, and encouraging
various departments to participate in the protection and maintenance of the Garis-
enda Tower. Public support for conservation efforts is also encouraged through
publicity campaigns. As stated by Lucia Borgonzoni, Deputy Minister of Culture,
on January 5, 2024: "We have discussed this issue from the beginning and made
every effort to actively contribute to the actions needed to protect the Garisenda
Tower. Today's commitment has become concrete support: the specification for
allocating €5 million in funding from the Pnrr MiC for the safety, reinforcement,
and restoration of the tower has been formally transferred to the Bologna City
Government, which is the executive body and owner of the tower's assets" [22].
Additionally, national and governmental support, along with legislation and regu-
lations, play a crucial role in the protection of building heritage in danger.
Through the analysis of the critical success factors of the Garisenda Tower, we
recognize that community involvement awareness and comprehensive legislative
protection policies can actively promote project success. In project implementa-
tion, laws and regulations not only assist executors in determining clearer plans
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and guidelines but also ensure the supervision and restraint of heritage building
projects through a legal authorization system, preventing deliberate destruction
and loss of building heritage. For example, in Italy, the government has explicitly
stipulated in Law No. 42/2004 on Cultural Heritage and Landscape that any an-
cient buildings listed in the government's cultural heritage catalog, regardless of
ownership and usage rights, cannot be arbitrarily altered in appearance and struc-
ture without central government approval, with violators bearing corresponding
civil and criminal liability [23]. Conversely, if building heritage is not legislatively
protected, it may not only lead to the demolition or destruction of the buildings
themselves but also adversely affect societal, cultural, environmental, and eco-
nomic well-being within the territory. This underscores the importance of estab-
lishing and improving laws related to building heritage protection and reuse for
the successful preservation of buildings in danger. The existence and enforcement
of these laws not only help ensure the integrity and continuity of endangered
buildings but also provide a solid legal foundation and protection for the success-
ful preservation of projects.

Table 4. CSFs in Government and Policy classification from different stakeholder scores.

CSFs Residents Architects Visitors Merchants

CSF 8 4.56 4.86 4.5 3.7
CSF 11 4.46 4.86 4 3.71
Average 4.51 4.86 4.25 3.71

4.4  Organization and Management

In ensuring the protection and restoration of building heritage in danger, collabo-
ration, the establishment of professional restoration organizations, and community
safety training and education are crucial success factors (see Table.5). Firstly,
collaboration, as emphasized by CSF3, ranks third in importance. Whether it's the
restoration of historical buildings or new construction design, construction, and
project management, cooperation is essential. Heritage preservation, reinforce-
ment, and restoration constitute a complex system with strong collaborative fea-
tures, emphasizing interdisciplinary cooperation. Projects often operate in tempo-
rary and interdisciplinary environments, requiring teams to integrate knowledge of
organizational culture, leadership, communication, teamwork, and decision-
making in addition to construction skills like design, construction, and risk as-
sessment. This collaboration is especially critical amid rapid changes, sustainable
development initiatives, and evolving technologies, methods, and community
needs [24]. Emphasizing collaboration in design, construction, and project man-
agement is essential for the success of building heritage-in-danger projects, en-
hancing team efficiency, and promoting successful project completion. CSF4 un-
derscores the importance of establishing specialized restoration organizations.
Previously, some building restoration work was undertaken by inadequately quali-
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fied private and public sector professionals, resulting in serious consequences for
building heritage. The need for highly skilled, specialized professionals has been
increasingly recognized. The 2003 ICOMOS publication "Principles for the Anal-
ysis, Conservation, and Structural Restoration of Building Heritage" emphasizes
the need to establish specialized and interdisciplinary teams early in the research
phase based on the type and scale of the problems. These specialized restoration
teams typically possess extensive experience and specialized knowledge and can
apply appropriate scientific methods and modern technologies to ensure the quali-
ty and sustainability of restoration work. Examples include the International Net-
work for the Conservation of Cultural Heritage, the Italian International Center for
the Conservation of Cultural Heritage (CICOP), and the Italian Association for
Building Restoration (SIRA), all of which have made significant contributions to
the protection and research of building heritage in various fields. They have
helped establish standardized and regulated restoration work in different countries,
greatly improving the effectiveness of protecting various types of building herit-
age. Therefore, the establishment of professional restoration organizations is not
only internationally recognized but also widely accepted by local communities,
becoming a key driving force for the protection and restoration of building herit-
age. CSF10 highlights the importance of safety training and education for the
protection of building heritage in danger. Safety training and education are crucial
factors in the protection process. Firstly, there is a need for widespread dissemina-
tion of knowledge about building safety, including understanding the structural
condition, material characteristics, and potential hazards, enabling workers to
quickly identify and respond to potential safety risks. Secondly, it involves raising
public awareness of potential building hazards and educating the public on how to
protect themselves and others in emergencies, reducing injuries from accidents.
Therefore, training, lectures, community education, and public outreach should be
encouraged for both communities and professionals to raise awareness and more
effectively promote the achievement of protection goals. In the protection process
of the Garisenda Tower in Bologna, the government established a professional
Technical Scientific Committee in 2019. Upon identifying risks to the building,
they promptly notified the government and acted, convening experts and institu-
tions from around the world to provide technical advice. They also organized the
first expert teams, including professors and experts from the School of Engineer-
ing and Architecture of the University of Bologna, the Department of Civil Engi-
neering of the University of Pisa, and companies with in-depth knowledge of tow-
er structures, such as Modena Engineering Srl and Fagioli SpA [25]. Additionally,
the government requested satellite data from the European Space Agency and
engaged in discussions and research on protection and maintenance with various
departments, including the National Research Centre, the Ministry of Infrastruc-
ture and Transport, the Ministry of Culture, the Ministry of Foreign Affairs, the
Department of Archaeology, Fine Arts, and Landscape Supervision, and
UNESCO, which jointly committed to protecting building heritage in danger. In
terms of safety training, the Bologna City Government conducted two rounds of
community censuses in November 2024 and distributed handbooks containing all
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relevant information to disseminate safety knowledge within the community [26].
The timely and effective implementation of these critical success factors provides
necessary support and assurance for the protection and restoration of endangered
buildings, ensuring the successful preservation and restoration of heritage.

Table 5. CSFs in Organization and Management classification from different stakeholder

scores.
CSFs Residents Architects Visitors Merchants
CSF 3 4.54 4.86 4.67 4
CSF 4 4.46 4.86 4.5 4.14
CSF 10 4.12 4.23 4.5 4
Average 437 4.65 4.56 4.05

4.5 Technology and Methods

In the realm of conservation techniques and methods, identifying long-term
maintenance and intervention measures (CSF7) and adopting modern health sys-
tem monitoring technology (CSF9) have become critical success factors recog-
nized by heritage site communities (see Table.6). While professional technical
decisions cannot be made by non-professionals, reflecting community perspec-
tives can indicate the community's level of awareness regarding endangered herit-
age conservation, thereby aiding in the formulation of protection strategies tai-
lored to the community's needs. Identifying long-term maintenance and interven-
tion measures is a critical component of preventive measures and sustainable in-
terventions in historic building preservation, crucial for the protection of endan-
gered heritage. These measures can assist in mitigating existing damage, prevent-
ing potential hazards, and slowing the degradation of building structural elements,
effectively reducing potential damage and risks while minimizing maintenance
costs. In the protection process of the Garisenda Tower, the government's timely
intervention measures, such as investigations, inspections, addressing water seep-
age issues, and strengthening foundations, have played a significant role and have
been transparently communicated to the public, contributing to the successful
protection of the tower [10]. Ranking ninth in community importance is the use of
modern health system monitoring technology, which was strongly advocated by
an expert team from the Department of Engineering at the University of Bologna
at the 2013 Conference on the Conservation of Monuments and Historic Sites.
They emphasized the urgent need for the twin towers to adopt modern monitoring
systems to support reliable risk assessment. This technology has become a deci-
sive safeguard measure, providing precise support for the diagnosis, prevention,
maintenance strategies, and repair interventions for building heritage in danger
[27]. Long-term monitoring systems compensate for the shortcomings of tradi-
tional observation methods by collecting detailed information and monitoring the
evolution of static and dynamic characteristics over time. For the protection of the
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Garisenda Tower, advanced static and dynamic monitoring technologies have
been employed. For example, in 2012, the Italian National Institute of Geophysics
(INGV) was invited to provide dynamic monitoring and installed multiple contin-
uous three-axis seismometers. In October 2013, DICAM installed a permanent
GNSS positioning system on the roof of the Garisenda Tower to test the effective-
ness of such technology in structural monitoring. Additionally, from 2019 to 2023,
professional companies were commissioned multiple times to improve the moni-
toring instruments for the tower. For building heritage in danger, timely and more
accurate continuous measurement of strain, stress, deformation, inclination, and
displacement through static monitoring, combined with dynamic monitoring to
identify structural modal parameters (such as frequency, mode shape, and damp-
ing ratio), can detect anomalies in expected overall behavior and plan appropriate
and timely intervention measures [27]. Thus, through the application of this mod-
ern health system monitoring technology, timely maintenance and repairs can be
achieved, efficiently promoting the successful protection of building heritage in
danger.

Table 6. CSFs in Technology and Methods classification from different stakeholder scores.

CSFs Residents Architects Visitors Merchants

CSF9 4.42 4.57 4 4.29

CSF 7 4.38 5 4.17 4
Average 4.4 4.79 4.09 4.14

5. Conclusion

This study extracted 24 Critical Success Factors (CSFs) affecting the protection of
building heritage in danger from academic literature indexed in the Web of Sci-
ence (WoS) and the International Charter for the Conservation and Restoration of
Monuments and Sites. Through a survey conducted in the vicinity of Garisenda
Tower, 12 critical success factors were identified from the community's perspec-
tive. Analysis of the results revealed that the community places greater emphasis
on economic support (average score of 4.55), issues related to heritage preserva-
tion and the safety and risks associated with their own community (4.36), govern-
mental and policy-related issues (4.35), as well as organizational and managerial
aspects (4.34). Conversely, there was relatively lower interest in technical and
methodological concerns (4.09). Among the six major categories (C1 to C6), the
community's involvement and cooperation related to endangered heritage were not
recognized as critical success factors, scoring an average of 4. This suggests a
limited level of community engagement in heritage preservation within the Garis-
enda community (see Figure 5).
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Fig. 5. Visualization of the findings of the 24 success factors and 6 broad categories of
endangered built heritage conservation.

This study explores the perspectives and understanding of heritage site com-
munities regarding the protection of building heritage in danger. The analysis
revealed a lack of awareness among communities regarding the importance of
their involvement in heritage preservation and a reluctance to acknowledge the
role of the community in safeguarding building heritage. Despite scholarly re-
search and policy recommendations emphasizing the crucial role of community
participation in successful conservation initiatives[12], some officials recognize
that the preservation of endangered heritage serves not only economic interests but
also the welfare of citizens. However, in practice, few projects genuinely incorpo-
rate participatory conservation plans from the community's perspective, often
relying on top-down approaches. This has led to a lack of community buy-in for
heritage preservation efforts. When conservation plans fail to incorporate commu-
nity perspectives, it may result in losses to the local community. This is evident
even in well-established and mature conservation projects like the Garisenda
Tower, where the absence of community involvement has led some affected busi-
nesses to consider demolishing the building's heritage. Our research process has
also highlighted issues related to community participation in heritage preservation.
Therefore, future efforts in the conservation of building heritage in danger should
consider balancing conflicts and interests among communities through appropriate
conflict analysis and resolution mechanisms. This could involve providing fair and
equitable compensation to property owners, planning improvements to quality of
life, and integrating participatory heritage management and conservation mecha-
nisms. Governments and heritage conservation organizations play a crucial role in
this regard. Therefore, local authorities and governments should facilitate commu-
nication with communities and encourage community participation. Integrating
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public involvement into comprehensive conservation and planning policies can
help mitigate the negative impact of conservation efforts on communities, ulti-
mately leading to win-win outcomes that benefit all stakeholders. Although this
study sheds light on the impact of building heritage in danger of preservation on
local communities, the limited sample size means that the results lack specificity
and granularity. Hence, future research should collaborate with more institutions
to conduct larger-scale surveys and analyze community opinions and needs more
comprehensively, aiming to better balance community interests and achieve more
successful and sustainable building heritage conservation.
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