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Abstract

Managing heritage building conservation projects is one of the complex challenges
in the engineering field, due to the high historical and architectural value of these
buildings. This study aims to identify the most prominent challenges affecting the
management of heritage building conservation projects, with a particular focus on
analysing the techniques and practices used to overcome these problems. A
comprehensive systematic review was conducted to achieve these goals by studying
the relevant published research. The methodology is based on using the PRISMA
scheme to review these papers, where they are evaluated in each step of the scheme:
identification, screening, eligibility, and inclusion. The selected keywords for this
systematic review, such as conservation, restoration, rehabilitation, and management,
reflect the intersection between project management and heritage building
conservation, highlighting the current research trend in this field. The review process
began by identifying 570 research papers in the last 5 years, which took into account
the rapid development of modern technology such as artificial intelligence, 3d
scanning tools, and HBIM and their integration with conservation management
process. The research process ended by identifying 59 papers directly related to the
topic. The influencing challenges were classified into five main categories: structural
(31%), architectural (28%), management (26%), environmental (9%) and legal (6%).
Moreover, advanced tools and techniques used in this field were also identified, such
as Historic Building Information Modelling (HBIM) (44%), decision making tools
such as the Analytical Hierarchy Process (AHP) (11%), and many other techniques.
Together, the results provide a comprehensive vision for stakeholders and project
managers in the field of heritage building conservation management, with an
emphasis on adopting a multidisciplinary approach that combines advance
technology and balanced and long-term practices. Additionally, it emphasizes the
significance of maintaining a balance between modern interventions and preserving
the historical value of the building, which represents a major challenge in the field of
conservation.  Although the study focused primarily on the active intervention
phases, it offers an approach, based on the classification of key challenges and
identification of mitigation tools, that can be extended to the post- intervention stage,
particularly during periodic maintenance phase. This highlights the promising
direction for future research aimed to ensuring the long-term effectiveness of
conservation efforts.
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1.0 INTRODUCTION

Heritage is a multidimensional and complex concept, with roots dating back to ancient times. Initially, it
was limited to monumental physical structures, admired for their aesthetic, historical, and architectural value.
Over time, this concept has evolved to become closely linked to law, human history, and a nation's culture, as
well as to the innate human instinct to protect, preserve, and nurture all that is precious (Ursu, Chiriac, and
Bostan 2022). Hence, heritage can be defined as the collective cultural elements deemed of significant value
to a nation or humanity as a whole, encompassing both tangible and intangible aspects (Pérez-Guilarte,
Gusman, and Lois Gonzalez 2023).

Tangible heritage includes historical monuments, buildings, and tangible objects that represent artistic,
historical, or cultural value, while intangible heritage includes traditions, celebrations, languages, and folklore
that are passed down through generations and shape a community's identity (Obed Livingstone Banda et al.
2024). These two elements are interconnected, as a large portion of intangible cultural heritage is found in sites
and monuments.

Among tangible heritage, heritage buildings occupy a particularly prominent place. They can be expressed
as structures that carry significant historical, architectural, cultural, or social values. These structures include
buildings that have withstood the vicissitudes of time, such as old houses, palaces, castles, markets, and other
landmarks (Al-Sakkaf, Zayed, and Bagchi 2020). These buildings are considered an essential part of cultural
heritage, representing a long history of human labor and architectural creativity and contributing to shaping a
society's cultural identity (Nursanty, Rusmiatmoko, and Muhammad Fahd Diyar Husni 2023). Accordingly,
heritage buildings are considered cultural assets that deserve protection and documentation, a point
emphasized by numerous international conventions, such as the Venice Charter, which emphasizes the need
to protect architectural heritage and pass it on to future generations in order to preserve this historical and
artistic value (ICOMOS 1964).

In recent decades, researchers have emphasized that old buildings are not simply physical remnants of the
past with historical or architectural significance. The societal value they hold must also be considered a crucial
factor in heritage conservation decisions, particularly by involving the local community in the decision-making
process (Rossitti, Oteri, and Torrieri 2025). This social dimension is an integral component of the cultural
value of heritage.

Therefore, heritage buildings are complex entities that reflect both material and symbolic values. Their
importance lies not only in their physical features but also in the meanings attributed to them over generations.
Preserving them requires a deep understanding of their historical layers, cultural context, and their renewed
significance in a rapidly changing world.

In addition, classification systems for such buildings vary between countries and organizations based on
a set of specific criteria. According to (Al-Sakkaf, Zayed, and Bagchi 2020), heritage buildings can primarily
be classified based on their type and value. Each main category is further subdivided into subcategories, as
illustrated in Figure 1.

In Iraq, properties over 200 years old are classified as antiquities. Those less than 200 years old considered
culture property if they hold historical, religious, or national significance, or national significance. Sites of
important historical events are designated as historic sites, regardless of their age. (National Policy of Iraq
N.55 2002). In contrast, countries such as Japan and Singapore, a new perspective has emerged for
understanding heritage that focuses on the concept of “living heritage” and adopts what is known as “display-
ness,” which combines present-day historical values with the institutional representation of the place (Lin
2024).

Over the years, relevant entities -such as governmental state boards and international organizations
dedicated to historical affairs and the protection of cultural property- have cooperated to establish a body of
law, regulations, and charters aimed to safegurding and conserving heritage (ELDIB 2024).
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Figure 1. Heritage buildings classification (Al-Sakkaf, Zayed, and Bagchi 2020).

Among the most influential international charters that have laid down the general frameworks, principles
and foundational concepts of conservation activities under various designations is Athens Charter (1931). This
charter is considered the first international charter dedicated specifically to the conservation of heritage
building, The Athens Charter emerged from a conference held in Athens in 1931, which brought together
architects and experts specializing in conservation (International Council on Monuments and Sites (ICOMOS)
1931). Venice Charter (1964) is the second international conference of architects and technicians specializing
in the conservation of historical buildings was held in Venice and issued this charter, which outlined clear
guidelines concerning the principles of conservation, restoration and excavation (ICOMOS 1964). In addition,
several other key international charter and documents have been developed such as Convention Concerning
the Protection of the World Cultural and Natural Heritage, Paris, 1972 (UNSECO 1972), Declaration of
Dresden on the "Reconstruction of Monuments Destroyed by War", Dresden, (1982) (ICOMOS 1982), Nara
Document on Authenticity, Nara, 1994 (ICOMOS 1994), and Burra Charter, Burra, 2013 (Truscott 2014).

These charters have played a pivotal role in shaping the conceptual and practical understanding of heritage
conservation. According to Burra charter 2013 “Conservation may, according to circumstance, include the
processes of: retention or reintroduction of a use; retention of associations and meanings; maintenance,
preservation, restoration, reconstruction, adaptation and interpretation. The concept of “restoration” has
evolved across time and region According to article 19 in this charter, it is stated that “Restoration is
appropriate only if there is sufficient evidence of an earlier state of the fabric” (Truscott 2014).

Despite the existence of international frameworks, many heritage buildings suffer from a severe
deterioration resulting from several factors. For example, the building Saint Vincent de Paul School in Istanbul,
built in 1883. originally housed an orphanage and it included a church, a monastery, and several other
departments. The building was left for 28 years after the nuns left in 1924, resulting in significant deterioration.
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Poor planned ill-considered structural modifications, such as re-division of the rooms, weakened the
building s integrity and lead to the collapse of parts of the roof and the walls. Exposure to harsh weather
conditions, particularly the construction nearby concrete structures, further impacted the site by blocking the
northern facade and its windows. In addition, earlier preservation efforts failed to consider the building s
historical and structural value, which further accelerated its deterioration (Figure 2) (Dogan 2023).

Another prominent example is Khan Al-Shilan, established in 1899 in Najaf, Iraq. The building sustained
significant deterioration as a result of prolonged exposure to humidity and harsh environmental conditions,
with its first restoration efforts initiated in 2010. It can be said that the building restoration process was
mandatory satisfactory, especially in light of the absence of clear conservation plan and the limited expertise
of the personal involved in heritage restoration. This shortcoming ultimately resulted in the loss of some of
buildings distinctive architectural features, either through their removal or inappropriate replacement. In
addition, non-original materials were introduced under the pretext of the unavailability of materials similar to
the original brushwork, despite the fact that such materials could have been locally produced using simple
methods (Abid and Ameen 2023).

It can be said that the conservation management of heritage buildings projects faces numerous challenges,
including balancing the requirements of modern use with historical value, as well as dealing with old materials
and techniques that require meticulous maintenance (Aleksic et al. 2022). Although some ill-considered
modifications made by users to buildings are minor, they lead to significant damage. Therefore, these
modifications can contribute to structural problems, erasing historical identity and losing important
architectural details (Hussein and Mousa 2024). The same is true for major changes, which have greater
drawbacks (Dogan 2023).

Moreover, based on (Miran and Husein 2024), there are additional critical factors that lead to the
deterioration of buildings and complicate the conservation management process, such as urban expansion,
environmental conditions, and neglect. Urban expansion may expose buildings to pressure from infrastructure
and modern projects, causing structural damage to buildings or their surroundings. On the other hand,
environmental conditions such as climate change and humidity can contribute significantly to the erosion of
the fundamental materials used in the construction of these buildings (Kotova et al. 2023). In addition,
insufficient appreciation of the value of heritage leads to failure to take the necessary preventive measures to
preserve these buildings. Thus, it is imperative to protect the heritage of ancient places and discover the
relationships between the level of deterioration and types of buildings (Miran and Husein 2024).

Figure 2. Traces of the wooden structures at the rear facade of the main building; photo by H.A. Dogan.
(Dogan 2023)
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Consequently, to ensure the success of these projects, effective management is considered crucial, as it
requires careful and efficient planning and management (Khan et al. 2022). Furthermore, to apply the modern
techniques in order to deal with challenges facing the conservation process. Proper management preserves the
architectural and historical values of the building and provides solutions to conservation problems (Guner and
Benli 2019).

Therefore, this paper offers a systematic review to explore the main challenges facing the management of
heritage building conservation projects and current techniques used to overcome them.

2.0 RESEARCH AIM

This study aims to identify and categorize the main challenges impacting the management of heritage
building conservation projects, as well as explore the most common techniques for addressing them. Adopting
a systematic review of the literature published over the past five years. The anticipated outcome is to provide
a comprehensive and evidence-based approach that not only justifies current research trends but also supports
stakeholders and decision-makers in improving implementation plans and management of heritage building
conservation projects.

3.0 RESEARCH QUESTIONS
The study is guided by the following research questions

- What are the main challenges impacting the management of heritage building conservation projects?

- What are the most prominent techniques used to overcome these challenges?

- How do the results of the challenge and technique classification help guide the roles of stakeholders
in managing heritage building conservation projects?

4.0 MATERIALS AND METHODS

The systematic review method is the approach followed in this research, for the purpose of identifying,
verifying, and classifying the challenges influencing the management of heritage building conservation
projects, in addition to identifying the techniques used to address them. This type of review was chosen based
on its ability to conduct a comprehensive analysis of the existing literature, as it summarizes the evidence and
provides an indication of its strength and direction, which ensures evidence-based results that identify the most
prominent practices in any given field (Sharif et al. 2013). The systematic review follows the PRISMA
(Preferred Items for Reporting Systematic Reviews and Meta-Analysis) method to provide a rationale and
analytical approach to the review, planned in advance at an early stage (Moher et al. 2009). The PRISMA
protocol greatly assisted in dealing with the variation in terminology across studies, and contributing to make
decisions to include or exclude studies in a systematic and consistent manner.

In the literature of heritage building conservation, various terms are commonly used such as "heritage",
"historic", and "old". While these terms carry different meaning, they are often confused, particularly due to
different in classification systems, as well as legal and institutional frameworks across different countries. A
similar overlap exists in the terminology used to describes conservation process, such as "restoration",
"rehabilitation", and "preservation". Although each has a specific technical definition, their practical
application are often overlaps, and projects employing these concepts are often face similar management
challenges (Karimi et al. 2022) (Al-Sakkaf, Zayed, and Bagchi 2020). Therefore, this research relied on the
use of verity of these terms to cover as many studies as possible, ensuring a comprehensive of the systematic
review.

Scopus and Web of Science were selected as the primary sources for this systematic review due to their
high academic credibility and strong scientific reputation. Both databases include high-impact research and
adhere to strict indexing standards. To ensure academic rigor, the types of sources such as conference
proceedings, which may not meet the same level of scientific precision were excluded. Although studies
published in languages other than English are valuable, including them in the study would require significant
translation efforts and could introduces discrepancies in analysis and data due to potential misunderstanding

23



Journal of Design and Built Environment, Vol. 26 (1) 2026 Abdulhussein A. T & Fathi M. S

or translation bias. Therefore, only studies published in English were included. A Boolean logic was used to
broaden the search and ensure that important studies were not missed. Table 1 shows the databases and
keywords used.

The search result showed that there were 570 potential research papers, including 325 articles from Scopus
and 245 articles from Web of Science. Later on, the Ryan website was used to check duplicate articles and
delete them. After excluding them, 470 articles remained. Reviewing primary research articles is more accurate
in addressing the research questions raised, as they provide experimental results or direct case studies, which
is more in line with the research objective. Consequently, non-articles, conference Papers were deleted and
non-English language papers were deleted as well. After excluding them, 251 articles remained.

In the ensuing period, by reading the title and abstract of the remaining papers from the previous step, 154
papers that were not directly related to the management of heritage building conservation projects were
excluded. Emphasis was placed on papers that dealt with topics such as conservation management, planning,
execution, restoration, rehabilitation, and maintenance. However, studies that focused on specific technical
aspects such as architectural and structural analysis without addressing management have been excluded. After
we had 97 papers left, they were read more deeply by reading the full text. Therefore, 38 papers were excluded,
and 59 papers were included in this research (Figure 3).

Once the paper identification process was completed, the full text of each paper was thoroughly reviewed
to identify five main categories that impede the management of conservation projects. These categories
included: structural challenges, architectural challenges, management challenges, environmental challenges,
and legal challenges. Similar topics were combined to facilitate data collection, statistical analysis, and detailed
discussion of the challenges in each category, as well as the techniques used to address these challenges.

( 570 Papers were identified through h
Identification the databaseof Scopus and Web of
Science
\ J
s N
Duplicate removals (413) remaining
_ J
s N
Screening Non-Article: (251) remaining
Eligibility Title and Abstract: (97) remaining
_ J

Full texts articles assessed: (59) remaining

Full text articles included for analysis: 59

Figure 3. PRISMA flow diagram for inclusion of the articles during the review process.
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Table 1. Databases and search keywords used for the systematic review.

N. | Database | Query Keywords

1 Scopus TITLE-ABS ( heritage AND buildings AND restoration ) OR TITLE-ABS (
historical AND buildings AND restoration ) OR TITLE-ABS ( conservation
AND of AND heritage AND structures ) OR TITLE-ABS ( heritage AND
building AND rehabilitation ) AND TITLE-ABS ( management ) OR TITLE-
ABS ( challenges ) OR TITLE-ABS (issues ) AND TITLE-ABS ( techniques )
OR TITLE-ABS ( strategies )

2 | Web of TITLE-ABS (heritage AND buildings AND restoration) OR TITLE-ABS
science (historical AND buildings AND restoration) OR TITLE-ABS (conservation
AND of AND heritage AND structures) OR TITLE-ABS (heritage AND
building AND rehabilitation) AND TITLE-ABS (management) OR TITLE-
ABS (challenges) OR TITLE-ABS (issues) AND TITLE-

5.0 RESULTS AND DISCUSSIONS

Through the systematic study of the published literature, five main categories of challenges were
identified: structural challenges, architectural challenges, management challenges, legal challenges, and
environmental challenges. In the same context, a set of techniques used in this field were identified. The five
categories are as follows:

5.1 Structural Challenges

Table 2 presents the challenges under this classification, along with the techniques adopted in each study
and the relevant charters and guidelines highlight these challenges. The following is a detailed explanation of
these challenges:

The evaluation of the structural safety challenge was the most reported challenge at 27%, as it is essential
to prevent buildings collapse under the current and future loads. The study conducted by (Agliata et al. 2023)
on the Frattaminore building in Italy serves as an applied example of how HBIM modelling can be used to
assess structural safety. Data were gathered through manual field surveys, laser measurements, and analysis
of original construction documents. This information was then integrated to the HBIM environment to provide
a framework for structural analysis, damage assessment, and identification of changes compared to the original
design. Another tool is hierarchical risk map, which helped prioritize interventions and manage structural risk
effectively (Ruiz-Jaramillo et al. 2020). Non-destructive geophysical technique (NDT) were also employed to
evaluate the materials used in the structural elements, contributing significantly in their structural assessment
(Matias et al. 2021). AHP (Analytical Hierarchical Process) was used as a technique to assist in the structural
evaluation after studying the challenges affecting the deterioration of the walls of the old city of Salé and
evaluating their weights, which contributed to classifying the walls according to their final weights (Multi-
criteria analysis to assess conservation states of walls in Salé Medina in MoroccoElhachmi et al. 2020).

Meanwhile, the seismic risk assessment challenge obtained a percentage of 23%, which focused on
studying the necessary measures to enhance the resistance of buildings exposed to earthquakes in areas with
high seismic activity. Among the techniques used are: improve connections, reduce floor flexibility, and
increase wall strength (Aleksic et al. 2022). Cladding of mud walls and floors with reinforced concrete and
polymer fibres was also used, and steel elements were used to enhance vertical and horizontal connections
(Maheri, Najafgholipour, and Zarandi 2023). A database was also created based on archaeoseismological
investigations, which play a role in supervising and monitoring earthquake zones and developing plans to
reduce disaster risks (Combey et al. 2021). The AHP technique was applied to 15 earthquakes - damaged
churches to determine priorities of restoration intervention (D’ Alpaos and Valluzzi 2020). The ground motion
simulation technique using the Abaqus program was also used to simulate earthquakes and create potential
earthquake records in the study area (Hoveidae, Fathi, and Karimzadeh 2021).

25



Journal of Design and Built Environment, Vol. 26 (1) 2026 Abdulhussein A. T & Fathi M. S

Understanding and evaluation building materials constituted 18% of the identified challenges in this
category. In addition to the previous techniques that were used in evaluating the structural safety of the
building, such as HBIM and NDT. Other techniques such as site investigation and conducting analyses related
to humidity, groundwater and wind, were used to describe the materials of the dome of the study case and to
know the reasons that led to its deterioration (Pizzigatti and Franzoni 2021). In another study, a comprehensive
review of coastal defence structures was conducted, and the building materials used, such as stone, brick, and
soil, were inventoried and their current condition was studied (Shao et al. 2023).

In order to know the correct interventions that are in line with the structural behaviour of the building, the
understanding the structural behaviour played a good role with a rate of 14%. The visual identification was
used to identify the building system and many distinctive architectural elements, such as decorations and
mosaics, as well as windows and stairs, which helped in the conservation process of a building built in the old
classical style to be reused as a restaurant (Prieto-Vicioso, Flores-Sasso, and Fernandez-Flores 2022). The
finite element model, along with numerical analyses and test results, provided a clear picture of the real
structure’s behaviour, including its response to earthquakes (Baggio et al. 2021). The HBIM technique was
used to collect relevant data for the Flaminio Stadium in Rome. The finite element model FM was used to
determine the response of the structure under different dynamic tests under operating conditions. This study
provided an understanding of the structural behaviour of the stadium for the purpose of implementing a pre-
maintenance strategy for the building (Di Re et al. 2021).

Enhancing structural safety challenge accounted for 9% of the total challenges forming this classification.
One of the techniques used is the reconstruction of some structural parts that were eroded due to excavation in
previous periods and left to suffer due to weather conditions, but these interventions are considered non-
invasive and reversible (Nadali 2023). Additionally, the focus was also placed on the stability of the structure
and the removal of the beams, affecting the strength of the internal wall and stairs in the Lugo Wall in Spain
(Bailliet 2023). In the same note, the random interventions factor also accounted for 7%, indicating the
negative impact of uncalculated interventions on structural safety. Previous conservation procedures were
discussed, and weaknesses were identified to develop a comprehensive strategy for preventive conservation of
the Moorish Pavilion (Coelho, da Silva, and Zouain 2020). The current status of maintenance plans and
incorrect interventions that resulted in the loss of many existing structures were also studied, and the paper
focused on the need to provide a comprehensive approach to maintenance within the framework of preserving
cultural heritage (A. Cruz et al. 2022). Figure (4) shows the frequency of these challenge within the structural
category, while Figure (5) shows the use of techniques across all these challenges.

A 9%
9%

h

= Seismic risk assessment
23%
18% .

= Evaluation of structural safety

Characteristic and Evaluation of building materials
= Enhancing structural safety
= Understanding structural behavior

Random interventions

Figure 4. The frequency of challenges within the structural category.
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Figure 5. The frequency of techniques used across structural challenges.
Table 2. Challenges and techniques identified in the structural category.
Challenges Charter and Author(s) Technique
Guidelines
Evaluation of | ISCRASH (Agliata et al. 2023) (De Falco | HBIM (Agliata et al. 2023), HBIM
structural guidelines et al. 2024) (Y. Cruz et al. (De Falco et al. 2024), HBIM (Y. Cruz
safety 2025, Venice 2024) (Matias et al. 2021) et al. 2024), High resolution NDT

Charter Art. 10

(Multi-criteria analysis to
assess conservation states of
walls in Salé Medina in
MoroccoElhachmi et al. 2020)
(Ruiz-Jaramillo et al. 2020)

(Matias et al. 2021), AHP (Multi-
criteria analysis to assess conservation
states of walls in Salé Medina in
MoroccoElhachmi et al. 2020) a
hierarchical map of risk (Ruiz-
Jaramillo et al. 2020)

Seismic risk

(Aleksic et al. 2022) (Maheri,

Improve connections, reduce floor

assessment ISCRASH Najafgholipour, and Zarandi flexibility, increase wall strength
guidelines 2023) (Combey et al. 2021) (Aleksic et al. 2022), Reinforced
2025, (D’Alpaos and Valluzzi 2020) | overlay, steel confinement (Maheri,
ICOMOS Risk | (Hoveidae, Fathi, and Najafgholipour, and Zarandi 2023),
Preparedness | Karimzadeh 2021) relational database based on
Guidelines archaeoseismological
1993 investigation(Combey et al. 2021),
AHP (D’ Alpaos and Valluzzi 2020),
Ground Motion Simulation (Hoveidae,
Fathi, and Karimzadeh 2021)
Characteristic | Venice Charter | (Agliata et al. 2023) (Matias et | HBIM (Agliata et al. 2023), High
and Evaluation | Art. 10, Bura al. 2021) (Pizzigatti and resolution NDT (Matias et al. 2021),
of building Charter Art. 4 | Franzoni 2021) (Shao et al. Site Investigation (Pizzigatti and
materials 2023) Franzoni 2021), General overview
(Shao et al. 2023)
Understanding | ISCRASH (Prieto-Vicioso, Flores-Sasso, | Visual identification (Prieto-Vicioso,
structural guidelines and Fernandez-Flores 2022) Flores-Sasso, and Fernandez-Flores
behavior 2025 (Baggio et al. 2021) (Di Reet | 2022), finite element, experimental

al. 2021)

tests (Baggio et al. 2021), HBIM,
Finite Element (Di Re et al. 2021)
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Enhancing ISCRASH (Bailliet 2023) (Nadali 2023) | Reconstruction (Nadali 2023),
structural guidelines Structural stabilization (Bailliet 2023)
safety 2025, ICOMS
Guidelines for
Structural
Interventions
Random Bura Charter (Coelho, da Silva, and Zouain | Developing comprehensive strategies
interventions Art.3, Venice | 2020)(A. Cruz et al. 2022) for preventive conservation (Coelho,
Charter Art. 9- da Silva, and Zouain 2020),
10 Incorporating a maintenance approach
in the preservation (A. Cruz et al.
2022)

5.2 Architectural Challenges

Table 3 presents the challenges under this classification, the corresponding techniques applied in each
research and the relevant charters and guidelines highlight these challenges. The following is an explanation
of these challenges:

Accurate documentation emerged as the most prominent challenges in this category, as it constituted 68%,
reflecting the impact of accurate documentation on the success of conservation project management. A notable
technique employed to address this challenge is HBIM. For instance, (Alshawabkeh and Baik 2023)
demonstrate a critical role of advanced techniques in achieving accurate documentation in heritage
conservation projects. This study, conducted in Saudi Arabia at AlUla (a World Heritage Site), involved
integration terrestrial laser scanning (TLS) was combined with high-resolution Photogrammetry to produce a
detailed, realistic HBIM model that reflects the actual condition of the site, including cracks, signs of
deterioration, and minor surface changes.

The research showed that its results would be useful in the field of heritage building projects
(Alshawabkeh and Baik 2023). The laser scanner was also used and integrated with HBIM in other research
such as (Rolfsen et al. 2023), as well as Photogrammetry (Sarhan and Abed 2021), parametric modelling
(Liberotti and Gusella 2023), manual modelling (Karasaka and Ulutas 2023), and NDT (Solla et al. 2020)
techniques that were all integrated with HBIM and showed distinctive results. Additional techniques include
UAYV and neural radiation for 3D reconstruction, offering high-quality outputs and improved efficiency in
work implementation (Ge et al. 2024). Low-cost spherical cameras were used in another study, which is a
camera that captures the scene at 360 degrees, although it gave less accurate results compared to other
equipment and techniques. However, it can be used in the field of preparing virtual tours (Herban et al. 2022).

The second challenge in this category is the minimum intervention, making up 14%. When preserving a
heritage building, the first step is to analyse the various intervention levels to determine the minimum level,
aiming to achieve structural integrity while minimizing impact historical value (ICOMOS 2003). However,
identifying the appropriate minimum intervention is a complex task, influenced by interrelated factors. Zhang
and Dong (2021) presented a model that evaluates six key criteria: stakeholders, building typology, existing
fabric, functional changes, potential problems, and conservation measures. The model also classifies
interventions into progressive levels, such as preservation, renovation, restoration, consolidation, adaptive use,
and new design. This allows for accurate decisions based on an analysis of structures and architectural elements
within the context of use and functional requirements (ICOMOS 2003). Various techniques have been adopted
to determine the appropriate minimum intervention. For instance, Non-invasive conservation techniques were
applied to parts of the Tower Motrilja, successfully preserving its authentic architectural appearance without
altering the building’s original concept (Aleksic et al. 2022). Fuzzy logic and random forest were used in a
study conducted in southern Chile to help decision makers avoid failure, uncertainty, and to prioritize the
correct actions that guarantee the least intervention and the best results (Mendoza, Torres-Gonzalez, and Prieto
2024).
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Among the techniques used is the AHP technique, which was relied upon to create a decision-making tool
called H-MCDM, a flexible tool to evaluate the best reuse strategy while taking into account the principles of
preserving the architectural heritage (Maselli et al. 2024).

Identification of building units is the third challenge with 9% of the total research, expressing the
description of general and precise details of the building parts. Due to the lack of drawings and plans for the
case study, a visual inspection of the site was carried out in order to identify the structural units and determine
the geometric characteristics, technical and technological details, so that a successful conservation
methodology can be applied (Pizzigatti and Franzoni 2021). In addition, a neoclassical building was
rehabilitated in the Dominican Republic (Prieto-Vicioso, Flores-Sasso, and Fernandez-Flores 2022), where the
work included the identification of structural units and the structural system and the restoration of the
decorative elements and original colours of the walls.

However, the discovering building changes was rated at 5%, as natural and historical factors are assumed
to cause architectural and building material changes. Terrestrial laser scanning and hyperspectral imaging
technology was used to provide a comprehensive and flexible approach to detecting architectural and building
material changes in these buildings, where signs of deformation were detected in the Beijing Tianningsi Tower
in Beijing. It can be said that this technique provided an opportunity for chemical and physical evaluation of
the materials and provided a scientific basis for research and preparation of a restoration plan (Zhang, Ma, and
Gao 2021).

On the other hand, the potential of reversibility was rated at 5%, as this challenge indicates the ability to
remove current changes to buildings in the future without architectural or structural distortion of the original
building. In the city of Ebla in Syria, a non-invasive and reversible intervention technique was used by building
parts of eroded walls with Mudbricks made of local raw materials to preserve what remains of the building
and gain time to prepare a comprehensive restoration plan for the site (Nadali 2023). Figure 6 shows the
frequency of these challenges within the architectural classification, while Figure 7 shows the use of techniques
across all of these factors.

= Evaluation of structural safety
= Seismic risk assessment
Characteristic and Evaluation of building materials

= Enhancing structural safety

= Understanding structural behavior

18%

Random interventions

Figure 6. The frequency of Challenges within the architecture category
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Figure 7. The frequency of techniques used across the architecture Challenges

29



Journal of Design and Built Environment, Vol. 26 (1) 2026

Abdulhussein A. T & FathiM. S

Table 3. Challenges and techniques used in the architectural category.

Challenges Charters and Author(s) Technique
Guidelines
Accurate Venice Charter (Ge et al. 2024) UAYV Images and Neural Radiation(Ge et
Documentation Art. 16, Bura (Kallas and al. 2024), Photogrammetric survey
Charter Art. 5, Napolitano 2023) (Kallas and Napolitano 2023),
PRINCIPLES (Alshawabkeh and photogrammetry and laser scanning,
FOR THE Baik 2023) HBIM (Alshawabkeh and Baik 2023),
RECORDING (Habib 2022) parametric modeling, HBIM (Liberotti
OF (Liberotti and and Gusella 2023), manual modeling and
MONUMENTS, Gusella laser scanning, HBIM (Karasaka and
GROUPS OF 2023)(Karasaka and Ulutas 2023), UAV Structure from
BUILDINGS Ulutas 2023) (Sarhan | Motion Photogrammetry, HBIM (Sarhan
AND SITES and Abed 2021) and Abed 2021), Low-Cost Spherical
(1996), (Herban et al. 2022) Cameras (Herban et al. 2022), NDT and
(Solla et al. 2020) BIM (Solla et al. 2020), laser scanning,
(Rolfsen et al. 2023) HBIM (Rolfsen et al. 2023)
Minimum Bura Charter (Aleksic et al. 2022) Non-invasive conservation
intervention Art. 3, Venice (Mendoza, Torres- technique(Aleksic et al. 2022) , fuzzy

Charter Art. 21,

Gonzalez, and Prieto

logic and random forest (Mendoza,

China Principles 2024) (Maselli et al. Torres-Gonzalez, and Prieto 2024), AHP
(Art. 21) 2024) (Maselli et al. 2024)
Identification of Bura Charter (Pizzigatti and Site investigation (Pizzigatti and
building units Art. 6, Venice Franzoni 2021) Franzoni 2021), Site investigation

Charter Art. 6-7

(Prieto-Vicioso,
Flores-Sasso, and
Fernandez-Flores
2022)

(Prieto-Vicioso, Flores-Sasso, and
Fernandez-Flores 2022)

Discovering
building changes

Bura Charter
Art. 26, Venice
Charter Art. 11

(Zhang, Ma, and Gao
2021)

Terrestrial Laser Scanning and
Hyperspectral Imaging (Zhang, Ma, and
Gao 2021)

Potential of ISCRASH (Nadali 2023) Non-invasive intervention (Nadali 2023)
reversibility guidelines 2025,

Venice Charter

Art. 10, China

Principles Art. 21

5.3 Management Challenges

Table 4 presents the challenges under this classification, the corresponding techniques applied in each
research and the relevant charters and guidelines that highlight these challenges. The following is an
explanation of these challenges:

Data management is one of the most important challenges, as its frequency in research reached 24%. This
challenge contributes to improving the efficiency of the project and ensuring accuracy and success. HBIM
technology has proven to be remarkably successful for this purpose, as it has been given in frequent usage. A
systematic approach was applied to improve information transfer and reduce costs resulting from information
loss from the initial stages to the facility management phase in old buildings (Pinti and Bonelli 2022). Another
study focused on the capacity of the database and its role in managing cultural heritage structures by presenting
an online database that integrates BIM modeling and related historical information (Castellazzi et al. 2023).
The importance of integrating 3D digital documentation with facility management to overcome many
challenges, such as financial losses and poor project control, using BIM technology, was discussed in the
research (Khan et al. 2022).
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Alignment with the sustainability challenge also constitutes a large percentage in this study, as it also
accounted for 24% of this category. This challenge ensures that activities are consistent with global
sustainability standards. One of the techniques used is AHP in the research (Cucco et al. 2023), which proposed
a model based on evaluation indicators developed according to sustainability principles and hierarchical
analysis algorithms. In the same context, the AHP technique was relied upon to create a decision-making tool
called H-MCDM that uses seven economic, cultural, and social indicators, selected according to the sustainable
development goals (Maselli et al. 2024). HBIM was used to integrate environmental considerations with
geographical methods to provide broader knowledge about risk management in heritage building conservation
projects (Prizeman et al. 2020). The research (Cinquepalmi and Tiburcio 2023) showed that catastrophic events
can be mitigated, and conservation projects can be managed using digital techniques such as HBIM and Digital
Twin, which provide valuable information that can be shared with stakeholders to preserve the building’s value
and ensure its compliance with sustainability criteria.

On the same side, essential data for decision makers accounted for 24% of the total management challenge
classifications, as access to accurate data plays a crucial rule in guiding intervention and ensuring successful
conservation outcomes. Fuzzy logic and random decision forest methodologies were used to manage the
important data obtained from experts and from the building itself, which helps decision makers in taking the
right intervention measures (Mendoza, Torres-Gonzalez, and Prieto 2024). The research [44] proposes an
integrated framework based on a comprehensive literature review to include the digital twin in the management
processes of heritage building conservation projects and suggests several recommendations for implementing
this framework (Jouan and Hallot 2020). The research (Prieto 2021) aimed to include a new management
system based on fuzzy logic (artificial intelligence) in order to manage important data from buildings and
experts and informed stakeholder decisions. HBIM technology was also used for this challenge, where a 3D
model was created containing functional, structural, architectural, and historical data, in addition to other data
such as materials condition, and visual appearance (Al-Bayari and Shatnawi 2022).

Comprehensive knowledge of heritage assets is another challenge that accounted for 18% of this
classification, as this knowledge allows for an accurate understanding of the cultural and historical value of
buildings. Many studies have addressed the use of HBIM technology for this purpose, where models were
created to manage large-scale assets (Giuliani et al. 2024). Other studies aimed to manage assets by developing
digital models based on the HBIM techniques, which allows for better management of conservation projects
(Moyano et al. 2022) (Piaia et al. 2021).

The ultimate challenge, which accounted for 12% in terms of frequency, is right stakeholder partnership,
as these parties play an influential and critical role in the success of conservation projects. The research (Saba,
Chanchi Golondrino, and Torres-Gil 2023) proposed a new plan using SWAT technology to ensure proper
management in heritage site preservation efforts, as it revealed ambiguity in decision-making between the
mayor’s office and the Ministry of Culture, which hinder effective heritage conservation management projects.
A web platform was developed to gather and manage data using tolls such as 3dGIS, 10T, and a set of artificial
intelligence techniques such as deep learning. This platform was used to provide an innovative tool for
decision-makers to develop preservation plans (Lasorella, de-Dato, and Cantatore 2024). Figure 8 shows the
frequency percentage of these challenges included in the management classification, while Figure 9 shows the
use of techniques across all of these challenges.

It is worth noting that, although the concept of facility management (FM) is not directly referenced in this
research, several of its associated tools, such as HBIM and Digital Twin, were actively featured among the
solution techniques used to address the conservation challenges. These tools were particularly employed in
area such as data management and decision making. The decision to focus on particular tools rather than
theoretical frameworks was intentional and aligns with the main objective of this study.
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Figure 8. The frequency of challenges within the management category
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Figure 9. The frequency of techniques used across the management challenges

Table 4. Challenges and techniques used in the management category:

Challenges Charters and Author(s) Technique
Guidelines
Data ICOMOS Digital (Pinti and Bonelli HBIM (Pinti and Bonelli 2022), BIM
management Documentation 2022)(Castellazzi et and Cloud-Based Solutions
Principles, Burra al. 2023) (Khan et al. | (Castellazzi et al. 2023), HBIM (Khan
Charter Art. 27 2022)(Anac and Arun | et al. 2022), HBIM (Anag¢ and Arun
2024) 2024)
Alignment ICOMOS (Cucco et al. 2023) AHP (Cucco et al. 2023), HBIM
with Sustainable (Prizeman et al. 2020) | (Prizeman et al. 2020), HBIM
sustainability | Development Goals (Cinquepalmi and (Cinquepalmi and Tiburcio 2023),

Policy 2019, UN

Tiburcio 2023)

AHP (Maselli et al. 2024)

SDG 11.4 (Maselli et al. 2024)
Essential data | Burra Charter Art. 5, | (Mendoza, Torres- Fuzzy logic and Random Forest
for decision ICOMOS Heritage at | Gonzalez, and Prieto (Mendoza, Torres-Gonzalez, and Prieto
makers Risk Reports 2024) (Jouan and 2024), Digital Twin(Jouan and Hallot
Hallot 2020) (Prieto 2020), Fuzzy system (Prieto 2021) ,
2021) (Al-Bayari and | HBIM (Al-Bayari and Shatnawi 2022)
Shatnawi 2022)
Comprehensiv | ICOMOS Heritage at | (Giuliani et al. 2024) | HBIM Pipeline(Giuliani et al. 2024),
e knowledge Risk Reports, Burra | (Moyano et al. 2022) | HBIM (Moyano et al. 2022), HBIM
of heritage Charter Art. 5,26 (Piaia et al. 2021) (Piaia et al. 2021)
assets
Right Nara Documents (Saba, Chanchi SWAT analysis (Saba, Chanchi
Stakeholder 1994, ICOMOS Golondrino, and Golondrino, and Torres-Gil 2023),
Partnership Participatory Torres-Gil 2023) WEB-BASED PLATFORM
Principle 2020 (Lasorella, de-Dato, (Lasorella, de-Dato, and Cantatore

and Cantatore 2024)

2024)
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5.4 Environmental Challenges

Environmental Challenges affect the management of conservation projects by accelerating the
deterioration of buildings, which requires the application of specialized maintenance techniques. They also
increase the challenges related to adapting to climatic conditions and providing the necessary resources for
sustainable protection. In table (5), all the items that fall under this category are displayed. The following is an
explanation of these items:

Climate change stands out as the primary challenge in this classification, accounting for 57% of the
research, due to its impact on conservation management, as it reflects the growing challenges related to climate
and its association with the maintenance and protection of heritage sites. The mechanical forces and stability
analysis techniques were used in order to assess the need for modifying the old concrete buildings requirements
in terms of structure and function, as climate has affected these buildings negatively (Dias et al. 2021). Another
paper proposed a risk-based approach that integrates the heritage value of buildings with the impact of climate
change (Cunha Ferreira et al. 2023). The adaptive nature of this approach allows it to be applied to many
ancient sites, especially in coastal areas. The multi-layer neural network (MLP) technique was used in the
research (Bienvenido-Huertas et al. 2021) to predict the impact of environmental performance within a heritage
church, contributing to assessing the impact of climate on the preservation of heritage elements. The study
(Samano Chong, Calderas, and Osnaya 2020) used organic examination as a technique to identify the
relationship between environmental impact, architecture, and decorative elements to provide conservation
solutions that reduce deterioration.

The second challenge is material lifecycle, which appeared in 29% of the studies, as it refers to the
environmental impact of materials in the long term and how to choose sustainable materials with a low negative
environmental impact. In the research (Fortuné and Donnet 2023), a case study of an old building was studied,
and a systematic approach was proposed that takes into account to support stakeholders in making
environmentally friendly, low-carbon, and economical rehabilitation decision. The project life cycle analysis
(LCA) technique was used to compare two restoration and renovation models on an old building in Denmark
in another paper (Serrano, Kampmann, and Ryberg 2022). The analysis showed that using old materials in the
restoration is better as it preserves the old character of the building and has a lower environmental impact. The
Sustainability of material used with the original materials is also an important challenge and received a
percentage of 14% in this category. In the study (Marici¢ et al. 2023), the literature was reviewed, the original
stones of Zagreb Cathedral were visited and described, and laboratory analyses were conducted in order to
know the types of stones available and their potential use for reconstruction after the earthquake. Figure 10
shows the significance of the challenge included in the environmental classification, while Figure 11 shows
the use of technologies across all these challenges.

Figure 10. The frequency of challenges within the environmental category

= Suitability of materials used
= Climate Changes

Material lifecycle

Figure 11. The frequency of techniques used across the environmental challenges
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Table 5. Challenges and techniques used in the environmental category.
Challenges Charters and Author(s) Technique
Guidelines
Climate ICOMOS Climate (Cunha Ferreira et Mechanical forces and stability
Changes Action Working al. 2023) (Dias et al. | analysis (Dias et al. 2021), Risk
Group (CAWG), 2021) (Bienvenido- | Assessment and Vulnerability
UNESCO WH Huertas et al. 2021) | Analysis (Cunha Ferreira et al. 2023),
Guidelines Para. 132, | (Sdmano Chong, MLP (Bienvenido-Huertas et al.
133 Calderas, and 2021), Organic multidisciplinary way
Osnaya 2020) (Samano Chong, Calderas, and
Osnaya 2020)
Material ICOMOS Guidelines | (Fortuné and Donnet | Experimental works (Fortuné and
lifecycle on Energy Efficiency | 2023) (Serrano, Donnet 2023), LCA model (Serrano,
and Sustainability in | Kampmann, and Kampmann, and Ryberg 2022)
Heritage Building, Ryberg 2022)
2022
Sustainability | ICOMOS Guidelines | (Marici¢ et al. 2023) | review of previously published
of material | on Energy Efficiency literature, site investigation (Maric¢i¢ et
used and Sustainability in al. 2023)
Heritage Buildings,
2022

5.5 Legal Challenges

Table 6 presents the challenges under this classification, the corresponding techniques applied in each
research and the relevant charters and guidelines highlight these challenges. The following is an explanation
of these challenges:

The alignment with conservation regulations challenge received 50% of the total studies in this category,
as it requires conservation activities to comply with local and international laws. In a study conducted in Spain,
it was proposed to create a passport for ancient buildings that integrates regulatory, financial, and informational
tools, which helps in managing and planning the renovation of buildings in a manner that is consistent with
conservation laws (Villarejo, Gamez, and Santamaria-Lopez 2021). A single-storey building in Upper East
Coast Road, Singapore, was selected for the study and analysis in the research (Quek and Rajeev 2023), and
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it was found that the building suffers from structural damage and corrosion of columns, slabs, and foundations,
so a hybrid approach was adopted using additives that comply with conservation law requirements.

Alignments with building codes were 50%, as the conservation of old buildings requires compliance with
new building codes and requirements, although this may affect the original character of the building. A study
was conducted at the University of Pavia, where a multidisciplinary strategy was presented to preserve the
buildings, in accordance with modern standards. Suggestions for strengthening modifications were made after
a comprehensive seismic safety analysis (Greco et al. 2021). The research (Garcia-Castillo, Paya-Zaforteza,
and Hospitaler 2023) presented a comprehensive overview of the latest techniques used to combat fires in
heritage buildings, and offers a solution for conservation instead of demolition, in accordance with current
codes related to the safety of buildings in the face of fire.

Figure 12 shows the importance of the challenges included in the legal classification, while figure 13
shows the use of technologies across all of these challenges.

Figure 12. The frequency of challenges within the legal category.
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Figure 13. The frequency of techniques used across the legal challenge.
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Table 6. The frequency of challenge within the legal category.

Challenges | Charters and Guidelines Author(s) Technique

Alignment The Operational Guidelines | (Villarejo, Gamez, and Building Renovation Passports

with for the Implementation of Santamaria-Lopez (Villarejo, Gamez, and

conservation | the World Heritage 2021) (Quek and Rajeev | Santamaria-Lopez 2021), A

regulations Convention 2023) hybrid method from multiple
compounds (Quek and Rajeev
2023)

Alignments China Principles (Art. 19, (Greco et al. 2021) Seismic safety standards (Greco

with building | 22), ISCARSAH (2024), (Garcia-Castillo, Paya- et al. 2021), literature review

codes Burra (Art. 15.3), Zaforteza, and (Garcia-Castillo, Paya-Zaforteza,

UNESCO OG Hospitaler 2023) and Hospitaler 2023)

The research results indicated that structural challenges accounted for the highest percentage (31%),
indicating their critical role in heritage building conservation projects management. Structural challenges
affect management in terms of setting work priorities. When there are serious problems such as weak
foundations or cracks in walls, priority should be given to ensuring the safety and stability of the building.
likewise, failing to conduct detailed structural studies can lead to delays and increased costs. In addition,
dealing with structural challenges properly contributes to reducing risks during the conservation period, which
enhances a safe working environment and improves long-term sustainability. It can be said that prioritizing
structural aspect ensures the long-term stability of the building.

However, the architectural challenges followed closely at (28%), as they are considered an integral part
of the process of preserving the historical and cultural identity of the building. It can be said that conservation
project managers should recognize that heritage buildings are more than just physical structures, they are
cultural icons, and conservation management involves ensuring that original architectural details of cultural
significance are accurately preserved or restored. Therefore, they must consider how structural and
architectural modifications affect the cultural and historical value of the building. Modern technologies such
as 3D scanning or HBIM can support these efforts effectively. They also provide appropriate technical
solutions that fit with the original design of the building and enhance its sustainability.

Furthermore, management challenges made up for 26%, reflecting the vital role played by effective
management in the success of projects, as good management enhances the ability to make informed decisions
and facilitate effective communication among the stakeholders. One of the effective management practices
that directly impacts the success of a conservation project is data management. Collecting and documenting
building about the conservation procedures is an essential part of effective management. Techniques such as
HBIM help document the various stages of a project and ensure that decisions are based on accurate and up-
to-date information.

Environmental challenges ranked fourth with 9%. Environmental challenges affect the management of
conservation projects by accelerating the deterioration of buildings, which requires the application of
specialized maintenance techniques. For instance, an applied study conducted on the University of Seville
church highlight the value of Al tools to predict the environmental performance of interior heritage elements.
This example supports the importance of environmental challenges in conservation management, as climate
change can accelerate the deterioration of architectural and interior elements in heritage buildings. Based on
these analyses, effective cooling and drying strategies can be applied to help preserve heritage elements and
improve the internal environmental conditions of buildings (Bienvenido-Huertas et al. 2021). In the last stage,
legal factors with a percentage of 6% indicating the need to adhere to local and international regulations and
laws related to the preservation of cultural heritage. (Figure 14).

On the other hand, there were many techniques that affected conservation management processes and
mitigated the impact of the aforementioned challenges. The most prominent techniques used in this context
can be arranged as follows: HBIM (Heritage Building Information Modeling) emerged as the most widely
used technique, representing 44% of application across all classifications. It was followed by the AHP
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hierarchy, which accounted for 11%, followed by NDT at 9%. Then came: laser scanning, field visits, and
laboratory experiments, each of which was used at 8%. Last but not the least, both fuzzy logic and
photogrammetry accounted for 6% each (Figure 15). In addition to other techniques that were used in many
studies.

m Structural Challenges
m Architectural Challenges
Management Challenges
Environmental Challenges 26%

m Legal Challenges

Figure 14. The frequency percentage of all categories.
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Site investigation 8%
= AHP [ T~
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® |aser scanning

Experimental tests
m Fuzzy logic

m Photogrammetric survey

Figure 15. The frequency percentage of common techniques across all categories.

HBIM (Heritage Building Information Model) is one of the modern technologies that contribute to the
conservation of cultural heritage, as it provides innovative solutions to a multitude of problems related to the
management of heritage buildings, most notably accurate documentation. As a result, it provides
comprehensive digital documentation through which decision-making can be improved based on accurate
analysis of historical and architectural structures. It can be said that this technology plays an important role in
the management of conservation projects as it develops facility management, structural analysis, virtual and
augmented reality, and safety design (Universiti Teknologi Malaysia 2019). It is worth noting that this
technology has been used since 2008 and is constantly evolving. It provides an opportunity for stakeholders to
cooperate and communicate effectively, which ensures the design and management of successful restoration
projects (Bastem and Cekmis 2022).

In the future, with the advancement of HBIM, it is expected that this technology will become a key tool
in heritage building conservation projects alongside Al tools. HBIM can help reduce costs by improving
planning accuracy, avoiding unnecessary modifications, and ensuring the preservation of historical identity.
Moreover, it can accelerate process, minimize estimation errors, and improve the overall efficiency of
conservation projects management.

Although HBIM technology has proven to be an effective digital tool in heritage building conservation
projects, the results revealed that some traditional techniques still play a leading role in addressing many
challenges, such as site investigation and experimental testing. The outcomes provided by these methods are
often difficult to achieve through technology alone, making them essential for understanding and preserving
the physical elements of heritage. Therefore, a balanced combination of HBIM technologies and traditional
practices provides a more holistic and comprehensive approach in the context of conservation projects,
ensuring a balance between technical innovation and the preservation of cultural continuity.
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5.6 Impact of Results on Stakeholders

The research results indicate important impacts on the main stakeholders in heritage building conservation
projects. For structural engineers and architects, the proportion of structural and architectural challenges
constituted 31 and 27%, respectively, which are the highest proportions among all classifications. These
percentages clearly reflect the need to focus on engineering - compatible design solutions that meet the
structural needs of the buildings. The use of advanced technologies such as HBIM can help in assessing the
risks associated with structural deterioration and providing sustainable solutions. In the same context,
architects should find a balance between modern intervention and respect for the original design of the
building, as well as attention to documentation, and tools such as laser scanning and photogrammetry offer
essential support in this matter.

Project managers can also draw valuable insights from the findings, as the results show the importance of
management challenges (26%), including making the right decisions and improving communication among
all stakeholders. Managers can benefit from using techniques such as AHP (used by 11%) to improve the
process of making complex decisions and systematically evaluating alternatives.

Additionally, government authorities should focus on mitigating damage caused by environmental
challenges (9%) by applying techniques such as environmental scanning and laboratory experiments. They
should also promote adherence to international conservation charters and guidelines, as legal challenges
accounted for 6% only. Enacting consistent regulations aligned with international best practices can support
long-term conservation efforts.

Finally, the findings of this study are not limited to practitioners but also extend to senior management
bodies and institutions involved in heritage conservation. The classification adopted in the study, which
encompass structural, architectural, management, environmental, and legal categories, along with their
corresponding mitigation techniques, offer a multidimensional foundation aligned with the theoretical
frameworks that underpin tools such as the conservation management plan (CMP) and the heritage impact
assessment (HIA).

For example, Structural challenges contribute to the technical evaluation stage at the CMP and help assess
the impact of the proposed intervention on the building structural integrity, while management challenges,
such as data management and Right Stakeholder Partnership, facilitate coordinated decision making.
Architectural, such as accurate documentation, minimal intervention, and reversibility, ensure the authenticity
of intervention, and environmental, and legal challenges address risk mitigation and regulatory compliance
(Ng 2021), (Johnston 2010).

6.0 CONCLUSIONS

This paper identified, classified, and analyzed the challenges affecting the management of heritage
building conservation projects through a systematic review of published literature in Scopus and Web of
Science. The research provides a structured understanding that helps researchers and stakeholders identify the
core issued and explore appropriate techniques to address them.

The results showed that structural and architectural challenges represented the highest proportion,
emphasizing the need to conduct technical evaluations of intervention proposals to preserve structural integrity
while also preserving authenticity and historical value. Therefore, decision-making must strike a balance
between these two categories to minimize structural risks and avoid cost overrun resulting from poorly
informed decisions.

The high percentage of management challenges confirms that conservation projects success is not solely
on technical knowledge. Instead, challenges such as effective data management, coordination among
stakeholders, and structured decision making play a crucial role in ensuring efficient conservation management
process.
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In contrast, challenges related to environmental and legal classifications showed less frequency (9% and
6%). However, these factors remain important to ensure compliance with environmental standards, global and
local legal regulations and should be taken into account when planning and managing conservation heritage
projects.

In terms of the techniques used with the challenges affecting conservation projects, these results confirmed
the importance of the diversity of techniques used in this field and highlighted the importance of benefiting
from modern techniques such as HBIM, which obtained the highest percentage (44%) among all techniques,
as it was used with structural, architectural, and management challenges to a large extent. It was followed by
other techniques with varying percentages of 6-11 %.

The findings also indicate that the identified challenges are often interrelated and context dependent. This
suggests that decision-making in heritage conservation projects involves complex interactions between
multiple factors, which may not be fully captured through simplified or independent evaluation approaches.

Furthermore, the systematic methodological approach adopted in this study can also be beyond the active
intervention phase to support the pre-intervention phases, such as maintenance and repair, as part of a long-
term conservation strategy. Many of identified challenges, particularly structural, architectural, management
challenges, severs as essential foundation of planning for future monitoring and maintenance activities.

RECOMMENDATIONS

Enhance the focus on the structural and architectural challenges to ensure the stability of structures and
the preservation of historical identity, while maintaining a balance approach between authenticity and modern
functional needs.

Expanding the scope of the future studies to include management challenges that have received limited
attention in the current literature, such as resource allocation and building prioritization, due to their direct role
in guiding planning and implementation process within heritage conservation projects.

Strengthen the legal and environmental dimensions of conservation projects by referencing relevant
charters, such as Venice and Burra, as well as applicable national heritage protection laws. This would enhance
compliance with regulatory frameworks and improve effective management of buildings conservation
projects.

Broaden the technological landscape in future research. Although HBIM technology emerged as the most
widely used tool in the current research review, future research is encouraged to broaden its scope by exploring
other advance technologies, such as Digital Twin, and examining their integration with artificial intelligent.
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