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Abstract

Introduction: Building Information Modeling (BIM) has garnered significant attention due to advancements in sophisticated
technologies and methods. However, a comprehensive review of the existing literature indicates a lack of research exploring
the application of BIM in managing the entire intervention design and renovation processes from a broader system
perspective. The purpose of the study was to fill this gap by identifying and evaluating the current utilization, benefits,
and barriers associated with implementing BIM in the lifecycle of renovation projects. The study methodology is based on
conducting 31 structured interviews with experienced professionals who have employed BIM in their project deliveries. The
results reveal that the primary benefits of BIM adoption, in descending order of importance, pertain to improved collective
understanding of design intent, lower risk and better predictability of outcomes, better-designed and performing buildings,
more accurate project documentation, and increased accuracy of the cost estimate. However, there are several prominent
barriers: project budget, complexity of modeling historic structures, cost to hire BIM professionals, and the lack of BIM
knowledge. The findings will advance BIM adoption for heritage renovation and enable project stakeholders to focus on
realizing the benefits and potential uses of lifecycle BIM, while also addressing the critical challenges discussed in this study.

Keywords: BIM implementation; heritage renovation; BIM benefits; BIM barriers.

Introduction

The renovation of heritage buildings holds
great potential for preserving a sense of identity
and continuity for future generations in a rapidly
changing world. Today, the renovation of heritage
buildings serves as a revitalization avenue to
promote sustainability and safeguard the buildings’
significance and values (Fouseki and Cassar, 2014).
Moreover, it brings about economic growth, as well
as social, cultural, and environmental benefits to
urban communities (Tweed and Sutherland, 2007).

Undertaking renovation projects involves
managing significant complexity, which includes
handling multiple stakeholders and addressing
various renovation objectives and criteria, especially
when the building remains in use (Buser and
Carlsson, 2016; Kamari et al., 2019a). There is a
need to explore and select among a large number
of renovation alternatives and approaches available
in the market, considering the attitudes and behavior
of the building occupants (Kamari et al., 2019b;
Lideléw et al., 2019). Complexity increases during
the early design phases, and significant changes
may occur due to the unavailability of original
structural information or unforeseen construction
conditions identified late, resulting in project time
and cost overruns (Roy and Kalidindi, 2017).

Information technology (IT) is widely discussed
in the context of the emergence of large, ambitious,
and complex projects in the architecture,
engineering, construction, and operations (AECO)
industry. This is driven by new sustainability
requirements that necessitate regular and efficient
information exchange among project participants
and stakeholders throughout the project lifecycle
(Oesterreich and Teuteberg, 2016). Currently,
IT has become an increasingly vital tool across all
industries, uncovering untapped value potential. The
AECO sector is also experiencing transformation
with the advent of the Fourth Industrial Revolution,
known as Industry 4.0 (Lasi et al.,, 2014). The
digitization and automation of construction, often
referred to as Construction 4.0, are leading to
changes in product and supply chain management
(Dallasega et al., 2018). It is a major enabler of
productivity improvements, along with sophisticated
and integrated design and construction, through the
adoption of innovative and disruptive technologies,
including BIM (Oesterreich and Teuteberg, 2016).

BIM has emerged as a catalyst for paradigm
change and has become an industry standard in
the AECO sector by automating and manipulating
data at different project lifecycle stages (Farnsworth
et al., 2015; Kelly and llozor, 2019). In the context

For citations: Brahmi, B. F., Sassi-Boudemagh, S. (2024). BIM implementation for heritage renovation throughout project lifecycle: 15
current use, benefits, and barriers. Architecture and Engineering, No 3 (9), pp. 15-26. DOI: 10.23968/2500-0055-2024-9-3-15-26.



Architecture and Engineering

Volume 9 Issue 3 (2024)

of heritage renovation, BIM has garnered significant
interest for its technological advancements and
methodological developments, such as 3D laser
scanning and photogrammetry. As a digital delivery
method, BIM revolutionizes the information
management of the renovation process by storing
interrelated semantic information, which facilitates
the dissemination of intangible values of a building
throughout its lifecycle (Angelini et al., 2017).

While existing literature has extensively explored
the potential benefits of BIM in digital building
documentation (Pocobelli et al., 2018), there is
a notable lack of research focusing on the use of
BIM for managing entire intervention design and
renovation processes, including the generation
and evaluation of various design alternatives.
Furthermore, most studies have relied on single-
case analyses, with few adopting a broader systemic
perspective. Therefore, this study aims to fill this gap
by identifying and assessing the current utilization
of BIM in renovation projects’ lifecycle, examining
the benefits gained, and identifying the barriers
encountered.

Background

The BIM adoption process may differ between
new and existing buildings due to variations in
information availability, the quality of building
information, and functionality requirements. The
majority of research has focused on exploring
the potential benefits of employing BIM for digital
building documentation (Pocobelli et al., 2018).
BIM generates a digital model for the preservation
process because of its ability to store interrelated
semantic information, promoting the dissemination
of a building’s intangible values during its lifecycle
(Angelini et al., 2017). BIM offers efficient and
accurate remote presentation, analysis, and
documentation of the structure, surpassing previous
survey techniques (Gigliarelli et al., 2017). However,
the effectiveness of BIM is subject to broader
discussions due to the challenges related to the high
effort required for modeling/converting captured
building data into semantic BIM objects (Lépez et al.,
2018). The variety and complexity of heritage building
components may not be represented in current
typical BIM software libraries, and also depend on
the level of detail required to perform engineering
and design analyses (Lopez et al., 2018; Pocobelli et
al., 2018). Brahmi et al. (2022) suggested integrating
other emerging technologies within BIM and seeking
innovative solutions to overcome this issue. They
also recommended developing, upgrading, and
adjusting BIM simulation software to accurately
represent the conditions of heritage buildings and
enable accurate environmental simulations within
BIM modeling (Brahmi et al., 2022).

Simeone et al. (2014) investigated the
potential impact of BIM in heritage renovations to
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improve specialists’ collaboration and knowledge
management. The authors concluded that BIM
models, like those used in new construction projects,
ensure the availability, accessibility, consistency, and
coordination of all knowledge related to a historical
artifact and shared by different actors involved in
investigation/conservation processes. This promotes
decision-making on the development of relevant
interventions (Simeone et al., 2014). However,
only a few research studies have investigated
the generation and evaluation of various design
alternatives in heritage renovation using BIM.

Heritage buildings have a very high energy
demand, as well as a very low indoor climate
standard (TomSi¢ et al., 2017). For example, 35 %
of buildings in the European Union are more than
50 years old, and nearly 75 % of the building stock
(including heritage buildings) are energy inefficient
(European Commission, 2019). The same statistics
demonstrate that renovating existing buildings can
lead to significant energy savings, as it could reduce
total EU energy consumption by 5-6 % and CO,
emissions by around 5 %. Conversely, only about
1 % of the building stock is renovated each year.
In this regard, the design team must address the
increasing energy demand and indoor environmental
requirements while also considering architectural
aspects and qualities in developing appropriate
renovation scenarios (design options).

Brahmi et al. (2022) revealed that BIM enables
design teams to conduct faster, complex analyses
and rapid assessments of energy simulations through
BIM coordination with energy models, to produce
a full virtual construction model. In their research,
Zurié et al. (2022) focused on the “historical value”
when integrating HBIM into GBC historic building
certification. The implementation process focuses
on interoperability and data preservation, using
the open standard (IFC). However, there is limited
research effort to integrate Life Cycle Assessment
(LCA) with BIM and manage the environmental
performance of renovation projects, along with the
lack of a “cradle-to-grave” comprehensive BIM-
based environmental sustainability simulation tool
(Wong and Zhou, 2015). Similarly, current cloud
computing technology and Big Data management
are not sufficiently addressed within the green BIM
tool (Wong and Zhou, 2015).

Recent studies propose methodologies for linking
Heritage BIM with various technologies and digital
simulations, such as Building Performance Simulation
(BPS) and computational design (Gigliarelli et al.,
2017). However, these studies also highlight the
lack of open-source platforms for Heritage BIM,
limited interoperability between different software
environments (such as gbXML files or IFC files)
(Cheng et al., 2015; Gigliarelli et al., 2017), and
the need for integration with facilities management
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technologies (Kassem et al., 2015). Furthermore,
only a few published prototypes with limited usage
demonstrate markedly different BIM requirements in
these projects (Angelini et al., 2017; Edwards, 2017).
Despite the rapid developments and dissemination of
standards, further research is necessary to automate
processes and adapt BIM to the specific requirements
of existing buildings (Volk et al., 2014).

Methods

To achieve the research objectives, a series of
structured online interviews were conducted between
January 2, 2022, and March 15, 2022. A total of
31 experienced professionals involved in heritage
renovation projects that utilized BIM participated in
the interviews. The inclusion criteria ensured that all
interviewees had more than 10 years of professional
experience and possessed the necessary knowledge
of BIM within the heritage sector. The majority of
interviewees, primarily from Canada and the United
States, had diverse organizational backgrounds.
This included architectural firms (54.84 %), followed
by construction firms (16.13 %), engineering firms
(12.9 %), academic staff (6.45 %), and three
respondents from owners, facility managers, and
construction management. The sample size of 31
interviewees, while not exhaustive, was chosen to
provide a variety of perspectives within the constraints
of the study. The selection was made purposefully
to capture a representative sample and effectively
address the research questions, reflecting the actual
perceptions, complexities, and widespread use of
BIM practices in heritage renovations.

Within  their respective organizations, the
respondents reported having such roles as
BIM specialists (32.26 %), historic preservation
consultants (25.81 %), project managers (22.58 %),
and directors (19.35 %). Additionally, 67.74 % of
the participants stated that they were members
of various local or international organizations
committed to heritage preservation.

The interview questionnaire consisted of 20
structured questions divided into two major parts: 1)
Currentuse and benefits of BIM in heritage renovation
throughout the project lifecycle, and Il) Barriers to
using BIM in heritage renovation throughout the
projectlifecycle. The interview questions were initially
based on a study conducted by Feng et al. (2014)
and were later modified and adapted to specifically
investigate BIM implementation in the context of
heritage renovation. The interviewees were asked to
select and rank the identified benefits and barriers
of BIM implementation using a five-point Likert-type
scale. The responses were then used to measure
the significance of each item using the statistical
method of mean score (M).

Results and Discussion

This section presents the findings obtained
from the interviews conducted during the study

and provides a comprehensive discussion of the
results. The results are organized into two main
parts: 1) Current use and benefits of BIM in heritage
renovation throughout the project lifecycle, and
II) Barriers to BIM implementation in heritage
renovation throughout the project lifecycle.

1. Current use and benefits of BIM in heritage
renovation throughout the project lifecycle

The results of the interviews indicate that a
significant majority of the respondents (75 %) have
recent experience with BIM, specifically within the
past five years, as BIM was utilized in the completion
of their renovation projects. This suggests that the
respondents possess relevant and up-to-date
knowledge and expertise, making their responses
representative and reliable.

As shown in Fig. 1, Autodesk Revit is the most
commonly used BIM software in heritage renovation,
with up to two-thirds of respondents (21 responses)
reporting its use in their projects. This finding aligns
with previous research in the literature, supporting
the prevalence of Autodesk Revit in the field of
heritage renovation (Logothetis et al., 2015; Lopez
et al., 2018). The popularity of Autodesk Revit can be
attributed to its robust capabilities and widespread
adoption within the industry. The respondents
mentioned other BIM software platforms in addition
to Autodesk Revit. Navisworks™ was mentioned by
11 respondents, indicating its usage for tasks such as
clash detection and project coordination. Graphisoft
ArchiCAD was mentioned by 5 respondents, followed
by Tekla Structures with 2 mentions, and Bentley
Systems Architecture and VICO Constructor with
1 mention each. These software platforms provide
specialized features and functionalities that cater to
specific project requirements or user preferences.

Fig. 2 highlights the leadership role of architects
in the BIM coordination process for completed
renovation projects. In the majority of cases (58 %),
architects took the lead in BIM coordination. This
finding aligns with the common practice in which
architects assume the role of lead designers
in construction projects, overseeing the overall
design and coordination of various disciplines. The
architect’s involvement in BIM coordination reflects
their crucial role in managing collaborative efforts
and ensuring effective communication among
project stakeholders.

During the interviews, the respondents were asked to
indicate the BIM applications utilized in their renovation
projects from a list of 15 identified applications (Fig. 3).
Subsequently, they were asked to rank the benefits of
these BIM applications on a 5-point Likert scale (1 — not
beneficial at all, 2 — slightly beneficial, 3 — moderately
beneficial, 4 — very beneficial, and 5 — extremely
beneficial) (Fig. 4).

As anticipated and consistent with previous
research findings (Gigliarelli et al., 2017;
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VICO Constructor l 1(3.23%)
Bentley Systems Architecture I 1(3.23%)

Tekla Structures . 2(6.45%)

Autodesk Navisworks _ 11 (35.48%)
Autodesk Revit (Architect Structu d
MEP) |

BIM software

sraphisoft Archicap I 5 (16.13%)
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Fig. 1. BIM software packages used in heritage renovation projects
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Fig. 2. BIM leadership

LEED certification S 2 (6.45%)
Spatial program validation — 2 (6.45%)
Building code checking Im—"3 (9.68%)
Digital fabrication/project supply or vendor integration — 4(12.90%)
Monitoring performance of buildings ._ 4(12.90%)
Energy modeling e 4(12.90%)
Maintenance planning/scheduling ._ 6(19.35%)
4D modeling/schedule of conservation activities '_ 6(19.35%)
5D modeling/material take-off/cost estimate —— 7(22.58%)
Planning for future renovations .— 8(25.81%)
Constructability review '_ 8(25.81%)
Coordination of building systems ._ 14 (45.16%)
Clash detection ._ 16(51.61%)
3D modeling/ intervention design == = = 21(67.77%)
Digital documentation and laser scanning .— 248 (77.42%)

BIM Application
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Number of Responses

Fig. 3. Extent of current usage of various BIM applications in heritage renovation projects
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LEED certification | 2,20
Building code checking I 0 .65
Spatial program validation I 63
50 modeling/material take-off /cost estimate I .65
Digital fabrication/project supply or vendor integration S 7.0/

BIM Application

Constructivity review I | 297
Monitoring performance of buildings I — S 3,03
Energy modeling | .03
Maintenance planning/scheduling IS .10
4D modeling/schedule of conservation activities I ————— 3,10

Planning for future renovations I .30
Clash detection | 368
Coordination of building systems I 371
3D modeling/ intervention design I 3,77
Digital documentation and laser scanning T —— | 3.7

Average Rating Score

Fig. 4. Benefits of using BIM applications in heritage renovation projects

Pocobelli et al., 2018), the most commonly used
BIM application in renovation projects is digital
documentation and laser scanning, with 24
respondents reporting its use. Furthermore, this
application is considered the most beneficial for
renovation projects, with an average score of 3.97.
These findings are supported by several studies
(Angelini et al., 2017; Gigliarelli et al., 2017; Lépez
et al., 2018; Pocobelli et al., 2018).

Surprisingly, the results indicate significant
developments and changes in BIM practices in recent
years, which vary from project to project. The use of
BIM has expanded to encompass more diverse and
multifaceted applications, notably 3D modeling and
intervention design (21 responses), clash detection
(16 responses), and building systems coordination
(14 responses). These applications were highly
ranked for their perceived benefits in renovation
projects, following digital documentation and laser
scanning. The respondents recognized the value
of 3D modeling and intervention design (average
score: 3.77), as it allows for enhanced visualization
and understanding of design intent. Building systems
coordination (average score: 3.77) emerged as
another crucial aspect, facilitating the effective
integration and collaboration between different
subsystems within the project. Clash detection
(average score: 3.68), on the other hand, helps
identify and resolve conflicts or clashes between
various building elements or systems, enhancing
efficiency and reducing rework.

The findings emphasize BIM’s ability to foster
teamwork and support collaborative, multilevel,
and iterative processes. It provides a platform for
evaluating alternative design options and value
engineering, enabling stakeholders to explore
different possibilities and negotiate connections and
interfaces between subsystems. This collaborative
approach can lead to optimized designs, improved

performance, and enhanced decision-making
throughout the project lifecycle.

The results highlight the growing recognition and
utilization of BIM’s capabilities beyond traditional
applications, such as documentation and scanning.
The expanding use of BIM in areas such as 3D
modeling, clash detection, and building systems
coordination highlights its potential to enhance
efficiency, coordination, and collaboration in
renovation projects. This finding aligns with the idea
that BIM supports a more integrated and collaborative
approach to design and construction, enabling
stakeholders to leverage its benefits and overcome
project complexities (Migilinskas et al., 2013).

In contrast, certain BIM applications remain largely
unexplored in the context of heritage renovation,
including energy modeling (4 responses), building
code checking (3 responses), spatial program
validation (2 responses), and LEED certification (2
responses). Additionally, the last BIM applications,
along with 5D modeling/cost estimation, ranked
as the least beneficial, likely due to their limited
usage in renovations. Pocobelli et al. (2018) argued
for the inclusion of tools such as rule-based code
checking within BIM platforms. This inclusion would
facilitate coordination and standardization of policies
and controls related to environmental/energy
performance and historic preservation codes, as
well as the automation of the Leadership in Energy
and Environmental Design (LEED) process for green
building certification (Pocobelli et al., 2018).

Overall, the findings indicate that there is room
for further exploration and utilization of specific BIM
applications in the context of heritage renovation.
By incorporating them, stakeholders in heritage
renovation projects can potentially enhance project
outcomes, improve environmental performance, and
ensure compliance with relevant regulations and
certifications.
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The results of the interview questionnaire, which
assessed the rating of a list of 21 identified benefits
achieved through BIM utilization in renovation
projects, are presented in Fig. 5. The mean (M)
values range from the lowest mean score of M = 2.58
for “Individual participant productivity” to the highest
mean value of M = 3.90 for “Improved collective
understanding of design intent”. To determine the
significance of each factor, the study adopted a scale
interval grading similar to the approach utilized by
Olawumi et al. (2018). The grading scale is as follows:
“not important” (M < 1.50), “somewhat important”
(1.51 = M < 2.50), “important” (2.51 <M < 3.50),
“very important” (3.51 < M < 4.50), and “extremely
important” (M = 4.51). This scale helps categorize
the level of importance attributed to each benefit
(Fig. 5).

Heritage renovation is a complex and sensitive
approach, characterized by a high level of risk and
uncertainty (Roy and Kalidindi, 2017). The results of
this study demonstrate that shifting to BIM offers an
effective approach to address this challenge. The five
most significant benefits of BIM implementation are:
improved collective understanding of design intent,
lower risk and better predictability of outcomes,
better-designed and performing buildings, more
accurate project documentation, and increased
accuracy of the cost estimate (with mean values of
3.90, 3.71, 3.61, 3.58, and 3.52, respectively). It is
important to note that none of the identified benefits
scored higher than 4.50, nor 2.50 or lower (Fig. 5).
Therefore, these 21 benefits can be categorized
as significant advantages that demonstrate the
usefulness of BIM in improving the effectiveness and
efficiency of heritage renovation projects, while also

Individual participant productivity

highlighting opportunities to further maximize BIM
benefits in such projects.

Fig. 6 illustrates the contribution of BIM to
improved performance across different project
phases. The reviewees reported that BIM is most
likely to contribute to improved performance during
the construction document phase (20 responses)
and the design development phase (19 responses).
In contrast, the use of BIM is perceived to have a
lesser contribution during the post-construction
operation phase (Fig. 6), which aligns with existing
literature indicating that BIM adoption in this phase is
not yet well-established (Kassem et al., 2015).

El-adaway et al. (2017) suggested that improving
the performance of the construction industry should
start with the contract and organizational aspects.
In line with this perspective, the respondents in
this study were asked to rate the frequency and
benefits achieved through the use of different
project delivery methods within BIM, using a five-
point Likert-type scale (Fig. 7). The results indicate
that BIM is most often used in the design-bid-build
delivery method, which is likely the most widely
employed approach. The construction management
and design-build methods follow it. Nevertheless,
the respondents perceived that BIM implementation
is highly beneficial for projects delivered using the
construction management method (with an average
score of M = 3.55), more so than for design-bid-
build (M = 3.48). This perception is likely due to
the collaborative requirements between parties
in the construction management method, as this
approach typically involves more collaboration
and coordination among the project stakeholders.
The shift towards BIM in construction necessitates

Faster regulatory approval I .61

Improved review and approval cycles

ity of p

g I, 2.7

Increased return on {RO1}

Improved safety performance in construction process and bullding cperation I 221

Satisfaction of the end

Decreased project duration I 2.5 7

Prefabrication of larger, more lex parts of projects

Extended heritage building Iife | e 257

and facility

BIM Benefits

Reduced claims, disputes and conflicts I 3.03

Decreased project cost

Greater professional satisfaction with project outcomes I 3.05

More efficient facility ion projects

Decreased number of field coordination problems, change orders, and RA; I 332

Increased accuracy of the cost estimate

More aco project doc

Better-designed and performing building

Lower risk and better predictability of

Improved collective understanding of design intent
(1]

I important RASW  Very important

2 3 4 3

Average Rating Score

Fig. 5. Summary of BIM benefits
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Fig. 6. BIM’s contribution to improved performance in different project phases
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Fig. 7. Current use and benefits of BIM within different project delivery methods

a change in contractual arrangements, as the
fragmentation of traditional approaches and fights
for individual benefits contradict the collaborative
atmosphere  required for successful BIM
implementation (Migilinskas et al., 2013).

2. Barriers to BIM implementation in heritage
renovation throughout the project lifecycle

To identify and prioritize the barriers that hinder
BIM implementation in renovation projects, the
respondents were asked to rank a list of 17 identified
barriers using a five-point Likert-type scale (Fig. 8).
The same scale interval grading utilized in the
previous section (for BIM benefits) was applied
to determine the significance of each barrier:
“not important” (M < 1.50), “somewhat important”
(1.51 = M < 2.50), “important” (2.51 < M < 3.50),
“very important” (3.51 < M < 4.50), and “extremely
important” (M = 4.51).

The mean values (M) for the barriers range from
the lowest mean score of M = 2.74 for “Project is
too complex” to the highest mean value of M = 3.71
for “Project budget”. Similar to the benefits analysis,

the scale interval grading was used to determine the
significance of each barrier. Notably, all 17 factors
fall within the categories of “important” and “very
important” barriers that require the attention and
consideration of project stakeholders to ensure the
full implementation of BIM in heritage renovation.
The most significant barriers pertained to the project
budget, complexity of modeling historic structures,
cost of hiring BIM professionals, and lack of (H)BIM
knowledge, with mean values of 3.71, 3.61, 3.58 and
3.55, respectively.

The respondents highlighted project budget
and financial constraints as major barriers to BIM
implementation. This suggests that the cost of
incorporating BIM technologies and processes in
heritage renovation projects may exceed the allocated
budget or may not be adequately considered during
project planning. As mentioned in the literature, the
results highlight that the respondents recognize the
complexity involved in modeling historic structures
using BIM. Heritage buildings often possess
unique architectural features, intricate designs, and
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Project is too complex I (.73

Lirmited/no previous experience working with other companies on BIM project I 2.0

Low ROI from the use of BIM on the project I ©. 13

Lack of interoperability between BIM software used by team members I, .16

Project size

Inadequate training of personnel
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Tight project scheduls
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Project budget
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Average Rating score

Fig. 8. Summary of BIM barriers in descending order of significance

unconventional construction techniques, which can
pose challenges when developing accurate and
detailed digital models. Furthermore, the respondents
perceive a lack of knowledge and understanding of
BIM and heritage-specific BIM (HBIM) as barriers
to successful implementation. This implies that
stakeholders involved in heritage renovation projects
may not have sufficient knowledge of BIM processes,
methodologies, or the specific considerations required
for managing heritage projects.

Recommendations for future improvements

To overcome these barriers and maximize the
potential of BIM in heritage renovation, the following
practical recommendations and strategies are
suggested:

e Mandate BIM adoption in contracts: Owners and
developers of heritage projects should include clauses
mandating the use of BIM in contracts. In this regard,
almost all respondents (90 %) confirm the importance
of property owners’ mandating of the use of BIM to
encourage its implementation on heritage sites. Here,
the client plays a complex role as a change agent,
using their power and influence to drive change among
project participants (Lindblad, 2019).

e Combining methodologies, techniques,
and software: Explore the integration of different
methodologies, techniques, and software to open up
new possibilities for enhancing BIM applications to
attain sustainability and high-performance outcomes.
The advancement of digitalization in the construction
industry, including the adoption of Industry 4.0 practices,

22

provides a foundation for benchmarking the effects
of digital technologies.

¢ Financial support and incentives: Seek financial
support from federal governments and encourage
clients to provide incentives for interdisciplinary
cooperation, especially for experts from construction
companies. This could involve setting up venture
capital funds to support the growth of innovative
startups and facilitate their collaboration with
developers and contractors in implementing BIM for
heritage projects.

¢ Involvement of heritage governmental bodies:
Involve heritage governmental bodies during
the design phase to ensure that their expertise
and perspectives are incorporated into the BIM
implementation process.

e Educationandtraining opportunities: Launching
more education and training opportunities, especially
for the heritage preservation community and project
managers, to help them become digitally adept.

e Encourage academic research: Encourage
further academic research on the subject of BIM
in heritage renovation and support the publication
of papers in this field to advance knowledge and
understanding.

e Adapt organizational and business structures:
Select organizational and business structures
that align with the characteristics of sustainable
renovation and are best suited to the capabilities
and needs of project participants for the efficient
implementation of heritage projects.
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e Develop new contracts and legal frameworks:
Create and develop new contracts and legal
frameworks that foster collaboration and enable the
full realization of benefits from BIM utilization.

By implementing these recommendations,
stakeholders can overcome barriers and enhance
the effective implementation of BIM in heritage
renovation projects.

Conclusions

This research aims to identify and assess
the current use, benefits gained, and barriers
encountered in implementing BIM for heritage
renovation. To achieve this objective, 31 structured
online interviews were conducted with experienced
professionals in the field. The study makes a new
contribution by investigating BIM implementation
throughout the entire lifecycle of heritage projects.

The results reveal that the primary benefits of
BIM adoption, in descending order of importance,
pertain to improved collective understanding of
design intent, lower risk and better predictability of
outcomes, better-designed and performing buildings,
more accurate project documentation, and increased
accuracy of the cost estimate. Conversely, the most
significant barriers are project budget limitations,
the complexity of modeling historic structures,
the cost of hiring BIM professionals, and the lack
of (H)BIM knowledge.

The results also indicate a significant and
unexpected shift in BIM practices in recent years,

revealing varied usage patterns across different
projects. The usage of BIM has expanded to
encompass more multifaceted applications,
such as clash detection and building system
coordination. However, there is untapped potential
for BIM use in areas such as energy modeling,
LEED certification, building code checking, 5D
modeling/cost estimation, and spatial program
validation. These areas need to be explored to
address multiple criteria, project complexity, and
values. In doing so, experiences from new and
existing buildings can serve as a benchmark
for evaluating the effects of BIM in sustainable
heritage renovation.

A significant limitation of this study is the data
collection process, which relied on the willingness
of participants. The sample size of interviews was
limited, which may restrict the comprehensive
investigation of BIM implementation regarding its
complexity and widespread use. However, the
findings contribute to advancing BIM adoption in
heritage renovation and provide guidance to project
stakeholders on maximizing the benefits of BIM
throughout the project lifecycle while addressing
critical challenges. Future research efforts could
involve conducting quantitative studies with a
larger pool of participants to explore and compare
BIM experiences from different stakeholders’
perspectives, in order to further validate and
generalize the results.
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AHHOTaUuA

BBepeHue: unHdopmauvoHHoe mopgenupoBaHue 3panui (BIM) npusnekaer 3HauvTenbHoe BHUMaHwe 6naropaps
pPasBUTUIO CMOXHbIX TeXHOMornin n metoamk. OAHako BCECTOPOHHWMI 0630p MMEILMXCS NUTepaTypHbIX WCTOYHMKOB
CBMAETENbLCTBYET 06 OTCYTCTBUM UCCeoBaHui B 0brnactu npumeHeHns BIM B ynpaBneHuu npoueccammn NpoeKkTpoBaHus
N PEKOHCTPYKUMU C Gonee LUMPOKOW CUCTEMHON TOYKM 3peHus. Llenb uccnemoBaHMA — BOCMOMNHUTL 3TOT npoben
NMyTEM BbISIBIEHUS U OLEHKN TEKYLUero WMCnonb30BaHWs, NPevMYyLLeCTB W NPEensTCTBUM, CBA3AHHbIX C BHeOpeHWeM
BIM Ha npoTsKeHWM BCEro >XM3HEHHOTO LMKNa MPOEKTOB PeKOHCTpykuuu. MeToponorus vccrnefoBaHUsi OCHOBaHa Ha
npoBegeHnn 31 CTPYKTYPMPOBaHHOIO MHTEPBbIO C OMbITHLIMUW CReuuanncTaMmm, ncnons3osasLwmmmn BIM B cBoux npoekTax.
Pe3ynbTaTbl NOKa3biBatoT, YTO OCHOBHbLIMM MpenMyLLecTBamu BHeapeHns BIM B nopsigke ybbiBaHWSA BaXKHOCTN SBNSIOTCH
yrny4lleHne KOMNMEeKTUBHOrO MOHWMaHWS MPOEKTHOrO 3aMmbiCia, CHWXEHWE PWCKOB W MOBbILLIEHWE MPOrHO3MPYeMOCTU
pesyneraTtos, bonee kayeCTBEHHOE MPOEKTUPOBAaHME 1 YNy4yLUEeHHbIe 9KCNyaTauMoHHbIEe XapaKTePUCTUKKL 30aHni, 6onee
TOYHasi NpoeKTHast AOKYMEHTaLUMs U NOoBblLLEHUe TOYHOCTM cMeT. OgHaKo CyLLEeCTBYET M PSAA CyLLEeCTBEHHbIX NPenaTCTBUN:
GlogKeT MpoekTa, CNOXHOCTb MOAENMPOBaHWMSA UCTOPUYECKUX COOPYXEHWIN, CTOMMOCTb Hanma BIM-cneuwanuctos u
OTCyTCTBME 3HaHWU B obnacTtu BIM. MNony4eHHble pe3ynbTaTel MOryT cnocobcTBoBaTh BHeApeHuo BIM npu pekoHCTpykumm
00BLEKTOB KynbTYPHOro Hacrneaust U Mo3BOMNSAT yvaCcTHMKaM MpoekTa COCPeAoTOuMTbCS Ha peanv3auuv npevMyLLecTB
N noTeHuManbHbIX BO3MOXHOCTEN mcnonb3oBaHus BIM Ha npoTsKeHWM BCEro M3HEHHOrO LMKMa MpoekTa, a Takke
Ha peLleHVN BaXXHeNLWnX 3a4ay, PACCMOTPEHHbIX B AAHHOM UCCNeaoBaHUN.

KnioueBble cnoBa: BHegpeHue BIM; pekoHCTpykumsi oOBLEKTOB KymbTypHOro Hacneaus; npeumyliectsa BIM;
npenstcTeus B BIM.
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