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ABSTRACT

The construction sector is progressively employing sophisticated
technologies to optimize operational efficiency and the durability
of constructed environments. Digital Twins (DTs) generate exact
digital duplicates of tangible objects, whereas Building
Information Modelling (BIM) offers encompassing digital
depictions of a building's physical and functional attributes.
Integrating these technologies enables a proactive approach to
maintenance and management through the constant monitoring,
data analysis, and predictive insights they allow. This study
examines the obstacles to using BIM and DTs to help predictive
maintenance in facility management. A qualitative method
utilizing focus group discussions was conducted to examine the use
of DTs and BIM in this field. Using purposive sampling, 12
industry practitioners with experience utilizing and applying BIM
and digital twins were chosen. The results have identified the
problems and obstacles in integrating BIM and digital twins,
offering industry practitioners insightful information and opening
the door for more developments in construction technology.
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1.0 INTRODUCTION

In the context of contemporary building and facility management, the integration of DTs and BIM presents
a significant opportunity that could fundamentally reshape the industry. DTs, which are sophisticated virtual
replicas of physical assets, allow for real-time monitoring and predictive analysis, offering unprecedented
insight into the performance and condition of buildings and infrastructure. Meanwhile, BIM, which involves
the creation of detailed digital representations of physical spaces, enables better planning, design, and
management of construction projects from inception through to completion and beyond.

Together, these ground-breaking technologies have the potential to revolutionize maintenance procedures,
making them more proactive and data-driven. By leveraging the real-time data provided by DTs, alongside the
comprehensive information contained within BIM maodels, facility managers and engineers can anticipate
issues before they arise, optimize resource allocation, and extend the lifecycle of building assets. This
integration promises to enhance operational efficiency, reduce downtime, and lower maintenance costs,
thereby significantly improving the sustainability and profitability of construction projects.

Moreover, the adoption of DTs and BIM is set to usher in a new era of optimism and progress within the
construction industry. These technologies not only offer a pathway to smarter, more efficient building
management but also pave the way for innovations in areas such as automated maintenance, remote
monitoring, and even Al-driven decision-making. As the industry continues to embrace digital transformation,
the synergy between DTs and BIM stands out as a beacon of what the future holds—a future where buildings
are not just constructed and maintained but are also continuously optimized through the power of digital
innovation.

Despite significant technological advancements, the construction industry still grapples with substantial
obstacles in the realm of predictive maintenance. The reliance on reactive maintenance methods often leads to
increased periods of inactivity, higher maintenance costs, and reduced operational effectiveness. Moreover,
the complexity of managing building assets and systems further complicates the task of optimizing
maintenance schedules, predicting equipment malfunctions, and ensuring sustainable building practices.

The primary goal of this study is to delve into the challenges that hinder the seamless integration of DTs
with BIM in the construction industry. This goal is crucial and should engage and pique the interest of all
industry practitioners. This research is highly significant for the construction industry as it provides valuable
insights into the preparations for implementing Digital Twins and BIM to revolutionize predictive maintenance
and facility management methods. By employing these technologies, organizations may actively monitor
building assets, forecast maintenance requirements, and optimize maintenance timetables, resulting in greater
operational efficiency, minimized downtime, and improved building performance. This significance should
inform and raise awareness among all industry practitioners.

2.0 LITERATURE REVIEW
2.1. Digital Twins (DTs) in Construction

The concept of DTs has its origins in the early 2000s when it was first formally defined by Michael Grieves
in 2002 as a virtual instance of a physical asset capable of continuously mirroring the physical world. This
technology was initially developed to improve manufacturing processes, but it has since expanded into various
fields, including healthcare, smart cities, and aerospace. Over time, DTs have evolved from simple simulations
to sophisticated, real-time digital replicas that can predict, optimize, and control the performance of physical
systems throughout their lifecycle (Ferko et al., 2022).

Digital twins in construction are virtual reproductions of actual assets, processes, or systems in the built
environment. This notion is gaining pace in the industry (Mao et al., 2022). These DTs are sophisticated models
that integrate real-time data from sensors to offer precise simulations and analytics (Khajavi et al., 2019).
Digital Twin Construction (DTC) is the implementation of information and monitoring technologies in a
closed-loop planning and control system for construction management (Yeung et al., 2022). This methodology
facilitates a construction management strategy focusing on data and improving decision-making by integrating
many data sources (Abou-lbrahim et al., 2022).

DTs in construction provide proactive and real-time insights into projects, enabling more effective
monitoring and control of processes (Schlenger et al., 2022). Through the utilization of DTs, construction
organizations may effectively tackle long-standing problems in the architecture, engineering, and construction
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(AEC) industry, resulting in enhanced efficiency and productivity (Liu, 2024). The comprehensive
methodology of DTC enables the smooth incorporation of DTs into construction management processes,
enhancing the workflow's efficiency and effectiveness (Dai, 2024).

In real life, the application of DTs technology has proven effective in monitoring stress levels during the
tensioning of pre-stressed steel structures in construction processes (Yu, 2024). This application demonstrates
the utilization of DTs to improve the intelligent surveillance of construction operations, guaranteeing
structures' structural soundness and safety (Yu, 2024). Moreover, the suggestion has been made to enhance the
digitization of civil engineering and raise the standard of intelligent construction practices by including digital
twins with Building Information Modelling (BIM) and Cyber-Physical Systems (CPS) (Ryzhakova et al.,
2022). This study emphasizes the potential of combining Digital Twins with BIM and CPS to significantly
enhance the digitization and intelligence of construction practices, thereby setting new standards in civil
engineering.

The inclusion of CPS allows for real-time monitoring and control, making it possible to track the
performance of the infrastructure and respond to issues as they arise. By combining Digital Twins with BIM
and CPS, stakeholders can access a wealth of real-time data that supports informed decision-making. This
could involve analyzing various "what-if" scenarios to optimize construction processes, improve safety, reduce
costs, and ensure the timely completion of projects. DTs can be used to simulate the behavior of building
systems over time, predicting when maintenance will be needed and preventing potential failures before they
occur. The integration with CPS allows these predictions to be based on actual performance data, further
increasing the accuracy and reliability of the predictions.

The integration of these technologies can contribute to more sustainable construction practices by
optimizing resource use, reducing waste, and enhancing energy efficiency. Digital Twins allow for the
simulation of different energy-saving strategies, which can then be implemented in the physical world through
CPS. For large-scale or highly complex projects, the integration of DTs, BIM, and CPS provides a robust
framework for managing the many variables involved. This could include coordinating the efforts of multiple
teams, ensuring that all components of the project are aligned, and tracking progress against the project
timeline.

DTs offer advantages beyond project management and can be applied to safety monitoring, such as
developing inland canals. Implementing real-time monitoring and response mechanisms to reconstruct digital
twins using 3D video fusion can boost safety measures in building activities. Furthermore, the utilization of
digital twins in offsite construction has demonstrated the potential to enhance productivity, health and safety
regulations, and the overall management of building systems throughout their lifespan.

DTs are increasingly recognized as a transformative technology with a wide range of applications across
various industries. The future directions and ongoing research areas in DTs are evolving rapidly, driven by
technological advancements and the need for more sophisticated, real-time digital representations of physical
systems. There is ongoing research into developing comprehensive digital twins of entire cities to improve
urban management and planning. These digital twins can simulate traffic patterns, energy consumption, and
environmental impacts, providing city planners with valuable insights for creating more sustainable urban
environments (Shahat et al., 2021). However, one of the critical challenges facing digital twins is the lack of
standardized development methodologies and interoperability between different systems. Future research is
expected to focus on creating universal standards that will allow seamless integration of digital twins across
various platforms and industries (Mihai et al., 2022).

2.2. Building Information Modeling (BIM)

Building Information Modelling (BIM) is an advanced process that utilizes 3D models to provide
professionals in the architecture, engineering, and construction (AEC) industry with the necessary tools and
insights to effectively plan, design, construct, and manage buildings and infrastructure (Khan &
Panuwatwanich, 2020). This technology is crucial in the construction industry, especially for making decisions
in project management and integrating data during the early stages of planning and design (Rahim et al., 2023).
BIM improves the effectiveness of building operations and facility management by delivering a comprehensive
facility management model. It provides a holistic approach to managing constructed assets (Qing-sheng et al.,
2019).
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BIM has a broad impact that goes beyond just the design phase. It also aids in engineering, construction,
procurement, and installation activities by allowing AEC personnel to obtain and manage digitally represented
building data (Gulbin O. D. 2019). In addition, implementing BIM across the whole construction project
process has become increasingly popular. BIM enables effective communication among parties involved and
guarantees a synchronized, uniform, and quantifiable building information exchange (Kim & Yu, 2016). BIM-
based construction networks consist of individuals from various organizations and disciplines who are
geographically scattered. These networks utilize BIM-enabled projects to improve collaboration and the
performance of project tasks (Oraee et al., 2019). To enhance understanding of BIM's role at different stages
of a project lifecycle, Table 1 has listed how BIM is utilized during various phases.

Table 1. Roles of BIM in Project Lifecycle

Project Lifecycle Roles
BIM Initiation: In the early stages, BIM is used for creating 3D models that
capture the initial design concepts. These models are essential for visualizing

Conceptualization the project and making early design decisions.

and Design Collaboration: During the design phase, BIM facilitates collaboration between

architects, engineers, and other stakeholders, ensuring that all parties are

aligned on the project’s goals and specifications.

Scheduling and Cost Estimation: BIM models are used to link design elements

with time and cost data, which helps in creating detailed schedules and budget

forecasts. This is crucial for planning the sequence of construction activities
and managing resources effectively.

Clash Detection: BIM helps in identifying and resolving potential conflicts

(clashes) between different systems (e.g., plumbing, electrical) before

construction begins, reducing the risk of costly rework.

On-site Coordination: BIM models are used on-site to guide construction

activities, ensuring that the project is built according to the planned

specifications. This includes real-time updates to the model as changes are
made.

Quality Control: BIM supports quality control by providing precise models that

can be checked against the physical construction, ensuring that all elements are

installed correctly.

Facility Management: After construction, the BIM model becomes a valuable

tool for managing the facility. It can be used to track maintenance schedules,

Operation and manage space utilization, and plan renovations.

Maintenance Asset Management: BIM models can store detailed information about the
building’s systems and components, making it easier to manage assets
throughout the building's lifecycle.

Deconstruction Planning: BIM can also play a role in planning the demolition

Demolition or or renovation of a building, by providing detailed information on the structure

Renovation and materials used, which can aid in recycling efforts and minimizing
environmental impact.

Construction
Planning

Construction
Execution

Scientists and professionals have thoroughly investigated the application of BIM for already constructed
structures, focusing on its advantages in cost reduction, time savings, and enhanced communication in facility
management (Carbonari et al., 2015). In nations such as Pakistan, Building Information Modelling (BIM) has
become crucial for improving project efficiency and effectiveness by promoting collaboration among project
participants, including owners, architects, engineers, contractors, subcontractors, and suppliers (Hussain et al.,
2022). The Malaysian government has acknowledged the potential of BIM in building projects, emphasizing
its use as a digital representation of the physical and functional aspects of facilities connected to a database of
project information (Latiffi et al., 2014).

The adoption and application of BIM have become crucial for supporting collaborative and integrated
working environments in construction project management as it continues to revolutionize the construction
industry worldwide (Ern et al., 2022). The growing use of BIM has led to the emergence of many BIM-related
positions, including BIM managers, coordinators, project managers, and lead coordinators. These roles
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represent the wide range of uses and duties associated with BIM technology (Habib et al., 2022). Pakistan, a
developing country, is actively investigating strategies for implementing BIM to improve cost estimation,
fabrication drawings, construction sequencing, and conflict detection in construction projects (Akdag &
Magsood, 2019).

However, in Vietnam, the widespread deployment of Building Information Modelling (BIM) faces hurdles
due to legal considerations and aversion to change despite its various benefits. These barriers hinder the
country's adoption of BIM (Nguyen & Nguyen, 2021). Nevertheless, the construction industry continues to
integrate BIM due to its significant potential to boost decision-making processes, reduce waste, and promote
collaboration over the whole lifespan of buildings (Guzman & Ulloa, 2020).

Additionally, BIM software tools have played a crucial role in project planning, guaranteeing superior
building quality, cutting-edge design, and effective project management procedures (Vincent et al., 2020).
BIM software is evolving to include more advanced features that support the entire lifecycle of construction
projects, from design to facility management. Innovations in BIM tools are focusing on improving usability,
interoperability, and the integration of real-time data. These advancements allow for more precise modelling,
better visualization, and enhanced simulation capabilities. The development of BIM software is moving
towards more sophisticated functionalities that support complex analyses, such as structural and thermal
performance, which are becoming increasingly integrated into the BIM workflow (Chi et al., 2015).

The future of BIM is closely tied to its integration with emerging technologies such as the Internet of
Things (loT), Artificial Intelligence (Al), and DTs. The convergence of BIM with these technologies is set to
transform how data is collected, analyzed, and used in construction projects. For example, 10T devices can
provide real-time data that feeds into BIM models, enabling dynamic updates and more accurate predictions.
Al can assist in optimizing design processes, automating tasks, and improving decision-making. DTs, which
are detailed virtual replicas of physical assets, can be integrated with BIM to create more responsive and
adaptive building management systems (Tang et al., 2019).

As projects become more complex, the need for effective collaboration among various stakeholders is
increasingly critical. The development of BIM-based collaborative platforms is a key trend that addresses this
need. These platforms facilitate seamless communication and coordination between architects, engineers,
contractors, and clients. By providing a shared environment for project data, these platforms reduce errors,
improve efficiency, and support more integrated project delivery methods. The future of BIM will likely see
the proliferation of such platforms, which will support not only collaboration but also the integration of BIM
with other enterprise systems, like Enterprise Resource Planning (ERP) and project management tools
(Khudhair et al., 2021).

2.3. Integration of BIM and Digital Twins.

The integration of Digital Twins with BIM enables the creation of a comprehensive digital representation
of a building or infrastructure, which can be used throughout the lifecycle of the project—from design and
construction to operation and maintenance. This integration has been a subject of extensive research,
showcasing the potential benefits of combining these technologies for enhanced building control strategies,
improved facility management, and innovative applications across various domains. Research by Hauer (2024)
focuses on integrating control strategies within the BIM planning process and mapping them into construction
and operational models, known as DTs, to streamline and optimize building design and operation. By
leveraging the advanced capabilities of DTs, such as real-time monitoring, predictive analytics, and simulation,
in conjunction with the detailed modelling and data management features of BIM, construction professionals
can optimize building control strategies, enhance operational efficiency, and ensure sustainable building
practices. This integration facilitates a seamless transition from the planning and design phase to construction
and operation, offering a holistic approach to building lifecycle management.

While study by Bi (2023) delves into the interaction and correction strategy of building completion
information for DTs, showcasing the potential for improved data accuracy and decision-making processes.
The research highlights the challenges posed by the absence of comprehensive building information in BIM
models, emphasizing how this can disrupt the construction stage and complicate later operation and
maintenance processes. By focusing on addressing incomplete or inaccurate building information within DTs
models, the study by Bi (2023) seeks to improve the quality and reliability of data used for decision-making
processes in construction. This approach is expected to lead to more efficient construction processes,
streamlined operations, and enhanced maintenance practices in the built environment.
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The study by Zakharchenko & Stepanets (2023) on the other hand explores the value of digital twins in
intelligent building development, emphasizing the concept as an integration platform for building management
systems (BMS) and BIM technologies with 10T solutions. This research highlights the potential of digital twins
as a unifying platform that can integrate various technologies to enhance building management and operational
efficiency in intelligent buildings. The study underscores the importance of leveraging digital twins as a central
hub for integrating diverse technologies in intelligent building development. By serving as an integration
platform for BMS, BIM, and loT solutions, DTs have the potential to optimize building operations, enhance
energy efficiency, and improve overall building performance in the context of smart and sustainable
environments.

Another study by Zhu & Wu (2021) and Liang (2024) highlights the importance of integrating BIM with
Geographic Information System (GIS) for smart city development and the establishment of digital twin
systems. This integration enables the visualization, analysis, and management of building models within a GIS
environment, offering a comprehensive approach to enhancing building control strategies and optimizing
operational efficiency in intelligent buildings. Zhu & Wu (2021) emphasize the significance of leveraging
BIM and GIS technologies to provide comprehensive data sources for smart city construction. By integrating
these technologies, they aim to compensate for the shortcomings in macro and micro data collection, thereby
facilitating more informed decision-making processes and enhancing the overall quality of smart city
development. On the other hand, Liang (2024) focuses on the application of smart city construction based on
BIM+GIS technology. They highlight how the integration of BIM and GIS can contribute to more effective
data integration, quantitative analysis, and the application of technologies in urban management. This
integration serves as a foundational element for smart city development, enabling better planning, decision-
making, and sustainable urban practices.

The study by Tripathi et al. (2023) explores the applications of a BIM-10T-GIS integrated digital twin for
post-occupancy evaluations, emphasizing the role of the centralized digital twin in data collection and analysis
without physical presence in the building. The research demonstrates how the integration of BIM, IoT, and
GIS technologies can facilitate remote data collection and analysis for efficient monitoring and assessment of
building performance after occupancy. The integration of BIM, IoT, and GIS in DTs for post-occupancy
evaluations provides benefits such as real-time data collection, analysis, and visualization of building
performance metrics. This approach enhances decision-making processes, optimizes building operations, and
supports sustainable practices in building management. By utilizing DTs, researchers and practitioners can
gain insights into building performance, identify areas for improvement, and make informed decisions to
enhance occupant comfort, energy efficiency, and overall building sustainability.

The West Cambridge Campus project serves as an exemplary case study illustrating the successful
integration of BIM and DTs, leading to significant improvements in facility management and predictive
maintenance. This project, undertaken by the University of Cambridge, aimed to create a state-of-the-art
research and development environment that integrates advanced technologies to enhance operational
efficiency and sustainability. The West Cambridge Campus is designed to accommodate various research
facilities, laboratories, and office spaces. The integration of BIM and DTs was crucial in managing the complex
infrastructure and ensuring efficient operations throughout the building's lifecycle. The project utilized BIM
to create detailed 3D models of the buildings, which included information about materials, systems, and spatial
relationships. These models served as the foundation for developing DTs that provide real-time monitoring
and data analytics capabilities. The DTs technology was implemented to create a dynamic representation of
the physical assets within the West Cambridge Campus. This involved integrating IoT sensors and data
analytics tools that continuously collect and analyse data from various building systems, such as HVAC,
lighting, and security. The Digital Twin enabled facility managers to visualize the current state of the building
in real-time, facilitating proactive decision-making and predictive maintenance strategies. Lu et al. (2020).

2.4. BIM and Twin Digitals in Predictive Maintenance.

Implementing predictive maintenance solutions is crucial for optimizing the performance and durability of
building infrastructure. Organizations may improve their predictive maintenance processes, increase
operational efficiency, minimize downtime, and save costs by employing modern technologies like DTs and
BIM. Multiple studies have emphasized the role of DTs and BIM in enhancing predictive maintenance
techniques, demonstrating its capacity to transform maintenance practices in the construction sector.
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Several case studies have been observed, which has highlighted the application of DTs and BIM
application in the practice. Study by Li et al. (2023) creates a predictive maintenance planning framework for
facility maintenance management. They achieved this by combining data from BIM, loT networks, and Facility
Management (FM) systems. This framework enhances predictive maintenance plans for building facilities by
utilizing data-driven insights and real-time monitoring capabilities offered by DTs and BIM.

Another study conducted by Garcia and Salgado (2021) compares standard preventive maintenance tactics
with emerging predictive maintenance methods, including Algorithm Life Optimisation Programming (ALOP)
and Digital Behaviour Twin (DBT). These predictive maintenance systems employ DTs to monitor equipment
behavior, anticipate probable breakdowns, and optimize maintenance schedules, resulting in enhanced
maintenance practices.

Hosamo et al. (2022), on the other hand, examine the use of DTs in identifying faults in buildings, focusing
on utilizing 10T technology to improve the effectiveness of facilities management and maintenance. By
combining loT sensors with DTs, organizations can actively identify issues, forecast maintenance
requirements, and optimize maintenance schedules, enhancing building performance and decreasing
operational expenses.

Teo et al. (2022) propose an efficient maintenance approach that utilizes a data-driven predictive
maintenance plan integrating BIM and 10T technologies. By employing DTs and BIM, organizations can
enhance building performance, improve operational efficiency, and optimize maintenance activities through
real-time data and analysis capabilities.

Integrating Digital Twins and BIM into predictive maintenance techniques substantially benefits the
building industry. By employing these technologies, organizations may actively monitor building assets,
anticipate maintenance requirements, and optimize maintenance timetables, resulting in greater operational
effectiveness, minimized downtime, and improved building performance. Integrating Digital Twins, BIM, and
predictive maintenance strategies offers a revolutionary method for facility management, allowing
organizations to attain cost reductions, operational superiority, and sustainable building practices.

3.0 METHODOLOGY

This study employed a qualitative research strategy, specifically utilizing the grounded theory method to
conduct the research. The choice of a qualitative approach, particularly grounded theory, stems from its unique
capacity to generate theory directly from empirical data, making it particularly suitable for exploring complex
social phenomena. Grounded theory, as articulated by Barney Glaser and Anselm Strauss, is an inductive
methodology that emphasizes the continuous interplay between data collection and analysis, allowing
researchers to develop theoretical insights that are firmly rooted in observed realities (Urquhart et al., 2010).
This methodological framework is especially advantageous when existing theories are inadequate to explain
the nuances of the phenomena under investigation, as it encourages the emergence of new theories that reflect
participants' lived experiences (Kristiana et al., 2019).

The focus group discussion strategy has been used as the principal way of collecting data. The primary
focus of the discussion has been on the challenges and obstacles related to integrating Digital Twins and BIM
in Malaysia. The use of focus groups is particularly suitable for qualitative research approaches, including
grounded theory, due to their ability to facilitate in-depth discussions and elicit rich, nuanced data from
participants. Focus groups allow researchers to explore participants' views, feelings, and experiences in a
dynamic group setting, which can lead to the emergence of themes and insights that might not surface in
individual interviews (Morgan, 1997; Hiihn et al., 2016). The interactive nature of focus groups encourages
participants to build on each other's responses, thus providing a more comprehensive understanding of the
topic under investigation (Doody et al., 2013; Doody et al., 2013).

Participants were selected from industry professionals using purposive sampling. Purposive sampling is
particularly suitable for this research due to its focus on selecting participants who can provide rich, relevant,
and diverse insights into the phenomenon being studied. This method allows researchers to intentionally
choose individuals who possess specific characteristics or experiences that are critical to the research question,
thereby enhancing the depth and relevance of the data collected Berter6 (2012); Urquhart et al., 2010). In
grounded theory, where the aim is to develop theories that are closely tied to the participants’ lived experiences,
purposive sampling facilitates the identification of key informants who can contribute significantly to the
understanding of the social processes under investigation (Urquhart et al., 2010; Maz, 2013). The sampling
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criteria include years of expertise utilizing BIM and other associated technologies, such as Building
Management Systems (BMS), Smart loT Systems, etc. The respondent profile is displayed in Table 2.

Table 2. Respondent Profile

Respondent Position Education Background  Nature of Company EIpes:iseﬁfze
R1 Senior Architect Architecture Design Consultant 15
R2 Facility Officer Mechanical Engineering Facility Management 8
R3 M&E Engineer Mechanical Engineering Design Consultant 10
R4 M&E Engineer Electrical Engineering Design Consultant 7
R5 Facility Manager Facility Management Facility Management 15
R6 Facility Officer Real Estate Management  Facility Management 9
R7 Project Manager Civil Engineering Developer 10
R8 Architect Architecture Design Consultant 8
R9 Facility Officer Electrical Engineering Facility Management 7
R10 Civil Engineer Civil Engineering Facility Management 9
R11 Facility Manager Mechanical Engineering Facility Management 13
R12 Quantity Surveyor  Quantity Surveyor Developer 7

For the focus group discussion, the researcher has led the discussion session. Focus groups typically
involve a moderator who guides the discussion, ensuring that all participants have the opportunity to contribute
while keeping the conversation focused on the research objectives (Naeem & Ozuem, 2021; Stalmeijer et al.,
2014). The moderator's role is crucial, as they must manage group dynamics and encourage participation from
all members, which can be particularly important in settings where some individuals may be less inclined to
speak up (Doody et al., 2013; Pyo et al., 2019). The discussions took three hours and are recorded for
subsequent analysis

Data analysis from the focus groups involves transcribing the discussions and employing qualitative
analysis techniques, such as thematic analysis, to identify patterns and themes within the data (Gundumogula,
2020; Hihn et al., 2016). This process allows researchers to derive meaningful insights that reflect the
collective views of the participants, as well as individual experiences that contribute to the overall
understanding of the topic (Gilmartin, 2023). Data was analysed using Atlas Ti, and thematic coding was
produced from the analysis.

4.0 RESULT AND DISCUSSION

Based on the analysis of the transcribed data, several themes have been identified and important to be
highlighted as the major findings. The themes identified are as listed:

i. Availability of specialist
ii. Resource Constraints
iii. Complexity of data and Interoperability challenges
iv. Limited industry standards
v. Cultural Shift and Organizational Change

Implementing and managing integrated BIM and digital twins systems require technical expertise and
resources. Organizations may face challenges in acquiring the necessary skills and knowledge to effectively
utilize these technologies. From the discussions, most of the respondents agree with this issue. They have
said that Implementing BIM and digital twins can be complex and require specialized expertise.

"It's quite a challenge to find employees with knowledge on BIM and BMS systems, since these
technologies is not widely used together"

R5: "One have to be really good in different systems for them to integrate the technologies"

R1: "we have already fully utilize our existing staff, and we cannot send them for training, and hiring new
staff is not an option for us right now"

R11: The findings highlight a notable difficulty in locating people with the requisite proficiency in BIM
and digital twins technologies. Survey participants regularly highlighted the challenge of obtaining highly
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experienced individuals, underscoring the importance of specialized expertise for the successful
implementation of these systems.

Aside from lack of available expertise, organizations also may face resource constraints, such as limited
budget, or technology infrastructure, which can impede the effective implementation and utilization of BIM
and digital twins for facility management practices. The cost associated with implementing and maintaining
integrated BIM and digital twins systems can be a barrier for organizations. Investing in technology
infrastructure, software, training, and ongoing support can be resource-intensive.

"With the increase in cost of construction, profit margin has been reduced and we cannot afford to invest
in such systems"

R7: "in the long run, the use of this system integration will definitely profitable for us, but due to current
challenges and the lack of supporting ecosystem, we cannot invest in something that we need to setup
ourselves"

R11: From the findings, it can be said that organisations have financial and infrastructural constraints that
impede the implementation of BIM and digital twins. The exorbitant expenses associated with implementation,
continuous maintenance, and training pose substantial obstacles.

Integrating BIM and digital twins may face interoperability challenges due to differences in data formats,
structures, and levels of detail. Ensuring seamless data exchange between the two technologies can be complex
and require standardized protocols. Moreover, managing and updating large volumes of data generated by
BIM and digital twins can be a challenge. Maintaining data accuracy, consistency, and relevance over time
requires robust data management strategies and systems.

"even with BIM it is quite a challenge, to integrate it with other systems is out of the questions”

R1: "Integrating 2 different systems is quite challenging since the systems is being develop by different
people and uses different programming language"

R8: From the findings, most of the respondents agree that the integration of BIM and digital twins presents
substantial interoperability challenges as a result of diverse data formats and standards. To guarantee smooth
data transfer and uphold data precision, it is necessary to use strong strategies and standardized protocols.

The lack of standardized protocols and guidelines for BIM and digital twins can hinder adoption and
interoperability. Organizations may struggle to develop consistent workflows and methodologies for
leveraging both technologies effectively. Establishing industry-wide standards and best practices is essential
to facilitate seamless integration and collaboration across different stakeholders.

"CIDB should come out with something to guide the industry"

R6: "lack of guideline and proven applied system in the market make it hard for us to adapt the system
integration"

R3: From the analysis, the respondents agree that the lack of standardized standards and rules hinders the
use of BIM and digital twins. Establishing standardized procedures and methodologies is crucial for promoting
efficient integration and collaboration throughout the sector.

Embracing new technologies and workflows, training staff, and fostering a culture of innovation and
collaboration are essential for successful adoption. Resistance to change and lack of buy-in from stakeholders
can impede implementation.

"although BIM has been around for quite some time, | believe it would take another 10 years for it to be a
norm for the construction industry"

R5: "just look at IBS, it has been around since the 80's and yet, not many people opt for the technology"

R6: “Our construction industry is not reactive to changes, it might take time for this technology to be fully
accepted and applied”

R11: From the findings, everyone agrees that organisations must undergo a culture shift in order to
successfully utilise these technologies. Obstacles of great significance include resistance to change and a need
for stakeholder buy-in. Providing instruction to employees and cultivating an environment that encourages
new ideas are essential for accepting and implementing new practices.
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5.0 DISCUSSIONS AND CONCLUSION

The combination of BIM and DTs offers a favourable prospect for improving facility management methods
in the construction sector. Nevertheless, certain obstacles must be overcome in order to successfully embrace
and execute this integration. The main challenge in implementing the combination of BIM and DTs is the
intricate nature of data management and interoperability. The usage of distinct data formats, structures, and
levels of information in BIM models and DTs poses a difficulty in effectively integrating and exchanging data
between the two systems. Organisations have a huge technical difficulty in maintaining data consistency,
correctness, and compatibility between BIM and DTs.

Another significant obstacle is the need for standardized protocols and rules to integrate BIM and DTs
seamlessly. The lack of universally accepted standards and optimal methods obstructs the creation of uniform
processes and compatible systems for effectively using BIM and DTs complete capabilities in facility
management. Organizations may need help establishing efficient integration strategies and procedures without
explicit instructions. The expense is a significant obstacle to implementing BIM and DTs. Implementing and
maintaining integrated systems can be demanding regarding resources, necessitating investments in technology
infrastructure, software, training, and continuous maintenance. Organizations may need help obtaining the
required funding and resources to implement and maintain integrated BIM) and DTs solutions for facility
management.

In addition, overseeing and refreshing substantial quantities of data produced by BIM and DTs poses a
noteworthy difficulty. Robust data management strategies and processes are necessary to ensure data accuracy,
relevance, and consistency throughout time. Without adequate data governance and maintenance policies,
organizations may need help guaranteeing the dependability and utility of integrated BIM and DTs data for
facility management. And lastly, addressing cultural shift and organizational change is essential for successful
adoption of BIM and DTs in facility management practices. By promoting a culture of innovation,
collaboration, and openness to change, organizations can overcome resistance, drive technology adoption, and
realize the full potential of these transformative technologies in optimizing maintenance strategies and
improving operational efficiency.

Ultimately, the incorporation of BIM and DTs presents notable advantages for facility management.
However, to achieve successful implementation, it is crucial to tackle obstacles in data management,
interoperability, standardization, and cost. Organizations must overcome these obstacles to fully utilize
integrated BIM and DTs to optimize maintenance plans, enhance operational efficiency, and promote
sustainable building practices in the construction industry.
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