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ABSTRACT: This study explores the potential of Blockchain (BC)-enabled Digital Twins (DT) using qualitative 
semi-structured interviews to investigate the perception of stakeholders in the Architectural, Engineering, 
Construction and Facility Management (AEC-FM) industry on the relevance of BC-enabled DTs in augmenting 
stakeholder collaboration. The findings revealed that most interviewees perceived the potential of a BC-enabled 
DT in fostering stakeholder collaboration, leading to enhanced project delivery. Some participants viewed 
affordability drivers, whilst some highlighted the desire to fulfil client demands as influencing drivers for BC-
enabled DT implementation in the AEC-FM industry. The study’s empirical findings align with evidence from 
other industrial sectors, proving that BC can ensure data integrity in a decentralised peer-to-peer framework, 
whilst DTs can leverage that data for effective and reliable decision-making. In the AEC-FM industry, these 
technologies are nascent; however, their potential integration could tackle critical issues regarding stakeholder 
collaboration and information fragmentation, leading to value generation in a decentralised and immutable 
manner. This study offers insights into implementation strategies for a BC-enabled DT collaborative environment 
and contributes to accelerating the industry’s approach to digital transformation. 
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1. INTRODUCTION 

In a project-dominant sector like the Architectural, Engineering, Construction and Facility Management (AEC-
FM) industry, collaboration is seen as a critical catalyst in boosting efficiency, promoting information sharing, 
facilitating effective decision-making, and improving the quality of production processes and project-based 
performance (Koolwijk et al., 2018). Unfortunately, collaboration in the sector is beleaguered with mistrust, 
ineffective communication, adversarial relationships, and unnecessary disputes. This has resulted in the industry’s 
fragmented nature and inconsistent activities by different participants, hindering progress towards project targets 
and creating a significant barrier to success (Li et al., 2021; Prebanić & Vukomanović, 2021).  

Fragmentation of the AEC-FM industry is further compounded by the industry’s complex activities due to the 
variety and volumes of entities involved (Chen et al., 2022), the duration of a project, the amounts of relevant data 
generated and dispersed stakeholders who work at the different phases of a built asset’s lifecycle. Therefore, this 
creates breeding grounds for loss of crucial information, untracked implementation, and, most importantly, the 
failure to meet client requirements. Given the industry's complexities, it is essential to identify tools or solutions 
that can improve collaboration and contribute to process efficiency.  

There has been an increasing trend in adopting digital technologies in various industries (Pour Rahimian et al., 
2022), especially with the advent of Industry 4.0, to overcome industry complexities. However, the AEC-FM 
industry has slowly adopted, used, or applied emerging digital technologies (Newman et al., 2021). Studies show 
that applying digital technologies such as Building Information Modelling (BIM), Digital Twins (DT), Distributed 
Ledger Technologies (DLT) or Blockchain (BC), Internet of Things (IoT), and Augmented or Virtual Reality in 
the AEC-FM industry can increase productivity, collaboration, quality, and efficiency (Olanipekun & Sutrisna, 
2021). Under the concept of Construction 4.0, the AEC-FM industry is making efforts to adopt such emerging 
technologies and utilise their advanced capabilities (Opoku et al., 2021). 

BIM is now widely recognised as an effective way to facilitate collaboration, communication, and management. 
It is a common tool or process that provides a high level of information depth (Gan et al., 2019), containing all 
necessary details about objects and processes for the asset's entire lifecycle and the different stakeholders involved 
(Khajavi et al., 2019). Despite the well-known benefits of BIM in terms of collaboration, issues relating to 
collaboration persist (Oraee et al., 2021); these might stem from a lack of shared collaborative culture, limited 
understanding of emerging technologies among project teams, and a preference for traditional methods (Che 
Ibrahim et al., 2019; Ibrahim & Belayutham, 2019). Furthermore, the multi-level capabilities of BIM are limited 
to implementation without the inclusion of real-time information to achieve a close-to-"as-built" or "up-to-current" 
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state of the built asset being actualised in physical form (Lu et al., 2021). Wang et al. (2020) suggest that the 
absence of real-time information exchange can lead to fragmented and discontinuous actions among participants. 
Therefore, a collaborative platform allowing real-time information sharing among all parties is necessary.  

DT technology has immense potential to facilitate real-time communication and collaboration among project 
participants (Lee et al., 2021). DT surpasses BIM by providing more "up-to-current" modelling (Rao et al., 2022; 
Xie et al., 2020). Integrating IoT sensors and DTs can also transform BIM into a dynamic tool, automatically 
updating as-built BIM (Dudhee & Vukovic, 2021). Furthermore, DTs can simulate "what-if" scenarios with AI-
based techniques to identify potential solutions to issues such as cost overruns and schedule delays, enabling 
stakeholders to make proactive decisions (Lee et al., 2021). In addition, DT technology offers a shared virtual 
environment where project participants can visualise the project, discuss options, and ultimately make well-
informed decisions (Zhao et al., 2022). Several studies have emphasised that creating and managing DTs is a 
continuous process relevant throughout a built asset’s lifecycle (Xie et al., 2023). However, these studies have also 
highlighted the importance of ensuring data security, reliability, and improved collaboration (Hellenborn et al., 
2023).  

BC technology is anticipated to fuel innovation in essential areas such as security, trust, and coordination with 
unified standards and protocols for information sharing. This decentralised, peer-to-peer framework is based on 
cryptographic mechanisms (Elghaish et al., 2022; Talla & McIlwaine, 2022) and could be an ideal solution to 
tackle the challenges of DT concerning security, reliability, and transparency (Kiu et al., 2022). BC enables a 
secure electronic ledger of digital information, utilising hash values to enhance security. BC uses consensus 
protocols through a decentralised network to ensure data reliability and encourages collaboration among project 
participants to record, verify, store, and extract construction project information and transactions without 
centralised data intermediaries (Kim et al., 2020).  

When it comes to the digital transformation in the AEC-FM industry, the integration of BC and DT technology 
poses the potential to ensure data integrity, security, and trustworthiness, thereby enabling more effective 
collaboration among stakeholders (Adu-Amankwa et al., 2022); however, only limited studies on its potential 
integration can be found in AEC-FM literature. Additionally, its adoption and potential integration may be a 
complex phenomenon which could be influenced by factors considered from multiple perspectives. Hence, 
investigating and exploring stakeholders' perspectives on the potential of a BC-enabled DT collaborative approach 
can contribute to designing a framework and informing policymakers towards its successful adoption and 
implementation. To help contribute to the limited studies on BC-DT integration, this current study aims to explore 
and understand the perspectives of the industry’s stakeholders on the potential applicability of BC-enabled DT 
collaborative approach using qualitative semi-structured interviews. In line with the aim, the study seeks answers 
to the following research questions: 

 What do industry stakeholders perceive as the potential role(s) of BC-enabled DT collaborative approach? 

 What factors would motivate industry stakeholders to pursue a BC-enabled DT approach to collaborative 
working? 

The remainder of the article is structured as follows: Section 2 reviews relevant literature, while Section 3 explains 
the methodology used. Section 4 presents the results and discusses the perspectives of the study's participants. 
Finally, Section 5 summarises and concludes the study. 

 

2. LITERATURE REVIEW  

The impact of BC-enabled DT approach on collaboration is increasingly studied, particularly in the energy, health, 
manufacturing, and transportation sectors. For instance, studies by Huang et al. (2020) demonstrated the 
effectiveness of a data management platform for a turbine using a BC-based DT approach to help curb problems 
associated with data storage, data access, data sharing, data authenticity, and overwritten data. The results of their 
approach indicate the potential of BC-based DT to guarantee data storage, access to verified data, sharing 
efficiency via a peer-to-peer network, and data authenticity through traceability. In another study, EL Azzaoui et 
al. (2021) created a BC-based DT framework for a smart health city to ensure user identity is secure and data is 
anonymously available only to healthcare providers and professionals for real-time data analytics, research, and 
personalised treatment. The framework has the potential to enhance treatment accuracy, predict future diseases, 
and control them. The authors also suggest that in a COVID-19 scenario, this framework could be used as a 
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collaborative approach to provide a secure, shared database where healthcare providers and professionals can 
access data anonymously and use that data to improve treatment and prevent future pandemics. In a recent study 
by Tao et al. (2022), a BC-based platform was proposed for better management of manufacturing services. The 
platform aims to improve trust among collaborators by ensuring accurate information sources and secure data. The 
authors explain that despite the challenges posed by the lack of interaction between physical and cyber spaces, the 
proposed platform offers a reliable solution for cyber-physical integration and addresses issues of distrust 
commonly associated with such service platforms.  

In AEC-FM literature, Lee et al. (2021) developed and tested a BC-DT integrated framework to support 
accountable sharing of project-related information among stakeholders. According to the authors, integrating BC 
and DT can ensure authentic real-time construction-related data is traceable, immutable, and shared among project 
participants without an intermediary. Similarly, studies by Teisserenc and Sepasgozar (2022) posit that BC-
enabled DT will allow real-time monitoring of assets whilst supporting data decentralisation and enhancing data 
traceability, security, and privacy. In another study, Jiang et al. (2022) suggested that a BC-enabled DT 
collaboration platform can establish a virtual space for real-time monitoring, decision-making, and communication 
among different parties in a project.  

These studies demonstrate that integrating DT and BC can facilitate collaborative work practices by improving 
stakeholder communication, maintaining secure data integrity, and creating an authentic digital representation of 
the physical asset or process being twinned. In addition, these studies have management implications that can be 
useful for monitoring data in real time, exchanging data and information securely, and making trustworthy and 
transparent decisions. However, despite these studies, only a few have attempted to explore and understand its 
applicability in the context of the AEC-FM sector. Furthermore, there is a need to test these theoretical promises 
through empirical research, using both qualitative and quantitative methods to discover robust knowledge. This 
will help gain a more thorough understanding of their relevance within the AEC-FM industry and increase 
awareness about their potential benefits. Hence, seeking input from key stakeholders can offer valuable insights 
into the advantages of implementing a collaborative approach incorporating DT and BC technologies and the 
driving factors behind its adoption. 

 

3. METHODOLOGY 

A qualitative methodological approach focusing on conducting semi-structured interviews was mainly employed 
for this study. This approach was adopted due to its potential to gather comprehensive data and generate rich 
insights (Bryman, 2016). Hence, using this approach to explore and understand stakeholder perceptions about DT 
and BC technologies for the AEC-FM industry will enable participants to provide rich perspectives based on their 
knowledge and expertise. Through purposeful sampling, participants were sought through online networking 
websites (e.g., LinkedIn) and peer recommendations (Bryman, 2016). The main areas of interest were those 
participants with knowledge or experiences about DT, BC, or both in the AEC-FM industry. Nevertheless, 
flexibility was employed for some profiles which didn’t express explicit expertise in those fields but were keen to 
participate in the study because of their broader knowledge of digital transformation in the AEC-FM sector. 

3.1 Data Collection – Semi-structured Interviews 

After ethical approval was granted to engage participants for data collection, potential candidates were approached 
for their consent to participate in this study. According to Saunders et al. (2019), a range of 5-25 participants is 
adequate for qualitative interviews. Thus, this study included 19 AEC-FM industry professionals and scholars 
from Asia, Europe, North America, and Africa.  

The researchers employed a semi-structured interview protocol to organise detailed and orderly interviews, 
including open-ended questions to collect meaningful comments from respondents (Yin & Campbell, 2018). The 
interviews were conducted via web meetings on MS Teams to accommodate a wider reach of participants and 
allow effective capturing of responses for transcription. Accordingly, before each interview session, participants 
were briefed on the study’s aims, any concerns were addressed, and their consent was formally sought to officially 
commence the interview process.  

3.2 Data Analysis – Thematic Analysis 

With the aid of NVivo, the transcribed responses from participants were progressed into the data processing and 
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analysis, where available information within each response sheet was extracted into self-describing categories and 
held under thematic codes to identify the scope or variety of relevant constructs (Saldaña, 2021). Emerging themes 
highlighting the potential role of BC-enabled DT perceived by participants and the drivers or influential factors 
towards its adoption were identified. The emerging themes identified were guided by the study’s focus, as 
suggested by Bryman (2016).  

 

4. RESULTS AND DISCUSSION 

4.1 Demography of Interviewees 

A total of 19 participants hailing from Africa, Asia, Europe, and the Middle East were involved in this study. These 
participants were classified according to their field of expertise, which included Academics, Managers, Architects, 
Engineers, Programmers, and Surveyors. 

4.2 Participants' Perspectives on the Role of Blockchain-enabled Digital Twins 

During the interviews, individuals were asked to provide insights on a BC-enabled DT approach's role in 
collaborative working within the AEC-FM industry. Drawing from their extensive knowledge and understanding, 
they affirmed that a BC-enabled DT would be crucial for four main themed functions on effective collaboration, 
as it would provide a secure environment for accessing and sharing data, improve decision-making and promote 
trust and transparency (see Table 1). 

Table 1: Summary of Themes about the Role of Blockchain-enabled Digital Twin from Participant 

Theme Descriptions 
No of 

Participants 

ENHANCED DATA 

ACCESSIBILITY 
This theme comprises views on the role of blockchain-enabled digital twin 
in easing stakeholder access to data 

9 

DATA SECURITY This theme comprises views on the features of blockchain-enabled digital 
twin in assuring the security of data 

3 

ENHANCED DECISION-
MAKING 

This theme highlights views on the role of blockchain-enabled digital 
twins in assisting with decision-making 

3 

TRUST AND 

TRANSPARENCY 
This theme comprises views on the relevance of blockchain-enabled 
digital twins in ensuring trust and transparency 

2 

Regarding the popularity of themed responses, it is observed from Table 1 that most participants expressed 
sentiments about enhanced data accessibility, followed equally by data security, as well as enhanced decision-
making, and finally, trust and transparency. Nevertheless, the number of participants is only an indication of 
interest as some participants may be represented across themes, so in this paper, the contents that comprise these 
themes are of interest. The subsequent subsections delve into the themes with supporting evidence quotes. 

4.2.1 Enhanced Data Accessibility 

Most of the interviewees revealed that opting for a BC-enabled DT solution will create a platform where data can 
be accessed easily by project participants and stakeholders. They expect that BC’s added characteristic of a peer-
to-peer decentralised network will empower each participant to easily access data without the need to depend on 
a central authority for data access. Some interviewees believed that accessing data is vital for collaboration as this 
would allow for timely retrieval of data or information since it is available to all parties. Extracted comments from 
a participant which align with the view of enhanced data accessibility include:  

“I think the timely retrieval of information will be a major aspect that digital twin and blockchain technology 
eventually would be able to address.” 

“You need to focus on specific information that you want stored on the blockchain, but once you have stored the 
information, then it is available to all the parties involved. So, within the blockchain-enabled digital twin, you 

would have specific information that is useful for managing the overall lifecycle of the building and are 
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available to all parties.” 

The expectation of interviewees is corroborated by Sarfaraz et al. (2023), who revealed that BC poses a potential 
for ensuring the immutability, validity, and confidentiality of recorded data while enabling decentralised storage. 
Hence, BC’s integration with DT can ensure access to information without a mediator, providing a decentralised 
solution to project participants. Additionally, the integration of BC and DT can enhance data visibility. Thus, all 
parties involved in a `built asset's lifecycle can access reliable data on a shared distributed ledger (Suhail et al., 
2022). 

4.2.2  Data Security 

Data Security was also indicated as a key relevant attribute that a BC-enabled DT solution can enhance, resulting 
in improved collaboration. Most interviewees consider data security very relevant while managing a built asset’s 
lifecycle. In their opinion, a BC-DT integration will ensure data security. Interviewees further indicated that data 
generated throughout a built asset’s lifecycle needs to be protected due to the confidentiality of certain data types 
shared between project parties. In addition, interviewees highlighted that BC-enabled DT’s incorporation into the 
management of a built asset lifecycle would prevent data from being tampered with due to BC’s immutable nature. 
An extracted interviewee comment is presented below: 

“…but we want to protect this data, and not expose it to any cyber-attacks, or to expose it to people who do not 
have access to that kind of information. So blockchain data, in the end, will create big changes in how we 

manage assets, the way we manage the buildings by providing some good data, accurate data, real-time data 
about the buildings, and that is also secured.” 

The views expressed on BC-enabled DT’s capability in enhancing data security are corroborated by Shen et al. 
(2021), who confirmed via a secure data sharing framework that BC’s distributed mechanism and cryptographic 
features can guarantee a higher level of security as compared with a traditional centralised solution. Sahal et al. 
(2021) revealed that the issue of security in collaborative working could be significantly enhanced by BC-enabled 
DT due to its potential to allow for secure real-time data exchange and analysis among multiple participants. Data 
breaches in real-life scenarios highlight the importance of ensuring data security and reliability, hence the need to 
integrate BC-enabled DT throughout a built asset’s lifecycle. 

4.2.3 Enhanced Decision-Making 

The interviewed participants indicated that the unique characteristics of BC and DT will lead to enhanced decision-
making. They highlighted that the feature of DT in providing real-time data on a built asset and BC’s capability in 
ensuring secure, immutable data within a decentralised setting can contribute to timely and accurate decision-
making. Additionally, participants revealed that using the real-time data available in BC-enabled DT platform can 
form a reliable base to improve performance and predict future occurrences. A comment extracted from an 
interviewee is as follows: 

“The strengths of digital twin solutions, with real-time information on the built assets plus the decentralised and 
transparency strengths of the blockchain technology, I believe that will actually help you to manage facilities 

better and also, perhaps, generate more insights that can also help improve how facilities are being managed.” 

Studies by Suhail et al. (2022) have also indicated that integrating BC and DT can ensure that actionable insights 
are driven by trustworthy data. They further pointed out that BC-enabled DT approach can help stakeholders to 
acquire more thorough and accurate insights into asset performance based on generated reliable data. Sahal et al. 
(2021) highlight that BC-enabled DT collaboration can enhance decision-making in avoiding risks and proffer 
solutions to unexpected occurrences. These studies confirm the views shared by interviewees that incorporating 
BC-DT creates an enabling environment that can facilitate decision-making in the built environment based on 
reliable data.  

4.2.4 Trust and Transparency 

Enhancing trust and transparency between stakeholders involved in a project was also a key perspective shared by 
most interviewees. A participant believed that BC adds a layer of transparency when integrated into a DT 
depending on the defined protocols and its peer-to-peer network. Furthermore, participants were of the view that 
the layer of transparency can contribute to enhancing trust amongst stakeholders. One interviewee stated: 

“… it would be that you can trust it because project parties would have the same records. Parties will not be 
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required to go through old extra records because every time data is updated, it is a universal update throughout 
the network.” 

Findings from the interviews are consistent with studies by Teisserenc and Sepasgozar (2021), who posit that 
incorporating a BC-enabled DT platform is crucial in establishing a reliable and secure data audit trail within 
decentralised ecosystems, from project initiation to completion. This shared data platform guarantees trust and 
transparency while ensuring data integrity throughout the project lifecycle. Suhail et al. (2022) suggest that by 
integrating BC and DTs, all parties involved in a product's lifecycle can effectively and efficiently manage data on 
a shared distributed ledger, thereby addressing data trust, integrity, and security concerns. In summary, a BC-
enabled DT system will enhance stakeholder collaboration, improve transparency, and resolve trust-related 
concerns.  

4.3 Drivers of Blockchain-enabled Digital Twins 

Understanding the motivations behind the adoption of digital technologies is crucial, as these drivers can 
significantly impact behaviour and outcomes (Yang et al., 2021a). This study presents the driving factors, as 
perceived by key stakeholders, that will lead the AEC-FM industry towards undertaking and successfully 
executing BC-enabled DT approach. In this context, “drivers” refer to the motivating forces (Opoku et al., 2022) 
that will prompt stakeholders to execute BC-enabled DT projects effectively. After conducting a thematic analysis 
of interview data, five key themes emerged as the main influencing factors that would encourage stakeholders in 
the industry to adopt a BC-enabled DT collaborative approach (see Table 2). 

Table 2: Summary of Themes about the Drivers of Blockchain-enabled Digital Twin from Participants 

Theme Descriptions 
No of 

Participants 

AFFORDABILITY AND 

COST-EFFECTIVENESS 
This theme represents views relating to the cost involved in acquiring the 
approach and the potential value to be gained 

8 

STAKEHOLDER 

AWARENESS OF THE 

POTENTIAL BENEFITS 

This theme comprises views relating to stakeholder understanding and 
perceptions of the benefits 

11 

STANDARDS, POLICIES 

AND REGULATIONS 
The theme represents views shared on the need for rules, guidelines, and 
policy interventions.  

6 

REAL-LIFE 

IMPLEMENTATION 
The theme revolves around views shared on the need to showcase practical 
approaches and demonstrate real-life examples 

6 

CLIENT’S DEMANDS 

AND INTERESTS 
This theme encompasses perspectives shared on a client’s role and 
interests  

4 

gr 

4.3.1 Affordability and Cost-effectiveness 

The participants revealed that stakeholders would be more likely to adopt a BC-enabled DT collaborative approach 
based on its affordability and cost-effectiveness. They mentioned that the affordability of the approach, especially 
for small-scale industry players, is considered the main driving force behind its development and implementation. 
In addition, some participants emphasised that a business's decision to invest in a new solution or innovation is 
primarily influenced by its cost-effectiveness, as businesses constantly strive to make returns on their investments. 
One interviewee’s extracted comment is as follows: 

“The main one is the cost to install a big platform. For a small-scale office, it is another cost. So, it only makes 
sense if the cost return works out. The equity returns on their investment in that platform should justify that 

investment and make sense if they scale up to larger scale projects for greater returns.” 

Considering the novelty of a BC-enabled DT approach, its initial cost and affordability are crucial to its potential 
adoption. Studies by Cheng and Chong (2022) revealed that perceptions about the costs of adopting and 
implementing emerging technologies can significantly influence stakeholders’ adoption decisions. Suhail et al. 
(2022) pointed out that adopting emerging technologies can help reduce operational costs, reinforce productivity, 
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and enhance operational efficiency. However, industry players still face high initial investments despite the 
potential benefits gained from their adoption (Toufaily et al., 2021), which could be an obstacle (Rind et al., 2017). 
Suhail et al. (2022) further suggest that adopting these emerging technologies would require a detailed cost-benefit 
analysis; otherwise, they may pose a significant challenge to an enterprise’s resources. 

4.3.2 Stakeholder Awareness of the Potential Benefits  

In the AEC-FM industry, BC and DT are emerging technologies many stakeholders may not yet be familiar with. 
Hence, to promote their adoption, interviewees believe it is important to spread knowledge about their potential 
benefits. Some interviewees suggest that stakeholders need to be educated and convinced about the added value 
of these technologies before they can be implemented. The interviewees also underscored the need for continuous 
advocacy and education to shift the mindset of industry players, especially in an industry that is slow to adopt new 
technology and where stakeholders may resist new innovations. A typical view shared by interviewees is as 
follows: 

“I believe people need to be convinced that this approach can save them money, make them more efficient, or 
maybe make them more competitive against their peers or give them some competitive advantage. So, they need 
to be convinced that investing in tools or new approaches like this will actually be worth it. In the long run, as a 
business, you don't want to invest your time and resources into something that would actually drain your limited 

resources. So, people need to be convinced and encouraged to adopt such technologies.” 

Perspectives shared by participants are supported by Orji et al. (2020), who indicate that having a comprehensive 
understanding of the advantages of new technological advancements can inspire stakeholders to invest in digital 
innovations. Therefore, it is recommended that stakeholders who are well-informed about these emerging 
technologies should emphasise and create awareness of their benefits, such as their ability to improve productivity 
based on an organisation's resources and traits.  

4.3.3 Standards, Policies and Regulations 

During the interviews, it was discovered that industry players are more likely to adopt new innovations if 
stakeholders or policymakers in the built environment develop and implement standards and procedures to guide 
the adoption and implementation of BC-enabled DT collaborative platforms. The interviewees also highlighted 
that implementing standards, policies, and regulations would create an environment that enables the proper 
implementation of new innovations and encourages their adoption. Additionally, some interviewees suggested that 
the government could spearhead the use of new innovations by establishing and implementing specific project 
requirements that make adoption necessary. One of the interviewees intimated that: 

“So, if the stakeholders or the policymakers in the built environment can come up with standards and 
procedures, and also give policies and regulations which motivate or promote the adoption of this technology, 

then it is imminent that professionals in the built environment would definitely adopt it.” 

The impact of governmental policies, standards, and guidance on the perceived usefulness and complexity of new 
technologies cannot be underestimated (Cheng & Chong, 2022). Abideen et al. (2022) pointed out that 
governmental regulations and laws can influence innovation adoption and further cited the 2016 UK construction 
strategy as a notable instance of such regulations. Hence, regulatory bodies need to create policies and provide 
support to drive the adoption of BC-enabled DT platform. 

4.3.4 Real-life Implementation 

Participants suggested that in addition to communication and raising awareness about the benefits of BC-enabled 
DT platforms, it is important to demonstrate their real-world applications. Most interviewees agreed that 
developing case studies showcasing the tangible benefits of implementing such platforms would be an effective 
way to convince industry stakeholders of their value. Some interviewees also recommended creating prototypes 
to demonstrate the viability of collaborative working using these platforms. Implementing pilot projects was also 
suggested to illustrate the benefits and encourage adoption. Finally, interviewees emphasised that showing use 
cases would also educate people about the necessary resources and requirements for successful implementation, 
given that these technologies are still emerging. One of the interviewees stated that: 

“The development of case studies that showed real application of this technology. So, we have to show how these 
technologies can be applied, and I think that this is the only way in which we can prove to industry and 

academia the values and the benefits that we can realise using the integration of BC and DT.” 
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The views expressed by interviewees are further supported by Zhang et al. (2023), who suggest that pilot projects 
are a practical approach to tackling technical concerns that stakeholders may have and enhance their appreciation 
of the advantages of implementing emerging technologies. They further pointed out that many stakeholders 
hesitate to embrace new technologies because they lack real-world case studies to prove their effectiveness. Hence, 
the deployment of pilot projects cannot be discounted as a driving force during decision-making in adopting digital 
solutions. 

4.3.5 Client’s Demands and Interests 

Interviewees emphasised the role of the clients or owners as driving forces in adopting innovation. They explained 
that clients have the potential to fuel innovation through their desire to explore novel approaches and optimise 
project execution methods. Additionally, interviewees confirmed that some clients often support new strategies 
that can motivate adoption. However, some interviewees caution that clients without knowledge of new 
technologies or a clear understanding of their needs may demand unrealistic solutions. An interviewee shared the 
view that;  

“So basically, what I'm trying to say is that professionals and clients that would love to see new ways and better 
ways of doing things will easily find this approach very valuable to them.” 

Similar studies on the adoption of digital technologies corroborate the role of the client as an important driver. 
According to Yang et al. (2021b), increasing market demands for digitalised solutions in many industrial 
disciplines have driven firms to adopt digital technologies to meet client demands and requirements and maintain 
client relationships. Abideen et al. (2022) also pointed out that industry professionals are driven by clients’ 
awareness of potential enhancements in the digital built environment, and this usually motivates industry players 
to achieve competence and excellence when adopting and implementing new solutions. 

 

5. CONCLUSION 

This paper explored the perspectives of industry and academic professionals about the potential roles that BC-
enabled DT collaborative approach could play in the AEC-FM industry, as well as the influencing drivers that 
would motivate such stakeholders to pursue BC-enabled DT approach to collaborative working. Emerging themes 
from respondents revealed that participants perceived that BC-enabled DT could create an enabling environment 
for enhanced data accessibility, data security, enhanced decision-making, and promote trust and transparency, thus 
making it vital for collaborative work across the AEC-FM industry. Meanwhile, it was discovered that five main 
factors emerged from participants' responses as motivational drivers to pursue the path of BC-enabled DT; these 
are affordability and cost-effectiveness, stakeholder awareness of the potential benefits, standards, policies, and 
regulations, real-life implementation, and client’s demands and interests. 

Despite BC-enabled DT solutions being explored in other industries for collaborations, the lack of attention to its 
combined potential in the AEC-FM leads to the heart of this study’s novelty, which lies in its focus on empirically 
identifying its anticipated roles and influential drivers. By conducting semi-structured interviews with industry 
and academic practitioners, the findings are expected to resonate with readers who seek to understand key 
considerations that come into play beyond the promised potential within literature. 

A significant limitation of this study was the difficulty in finding participants with knowledge or experience in 
both BC and DT applications to respond to the study's questions.  

Based on the findings of this study, it is recommended that further empirical investigation be conducted to gain a 
holistic understanding of the capabilities and implications of adopting a BC-enabled DT approach to address the 
collaboration challenges inherent in the AEC-FM industry as it gears up towards embracing digital transformations. 

 

6. ACKNOWLEDGEMENT 

This paper contains research which is part of the lead author's ongoing PhD research project, partially funded by 
Teesside University. 

 

CONVR2023

[305]

23° International Conference on Construction Applications of Virtual Reality
"MANAGING THE DIGITAL TRANSFORMATION OF CONSTRUCTION INDUSTRY"

305 

section B - Advanced project management and control



 

 

REFERENCES 

Abideen, D. K., Yunusa-Kaltungo, A., Manu, P., & Cheung, C. (2022). A Systematic Review of the Extent to 
Which BIM Is Integrated into Operation and Maintenance. Sustainability 2022, Vol. 14, Page 8692, 14(14), 8692-
8692. https://doi.org/10.3390/SU14148692  

Adu-Amankwa, N. A., Rahimian, F., & Dawood, N. (2022). Digital Twin and Blockchain Applications For The 
Built Environment: A Systematic Review. 22nd International Conference on Construction Applications of Virtual 
Reality,  

Bryman, A. (2016). Social Research Methods (5th ed.). Oxford University Press. 
https://global.oup.com/ukhe/product/social-research-methods-9780199689453?cc=gb&lang=en&  

Che Ibrahim, C. K. I., Mohamad Sabri, N. A., Belayutham, S., & Mahamadu, A. (2019). Exploring behavioural 
factors for information sharing in BIM projects in the Malaysian construction industry. Built Environment Project 
and Asset Management, 9(1), 15-28.  

Chen, Q., Feng, H., & Garcia de Soto, B. (2022). Revamping construction supply chain processes with circular 
economy strategies: A systematic literature review. Journal of Cleaner Production, 335, 130240. 
https://doi.org/https://doi.org/10.1016/j.jclepro.2021.130240  

Cheng, M., & Chong, H. Y. (2022). Understanding the Determinants of Blockchain Adoption in the Engineering-
Construction Industry: Multi-Stakeholders' Analyses. IEEE Access, 10, 108307-108319. 
https://doi.org/10.1109/ACCESS.2022.3213714  

Dudhee, V., & Vukovic, V. (2021). Building information model visualisation in augmented reality. Smart and 
Sustainable Built Environment, ahead-of-print(ahead-of-print). https://doi.org/10.1108/SASBE-02-2021-0021  

EL Azzaoui, A., Kim, T. W., Loia, V., & Park, J. H. (2021). Blockchain-based secure digital twin framework for 
smart healthy city. Advanced Multimedia and Ubiquitous Engineering: MUE-FutureTech 2020,  

Elghaish, F., Pour Rahimian, F., Hosseini, M. R., Edwards, D., & Shelbourn, M. (2022). Financial management 
of construction projects: Hyperledger fabric and chaincode solutions. Automation in Construction, 137, 104185-
104185. https://doi.org/10.1016/j.autcon.2022.104185  

Gan, V. J., Deng, M., Tan, Y., Chen, W., & Cheng, J. C. (2019). BIM-based framework to analyze the effect of 
natural ventilation on thermal comfort and energy performance in buildings. Energy Procedia, 158, 3319-3324.  

Hellenborn, B., Eliasson, O., Yitmen, I., & Sadri, H. (2023). Asset information requirements for blockchain-based 
digital twins: a data-driven predictive analytics perspective. Smart and Sustainable Built Environment. 
https://doi.org/10.1108/sasbe-08-2022-0183  

Huang, S., Wang, G., Yan, Y., & Fang, X. (2020). Blockchain-based data management for digital twin of product. 
Journal of Manufacturing Systems, 54, 361-371. https://doi.org/https://doi.org/10.1016/j.jmsy.2020.01.009  

Ibrahim, C. K. I. C., & Belayutham, S. (2019). Towards successful social collaboration in BIM-based construction: 
A review. MATEC Web of Conferences,  

Jiang, Y., Li, M., Guo, D., Wu, W., Zhong, R. Y., & Huang, G. Q. (2022). Digital twin-enabled smart modular 
integrated construction system for on-site assembly. Computers in Industry, 136, 103594-103594. 
https://doi.org/10.1016/j.compind.2021.103594  

Khajavi, S. H., Motlagh, N. H., Jaribion, A., Werner, L. C., & Holmstrom, J. (2019). Digital Twin: Vision, Benefits, 
Boundaries, and Creation for Buildings. IEEE Access, 7, 147406-147419. 
https://doi.org/10.1109/ACCESS.2019.2946515  

Kim, K., Lee, G., & Kim, S. (2020). A Study on the Application of Blockchain Technology in the Construction 
Industry. KSCE Journal of Civil Engineering, 24(9), 2561-2571. https://doi.org/10.1007/s12205-020-0188-x  

Kiu, M. S., Lai, K. W., Chia, F. C., & Wong, P. F. (2022). Blockchain integration into electronic document 
management (EDM) system in construction common data environment. Smart and Sustainable Built Environment, 
ahead-of-print(ahead-of-print). https://doi.org/10.1108/SASBE-12-2021-0231  

CONVR2023

[306]

23° International Conference on Construction Applications of Virtual Reality
"MANAGING THE DIGITAL TRANSFORMATION OF CONSTRUCTION INDUSTRY"

306 

CONVR 2023. PROCEEDINGS OF THE 23RD INTERNATIONAL CONFERENCE ON CONSTRUCTION APPLICATIONS OF VIRTUAL REALITY



 

 

Koolwijk, J. S. J., van Oel, C. J., Wamelink, J. W. F., & Vrijhoef, R. (2018). Collaboration and integration in 
project-based supply chains in the construction industry. Journal of Management in Engineering, 34(3), 04018001.  

Lee, D., Lee, S. H., Masoud, N., Krishnan, M. S., & Li, V. C. (2021). Integrated digital twin and blockchain 
framework to support accountable information sharing in construction projects. Automation in Construction, 127, 
103688-103688. https://doi.org/10.1016/j.autcon.2021.103688  

Li, L., Yuan, J., Tang, M., Xu, Z., Xu, W., & Cheng, Y. (2021). Developing a BIM-enabled building lifecycle 
management system for owners: Architecture and case scenario. Automation in Construction, 129. 
https://doi.org/10.1016/j.autcon.2021.103814  

Lu, Q., Xie, X., Parlikad, A. K., Schooling, J. M., & Konstantinou, E. (2021). Moving from building information 
models to digital twins for operation and maintenance. Proceedings of the Institution of Civil Engineers - Smart 
Infrastructure and Construction, 174(2), 46-56. https://doi.org/10.1680/jsmic.19.00011  

Newman, C., Edwards, D., Martek, I., Lai, J., Thwala, W. D., & Rillie, I. (2021). Industry 4.0 deployment in the 
construction industry: a bibliometric literature review and UK-based case study. Smart and Sustainable Built 
Environment, 10(4), 557-580. https://doi.org/10.1108/sasbe-02-2020-0016  

Olanipekun, A. O., & Sutrisna, M. (2021). Facilitating Digital Transformation in Construction—A Systematic 
Review of the Current State of the Art. Frontiers in Built Environment, 7, 96-96. 
https://doi.org/10.3389/fbuil.2021.660758  

Opoku, D.-G. J., Perera, S., Osei-Kyei, R., & Rashidi, M. (2021). Digital twin application in the construction 
industry: A literature review. Journal of Building Engineering, 40, 102726-102726. 
https://doi.org/10.1016/j.jobe.2021.102726  

Opoku, D. G. J., Perera, S., Osei-Kyei, R., Rashidi, M., Famakinwa, T., & Bamdad, K. (2022). Drivers for Digital 
Twin Adoption in the Construction Industry: A Systematic Literature Review. Buildings, 12, 113. 
https://doi.org/10.3390/buildings12020113  

Oraee, M., Hosseini, M. R., Edwards, D., & Papadonikolaki, E. (2021). Collaboration in BIM-based construction 
networks: a qualitative model of influential factors. Engineering, Construction and Architectural Management. 
https://doi.org/10.1108/ecam-10-2020-0865  

Orji, I. J., Kusi-Sarpong, S., Huang, S., & Vazquez-Brust, D. (2020). Evaluating the factors that influence 
blockchain adoption in the freight logistics industry. Transportation Research Part E: Logistics and 
Transportation Review, 141, 102025. https://doi.org/https://doi.org/10.1016/j.tre.2020.102025  

Pour Rahimian, F., Dawood, N., Ghaffarianhoseini, A., & Ghaffarianhoseini, A. (2022). Guest editorial: Enabling 
the development and implementation of digital twins. Construction Innovation, 22(3), 405-411. 
https://doi.org/10.1108/CI-07-2022-247  

Prebanić, K. R., & Vukomanović, M. (2021). Realizing the need for digital transformation of stakeholder 
management: A systematic review in the construction industry. Sustainability, 13(22), 12690.  

Rao, A. S., Radanovic, M., Liu, Y., Hu, S., Fang, Y., Khoshelham, K., Palaniswami, M., & Ngo, T. (2022). Real-
time monitoring of construction sites: Sensors, methods, and applications. Automation in Construction, 136, 
104099. https://doi.org/https://doi.org/10.1016/j.autcon.2021.104099  

Rind, M., Hyder, M., Saand, A. S., Alzabi, T., Nawaz, H., & Ujan, I. (2017). Impact Investigation of perceived 
cost and perceived risk in mobile commerce: analytical study of Pakistan. International Journal of Computer 
Science and Network Security, 17(11), 124-130.  

Sahal, R., Alsamhi, S. H., Brown, K. N., O’shea, D., McCarthy, C., & Guizani, M. (2021). Blockchain-empowered 
digital twins collaboration: Smart transportation use case. Machines, 9(9), 193-193. 
https://doi.org/10.3390/machines9090193  

Saldaña, J. (2021). The coding manual for qualitative researchers (4th ed.). SAGE Publications Ltd.  

Sarfaraz, A., Chakrabortty, R. K., & Essam, D. L. (2023). AccessChain: An access control framework to protect 
data access in blockchain enabled supply chain. Future Generation Computer Systems, 148, 380-394. 

CONVR2023

[307]

23° International Conference on Construction Applications of Virtual Reality
"MANAGING THE DIGITAL TRANSFORMATION OF CONSTRUCTION INDUSTRY"

307 

section B - Advanced project management and control



 

 

https://doi.org/https://doi.org/10.1016/j.future.2023.06.009  

Saunders, M. N. K., Lewis, P., & Thornhill, A. (2019). Research Methods for Business Students (8th ed.). Pearson 
Education.  

Shen, W., Hu, T., Zhang, C., & Ma, S. (2021). Secure sharing of big digital twin data for smart manufacturing 
based on blockchain. Journal of Manufacturing Systems, 61, 338-350. https://doi.org/10.1016/j.jmsy.2021.09.014  

Suhail, S., Hussain, R., Jurdak, R., Oracevic, A., Salah, K., Hong, C. S., & Matulevičius, R. (2022). Blockchain-
based digital twins: research trends, issues, and future challenges. ACM Computing Surveys (CSUR), 54(11s), 1-
34.  

Talla, A., & McIlwaine, S. (2022). Industry 4.0 and the circular economy: using design-stage digital technology 
to reduce construction waste. Smart and Sustainable Built Environment. https://doi.org/10.1108/sasbe-03-2022-
0050  

Tao, F., Zhang, Y., Cheng, Y., Ren, J., Wang, D., Qi, Q., & Li, P. (2022). Digital twin and blockchain enhanced 
smart manufacturing service collaboration and management. Journal of Manufacturing Systems, 62, 903-914. 
https://doi.org/https://doi.org/10.1016/j.jmsy.2020.11.008  

Teisserenc, B., & Sepasgozar, S. (2021). Adoption of Blockchain Technology through Digital Twins in the 
Construction Industry 4.0: A PESTELS Approach. Buildings, 11(12), 670-670. 
https://doi.org/10.3390/buildings11120670  

Teisserenc, B., & Sepasgozar, S. M. E. (2022). Software Architecture and Non-Fungible Tokens for Digital Twin 
Decentralized Applications in the Built Environment. Buildings, 12(9), 1447-1447. 
https://doi.org/10.3390/buildings12091447  

Toufaily, E., Zalan, T., & Dhaou, S. B. (2021). A framework of blockchain technology adoption: An investigation 
of challenges and expected value. Information & Management, 58(3), 103444.  

Wang, Z., Wang, T., Hu, H., Gong, J., Ren, X., & Xiao, Q. (2020). Blockchain-based framework for improving 
supply chain traceability and information sharing in precast construction. Automation in Construction, 111, 103063.  

Xie, H., Xin, M., Lu, C., & Xu, J. (2023). Knowledge map and forecast of digital twin in the construction industry: 
State-of-the-art review using scientometric analysis. Journal of Cleaner Production, 383, 135231. 
https://doi.org/https://doi.org/10.1016/j.jclepro.2022.135231  

Xie, X., Lu, Q., Rodenas-Herraiz, D., Parlikad, A. K., & Schooling, J. M. (2020). Visualised inspection system for 
monitoring environmental anomalies during daily operation and maintenance. Engineering, Construction and 
Architectural Management, 27(8), 1835-1852. https://doi.org/10.1108/ecam-11-2019-0640  

Yang, M., Fu, M., & Zhang, Z. (2021a). The adoption of digital technologies in supply chains: Drivers, process 
and impact. Technological Forecasting and Social Change, 169, 120795.  

Yang, M., Fu, M., & Zhang, Z. (2021b). The adoption of digital technologies in supply chains: Drivers, process 
and impact. Technological Forecasting and Social Change, 169, 120795-120795. 
https://doi.org/10.1016/j.techfore.2021.120795  

Yin, R. K., & Campbell, D. T. (2018). Case study research and applications: design and methods (6th ed.). Sage 
Publications.  

Zhang, P., Wu, H., Li, H., Zhong, B., Fung, I. W., & Lee, Y. Y. R. (2023). Exploring the adoption of blockchain 
in modular integrated construction projects: A game theory-based analysis. Journal of Cleaner Production, 408, 
137115.  

Zhao, J., Feng, H., Chen, Q., & Garcia de Soto, B. (2022). Developing a conceptual framework for the application 
of digital twin technologies to revamp building operation and maintenance processes. Journal of Building 
Engineering, 49, 104028-104028. https://doi.org/10.1016/j.jobe.2022.104028  

 

CONVR2023

[308]

23° International Conference on Construction Applications of Virtual Reality
"MANAGING THE DIGITAL TRANSFORMATION OF CONSTRUCTION INDUSTRY"

308 

CONVR 2023. PROCEEDINGS OF THE 23RD INTERNATIONAL CONFERENCE ON CONSTRUCTION APPLICATIONS OF VIRTUAL REALITY


	title page
	copyright page
	Table of contents
	Conference Committee
	Organizing Institutions
	Foreword
	Daniel Napps, Markus König, Investigation of the Acceptance of Virtual Reality for Planning Decisions in Early Design Phases
	Christoph Blut, Tristan Kinnen, Jörg Blankenbach, Dirk Heidermann, Felix Schellong, Building Inspector XR: Streamlining Scan-to-BIM with Virtual and Mixed Reality  
	Corentin Coupry, Paul Richard, David Bigaud, Sylvain Noblecourt, David Baudry, The Value of Extended Reality Techniques to Improve Remote Collaborative Maintenance Operations: A User Study  
	Mario Wolf, Jochen Teizer, Creation and Acceptance of Low-Threshold Mobile Training on Sustainability in Construction  
	Mohamed Assaf, Rafik Lemouchi, Mohamed Al-Hussein, Xinming Li, A Collaborative Planning Model for Offsite Construction Based on Virtual Reality and Game Engines  
	Anthony Yusuf, Abiola Akanmu, Adedeji Afolabi, Homero Murzi, Prediction of Cognitive Load during Industry-Academia Collaboration via a Web Platform  
	Shahin Sateei, Mattias Roupe, Mikael Johansson, Transitioning from 2D to VR in Design Review – Resistance to Engagement  
	Mikael Johansson, Mattias Roupé, Mikael Viklund Tallgren, Collaborative Site Layout Planning Using Multi-Touch Table and Immersive VR  
	Eleonora D’Ascenzi, Vito Getuli, Irene Fiesoli, Application of Smart Technologies for Assessing Users’ Well-Being for Immersive Design Strategies: A State-of-the-Art Review  
	Girish Srivatsa Rentala, Yimin Zhu, Investigating the Ability of Immersive Virtual Environments to Facilitate Occupant Thermal State Data Collection Involving Face Masks  
	Leonardo Messi, Francesco Spegni, Massimo Vaccarini, Alessandra Corneli, Leonardo Binni, Seamless Indoor/Outdoor Marker-Less Augmented Reality Registration Supporting Facility Management Operations  
	Xiang Yuan, Qipei Mei, Xinming Li, Integrating Real-Time Object Detection into an AR-Driven Task Assistance Prototype: An Approach Towards Reducing Specific Motions in Therbligs Theory  
	Naotaka Sumida, Taira Ozaki, Satoshi Kubota, Dan Hiroshige, Yoshihiro Yasumuro, Visualization of Weather-Aware Ambient Heat Risks 
With Global Illumination in Game Engine  
	Ivan Mutis, Marina Oberemok, Nishanth Purushotham, Improving Sense-Making for Construction Planning Tasks Using Visual and Haptic Stimuli in Virtual Reality Environments  
	Kilian Speiser, Kepeng Hong, Jochen Teizer, Enhancing the Realism of Virtual Construction Safety Training: Integration of Real-Time Location Systems for Real-World Hazard Simulations  
	Roghieh Eskandari, Ali Motamedi, Visibility Enhancement of Crane Operators Using BIM-Based Diminished Reality  
	Khalid Amin, Grant Mills, Duncan Wilson, Karim Farghaly, Adapting BIM-Based AR Positioning Techniques to the Construction Site  
	Rafik Lemouchi, Mohamed Assaf, Mohamed Al-Hussein, Khaoula Boutouhami, Ahmed Bouferguene, Safety Training for Rigging Using Virtual Reality  
	Alessandra Corneli, Berardo Naticchia, Massimo Vaccarini, Alessandro Carbonari, Francesco Spegni, Application of Diminished Reality for Construction Site Safety Management  
	Monica Meocci, Alessandro Terrosi, Andrea Paliotto, Francesca La Torre, Irene Infante, Driving Simulator for Road Safety Design: A Comparison Between Virtual Reality Tests and In-Field Tests  
	Fadi Castronovo, Seyedreza Razavialavi, Abdullahi Abdulrahman, Mohammed Rayan Saiba, Pablo Martinez Rodriguez, Assessing Impacts of Immersive Virtual Reality-Based Design Reviews on Learners’ Self-Efficacy  
	Xuanchang Liu, Ivan Mutis, Cognitive Dynamics for Construction Management Learning Tasks in Mixed Reality Environments  
	Anthony Yusuf, Adedeji Afolabi, Abiola Akanmu, Johnson Olayiwola, Evaluation of Computer Vision-Aided Multimedia Learning in Construction Engineering Education  
	Marco Bragadin, Caterina Morganti, Pier Carlo Ricci, Emlyn Witt, Kalle Kähkönen, Puolitaival Taija, BIM-Based Open Learning Resources Repository for the Benedict Project  
	Aso Hajirasouli, Vito Getuli, Alessandro Bruttini, Tommaso Sorbi, Pietro Capone, Towards a Digital Era in AEC Higher Education: Combining Theory and Technology to Develop and Deliver Architectural Master Classes  
	Caolan Plumb, Farzad Rahimian, Diptangshu Pandit, Hannah Thomas, Nigel Clark, A Framework for Realistic Virtual Representation for Immersive Training Environments.  
	Vito Getuli, Valentina Fornasari, Alessandro Bruttini, Tommaso Sorbi, Pietro Capone, Evaluation of Immersive VR Experiences for Safety Training of Construction Workers: A Semi-Qualitative Approach Proposal  
	Nana Akua Adu-Amankwa, Farzad Rahimian, Nashwan Dawood, Enhancing Collaboration with Blockchain-Enabled Digital Twins: Perspectives from Stakeholders in the Built Environment  
	Xuling Ye, Xingyu Tao, Jack C. P. Cheng, Markus König, Blockchain-BPMN Integrated Framework for Construction Management  
	Xingyu Tao, Xingbo Gong, Moumita Das, Yuqing Xu, Hao Liu, Jack Cp Cheng, Chengliang Zheng, Fast and Secure BIM Design Using Blockchain: An Example of Makeshift Hospital Project for COVID-19 Treatment in Hong Kong  
	Xingbo Gong, Xingyu Tao, Moumita Das, Helen H.L. Kwok, Jack C.P. Cheng, Integrating ESG Factors into Construction Projects: A Blockchain-Based Data Management Approach  
	Moumita Das, Xingyu Tao, Yuxing Xu, Jack C. P. Cheng, A Blockchain-Based Secure Submission Management Framework for Design and Construction Phases  
	Lingming Kong, Rui Zhao, Fan Xue, Zero-Knowledge Proof for Trusted Construction Management: A Preliminary Study of Adaptive Blockchain BIM Identity Authentication  
	Oluwatoyin Lawal, Nawari Nawari, Leveraging Smart Contracts in Building Information Modeling (BIM) for Unified Project Execution: A Theoretical Framework.  
	Mehrtash Soltani, Dohyeong Kim, Akeem Pedro, Jaehun Yang, Si Tran, Doyeop Lee, Chansik Park, iSafeIncentive: Transforming Construction Safety Culture through Blockchain Incentives  
	Franck Romuald Fotso Mtope, Sina Joneidy, Diptangshu Pandit, Farzad Rahimian, Multi-Aspectual Knowledge Elicitation for Procurement Optimization in a Warehouse Company  
	David King, Nadeeshani Wanigarathna, Keith Jones, Joseph Ofori-Kuragu, A Systematic Literature Review to Identify a Methodological Approach for Use in the Modelling and Forecasting of Capital Expenditure of Hyperscale Data Centres  
	Zhe Chen, Zhengting Guo, Fan Xue, A Value Stream Mapping Approach to the Identification of Lean Management Opportunities for Off-Site Construction Production: A Case of Reinforced Concrete Slabs  
	David King, Nadeeshani Wanigarathna, Keith Jones, Joseph Ofori-Kuragu, Bayes Theory as a Methodological Approach to Assess the Impact of Location Variables of Hyperscale Data Centres: Testing a Concept  
	Giuseppe Martino Di Giuda, Elisa Cacciaguerra, Francesco Paleari, Marco Schievano, Stefano Campi, Alessandro Tucci, University Asset Digitalization Guidelines: The Pilot Case of Politecnico di Milano Real Estate  
	Giuseppe Martino Di Giuda, Daniele Accardo, Paola Gasbarri, Silvia Meschini, Lavinia Chiara Tagliabue, Laura Scomparin, BIM-GIS and BI Integration for Facility and Occupancy Management of University Assets: The UNITO Pilot Case  
	Mattia Mangia, Carla Di Biccari, Mattias Roupé, Towards a Framework for Railway Network Assets Management Based on BIM/GIS Integration  
	Paola Federici, Daniela Julea, Sara Comai, Kavita Raj, Silvia Mastrolembo Ventura, Giuseppe Rigamonti, Giorgio Paolo Maria Vassena, Angelo Luigi Camillo Ciribini, Integration Between Enterprise Resource Planning and Building Information Modelling  
	Vincenzo Donato, Andrea Bongini, Marco Sparacino, Development of an Automated Workflow in the Field of Fire Prevention Using Building Information Modeling  
	Panos Karaiskos, Tulio Sulbaran, Data-Driven Construction and Operating Cost Decision Support Through Techno-Economic Analysis: Residential Case Study  
	Syed Haseeb Ahmad, Melissa Chan, Wei Yang, Hongyu Jin, Amirhossein Heravi, Building Information Modelling (BIM) for Construction Supply Chain: A Scientometric Analysis  
	Eleanor Hayden, Melissa Chan, David van Kan, Victor Arowoiya, Mohd. Amizan Mohamed, E-Procurement in the Australian Construction Industry: Benefits, Barriers, and Adoption  
	Bartu Kologlu, Deniz Artan, A Preliminary Investigation of Knowledge Management Tools for the Construction Sector  
	Suhyung Jang, Ghang Lee, Improving BIM Authoring Process Reproducibility with Enhanced BIM Logging  
	Nazi Soltanmohammadlou, Sara Rashidian, Carol K. H Hon, Robin Drogemuller, Sara Omrani, Towards Construction Safety Management Maturity Model in the Industry 4.0 Era: A State-of-the-Art Review  
	Silvia Mastrolembo Ventura, Sara Comai, Francesca Noardo, Kavita Raj, Angelo L.C. Ciribini, Integrated GeBIM Requirements Definition for Digital Building Permit  
	Ailin Zerafat, Emmanuel Daniel, Louis Gyoh, A Systematic Review of the Impacts of Digitalization on Project Management  
	Tulio Sulbaran, Evaluating the Comprehension of Construction Schedules of an Artificial Intelligence  
	Xinqi Liu, Jihua Wang,  Ruopan Huang, Wei Pan, Multi-Robot Federated Edge Learning Framework for Efficient Coordination and Information Management in Smart Construction  
	Jochen Teizer, Kepeng Hong, Asger D. Larsen, Marcus B. Nilsen, Robotic Assembly and Reuse of Modular Elements in the Supply Chain of a Learning Factory for Construction and in the Context of Circular Economy  
	Efraim Ljung, Mikael Viklund Tallgren, Mattias Roupe, Mikael Johansson, Identifying and Developing Prerequisites for Takt Planning in a BIM-Based Construction Process  
	Pavan Kumar, Aritra Pal, Yun-Tsui Chang, Shang-Hsien Hsieh, FCM-Enabled Approach for Investigating Interdependencies of BIM Performance Factors in the Sustainable Built Environment  
	Xiao Han, Cheng-Hsuan Yang, Yuxiang Chen, Alejandra Hernandez Sanchez, A Robotic Method to Insert Batt Insulation into Light-Frame Wood Wall for Panel Prefabrications  
	Mehdi Keshtkar, Emmanuel Daniel, Louis Gyoh, The Impacts of Digital Fabrication on the Construction Industry: A Systematic Review  
	Keyur Joshi, Angelina Aziz, Philip Dietrich, Markus König, Efficient Data Curation Using Active Learning for a Video-Based Fire Detection  
	Dai Quoc Tran, Yuntae Jeon, Seongwoo Son, Minsoo Park, Seunghee Park, Identifying Hazards in Construction Sites Using Deep Learning-Based Multimodal with CCTV Data  
	Minsoo Park, Seungsoo Lee, Woonggyu Choi, Yuntae Jeon, Dai Quoc Tran, Seunghee Park, Deep Learning-Based Pose Estimation for Identifying Potential Fall Hazards of Construction Worker  
	Seungsoo Lee, Seongwoo Son, Pa Pa Win Aung, Minsoo Park, Seunghee Park, Deep Learning Based Pose Estimation of Scaffold Fall Accident Safety Monitoring  
	Peter Kok-Yiu Wong, Synge C. P. Lam, Isabel Y. N. Lee, Felix C. L. Ting, Jack C. P. Cheng, Pak Him Leung, Predictive Safety Monitoring for Lifting Operations with Vision-Based Crane-Worker Conflict Prediction  
	Tomu Muraoka, Satoshi Kubota, Yoshihiro Yasumuro, Localizing and Visualizing the Degree of People Crowding with an Omnidirectional Camera by Different Times  
	Syed Farhan Alam Zaidi, Rahat Hussain, Muhammad Sibtain Abbas, Jaehun Yang, Doyeop Lee, Chansik Park, iSafe Welding System: Computer Vision-Based Monitoring System for Safe Welding Work  
	Muhammad Sibtain Abbas, Aqsa Sabir, Nasrullah Khan, Syed Farhan Alam Zaidi, Rahat Hussain, Jaehun Yang, Chansik Park, Computer Vision-Based Monitoring Framework for Forklift Safety at Construction Site  
	Hakan Bayer, Benedikt Faltin, Markus König, Automated Extraction of Bridge Gradient from Drawings Using Deep Learning  
	Abiola Akanmu, Adedeji Afolabi, Akinwale Okunola, Predicting Mental Workload of Using Exoskeletons for Construction Work: A Deep Learning Approach  
	Aqsa Sabir, Rahat Hussain, Syed Farhan Alam Zaidi, Akeem Pedro, Mehrtash Soltani, Dongmin Lee, Chansik Park, Utilizing 360-Degree Images for Synthetic Data Generation in Construction Scenarios  
	Ahmet Esat Keser, Onur Behzat Tokdemir, Machine Learning-Based Construction Planning and Forecasting Model  
	Sven Zentgraf, Sherief Ali, Markus König, Concept for Enriching NISO-STS Standards with Machine-Readable Requirements and Validation Rules  
	Ori Ashkenazi, Shabtai Isaac, Alberto Giretti, Alessandro Carbonari, Dilan Durmus, Transforming Building Industry Knowledge Management: A Study on the Role of Large Language Models in Fire Safety Planning  
	Zhengyi Chen, Changhao Song, Xiao Zhang, Jack Cheng, Scheduling Optimization of Electric Ready Mixed Concrete Vehicles Using an Improved Model-Based Reinforcement Learning  
	Yuan Zheng, Olli Seppänen, Sebastian Seiß, Jürgen Melzner, Testing ChatGPT-Aided SPARQL Generation for Semantic Construction Information Retrieval  
	Si Tran, Nasrullah Khan, Emmanuel Charles Kimito, Akeem Pedro, Mehrtash Sotani, Rahat Hussain, Taehan Yoo, Chansik Park, Extracting Information from Construction Safety Requirements Using Large Language Model  
	Cassia De Lian Cui, Antonio Fioravanti, Edoardo Currà, Davide Simeone, Stefano Cursi, Modelling and Managing Built Heritage Knowledge: An Ontology-Based Approach for Multi-Layered Archaeologies and Historical Production Process Representation  
	Maria Laura Leonardi, Stefano Cursi, Daniel V. Oliveira, Miguel Azenha, Elena Gigliarelli, Linked Data for the Categorization of Failures Mechanisms in Existing Unreinforced Masonry Buildings  
	Chanachok Chokwitthaya, Yimin Zhu, Weizhuo Lu, Virtual Human-Building Interaction Experimentation Ontology (VHBIEO): A VHBIEO-Based Metadata-Driven Exploration  
	Jacopo Cassandro, Claudio Mirarchi, Alberto Pavan, Maria Grazia Donatiello, Carlo Zanchetta, Consistency Verification Between Cost and Geometric Information Based on IFC: Application on Structural Elements  
	Jacopo Cassandro, Claudio Mirarchi, Alberto Pavan, Andrea Zamborlini, Carlo Zanchetta, Semantic Web Based Integration Between BIM Cost and Geometric Domains  
	Sebastian Seiß, Markus Boden, Jürgen Melzner, Yuan Zheng, Delval Thibaut, Rayan El Chamaa, Ontology-Based Construction Inspection Planning: A Case Study of Thermal Building Insulation  
	Chiara Gatto, Maryam Gholamzadehmir, Marta Zampogna, Claudio Mirarchi, Alberto Pavan, An Automated Framework for Ensuring Information Consistency in Price List Tendering Document  
	Karim Farghaly, Khalid Amin, Grant Mills, Duncan Wilson, Enhancing Interactions in Augmented Reality for Construction Sites: Introducing the Archi Ontology  
	Roy Lan, Tulio Sulbaran, A Review of Computer Vision-Based Progress Monitoring for Effective Decision Making  
	Apostolia Gounaridou, Evangelia Pantraki, Vasileios Dimitriadis, Athanasios Tsakiris, Dimosthenis Ioannidis, Dimitrios Tzovaras, Semi-Automated Visual Quality Control Inspection During Construction or Renovation of Railways Using Deep Learning Techniques 
	Benedikt Faltin, Damaris Gann, Markus König, A Comparative Study of Deep Learning Models for Symbol Detection in Technical Drawings  
	Haritha Jayasinghe, Ioannis Brilakis, Topological Relationship Modelling for Industrial Facility Digitisation Using Graph Neural Networks  
	Mingkai Li, Peter Kok-Yiu Wong, Cong Huang, Jack Chin-Pang Cheng, Indoor Trajectory Reconstruction Using Building Information Modeling and Graph Neural Networks  
	Marco Lorenzo Trani, Federica Madaschi, Image Segmentation Applied to Urban Surface and Aerial Constraints Analysis  
	Youngjin Yoo, Hyun Jeong, Youngchae Kim, Seung Hyun Cha and Jin-Kook Lee, Generative Design Intuition from the Fine-Tuned Models of Named Architects’ Style  
	Hayoung Jo, Sumin Chae, Su Hyung Choi, Jin-Kook Lee, Planning Alternative Building Façade Designs Using Image Generative AI and Local Identity  
	Fangli Hou, Jun Ma, Jack Cheng, Helen Kwok, Early Detection and Reconstruction of Abnormal Data Using Hybrid VAE-LSTM Framework  
	Sumin Chae, Hayoung Jo, Bomin Kim, Jin-Kook Lee, Reflecting Users’ Physical Characteristics in Spatial Visualization  
	Hyun Jeong, Youngchae Kim, Youngjin Yoo, Seunghyun Cha, Jin-kook Lee, Gen AI and Interior Design Representation: Applying Design Styles Using Fine-Tuned Models  
	Bomin Kim, Sumin Chae, Youngjin Yoo, Jin-Kook Lee, Early Visualization Approach to the Generative Architectural Simulation Using Light Analysis Images  
	Liu Yang, Boyu Wang, Jack C.P. Cheng, Peipei Liu, Hoon Sohn, Real-Time Geometry Assessment Using Laser Line Scanner During Laser Powder Directed Energy Deposition Additive Manufacturing of SS316L Component with Sharp Feature  
	Youngsun Chung, Daeyoung Gil, Ghang Lee, Optimal Number of Cue Objects for Photo-Based Indoor Localization  
	Stefano Cascone, Integrating Green Roofs into Building Information Modeling (BIM): A Computational Approach for Sustainable Building Design  
	Milad Katebi, Mani Poshdar, Mostafa Babaeian Jelodar, Morteza Zihayat, Enhancing Disaster Resilience Studies: Leveraging Linked Data and Natural Language Processing for Consistent Open-Ended Interviews  
	Gregorius A. Sentosa, Agung Fajarwanto, Amy R. Widyastuti, Achmad Luthfi Naufal, Ni Putu Pande Dhea, Abdul Rahman Kadir, Muhammad Yunus Amar, Engineering Analysis Impact on Carbon Emission Reduction of an Infrastructure Project: A Case Study of Semantok D
	Carlo Zanchetta, Martina Giorio, Maria Grazia Donatiello, Federico Rossi, Rossana Paparella, Solar Potential and Energy Assessment Data in U-BEM Models: Interoperability Analysis Between Performance Simulation Tools and OpenBIM/GIS Platforms  
	Aya Ali Shihata, Mohamed Anwar Fekry, Wessam Hamdy Abbas, Implementation of Building Information Modeling (BIM) for Economic Sustainable Construction Minimizing Material Waste in Terms of Value Engineering  
	Aritra Pal, Yun-Tsui Chang, Chien-Wen Chen, Chen-Hung Wu, Pavan Kumar, Shang-Hsien Hsieh, Building Rooftop Analysis for Solar Panel Installation Through Point Cloud Classification - A Case Study of National Taiwan University  
	Yikun Yang, Yiqun Pan, Georg Suter, Semi-Automatic Workflow for Air-Conditioning System Zoning and Simulation  
	Dragana Nikolic, Ian Ewart, Going Beyond Energy Consumption: Digital Twins for Achieving Socio-Ecological Sustainability in the Built Environment  
	Nnaemeka Nwankwo, Ezekiel Chinyio, Emmanuel Daniel, Louis Gyoh, Application of the Internet of Things (IoT) for Energy Efficiency in Buildings: A Bibliometric Review.  
	Jiajia Wang, Geoffrey Qiping Shen, Fan Xue, Carbon Tracking in the Building Sector: A ‘CABBAGE’ Framework  
	Elena Imani, Huda Dawood, Nashwan Dawood, Annalisa Occhipinti, Retrofitting of Buildings to Improve Energy Efficiency: A Comprehensive Systematic Literature Review and Future Research Directions  
	Carlo Biagini, Alberto Aglietti, Andrea Bongini, A BIM-Based Approach to the Management of Historic Bridges  
	Nobuyoshi Yabuki, Tomohiro Fukuda, Ryu Izutsu, As-Built Detection of Structures by the Segmentation of Three-Dimensional Models and Point Cloud Data  
	Stefano Tagliatti, Marco Alvise Bragadin, Fire Safety Engineering: The Computational Simulation of the Escape in a Historic Building in Bologna  
	Shirin Malihi, Frederic Bosche, Martin Bueno Esposito, Quantifying the Confidence in Models Outputted by Scan-To-BIM Processes  
	Nao Hidaka, Naofumi Hashimoto, Tetsuya Nonaka, Makoto Obata, Kazuya Magoshi, Ei Watanabe, Construction of a Practical Finite Element Model from Point Cloud Data for an Existing Steel Truss Bridge  
	Carlo Biagini, Alberto Aglietti, Luca Marzi, Andrea Bongini, A BIM-Based Framework for Facility Management Data Integration in Heritage Assets  
	Wafa Bounaouara, Louis Rivest, Antoine Tahan, Combining Large-Scale 3D Metrology and Mixed Reality for Assembly Quality Control in Modular Construction  
	Cecilia Maria Roberta Luschi, Alessandra Vezzi, Building’s Twin Reconstruction  
	Alessandro Bruttini, Philipp Hagedorn, Felix Cleve, Vito Getuli, Pietro Capone, Markus König, A Semantic Digital Twin Prototype for Workplace Performance Assessment  
	Modupe Sobowale, Faris Elghaish, Tara Brooks, A Systematic Review of Digital Twin as a Predictive Maintenance Approach for Existing Buildings in the UK  
	Rizky Agung Saputra, Agung Fajarwanto, Amy Rachmadhani Widyastuti, Sari Gita Wardani, Danang Aris Munandar, Herdy Setiawan, Abdul Rahman Kadir and Amar Muhammad Yunus Amar, Project Management Information System (PMIS) Dashboard as a Digital Twin to Enhanc
	Abiola Akanmu, Adedeji Afolabi, Akinwale Okunola, Human-in-the-Loop Digital Twin Framework for Assessing Ergonomic Implications of Exoskeletons  
	Alessandra Corneli, Marianna Rotilio, Urban Centres Management: A Digital Twin Approach  
	Chady Elias, Raja Issa, Digital Twins for Smart Decision Making in Asset Management

