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ABSTRACT  

Digital twin technology holds immense potential for the construction industry in 

developing countries, while providing numerous benefits. Yet, financial, cultural, 
infrastructural and technological barriers hinder the implementation of digital twin. 

Researchers have emphasised the importance of considering both visible and invisible 
barriers of digital twin implementation. ‘Lean Iceberg Model’ (LIM) emphasises that 

most of the underlying barriers and problems in a project are invisible and unaddressed, 

and it is critical to solve these underlying issues to achieve effective implementation. The 
study aims to develop a LIM to minimise barriers for successful digital twin 

implementation in the Sri Lankan construction industry. This study adopts an 
interpretivism stance and employs a qualitative research approach. Semi-structured 

interviews were conducted with 15 experts chosen through purposive sampling. VBA 

script was employed to analyse the data. LIM highlights the unseen aspects such as 
leadership, commitment, employee engagement, and organisational strategy as crucial 

to the successful digital twin implementation. Thus, a comprehensive approach is 

required to contemplates the technical aspects  with the organisation's overall strategy, 
employee engagement, and leadership commitment. Moreover, cultural values, norms, 

leadership, and social networks are also examined to determine their impact on digital 
twin implementation. A framework for minimising the barriers to the implementation of 

digital twins in the Sri Lankan construction industry using the LIM has been developed 

incorporating the findings, which will offer valuable insights for construction industry 
professionals and policymakers interested in implementing digital twin to improve 

construction project management.  

Keywords: Barriers; Construction Industry; Digital Twin; Lean Iceberg Model; 

Sri Lanka. 
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1. INTRODUCTION 

The construction industry has been one of the most vital sectors in Sri Lanka's economic 

development (Perera et al., 2020). However, there are various challenges in the 

construction industry, such as limited resources, environmental constraints, and a 

shortage of skilled labour (Silva et al., 2018). Furthermore, the construction industry in 

Sri Lanka is facing numerous challenges, including low productivity, excessive costs, and 

limited adoption of modern technologies (Manoharan et al., 2020). Information 

technology advancements hold enormous potential for the construction industry to face 

these challenges (You et al., 2020). 

Digital twin has emerged as a promising tool in transforming the construction industry. 

The concept of digital twin technology has revolutionised the construction industry, and 

its implementation in developing countries have had far-reaching benefits (Sepasgozar et 

al., 2021). Developing countries have been able to leverage digital twin technology to 

leapfrog traditional construction methods and adopt more modern and efficient 

approaches. It can facilitate the digitalisation of various assets, systems, and processes in 

different sectors related to construction industry (Tchana et al., 2019). Adopting digital 

twin technology can provide a range of benefits that can help to overcome these 

challenges and support the growth of the construction industry in developing countries 

(Shahzad et al., 2022). 

Digital twin technology has the potential to address some of these challenges by 

improving efficiency, reducing costs, and improving collaboration among stakeholders 

(Singh et al., 2021). This adoption can help accelerate economic development and 

increase competitiveness in the global market (Melesse et al., 2021). The digital twin 

concept is primarily based on advanced data and information processing software such as 

machine learning tools, optimisation and search algorithms, and other AI tools (Badenko 

et al., 2021). The digital twin concepts refer to a building model that captures real-world 

data and generates dependable prototypes of the building through technologies such as 

sensors, drones, lasers, and other wireless technology. The project collects information 

from multiple sources, such as analytics, algorithms, and artificial intelligence, to 

continue to understand a project's functionality, functionality, or efficiency, whether built 

or functional (Akomah et al., 2020). This is possible because of the digital twin notion, a 

real-time computer version of physical characteristics. Sensors that continually monitor 

environmental changes and recalculate the quality of current measurements and pictures 

often create digital data (Khajavi et al., 2019). It can help with planning, tracking, and 

monitoring, operations and risks, problem identification, improvements, performance 

improvement, maintenance, and forecasting future resource requirements (Acampa et al., 

2020). Moreover, it can enhance process efficiency to increase productivity, reduce 

energy consumption, and forecast future resource requirements. This technology provides 

the ability to discover the source of product defects and analyse product efficiency 

barriers. 

Nonetheless, the construction industry has been slow to adopt digital technologies. 

Several factors contribute to this trend, including the complex nature of construction 

projects, fragmented supply chains, and the lack of interoperability between different 

systems (Teisserenc & Sepasgozar, 2021). Implementing the concept of a digital twin 

requires overcoming a number of technical, sociological, organisational, and commercial 

barriers. Meanwhile, due to the lack of awareness of modern technology and knowledge 
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transfer, the local industry is not entirely able to meet all this increased technical demand. 

Furthermore, no deliberate effort appears to have been taken to ensure an adequate level 

of current technology and knowledge transfer (Kuruwitaarachchi et al., 2020). Yet, 

various models exist within the construction industry, offering valuable insights into 

identifying barriers and establishing an effective framework for implementing digital 

twin technology, such as the SWOT model (Namugenyi et al., 2019; Palomares et al., 

2021), the six thinking hats model (Chien, 2020; Göçmen & Coşkun, 2019), the 

transtheoretical model (Jiménez-Zazo et al., 2020), LIM (Alejandro-Chable et al., 2022; 

Grigg et al., 2020).  

LIM is important for implementing a new concept as it helps to ensure that all of the 

necessary elements are in place for success. The model shows how the cultural elements 

of LIM, such as leadership and engagement, are just as important as the technical 

elements, such as process management and technology (Grigg et al., 2020). LIM 

emphasises that the majority of underlying barriers and problems of a project are placed 

invisibly below the surface level and unaddressed, and it is crucial to address these 

underlying issues to achieve an efficient application. Several researchers have focused on 

the implementation of digital twins, as seen in studies by (Barricelli et al., 2019; El Jazzar 

et al., 2020; Neto et al., 2020; Opoku et al., 2023), which have explored their applications 

in a global context. However, there is a lack of research in the Sri Lankan context 

(Munasinghe & Pasindu, 2021). Therefore, the study aims to develop a LIM to minimise 

barriers for successful digital twin implementation in the Sri Lankan construction 

industry. 

2. LITERATURE REVIEW 

2.1 DIGITAL TWIN IN THE CONSTRUCTION INDUSTRY   

A construction project involves coordinating various stakeholders and collecting and 

managing large amounts of data. Bou-Hatoum et al. (2020) highlighted that a construction 

project can be compared to a nexus, where different stakeholders interact to accomplish 

the project from planning to decommissioning. Digitalising various assets, systems, and 

processes across different industries has been made possible in recent decades due to 

technological advancements namely, the Internet of things(IoT), artificial intelligence, 

and cloud computing (Mabkhot et al., 2018). These technologies form the foundation of 

the digital twin concept, which involves the integration of a virtual object with its physical 

counterpart throughout the life cycle (Borowski, 2021). 

The use of advanced data analytics and artificial intelligence can enable construction 

companies to make informed decisions, optimise resources, and increase efficiency 

(Alexopoulos et al., 2020). For instance, real-time data collected through IoT devices can 

provide insights into the project's progress, allowing the stakeholders to make timely 

decisions to keep the project on track. 

This connection enables real-time monitoring and control of the physical product through 

its digital twin, allowing for predictive maintenance and simulation-based analysis. As 

per Grieves and Vickers (2017), a digital twin is a virtual representation of a physical 

product that can mirror its current state. Hu et al. (2018) stated that the connection 

between the product and its twin makes it possible to reflect the present status of the 

physical product to its digital counterpart. The availability of current and historical data 
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on the digital twin enables predictions of future behaviour (Sivalingam et al., 2018). 

Similarly, Ayani et al. (2018) vindicated that simulations can be run using Digital twins. 

The construction sector began to view digital twins as a significant facilitator for its digital 

transformation, with the potential to improve the industry's dismal digitalisation record 

(Brilakis et al., 2019). The system has received the least attention within the architectural, 

engineering, and construction businesses (Ammar & Nassereddine, 2022). Researchers 

think that the combination of IoT and building information modelling (BIM) prepared the 

ground for developing a digital twin in the built environment (Davila-Delgado & 

Oyedele, 2021). 

Digital twin construction is also a  new mode of construction production management 

that uses data streaming from a variety of site monitoring technologies and artificial 

intelligence functions to provide accurate status information while also proactively 

analysing and optimising ongoing design, planning, and production (Agostinelli et al., 

2020). Digital twin construction creates a data-centric way of construction management 

by combining BIM technologies and procedures, lean construction thinking, the digital 

twin concept, and artificial intelligence. The digital twin construction offers detailed 

descriptions of its basic information concepts and data processing routines.  

While BIM tools provide excellent representations for product design, they often lack 

essential features necessary for construction when it comes to Digital Twins (Pan & 

Zhang, 2021). The stream of monitored data that flows from the physical artefact to the 

digital processes is essential to the connection between physical and digital twins 

(Beckman et al., 2021). People monitor building work progress in contemporary, 

traditional construction practices mostly by direct observation and measurement. This 

physical labour is time-consuming and prone to mistakes (Cheng & Teizer, 2013). 

2.2 BENEFITS OF DIGITAL TWIN IN THE CONSTRUCTION INDUSTRY 

Digital twin technology provides significant benefits to the construction industry as 

shown in Table 1. 

Table.1: Benefits of digital twin in construction 

No Benefits References 

01 Enhanced collaboration [1][2][3] 

02 Higher accuracy [4][5] 

03 Real-time responsiveness [6][7][8] 

04 Safety monitoring [9] 

05 Health monitoring of structures [10] 

06 Cost-saving by avoiding rework [11][12] 

07 Reducing human errors and data entry errors [13] 

Sources: [1] Wang et al. (2021), [2] Ozturk (2021), [3] Tao et al. (2022), [4] Zheng et al. (2019), [5] Lim et al. 

(2020), [6] Ma et al. (2020), [7] Jiang et al. (2021), [8] Peng et al. (2020), [9] Jiang et al. (2022), [10] Liu et al. 

(2020), [11] Piroumian (2021), [12] Warke et al. (2021), [13] Sepasgozar et al. (2020) 

Digital twins enhance collaboration by providing a platform for stakeholders to interact 

and share information, leading to better collaboration between teams (Wang et al., 2021). 

By enabling design validation and testing, Digital twins ensure that the final product is 

accurate, reliable, and efficient (Zhang et al., 2021). Data is collected through sensors and 
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other monitoring devices embedded within the structure and is then transmitted to the 

virtual model in real-time (Ma et al., 2020). Through accessing to this real-time data, 

stakeholders can quickly identify and respond to issues as they arise, leading to increased 

efficiency and productivity (Jiang et al., 2021). Digital twins can be used to monitor the 

safety of structures in real-time  (Liu et al., 2020), identifying potential hazards before 

they become a problem, which can reduce the risk of accidents and injuries, promoting 

safety in the workplace (Jiang et al., 2022). Digital twins can automatically collect and 

process data, reducing the risk of data entry errors that can lead to inaccuracies and delays 

(Sepasgozar et al., 2020). 

Digital twin technology offers various industries a wide range of benefits, including 

enhanced collaboration, greater accuracy, real-time response, high security, health 

monitoring of structures, cost savings, and error reduction. These benefits make digital 

twin technology an attractive solution for companies seeking to improve their operational 

efficiency, reduce costs, and increase productivity. 

2.3 BARRIERS TO IMPLEMENTATION OF DIGITAL TWIN IN THE 

CONSTRUCTION INDUSTRY  

There are several barriers to the implementation of digital twin in the construction 

industry, such as ethical issues, security and privacy concerns, development costs, uneven 

distribution of resources, and technical limitations, and digital twin technology has the 

potential to revolutionise the construction industry by improving efficiency, accuracy, 

and cost-effectiveness. Table 2 illustrates the barriers to the implementation of digital 

twin in the construction industry.  

Table 2: Barriers to the implementation of digital twin in the construction industry 

No Barriers References 

1 Technological [1] [2] [3] [4] 

2 Social [5] [6] [7] 

3 Organisational culture [5] [8] [9] [10]  

4 Financial  [5] [11] [12]  

5 Machine learning techniques  [5] [13] [14]  

6 System optimisation  [5] [15] [16]  

7 Search algorithms (for assessing and exploring potential forward-

looking building plans) 

[5] [1]  

8 Existing construction management systems and procedures [17] 

9 Computer Literacy  [17] [18] 

Sources: [1] (Sacks et al., 2020), [2] (Yevu et al., 2021), [3] (Peansupap & Walker, 2006), [4] (Yevu 

et al., 2022), [5] (Wanasinghe et al., 2020), [6] (Drummond & Coulet, 2022), [7] (Qi & Tao, 2018), 

[8] (Neto et al., 2020), [9] (Khasanov & Krasnov, 2019), [10] (Agrawal et al., 2022), [11] 

(VanDerHorn & Mahadevan, 2021), [12] (Boschert & Rosen, 2016), [13] (Priyanka et al., 2022), 

[14] (Min et al., 2019), [15] (Lim et al., 2020), [16] (Barni et al., 2018), [17] (Zomer et al., 2020), 

[18] (Kretschmann, 2015). 

Implementing digital twin construction will necessitate overcoming several 

technological, social, organisational, and commercial obstacles. Machine learning 

techniques, optimisation, search algorithms , and other AI tools are crucial to digital twin 

development (Sacks, Girolami, et al., 2020). It can be difficult to modify existing 
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construction management systems and procedures and the personnel competent in their 

application. This has been experienced with the advances such as lean construction and 

BIM (Zomer et al., 2020). Construction Tech start-up enterprises with access to venture 

funding and personnel with the necessary AI capabilities will be better positioned to 

innovate in the transition to digital twin construction than traditional construction 

companies (Sacks, Girolami, et al., 2020). There are several concerns and challenges 

when focusing on the improvement of lean construction with the use of digital twin 

construction (Barricelli et al., 2019). 

The mitigation of these barriers can be achieved by applying lean construction principles, 

which serve as a viable approach within the construction industry's framework, 

emphasising collaboration, communication, and continuous improvement. By involving 

all stakeholders in the construction process and encouraging open communication, lean 

construction can reduce misunderstandings and delays. 

2.4 LEAN CONSTRUCTION AND DIGITAL TWIN 

Lean construction is an approach which helps to decrease the duration of the project, 

whole life cycle cost of the project, and non-value adding activities with the intention  to 

increase the quality of the project and health and safety, adapting to continuous 

improvement, improvement in labour performance, more satisfaction, and better value 

for an employer (Parameswaran & Ranadewa., 2021). Lean culture is an essential aspect 

that determines how things are done in a company and are influenced by the management 

system (Iranmanesh et al., 2019). Culture represents the conventions and values of a 

company (Tarurhor & Emudainohwo, 2020). Organisations that adopted lean practices 

reported that companies with a high adoption of lean culture throughout the organisation 

implemented lean techniques more effectively than those with a low adoption of lean 

culture that just used lean principles on the shop floor (Aberdeen Group, 2006). Lack of 

knowledge about lean practices is a major barrier to gaining the competitive advantage 

of lean construction. (Parameswaran & Ranadewa., 2023). The digital twin is a highly 

impactful technology that organisations can utilise to improve their processes and reduce 

wastage (Psarommatis & May, 2022). Digital twin is a powerful tool that enables 

organisations to optimise their processes, reduce waste, and improve overall performance 

(Julien & Hamzaoui, 2023). The use of digital twin as a lean tool is extensively studied 

and has been effective in various industries. The key to leveraging digital twin as a lean 

tool is to ensure that organisations have access to the necessary technology and expertise 

to implement it effectively (Barkokebas et al., 2023). 

2.5 LIM TO MINIMISE BARRIERS IN DIGITAL TWIN IMPLEMENTATION IN 

THE CONSTRUCTION INDUSTRY 

Figure 1 shows the visible and invisible aspects of the LIM. The visible features are those 

above the waterline in the iceberg model, whereas the unseen aspects are those below the 

waterline. Technology tools, techniques, and processes are located above the waterline 

and are simple to visualise, comprehend, and implement. Strategy and alignment, 

leadership and behaviour, and engagement are the suppressed underlying concepts 

(Pearce & Pons, 2017).  
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Figure 1: Lean Iceberg Model 

Technologies, tools, and techniques demonstrate the visible features of the LIM that are 

utilised to optimise the digital twin process (Ivanov et al., 2020). These are the 

technological tools required for digital twin implementation, such as simulation software, 

sensors, and data analytics tools (Pearce & Pons, 2013). These tools enable the creation 

of digital replicas of physical assets and processes, allowing for optimisation and 

continuous improvement (Kostromin & Feoktistov, 2020). In the LIM for digital twin 

implementation, the processes refer to the series of activities required to implement and 

utilise digital twin technology (Bao et al., 2019). 

With the implementation of digital twin technology, many organisations are looking to 

leverage its potential benefits. However, as with any modern technology, several barriers 

need to be overcome for successful implementation. From the literature, various barriers 

have been identified, and those are technological, social, cultural, financial, machine 

learning techniques, system optimisation, search algorithms, existing construction 

management system and procedure, and computer literacy. Therefore, the framework is 

developed with the analysed findings of the study. 

3. METHODOLOGY 

To explore the theoretical understanding of the concept of digital twins and LIM in the 

Sri Lankan context, a review of the literature was conducted. The study aimed to gather 

different perspectives from experts in the field and therefore adopted an interpretivism 

stance. To achieve this, a qualitative approach was employed as the research approach. 

The empirical data was collected through semi-structured interviews with experts in Sri 

Lanka who were selected through purposive sampling. The use of semi-structured 

interviews is preferred in qualitative research as it allows for a structured flow of 

questions to be asked of the interviewees. To gather data, fifteen (15) expert interviews 

were conducted and analysed using a VBA script. Excel VBA script is used to analyse 

content in a systematic and efficient manner. The findings of this study provide a deeper 

understanding of the implementation of digital twins in the Sri Lankan construction 

industry and are useful for future research on the topic. As mentioned, expert interviews 



D.W.J.W. Bandara, K.A.T.O. Ranadewa, Agana Parameswaran, B.A.I. Eranga and Amalka 

Nawarathna 

Proceedings The 11th World Construction Symposium | July 2023  678 

were conducted with experts who have knowledge of the implementation of digital twin 

or developing and implement expert systems. Table 3 illustrates the profile of the experts. 

Table 3: Profile of the experts 

Details 

(Expert) 

Profession Designation Organisation 

type 

Field of 

expertise 

Experience 

in the 

industry 

E1 Quantity Surveying Quantity 

Surveyor 

Consultant BIM and 

Quantity 

Surveying  

4 years 

E2 Quantity Surveying Quantity 

Surveyor 

Contactor BIM and 

Digital Twin 

4 years 

E3 Quantity Surveying Quantity 

Surveyor 

Contractor BIM and 

Quantity 

Surveying 

4 years 

E4 Quantity Surveying Quantity 

Surveyor 

Contractor BIM and 

Quantity 

Surveying 

4 years 

E5 Engineering General 

Manager 

Contractor BIM and  

Project 

Management 

20 years 

E6 Software Engineering Team leader BIM tools 

provider 

BIM 4 years 

E7 Software Engineering Team leader BIM tools 

provider 

BIM 5 years 

E8 Software Engineering Team leader AI developer IoT and AI 10 years 

E9 Software Engineering General 

manager 

AI developer IoT and AI 8 years 

E10 Software Engineering Software 

Engineer 

AI developer IoT and AI 4 years 

E11 Software Engineering  Software 

Engineer 

AI developer IoT and AI 5 years 

E12 Software Engineering Software 

Engineer 

AI developer IoT and AI 5 years 

E13 Software Engineering Software 

Engineer 

AI developer IoT and AI 4 years 

E14 Software Engineering Software 

Engineer 

AI developer Project 

implementing 

3 years 

E15 Project management Project 

Manager 

Software 

Developer 

Project 

implementing 

3 years 

4. ANALYSIS 

4.1 BARRIERS TO IMPLEMENTING DIGITAL TWIN IN THE CONSTRUCTION 

INDUSTRY 

When it comes to the implementation of the digital twin in Sri Lanka, several barriers 

were discovered through the literature and expert interviews. These barriers must be 

overcome for the successful implementation of digital twin. Table 4 vividly shows the 

barriers to implementing digital twin depending on the empirical findings.  
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 Table 4: Barriers to implementing a digital twin in the construction industry.  

Financial barriers were cited as a significant obstacle to implementing a digital twin in 

the construction industry by twelve respondents. E1 emphasised, “Digital twin requires 

specialised hardware, software, and data, which can be expensive to purchase and 

maintain”. Furthermore, E8 insisted, “Cost of training personnel to use and manage it. 

Additionally, there may be ongoing costs associated with data storage, security, and 

network infrastructure in Sri Lanka”. All other experts mentioned the purchase and 

maintenance cost of specialised hardware, software, data, data storage, security, and 

network infrastructure and the cost of the professionals. Eight experts mentioned many 

issues that pop up with the limited infrastructure. Such as issues in data transferring, slow 

performance, noised and inaccurate data, limited scalability, and security issues. E1 

elaborated that “a ‘digital twin’ requires a robust and reliable internet and data 

infrastructure to function effectively. If these are not widely available, it may be difficult 

to implement digital twins”. E5 stated, “Limited infrastructure may make it difficult to 

ensure the security of the data being transmitted and stored, increasing the risk of data 

breaches and other security issues”. Further, E12 insisted, “If the data collecting and 

transmission infrastructure is inadequate, it may be difficult to collect enough data to 

generate an accurate digital twin model”.  

The organisational cultural barrier was mentioned by the eight experts. E1 emphasised, 

“Digital twins may need a change in how people work and communicate. If there is a 

reluctance to change or a lack of awareness of the benefits of digital twins, adoption may 

be hampered”. As the E2 and E12 view, “Employees may be confused about what a 

digital twin is and how it may be utilised, resulting in a lack of engagement with the 

project”. Further, E11 mentioned, “Employees may be reluctant to the concept of a digital 

twin and the changes it may bring, making acceptance and implementation difficult”. Five 

experts pointed out the complexity of the digital twin as a barrier to implementation. E5 

emphasised that ‘Digital twins can be complex to create and maintain, requiring 

specialised skills and expertis’. Further, E14 explained, “The complexity of a digital twin 

varies according to the system being modelled as well as the amount of detail and 

accuracy required. The number of variables and interactions in the system, the necessity 

for real-time data and updates, and the integration of numerous data sources are all 

factors that might contribute to complexity”. The view of the complexity of E8 and E4 of 

the digital twin is the level of autonomy, and the decision-making capabilities necessary 

in the digital twin might influence complexity. 

Five respondents stated technological barriers as the barriers to digital twin 

implementation. From the experts' standpoint, companies need access to the necessary 

Description Count Expert Index 

Financial barriers 12 E1,E2,E3,E4,E6,E7,E9,E10,E11,E12,E13,E15 

Limited infrastructure 8 E1,E5,E9,E10,E12,E13,E14,E15 

Organisational culture barriers 8 E2,E6,E7,E9,E11,E12,E13,E15 

Complexity 5 E4,E5,E7,E8,E11 

Technological barriers 5 E2,E3,E7,E8,E11 

Regulatory barriers 2 E5,E14 

Limited understanding of the 

potential benefits 

2 E1,E10 
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hardware, software, and reliable data communication method to use digital twins. If these 

technologies are not widely available or are too expensive in Sri Lanka, it may be difficult 

for companies to adopt digital twins. Regulatory barriers, E5 insisted, “National and 

international norms and standards may apply to digital twins. If these restrictions are 

unclear or difficult to follow, digital twin adoption may be hampered”. Limited 

understanding of potential benefits, E1 emphasised: “Digital twin is a complex 

technology, and it can be difficult for some companies to understand how they can be 

used to benefit their operations. This lack of understanding may make it difficult to justify 

the investment in the digital twin”. Technical barriers, organisational culture barriers, and 

finical barriers were pre-identified during the literature review. The LIM provides a 

comprehensive approach to the implementation of digital twins. The five phases of the 

framework, namely technologies tools and techniques, process, strategy, leadership and 

behaviour, and engagement, are interconnected and interdependent. Successful 

implementation of the digital twin requires a holistic approach that addresses all these 

phases. 

4.2 PATTERN MATCHING FOR THE BARRIERS 

Comparing the study's findings with existing knowledge can also help identify gaps in 

the literature and suggest areas for future research. Table 5 shows the barriers, which have 

been identified the literature and during the data analysis. 

Table 5: Empirical and literature findings for barriers 

Description Count Expert Index 

*  Financial barriers | Literature 12 E1, E2,E3,E4,E6,E7,E9, 

E10, E11,E12,E13,E15 

Limited infrastructure 8 E1, E9,E10,E5,E12,E14, 

E15, E13 

*  Organisational Cultural barriers | Literature 8 E6, 12,E2,E7,E9,E11,E15, 

E13 

Complexity 5 E5, E8, E4,E14,E15 

*  Technological barriers | Literature 5 E2, E3,E7,E8,E11 

Regulatory barriers 2 E5, E14 

Limited understanding of the potential benefits 2 E1, E10 

** Social | Literature - Not recognised by experts 

** Machine learning techniques   | Literature - Not recognised by experts 

** System optimisation | Literature - Not recognised by experts 

** Search algorithms | Literature - Not recognised by experts 

** Existing construction management systems and 

procedures | Literature 

- Not recognised by experts 

** Computer Literacy | Literature - Not recognised by experts 

In Table 5, marked (*) rows show confluence barriers that have been identified in the 

literature and mentioned during the data collection. Marked (**) show the identified in 

the literature review phase.  

4.3 LIM TO MINIMISE BARRIERS IN DIGITAL TWIN IMPLEMENTATION IN 

THE CONSTRUCTION INDUSTRY 

Upon integrating the empirical findings of the study, the following model has been 

formulated and presented in Figure 2. Sankey diagrams provide a powerful tool for 

understanding and visualising the interconnections between different components of a 
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system in the final framework (Riehmann et al., 2005). The model aims to provide a 

comprehensive understanding of the observed facts and the findings discovered and to 

facilitate further investigations in the field. The development of the model was based on 

the analysis of the collected data and the identification of the underlying patterns and 

relationships among the variables. As maintained a greater value of connections to 

invisible elements than visible elements (Eranga et al., 2022). The relationship had been 

formulated with the findings of the above analysis. Several authors disclosed 

technological barriers (Peansupap & Walker, 2006; Yevu et al., 2021, 2022;), 

organisational cultural barriers (Agrawal et al., 2022; Khasanov & Krasnov, 2019; Neto 

et al., 2020; Wanasinghe et al., 2020) and system optimisation (Barni et al., 2018; Lim et 

al., 2020;  Wanasinghe et al., 2020) as the main barriers in the implementation of digital 

twin. It is evident from the LIM that the significance of the invisible elements is greater 

than that of the visible elements. The model emphasises that a significant portion of an 

organisation's strategy, leadership, behaviours, and engagement are not immediately 

apparent or observable, and thus may be overlooked or undervalued. Therefore, a 

comprehensive understanding of an organisation's dynamics necessitates appreciating 

these intangible yet crucial components. 

 

Figure 2: LIM relationship to minimise barriers in digital twin implementation. 

5. CONCLUSIONS 

Various barriers, including technological, organisational culture, and system 

optimisation, hinder implementing the digital twin. Literature findings have identified 

these barriers. Furthermore, the LIM has been used to analyse the connections between 

visible and invisible elements in the industry, revealing that the latter is more significant 

in determining an organisation's success in implementing digital twin. LIM highlights the 

importance of understanding intangible elements such as an organisation's strategy, 

leadership, behaviours, and engagement, which are often overlooked but crucial in 

achieving success in digital twin implementation. Therefore, a comprehensive 

understanding of an organisation's dynamics requires careful consideration of both visible 

and invisible elements to overcome the barriers and successfully implement the digital 

twin. 
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Empirical findings have revealed that financial barriers are the major barriers to the 

implementation of digital twins in Sri Lanka. This is due to the excessive cost of 

purchasing and maintaining specialised hardware, software, and data, as well as the cost 

of training personnel to use and manage them. Limited infrastructure and organisational 

cultural barriers were also identified as significant obstacles, as they can affect data 

transfer, slow performance, accuracy, scalability, and security issues. Complexity and 

technological barriers were also mentioned, as companies need access to the necessary 

hardware, software, and reliable data communication methods. Regulatory barriers and a 

limited understanding of potential benefits identified as potential barriers to digital twin 

adoption. These findings indicate that firms need to address these barriers to successfully 

implement digital twins in Sri Lanka. Accordingy, the further research will be conducted 

to propose strategies through the LIM to minimise barriers to digital twin implementation 

in the Sri Lankan construction industry. 

6. REFERENCES 

Aberdeen Group. (2006). The Lean Benchmark Report - Closing the Reality Gap. 

https://www.newequipment.com/research-and-development/whitepaper/21248783/plexus-systems-

releases-lean-manufacturing-study-the-lean-benchmark-report-closing-the-reality-gap-pdf-download. 

Acampa, G., De Paola, P, Forte, F., & De Paola, P. (2020). B.I.M. models and evaluations. Green Energy 

and Technology (pp. 351–363). Springer Verlag. 

Agostinelli, S., Cumo, F., Guidi, G., & Tomazzoli, C. (2020). The potential of digital twin model integrated 

with artificial intelligence systems. 2020 IEEE International Conference on Environment and Electrical 

Engineering and 2020 IEEE Industrial and Commercial Power Systems Europe (EEEIC/I&CPS 

Europe), Madrid, 9-12 June 2020. (pp. 1–6). IEEE. 

Agrawal, A., Fischer, M., & Singh, V. (2022). Digital Twin: From concept to practice. Journal of 

Management in Engineering, 38(3). https://doi.org/10.1061/(asce)me.1943-5479.0001034.  

Akomah, B. B., Ahinaquah, L. K., & Mustapha, Z. (2020). Skilled labour shortage in the building 

construction industry within the Central Region. Baltic Journal of Real Estate Economics and 

Construction Management, 8(1), pp.83–92.  

Alejandro-Chable, J. D., Salais-Fierro, T. E., Saucedo-Martínez, J. A., & Cedillo-Campos, M. G. (2022). 

A new lean logistics management model for the modern supply chain. Mobile Networks and 

Applications. https://doi.org/10.1007/s11036-022-02018-1.  

Alexopoulos, K., Nikolakis, N., & Chryssolouris, G. (2020). Digital twin-driven supervised machine 

learning for the development of artificial intelligence applications in manufacturing. International 

Journal of Computer Integrated Manufacturing, 33(5), pp.429–439.  

Ammar, A., & Nassereddine, H. (2022). Blueprint for construction 4.0 technologies: A Bibliometric 

analysis. IOP Conference Series: Materials Science and Engineering, 1218(1), 012011.  

Ayani, M., Ganebäck, M., & Ng, A. H. C. (2018). Digital Twin: Applying emulation for machine 

reconditioning. Procedia CIRP, 72, 243–248. https://doi.org/10.1016/j.procir.2018.03.139.  

Badenko, V. L., Bolshakov, N. S., Tishchenko, E. B., Fedotov, A. A., Celani, A. C., & Yadykin, V. K. 

(2021). Integration of digital twin and BIM technologies within factories of the future. Magazine of 

Civil Engineering, 101(1), DOI:10.34910/MCE.101.14. 

Bao, J., Guo, D., Li, J., & Zhang, J. (2018). The modelling and operations for the digital twin in the context 

of manufacturing. Enterprise Information Systems, 13(4), pp.534–556.  

Barkokebas, B., Al-Hussein, M., & Hamzeh, F. (2023). Assessment of digital twins to reassign multiskilled 

workers in offsite construction based on Lean Thinking. Journal of Construction Engineering and 

Management, 149(1). https://doi.org/10.1061/(asce)co.1943-7862.0002420.  

Barni, A., Fontana, A., Menato, S., Sorlini, M., & Canetta, L. (2018). Exploiting the Digital Twin in the 

assessment and optimization of sustainability performances. 2018 International Conference on 

intelligent systems (IS), Portugal, 25-28 September 2018. (pp.706–713). IEEE. 

Barricelli, B. R., Casiraghi, E., & Fogli, D. (2019). A survey on Digital Twin: Definitions, characteristics, 

applications, and design implications. IEEE Access, 7, pp.167653–167671.  

Beckman, I. P., Berry, G., Cho, H., & Riveros, G. (2021). Digital twin geometry for fibrous air filtration 

media. Fibers, 9(12), 84. https://doi.org/10.3390/fib9120084.  

http://dx.doi.org/10.34910/MCE.101.14


Lean iceberg model to minimise barriers for digital twin implementation: Sri Lankan construction 

industry perspective 

Proceedings The 11th World Construction Symposium | July 2023  683 

Boschert, S., & Rosen, R. (2016). Digital Twinthe simulation aspect. Mechatronic Futures, pp.59–74.  

Bou Hatoum, M., Piskernik, M., & Nassereddine, H. (2020). A holistic framework for the implementation 

of Big Data throughout a construction project lifecycle. Proceedings of the 37th International 

Symposium on Automation and Robotics in Construction (ISARC). 

https://doi.org/10.22260/isarc2020/0178.  

Brilakis, I., Pan, Y., Borrmann, A., Mayer, H.G., & Rhein, F. (2019). Built Environment Digital Twinning, 

https://doi.org/10.17863/CAM.65445.  

Cheng, T., & Teizer, J. (2013). Real-time resource location data collection and visualization technology for 

construction safety and Activity Monitoring Applications. Automation in Construction, 34, pp.3–15.  

Chien, C.W. (2020). A case study of the use of the six thinking hats to enhance the reflective practice of 

student teachers in Taiwan. Education 3-13, 49(5), pp.606–617.  

Davila-Delgado, J. M., & Oyedele, L. (2021). Digital Twins for the built environment: Learning from 

conceptual and process models in manufacturing. Advanced Engineering Informatics, 49, 101332.  

Drummond, D., & Coulet, A. (2022). Technical, ethical, legal, and societal challenges with Digital Twin 

Systems for the management of chronic diseases in children and young people. Journal of Medical 

Internet Research, 24(10). https://doi.org/10.2196/39698.  

El Jazzar, M., Piskernik, M., & Nassereddine, H. (2020). Digital twin in construction: An empirical 

analysis. In L. C. Ungureanu, & T. Hartmann (Eds.), EG-ICE 2020 Workshop on intelligent computing 

in engineering proceedings, Berlin, 1-4 July 2020. (pp. 501–510). Universitätsverlag der TU Berlin.  

Eranga, B.A.I., Ranadew, K.A.T.O., Rathnasinghe, A.P. and Rajini, P.A.D. (2022). Lean iceberg model for 

post disaster reconstruction projects. In: Sandanayake, Y.G., Gunatilake, S. and Waidyasekara, 

K.G.A.S. (eds). Proceedings of the 10th World Construction Symposium, Sri Lanka, 24-26 June 2022. 

(pp. 625-636). Ceylon Institute of Builders - Sri Lanka. DOI: https://doi.org/10.31705/WCS.2022.50.  

Göçmen, Ö., & Coşkun, H. (2019). The effects of the six thinking hats and speed on creativity in 

brainstorming. Thinking Skills and Creativity, 31, pp.284–295.  

Grieves, M., & Vickers, J. (2016). Digital Twin: Mitigating unpredictable, undesirable emergent behavior 

in complex systems. Transdisciplinary Perspectives on Complex Systems, pp.85–113.  

Grigg, N. P., Goodyer, J. E., & Frater, T. G. (2018). Sustaining lean in smes: Key findings from a 10-year 

study involving New Zealand manufacturers. Total Quality Management &amp; Business Excellence, 

31(5–6), 609–622. https://doi.org/10.1080/14783363.2018.1436964. 

Iranmanesh, M., Zailani, S., Hyun, S.S., Ali, M.H., Kim, K. (2019). Impact of Lean Manufacturing 

Practices on Firms’ Sustainable Performance: Lean Culture as a Moderator. Sustainability, 11(4), 1112.  

Ivanov, S., Nikolskaya, K., Radchenko, G., Sokolinsky, L., & Zymbler, M. (2020). Digital Twin Of City: 

Concept overview. 2020 Global Smart Industry Conference (GloSIC). 

https://doi.org/10.1109/glosic50886.2020.9267879.  

Jiang, W., Ding, L., & Zhou, C. (2022). Digital Twin: Stability Analysis for Tower Crane Hoisting Safety 

with a scale model. Automation in Construction, 138, 104257.  

Jiang, Z., Guo, Y., & Wang, Z. (2021). Digital twin to improve the virtual-real integration of industrial 

IOT. Journal of Industrial Information Integration, 22, 100196.  

Jiménez-Zazo, F., Romero-Blanco, C., Castro-Lemus, N., Dorado-Suárez, A., & Aznar, S. (2020). 

Transtheoretical model for physical activity in older adults: Systematic review. International Journal 

of Environmental Research and Public Health, 17(24), 9262. https://doi.org/10.3390/ijerph17249262.  

Julien, N., & Hamzaoui, M. A. (2023). Integrating lean data and digital sobriety in digital twins through 

Dynamic Accuracy Management. Service Oriented, Holonic and Multi-Agent Manufacturing Systems 

for Industry of the Future, 107–117. https://doi.org/10.1007/978-3-031-24291-5_9.  

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, pp.147406–147419.  

Khasanov, M., & Krasnov, F. (2019). Digital twin of a research organization: Approaches and methods. 

SPE Annual Caspian Technical Conference, Azerbijan, 16-18 October 2019. (pp. 87-88). Society of 

Petroleum Engineers (SPE).  

Kostromin, R., & Feoktistov, A. (2020). Agent-based DevOps of software and hardware resources for 

digital twins of infrastructural objects. The 4th International Conference on Future Networks and 

Distributed Systems (ICFNDS), St.Petersburg Russian Federation,  26-27 November 2020. (pp.1–6).  

Kretschmann, R. (2015). Effect of physical education teachers’ computer literacy on technology use in 

Physical Education. The Physical Educator. https://doi.org/10.18666/tpe-2015-v72-i5-4641.  

Kuruwitaarachchi, N., Yajid, M. S., Khatibi, A., & Azam, S. M. (2020). Information technology factors 

influence the adoption to ecommerce in small and medium scale organizations in Sri Lanka: A research 

agenda. International Journal of E-Education, e-Business, e-Management & e-Learning, 10(1), 95-103.  



D.W.J.W. Bandara, K.A.T.O. Ranadewa, Agana Parameswaran, B.A.I. Eranga and Amalka 

Nawarathna 

Proceedings The 11th World Construction Symposium | July 2023  684 

Lim, K. Y., Zheng, P., & Liew, D. W. (2022). Digital twin-enhanced product family design and 

Optimization Service. Digital Twin Driven Service, 89–118. https://doi.org/10.1016/b978-0-323-

91300-3.00003-6.  

Liu, Z., Bai, W., Du, X., Zhang, A., Xing, Z., & Jiang, A. (2020). Digital twin-based safety evaluation of 

Prestressed Steel Structure. Advances in Civil Engineering, 2020, pp.1–10.  

Ma, J., Chen, H., Zhang, Y., Guo, H., Ren, Y., Mo, R., & Liu, L. (2020). A digital twin-driven production 

management system for Production Workshop. The International Journal of Advanced Manufacturing 

Technology, 110(5–6), 1385–1397. https://doi.org/10.1007/s00170-020-05977-5.  

Mabkhot, M., Al-Ahmari, A., Salah, B., & Alkhalefah, H. (2018). Requirements of the smart factory 

system: A survey and perspective. Machines, 6(2), 23. https://doi.org/10.3390/machines6020023.  

Manoharan, K., Dissanayake, P., Pathirana, C., Deegahawature, D., & Silva, R. (2020). Assessment of 

critical factors influencing the performance of labour in Sri Lankan Construction Industry. International 

Journal of Construction Management, 23(1), pp.144–155.  

Melesse, T. Y., Di Pasquale, V., & Riemma, S. (2021). Digital Twin Models in industrial operations: State‐

of‐the‐art and future research directions. IET Collaborative Intelligent Manufacturing, 3(1), pp.37–47.  

Min, Q., Lu, Y., Liu, Z., Su, C., & Wang, B. (2019). Machine Learning Based Digital Twin Framework for 

production optimization in Petrochemical Industry. International Journal of Information Management, 

49, 502–519. https://doi.org/10.1016/j.ijinfomgt.2019.05.020.  

Munasinghe, T., & Pasindu, H. R. (2021). Sensing and mapping for better roads: initial plan for using 

federated learning and implementing a digital twin to identify the road conditions in a developing 

country--Sri Lanka, https://doi.org/10.48550/arXiv.2107.14551.  

Namugenyi, C., Nimmagadda, S. L., & Reiners, T. (2019). Design of a SWOT analysis model and its 

evaluation in Diverse Digital Business Ecosystem Contexts. Procedia Computer Science, 159, 1145–

1154. https://doi.org/10.1016/j.procs.2019.09.283.  

Neto, A. A., Deschamps, F., da Silva, E. R., & de Lima, E. P. (2020). Digital Twins in manufacturing: An 

assessment of drivers, enablers and barriers to implementation. Procedia CIRP, 93, pp.210–215.  

Opoku, D.-G. J., Perera, S., Osei-Kyei, R., Rashidi, M., Bamdad, K., & Famakinwa, T. (2023). Barriers to 

the adoption of digital twin in the construction industry: A literature review. Informatics, 10(1), 14. 

https://doi.org/10.3390/informatics10010014.  

Ozturk, G. B. (2021). Digital Twin Research in the AECO-FM industry. Journal of Building Engineering, 

40, 102730. https://doi.org/10.1016/j.jobe.2021.102730.  

Palomares, I., Martínez-Cámara, E., Montes, R., García-Moral, P., Chiachio, M., Chiachio, J., Alonso, S., 

Melero, F. J., Molina, D., Fernández, B., Moral, C., Marchena, R., de Vargas, J. P., & Herrera, F. (2021). 

A panoramic view and SWOT analysis of artificial intelligence for achieving the Sustainable 

Development Goals by 2030: Progress and prospects. Applied Intelligence, 51(9), pp.6497–6527.  

Pan, Y., & Zhang, L. (2021). A BIM-Data Mining Integrated Digital Twin Framework for Advanced 

Project Management. Automation in Construction, 124, 103564.  

Parameswaran, A., & Ranadewa, K. A. (2021). Resilience to covid-19 through Lean Construction. FARU 

Journal, 8(1), pp.35–45. https://doi.org/10.4038/faruj.v8i1.71.  

Parameswaran, A., & Ranadewa, K. A. T. O. (2023). Learning-to-learn sand cone model integrated lean 

learning framework for construction industry. Smart and Sustainable Built Environment. 

https://doi.org/10.1108/sasbe-10-2022-0234.  

Peansupap, V., & Walker, D. H. T. (2006). Information Communication Technology (ICT) implementation 

constraints. Engineering, Construction and Architectural Management, 13(4), pp.364–379. 

https://doi.org/10.1108/09699980610680171.  

Pearce, A. D., & Pons, D. J. (2017). Defining lean change—framing lean implementation in organizational 

development. International Journal of Business and Management, 12(4), 10.  

Peng, Y., Zhang, M., Yu, F., Xu, J., & Gao, S. (2020). Digital Twin Hospital Buildings: An exemplary case 

study through continuous lifecycle integration. Advances in Civil Engineering, 2020, pp.1–13.  

Perera, B. A. K. S., Samarakkody, A. L., & Nandasena, S. R. (2020). Managing financial and economic 

risks associated with high-rise apartment building construction in Sri Lanka. Journal of Financial 

Management of Property and Construction, 25(1), pp.143–162.  

Piroumian, V. (2021a). Digital Twins: Universal Interoperability for the Digital age. Computer, 54(1), 61–

69. https://doi.org/10.1109/mc.2020.3032148.  

Priyanka, E. B., Thangavel, S., Gao, X.-Z., & Sivakumar, N. S. (2022). Digital twin for oil pipeline risk 

estimation using prognostic and Machine Learning Techniques. Journal of Industrial Information 

Integration, 26, 100272. https://doi.org/10.1016/j.jii.2021.100272.  



Lean iceberg model to minimise barriers for digital twin implementation: Sri Lankan construction 

industry perspective 

Proceedings The 11th World Construction Symposium | July 2023  685 

Psarommatis, F., & May, G. (2022). A literature review and Design Methodology for Digital Twins in the 

era of zero defect manufacturing. International Journal of Production Research, 61(16), 5723–5743.  

Qi, Q., & Tao, F. (2018). Digital Twin and big data towards Smart Manufacturing and Industry 4.0: 360 

degree comparison. IEEE Access, 6, 3585–3593. https://doi.org/10.1109/access.2018.2793265.  

Riehmann, P., Hanfler, M., & Froehlich, B. (2005). Interactive sankey diagrams. IEEE Symposium on 

Information Visualization, 2005. INFOVIS 2005, Minneapolis, USA, 23-25 October 2005. (pp.233–

240). IEEE. 10.1109/INFVIS.2005.1532152. 

Sacks, R., Brilakis, I., Pikas, E., Xie, H. S., & Girolami, M. (2020). Construction with Digital Twin 

Information Systems. Data-Centric Engineering, 1. https://doi.org/10.1017/dce.2020.16.  

Sepasgozar, S. M. E., Ghobadi, M., Shirowzhan, S., Edwards, D. J., & Delzendeh, E. (2021). Metrics 

development and modelling the mixed reality and digital twin adoption in the context of industry 4.0. 

Engineering, Construction and Architectural Management, 28(5), pp.1355–1376.  

Sepasgozar, S. M., Hui, F. K., Shirowzhan, S., Foroozanfar, M., Yang, L., & Aye, L. (2020). Lean practices 

using building information modeling (BIM) and digital twinning for Sustainable Construction. 

Sustainability, 13(1), 161. https://doi.org/10.3390/su13010161.  

Shahzad, M., Shafiq, M. T., Douglas, D., & Kassem, M. (2022). Digital Twins in built environments: An 

investigation of the characteristics, applications, and challenges. Buildings, 12(2), 120.  

Silva, G., Warnakulasuriya, B. N. F., & Arachchige, B. J. H. (2018). A review of the skill shortage challenge 

in construction industry in Sri Lanka. International Journal of Economics, Business and Management 

Research, 2(1), 75–89, https://ijebmr.com/uploads/pdf/archivepdf/2020/IJEBMR_02_125.pdf. 

Singh, M., Fuenmayor, E., Hinchy, E., Qiao, Y., Murray, N., & Devine, D. (2021). Digital Twin: Origin to 

Future. Applied System Innovation, 4(2), 36. https://doi.org/10.3390/asi4020036.  

Sivalingam, K., Sepulveda, M., Spring, M., & Davies, P. (2018). A review and methodology development 

for remaining useful life prediction of offshore fixed and floating wind turbine power converter with 

digital twin technology perspective. 2018 2nd international conference on green energy and 

applications (ICGEA), Singapore, 24-26 March 2018. (pp. 197–204). IEEE. 

10.1109/ICGEA.2018.8356292. 

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/10.1016/j.jmsy.2020.11.008.  

Tarurhor, E. M., & Emudainohwo, O. B. (2020). Lean Manufacturing and firm performance in the palm-

oil industries in Delta State, Nigeria. International Journal of Economics and Business Administration, 

8(4), 319–331. https://doi.org/10.35808/ijeba/590.  

Tchana, Y., Ducellier, G., & Remy, S. (2019). Designing a unique digital twin for linear infrastructures 

lifecycle management. Procedia CIRP, 84, 545–549. https://doi.org/10.1016/j.procir.2019.04.176. 

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.  

VanDerHorn, E., & Mahadevan, S. (2021). Digital Twin: Generalization, characterization and 

Implementation. Decision Support Systems, 145, 113524. https://doi.org/10.1016/j.dss.2021.113524.  

Wanasinghe, T. R., Wroblewski, L., Petersen, B. K., Gosine, R. G., James, L. A., De Silva, O., Mann, G. 

K., & Warrian, P. J. (2020). Digital twin for the oil and gas industry: Overview, research trends, 

opportunities, and challenges. IEEE Access, 8, pp.104175–104197.  

Wang, X., Wang, Y., Tao, F., & Liu, A. (2021). New paradigm of data-driven smart customisation through 

Digital Twin. Journal of Manufacturing Systems, 58, pp.270–280.  

Warke, V., Kumar, S., Bongale, A., & Kotecha, K. (2021). Sustainable development of smart 

manufacturing driven by the Digital Twin Framework: A statistical analysis. Sustainability, 13(18), 

10139. https://doi.org/10.3390/su131810139.  

Yevu, S. K., Yu, A. T., & Darko, A. (2021). Barriers to electronic procurement adoption in the construction 

industry: A systematic review and Interrelationships. International Journal of Construction 

Management, 23(6), 964–978. https://doi.org/10.1080/15623599.2021.1946900. 

Yevu, S. K., Yu, A. T., Tetteh, M. O., & Antwi-Afari, M. F. (2020). Analytical methods for information 

technology benefits in the built environment: Towards an integration model. International Journal of 

Construction Management, 22(8), 1383–1394. https://doi.org/10.1080/15623599.2020.1712514.  

You, W., Chen, Y., Gao, Y., & You, J. (2020). Understanding the relationship between environmental 

uncertainty and transaction costs in construction projects: Moderating roles of prior cooperation 

experience and intragroup transactions. Journal of Management in Engineering, 36(6).  

Zheng, Y., Yang, S., & Cheng, H. (2018). An application framework of digital twin and its case study. 

Journal of Ambient Intelligence and Humanized Computing, 10(3), pp.1141–1153.  

https://doi.org/10.1109/INFVIS.2005.1532152
https://doi.org/10.1109/ICGEA.2018.8356292

