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1. Introduction  

The role of projects in creating the future [1] [2] as vectors of change for net zero [3], 

intermediators facilitating sustainability transitions [4] and aggregation mechanisms 

for digital transitions [5] has long been discussed in the project management studies. 

These conceptualisations frame project delivery as an enabler of sustainable 

development goals (SDGs) but also a possible threat to transition pathways. 

Construction projects are considered high-risk due to their technical complexity and 

interconnectedness with natural and socio-economic systems, creating uncertainty 

about their outcomes. Managing risk and complexity in construction projects is 

becoming increasingly crucial as projects grow in scale and significance. Narrow 

definition of risk in the face of deep uncertainty and oversimplified methods of risk 

assessment ignoring systemic risks lead to unrealistic management plans and create 

an illusion of controllability, which threatens not only the achievement of specific 

project targets but also the achievement of SDGs. 
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The rapid advancement of digitalization has been widely viewed as a pathway to a 

more efficient, sustainable, and resilient construction industry. Digital information and 

technologies have been argued to change the way projects are managed, organised, 

and delivered [6] [7]. Digital technologies (DTs) are transforming the industry to 

streamline and automate construction operations, project management tasks, and 

decision-making across the construction value chain, promising benefits such as 

cost and time savings and enhanced safety. The narrative surrounding DTs suggests 

that they significantly enhance predictability through improved data and knowledge 

management. The project management literature is rich in studies exploring and 

demonstrating DTs' potential uses in construction. However, there is limited research 

on the transformative power of DT for project risk management (PRM). Most 

recently, bibliometric analyses have been conducted to portray the accumulated 

knowledge in the PRM domain, and research gaps regarding the utilisation of DTs for 

risk management have been identified [8] [9] [10] [11].  PRM supported by DTs is 

sometimes denoted as intelligent RM [8] [9], ICT-driven RM [10] or digitised RM [11]. 

In this Editorial, we use “digitised PRM”, which emerges as a new mode of managing 

risk in the construction industry with the potential to change the way risks are 

perceived, assessed, and managed [11]. Within the context of digitised PRM, DTs 

are used to facilitate risk thinking, risk-informed decision-making, and automate RM 

tasks throughout a construction project’s life cycle and value chain.  

 

In the Call for Papers, we highlighted that this Special Issue will investigate how 

digitised PRM may address current challenges regarding the management of risk 

and complexity in construction projects and invite papers that propose new 

perspectives, methods and DT applications that would contribute to a more resilient, 



sustainable and smart built environment. Suggested topics included applications of 

DT (e.g., BIM, IoT, AI) for better risk identification, assessment, management, and 

communication of risk, as well as perspectives on how DT potentially could change 

the way risk is conceptualised and managed, leading to new developments within 

the construction industry.  This Special Issue explores how various DTs and 

methodologies are reshaping risk management in construction, drawing insights from 

the most recent studies and advancements. This editorial summarizes the 

contributions of 11 papers that responded to this call and were accepted for 

publication among more than 30 papers submitted. Each paper addresses innovative 

uses of DT to enhance RM and demonstrates digitised RM approaches and methods 

considering emerging trends in the industry, such as off-site construction and mega 

infrastructure projects and grand challenges, such as sustainability and resilience. 

Papers tackling complex undertakings (e.g., tunnels and coastal projects) and 

diverse risks, such as time-cost, technical, social, health and safety, and supply 

chain risks, and showcasing the versatile application of DTs in improving decision-

making in construction projects are brought together. The DTs proposed in the 

Special Issue include Building Information Modeling (BIM), Digital Twins, Explainable 

Artificial Intelligence (XAI), Natural Language Processing (NLP), Internet of Things 

(IoT), Artificial Reality/ Virtual Reality (AR/VR), and blockchain, demonstrating how 

specific or integrated DTs support PRM. The research designs span from primary 

and secondary data collection to case studies, and they surface diverse perspectives 

from lean philosophy to systems thinking. The demonstrative applications of DTs 

come from different countries, such as the UK, USA, China, Brazil and Türkiye, 

providing innovative, practical applications. Papers also explore potential challenges 



of DTs, particularly AI, blockchain and digital platforms, which provide key insights 

into digital transformation pathways.  

 

2. Contributions to this Special Issue  

We categorised 11 papers into three categories considering the application domain 

and type/scope of the suggested use of DT as follows:  

 

2.1. Managing Occupational Health and Safety (OHS) Risks 

OHS is among the most widely studied application areas of DT in construction, as 

evidenced by the review conducted by [11]; this Special Issue is no exception.  

IoT to Reduce Safety Vulnerability 

Luo et al. (2024) explore safety vulnerabilities in Prefabricated Building Projects 

(PBPs) using IoT technologies and highlight the potential for advancements in health 

and safety risk management [A1]. Using the data collected from 280 respondents 

from prefabricated building enterprises in China via a questionnaire, the relationships 

among various safety risks, vulnerability and impact factors are assessed with partial 

least squares structural equation modelling. Social network analysis is conducted to 

quantitatively analyse the mitigation effects of IoT technologies on safety 

vulnerability. Findings show that workers’ unsafe behaviours, high work pressure, 

and inadequate construction supervision significantly contribute to the formation of 

safety vulnerability in PBPs and IoT, such as sensors and auto-ID technologies, can 

mitigate these risks by improving compliance with safety regulations and fostering 

safety commitment among managers.  



VR For Hazard Recognition  

Another study on using DT for OHS risk management is from [A2]. Liu et al. (2024) 

utilise eye-tracking technology to explore health and safety risks, specifically the role 

of human attention in hazard recognition on construction sites. The study suggests 

that safety training should incorporate immersive tools like virtual reality (VR) for 

improved visual search strategies among workers. A lab experiment was conducted 

with 49 participants to obtain participants’ eye movement data and empirically 

assess the effect of safety backgrounds and training considering different hazard 

recognition levels. Among the most interesting findings is that people educated in a 

related field of study demonstrate an advanced level of hazard recognition abilities, 

while safety certificates and construction-related work experience do not appear to 

have a significant impact.  

BIM-based Decision Support System for Safety Risk Assessment  

Yilmaz and Artan (2024) introduce a digital safety risk management 

system for coastal construction projects, highlighting the potential integration of real-

time BIM and AI-driven analysis for managing safety risks [A3]. Authors argue that 

coastal construction projects with unpredictable and hostile conditions require 

collecting, visualising and utilising OHS data for project-level risk-based decision-

making and long-term safety planning. A safety risk assessment tool was developed 

based on risk factors and requirements identified by a comprehensive literature 

review and field surveys with 49 experts. The proposed safety risk assessment 

prototype enables real-time and structured information flow from the site and 

integrates digital technologies such as BIM for visualisation for better decision-

making.  Testing and validation of the prototype were carried out in two coastal 



construction projects: Cesme Ilica Harbor Project and Balikliova Fisherman's Port 

Project in Turkiye. The prototype may act as an example of similar RM tools being 

developed for different domains and purposes.  

 

2.2. Leveraging DTs for addressing risk and complexity  

Six articles demonstrate the application of DTs for managing risk and vulnerability for 

different contexts and purposes. 

4D BIM for Planning and Control 

Bataglin et al. (2024) argue that interdependencies between off-site and on-site 

production create a source of complexity in engineer-to-order (ETO) industrial 

building systems [A4]. They interpret the role of slack, a widely used concept in lean 

construction philosophy, as a way to deal with project complexity and mitigate risk. 

They develop a framework of slack categories (managerial system, space, time, 

capacity, inventory, contingency plans, and inventory) and strategies (flexibility and 

redundancy) based on findings of a research study that involved two large size 

companies and two projects, a university campus and a warehouse project in Brazil. 

Research findings show that lean construction methods and digital technologies 

such as 4-D BIM can play a significant role in supporting the use of Slack and 

enhancing decision-making and transparency.  

Digital Twins Towards Sustainability and Resilience   

Papadonikolaki and Anumba (2024) explore the role of digital twins in supporting 

complex transition pathways to net zero (NZ) [A5]. They advocate using a systems 

thinking approach and causal loops in exploring the role of digital twins. As a result of 

findings from 53 interviews and two focus groups with DT experts in the UK, they 



highlight the role of digital twins in breaking down silos, collaboration across the 

construction supply chain and the need for a data-oriented approach in assessing 

the input, processing, and output of the digital twins. They discuss how individual 

(asset-level) digital twins can support NZ targets as well as a connected digital twin 

as a system of systems for addressing complexity and managing risk at technical, 

social and policy levels.  

Integration of DTs for Supply Chain Management (SCM) 

SCM also benefits from DT. Luo et al. (2024) highlight the role of BIM, IoT, 

Augmented Reality/Virtual Reality (AR/VR), and AI in mitigating supply chain 

vulnerabilities in PBPs [A6]. They identify critical stakeholders in the supply chain as 

major sources of vulnerability and demonstrate how digital technologies can be 

implemented to enhance cooperation across the supply chain, reducing vulnerability. 

The authors demonstrate how combining BIM, IoT, AR, VR, and AI can effectively 

support SCM in PBPs.  

Digital Platforms to Explore Social Risks 

Williams et al. (2024) explore how social media platforms, particularly Twitter, can 

intensify social risks in large infrastructure projects, using the case of the High-

Speed Two (HS2) in the UK [A7]. Authors retrieve over 950 000 tweets regarding the 

project from 2013 to 2019, and use Latent Dirichlet allocation (LDA) to classify ten 

instances of online firestorms over this period, covering the project’s environmental 

impacts, legislative dynamics, budget and performance. Authors argue that by 

understanding the firestorm dynamics of Twitter and its impact on the organisation–

community interactions, organisations can effectively navigate sociotechnical 

complexity, manage social risks and formulate proactive strategies to mitigate them.  



Blockchain (BC) Technology for RM success  

Demirkesen et al. (2024) explore the role of BC technology on the success of RM in 

construction projects. Using the findings from a comprehensive literature survey on 

potential applications of blockchain and RM success indicators, they designed a 

questionnaire to empirically test the impact of blockchain applications on RM 

success [A8]. A total of 103 responses were received from the questionnaire 

administered in the UK and US. Statistical analysis of findings with structural 

equation modelling confirmed blockchain's potential and relevance in RM 

applications. Findings demonstrate that BC may help avoid data management risks, 

such as data breaches, data fraud, and data loss, and help professionals better 

manage RM data, especially for large and complex projects where multiple 

stakeholders participate in sensitive data transactions. It is also noted that careful 

consideration must be given to practical issues such as which aspects of the RM 

process should be recorded on the blockchain, what data will be stored on and off 

the blockchain, and how work processes and human resources will be coordinated 

with the adoption of BC technology.  

2.3. AI for Data-driven Risk Identification and Assessment   

Extracting useful information from unstructured risk data through text mining 

methods, and developing ontologies and AI models for risk identification and 

assessment have grown over the last five years [11]. Three papers in this Special 

Issue present applications of data-driven risk management.  

 

 

 



Developing an Ontology with Natural Language Processing (NLP)  

Erfani et al. (2024) created a risk breakdown structure (RBS) using content analysis 

of public risk reports by state departments of transportation in the US [A9]. They 

tested its validity using project risk registers of transportation projects employing NLP 

to calculate semantic text similarity. The results showed that RBS covers almost 81% 

of the identified risks in the database of 70 major projects, which cover about 6000 

individual risks. This very promising finding motivates a data-driven approach for risk 

identification to be used in practice using historical data. Similar RBS can be 

developed for other contexts and project types using the data-driven approach 

proposed by the authors.  

Explainable AI (XAI) for Risk Assessment  

Zhan et al. (2024) argue that the black-box nature of AI models makes it hard for 

decision-makers to understand and interpret the outputs and propose the utilisation 

of XAI [A10].  XAI is used to identify the critical factors influencing tunnel-induced 

ground settlement and test whether counterfactual explanations provide better 

support for risk-based decision-making using the San-yang Road Tunnel Project in 

Wuhan, China, as a test case. The results demonstrate that Kernel principal 

components analysis-based deep neural network model has a better prediction 

performance of ground settlement risk than the baseline model. Counterfactual 

explanations enable transparency and trust in AI-based risk models. The findings of 

this study can pave the way for forthcoming research on using XAI as a risk analysis 

method in construction projects and can help site managers, engineers, and tunnel-

boring machine operators mitigate the risk of ground settlement in tunnelling 

projects.  



 

Another study related to this case is [22]. In this paper, Luo et al. (2024) propose an 

explainable transfer learning approach to enable transparency in understanding the 

source domain data as an innovative method for data-driven risk assessment. Their 

approach comprises feature selection and space point clustering, construction of a 

similarity metric, and a stacked deep neural network model with selective transfer 

learning. Using the same case project, the San-yang Road Tunnel Project, the 

authors demonstrate that the proposed transfer learning approach performs better in 

predicting ground settlements. They also highlight how knowledge gained in one 

domain can be effectively transferred and adopted to another in the context of tunnel 

risk assessment. The authors recommend that users of the risk models should 

understand the data and structure of the prediction models to make sense of risk and 

develop successful mitigation strategies.  

 

3. Reflections and The Way Forward 

The Special Issue demonstrates that there is a vibrant research area on digitised 

PRM that uses alternative research designs from lab experimentation to real case 

applications which explore the benefits and challenges of using DTs for a variety of 

purposes, including the management of safety, sustainability and social risks as well 

as time-cost. While the past research focused extensively on identifying and 

predicting individual risks like cost and schedule overruns, more recent studies, 

including this Special Issue, have sought to utilise DTs to improve overall project 

delivery, supply chain and broad impacts [11]. Researchers do not only explore 

technicalities of the utilisation of specific technologies in practice but also utilise 



alternative ways of thinking and theoretical frameworks to hypothesise why and how 

DTs can be used in construction projects. This paves the way for an emerging 

research field on digitised PRM that would contribute to theory and practice. The 

demonstrative case studies presented in this Special Issue show that DTs can help 

the industry move away from simplistic risk identification and assessment methods 

such as risk matrices and checklists with subjective ratings towards data-driven AI-

assisted methods, which are no longer fit for purpose given the emerging patterns of 

complexity and dynamic risk occurrence patterns [12]. Data-driven risk management 

has the potential to change the way we make sense of risks (as well as 

opportunities) and dynamic mitigation of adverse impacts throughout the project life 

cycle. As evidenced by various studies, including those in this Special Issue, DTs 

have the potential to improve efficiency within the supply chain, and enhance 

predictability and resilience in construction projects, which would be an essential 

step towards SDGs. The Special Issues demonstrates that the future of digitised 

PRM lies in harnessing digital integration to address emerging risks and 

sustainability transitions; however, applied research in this field is still scarce. The 

integration of DTs in addressing interdependencies between built, social and natural 

environments will be crucial in shaping the sustainable, resilient, and efficient 

construction industry of the future. Future research on digitised PRM must focus on 

human-centric studies to understand risk perceptions and behaviour as well as 

nature-centric studies, and adopt systems thinking to navigate the evolving risk 

landscape. The future outlook is a construction industry that harnesses DTs to 

proactively address and manage risks modelling projects as system of systems, 

supported by a research community that places human, nature and SDGs at the 

centre.  



 

Another research direction would be towards secondary risks of DTs regarding 

technical issues such as interoperability, liability and security, as well as impacts on 

organisations and the industry. The Call for Papers for this Special Issue asked for 

perspective papers on expected changes in the ways risks will be managed and 

implications for the construction industry, such as innovative project delivery 

systems, partnerships and business models. There is still a need for research in this 

area that goes beyond projects and delves into business and strategic levels.  
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