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Abstract 

Virtual reality (VR) technology has gained significant attention in civil engineering, offering immersive 

and interactive environments that enhance visualization, safety training, and project management. This 

review paper comprehensively examines the current applications of VR in civil engineering, focusing 

on construction safety training, design visualization, and stakeholder collaboration. VR’s ability to 

simulate hazardous scenarios allows for effective safety awareness and risk mitigation without real-

world exposure. Additionally, the integration of VR with building information modeling (BIM) and 

other digital tools improves design accuracy and communication across multidisciplinary teams. 

Despite its benefits, VR adoption faces challenges including hardware limitations, motion sickness, 

high implementation costs, and user resistance. This paper reviews various technology acceptance 

models applied to VR, highlighting key factors influencing user adoption in construction settings. 

Finally, emerging trends such as artificial intelligence integration, real-time sensor data incorporation, 

and advancements in VR hardware are discussed. This review aims to provide civil engineers, 

researchers, and practitioners with a comprehensive understanding of VR's transformative potential, 

current limitations, and future research directions, fostering safer, more efficient, and collaborative 

civil engineering practices. 

 

Keywords: Virtual reality, civil engineering, building information modeling (BIM), applications 

 

 

INTRODUCTION 

Civil engineering projects encompass a wide range of activities from design and planning to 

construction and maintenance of infrastructure. These projects are becoming increasingly complex due 

to advancements in technology, increasing stakeholder demands, and the need for enhanced safety and 

sustainability. Traditional tools such as two-dimensional (2D) drawings, physical mock-ups, and text-

based reports often struggle to convey complex spatial information and dynamic construction processes 

effectively. In this context, virtual reality (VR) technology has emerged as a promising solution to 

improve visualization, training, and collaboration in civil engineering. 

 
VR provides a computer-generated 3D environment where users can immerse themselves and interact 

with digital models of structures or construction sites in real time. The immersive nature of VR allows 

engineers, project managers, and construction 

workers to visualize designs, simulate construction 

sequences, and identify potential safety hazards 

before they occur in the physical world. This ability 

is particularly valuable in addressing the high rates 

of accidents and fatalities commonly observed in 

the construction industry [1, 2]. 

 
Construction safety training is one of the most 

widely researched applications of VR in civil 

engineering. Traditional safety training often relies 

on classroom lectures or PowerPoint presentations, 
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which lack engagement and realism [3]. VR-based training immerses users in realistic scenarios where 

they can experience and react to hazards virtually, enhancing hazard recognition, risk perception, and 

safety compliance [4, 5]. Studies such as those by Leder et al. [2] and Nykänen et al. [1] provide evidence 

that VR training can improve learning outcomes and decision-making related to workplace safety. 

 

Beyond safety, VR is used extensively for design visualization and project planning. Civil engineers 

can navigate immersive building information modeling (BIM) models to review designs, detect clashes, 

and optimize constructability [6]. This interactive environment facilitates communication among 

architects, engineers, contractors, and clients, reducing misunderstandings and costly changes during 

construction [7]. Moreover, VR prototypes have been developed for training workers in offsite 

production and bridge construction methods, demonstrating VR's versatility [3, 8]. 

 

However, despite these advantages, several challenges limit VR's widespread adoption in civil 

engineering. Hardware issues such as motion sickness, limited field of view, and cumbersome 

equipment can reduce user comfort and effectiveness [9]. Cost and technical expertise required to 

develop high-quality VR simulations pose barriers to entry, especially for small- and medium-sized 

enterprises [10]. Additionally, understanding human factors influencing VR acceptance is critical. 

Technology acceptance models (TAMs), extended for VR hardware, reveal that perceived usefulness, 

ease of use, enjoyment, and social influence significantly impact adoption decisions [11, 12]. 

 

Integration of VR with emerging technologies such as artificial intelligence (AI), internet of things 

(IoT), and sensor networks presents new opportunities. AI can tailor VR training by adapting scenarios 

to user performance, while real-time sensor data can feed into VR environments for up-to-date 

monitoring and decision support [13]. These integrations can transform VR from a standalone 

visualization tool into a dynamic platform for smart infrastructure management. 

 

This paper aims to synthesize the current body of research on VR applications in civil engineering, 

identify key challenges and limitations, and highlight future trends that will shape the adoption and 

development of VR technologies in this domain. 

 

METHODOLOGY 

This review was conducted through a systematic search of relevant literature from multiple databases, 

including ScienceDirect, IEEE Xplore, and Google Scholar. Keywords such as "virtual reality", "civil 

engineering", "construction safety training", "BIM", and "technology acceptance model" were used to 

identify peer-reviewed journal articles published between 1999 and 2020. The selection focused on 

articles related to VR applications in civil engineering construction, design, safety training, and 

technology acceptance. 

 

After initial screening based on titles and abstracts, 35 articles were selected for full-text review. 

These articles were analyzed for content relevance, research methodology, outcomes, and challenges. 

The review categorized studies by application domain, technological aspects, and user acceptance 

factors. Key studies were synthesized to provide an overview of VR’s benefits and limitations. 

 

Special attention was given to studies incorporating technology acceptance models (TAM, VR-

hardware acceptance model [VR-HAM]) to understand user adoption patterns. Emerging trends such 

as AI integration and real-time data incorporation were also highlighted based on the latest research 

developments. 

 
LITERATURE REVIEW 

VR has been used in civil engineering primarily for construction safety training, design visualization, 

and enhancing project collaboration. Early studies by Sawacha et al. [14] and Demirkesen et al. [15] 

highlighted safety challenges on construction sites, setting the context for VR applications. 
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Leder et al. [2] compared immersive VR with traditional training methods, concluding that VR 
significantly improves hazard perception and decision-making. Similarly, Nykänen et al. [1] 
demonstrated VR’s effectiveness in randomized controlled trials for construction worker training. 
Zhang et al. [9] developed a fuzzy evaluation framework for VR safety training systems in mining, 
showing improvements in risk mitigation. 
 

VR’s integration with BIM and offsite construction was explored by Goulding et al. [8], who created 
a VR prototype for offsite production training. Sampaio et al. [3] applied VR in bridge construction, 
simulating cantilever and incremental launching methods, improving worker understanding and safety. 
 

Technology acceptance has been a critical focus. Manis et al. [11] extended the TAM for VR 
hardware, introducing VR-HAM to address specific VR challenges. Studies by King et al. [16] and 
Estriegana et al. [17] underline factors such as perceived usefulness, ease of use, and enjoyment in 
driving VR adoption. 
 

Other research addresses user discomfort such as VR sickness, with Kim et al. [18] developing a 
Virtual Reality Sickness Questionnaire (VRSQ) to measure and mitigate adverse effects. The cost and 
technical barriers remain concerns as noted by Laurell et al. [12], restricting smaller firms from adopting 
VR fully. Emerging trends include AI-enhanced VR, where AI tailors training to individual learning 
curves, and IoT integration, which connects real-time sensor data with VR models to provide dynamic 
updates, discussed by Wang et al. [13]. Literature review on applications, challenges, and future trends 
for virtual reality (VR) in civil engineering is shown in Table 1. 
 
Table 1. Applications, challenges, and future trends for virtual reality (VR) in civil engineering. 

Author(s) Applications Challenges Future Trends Key Insights 

Nykänen et 

al. [1] 

VR-based construction 

safety training 

High development 

costs; user 

acceptance 

Integration with AI for 

personalized training 

VR improves hazard 

recognition and safety 

compliance 

Leder et al. 

[2] 

Safety risk perception 

and decision making 

VR-induced motion 

sickness; hardware 

limits 

Enhanced immersive 

devices; VR with AR 

VR significantly enhances 

learning outcomes 

Sampaio et 

al. [3] 

Training for bridge 

construction methods 

Complexity 

modeling accurate 

processes 

Real-time simulation and 

mixed reality 

VR aids understanding 

complex bridge 

construction 

Li et al. [4] VR/AR applications 

for construction safety 

Technical 

integration issues; 

user adaptation 

Hybrid VR/AR, mobile VR, 

and IoT integration 

Comprehensive review 

highlighting VR/AR 

benefits and limits 

Guo et al. 

[5] 

Interactive safety 

awareness training 

Resistance to new 

tech; content quality 

Gamification of training 

programs 

Interactive VR games 

increase safety awareness 

Goulding et 

al. [8] 

Offsite construction 

process training 

Scalability; technical 

support 

Cloud-based VR training 

platforms 

VR facilitates offsite 

prefabrication training 

Zhang et al. 

[9] 

VR for mine safety 

training 

Data integration 

from real sites 

AI-driven safety scenario 

generation 

VR improves risk 

mitigation efficiency 

Kim et al. 

[10] 

VR effects on user 

experience and 

satisfaction (sport 

spectators) 

Motion sickness; 

hardware constraints 

Enhancing flow experience 

via VR design 

VR improves engagement 

and satisfaction 

Manis & 

Choi [11] 

VR hardware 

acceptance modeling 

User comfort; cost 

of VR hardware 

Lightweight and affordable 

VR gear 

TAM extensions explain 

VR adoption factors 

Laurell & 

Sandström 

[12] 

VR adoption barriers 

analysis 

Price, lack of trials, 

social acceptance 

Social media and ML to 

improve user engagement 

Social and economic 

barriers limit adoption 

Wang et al. 

[13] 

Integration of VR, AI, 

and IoT 

Data complexity and 

privacy concerns 

Smart VR environments 

with AI and IoT 

AI/IoT can create adaptive 

VR learning 

Kim et al. 

[18] 

VR sickness 

measurement 

Motion sickness 

limits session length 

Improved hardware & 

software to reduce sickness 

VRSQ helps evaluate and 

reduce VR sickness 
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RESULTS AND DISCUSSION 

The reviewed literature confirms that VR enhances civil engineering workflows by improving 

visualization, training effectiveness, and stakeholder communication. Safety training benefits are 

particularly notable, with VR increasing engagement and risk awareness compared to traditional 

methods [2, 5]. 

 

Design visualization via VR-integrated BIM models supports early detection of design clashes and 

constructability issues, reducing rework and costs [6, 7]. VR prototypes for offsite and specialized 

construction demonstrate promising improvements in worker preparedness [3, 8]. 

 

However, hardware limitations such as VR sickness and equipment bulkiness affect user acceptance 

[9, 18]. High costs and required technical skills limit widespread adoption, especially in smaller 

enterprises [12]. User acceptance models indicate that beyond technology capabilities, social factors 

and perceived enjoyment influence VR adoption [11, 16]. 

 

The integration of AI and IoT with VR presents promising future directions by creating adaptive, 

real-time interactive environments [13]. These advancements could transform VR from a static training 

and visualization tool into a dynamic, smart infrastructure management platform. 

 

CONCLUSION 

VR is revolutionizing civil engineering by providing immersive and interactive environments that 

improve safety training, design visualization, and project collaboration. Despite its demonstrated 

benefits, challenges related to hardware, cost, and user acceptance remain barriers to widespread 

adoption. 

 

Understanding user behavior through extended technology acceptance models and addressing 

hardware limitations are critical for successful implementation. Future research should focus on 

integrating VR with AI, IoT, and real-time data to enhance the responsiveness and effectiveness of VR 

applications. 

 

This comprehensive review serves as a foundation for researchers and practitioners aiming to 

leverage VR technology to create safer, more efficient, and collaborative civil engineering processes. 
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