
CCC 2022 
Proceedings of the Creative Construction e-Conference (2022) 036 

Edited by: Miroslaw J. Skibniewski & Miklos Hajdu 

https://doi.org/10.3311/CCC2022-036 

Sustainable Construction, Health and Safety  279 

Effects of Virtual Reality Safety Training on Critical 

Construction Accidents  

Saeed Rokooei1, Bahar Javan2 and Ahad Nazari2 

1 Building Construction Science, Mississippi State University, USA 
2 Shahid Beheshti University. Tehran, Iran 

Abstract 

Lack of safety training in construction sites is one of the main causes of construction accidents. This article 

provides a comprehensive and critical overview of the literature on the impact of virtual reality safety 

training on reducing the risk of construction accidents. First, previous research literature was reviewed, and 

the most dangerous and frequent construction accidents were extracted. Then the impact of safety training 

through virtual reality and traditional training in these accidents through questionnaires and interviews 

with experts were compared. The purpose of this article is to determine whether virtual reality education 

can play a more effective role in the safety of high-risk accidents such as falls, fires, slips, electric shocks, 

etc. This study shows that virtual reality in safety training for workers in some construction accidents can 

be more effective than traditional training and help increase the safety of projects and reduce the risk of 

accidents. 
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1. Background 

1.1 Construction Safety 

Today, the project environment is variable, and there is a lot of uncertainty in them, which leads to the 

occurrence of many safety risks in different stages of project implementation (Occupational Safety and 

Health Management System, 2021). Extensive research in this field has shown that the complex and 

dynamic nature of the construction industry is one of the main reasons for the high number of losses in 

projects. Because each construction project is unique, identifying all possible risks in one project and 

managing them will not be a reason for the prevention of other accidents in other projects (Ajar, 2017). As 

one of the accident-prone industries, construction is always associated with these risks and dangers (Panahi 

and Khanzadi, 1397). Risks related to the HSE field in the project construction process are among the safety 

risks that are mainly overlooked in the construction and implementation stages of construction projects 

and may lead to numerous damages, both in terms of time and cost (Segora et al., 2007). With the 

implementation and establishment of a safety management system in construction projects, many risks 

and accidents in project implementation operations have been identified. Based on this, it will be possible 

to provide appropriate solutions to reduce risks before potential hazards occur (Zhao and Lucas, 2018). The 

establishment of a safety management system in job site spaces of various industries, especially 

construction industry projects, has become one of the most basic needs of projects today. Providing 

preventive solutions simultaneously to health, safety, and environmental issues on the job site and 

eliminating similar activities due to technical and economic balance facilitates the increase of human 
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resource productivity (Pham et al., 2018). Despite the benefits of implementing safety management in 

construction projects, the lack of knowledge of designers about the requirements, lack of considerations 

for creating a safety management system, and the lack of new tools and technologies in the design phase 

of construction projects can exacerbate the safety status (Zia Shams and Majrouhi Sardrood, 2017). 

Identifying, controlling, and managing various safety risks and hazards in the architecture, engineering, and 

construction industry is a global issue that has been considered by many researchers in the construction 

industry today. Failure to comply with the rules and standards and proper control of safety risks not only 

may lead to many problems in projects to achieve their goals but also will affect land use planning and 

design of useful construction spaces in the future growth of cities. In recent years, various construction 

technologies have been developed to provide new ways to increase safety management throughout the 

project life cycle, the primary purpose of which is management-based safety (Ahan et al., 2020). These 

technologies help identify human errors at every stage of the project life cycle and suggest preventive 

measures to prevent them from occurring during construction accidents. Since 1991, various studies have 

shown that the possibility of linking design systems such as CAD and the process of planning and safety 

management in construction projects is possible (Wang et al., 2018).  

1.2 Virtual Reality and Safety  

Due to the rapid development and adoption of the virtual reality system, the use of these technologies for 

safety risk management has become a growing research process. It has attracted the attention of many 

researchers to use virtual reality applications in the safety management of the manufacturing industry. This 

issue increases the demand for reviewing and analyzing published articles and resources in this field to 

identify and evaluate past research and develop strategies for conducting improved research on virtual 

reality-based safety management. Therefore, after reviewing the literature on the subject, this study tried 

to review and identify the research conducted in virtual reality-based safety risk management in 

construction. 

In their research, Pham et al. (2018) designed a building safety tool based on a virtual reality visualization 

system that could efficiently consider the safety of designers and builders in different phases of the project. 

In the proposed model, all potential hazards and risks in the project construction process were identified 

and collected. Then a complete dictionary and a constraint model to avoid high-risk tasks were stored as a 

design platform. Afterward, monitoring employees’ safety closely by using the software package and 

reviewing the proposed model in the project’s construction phase was possible. The tool also allowed 

architects to provide optimized plans to minimize safety hazards and risks during project construction. At 

the same time, builders could take protective measures to eliminate construction hazards from the start of 

the project. Therefore, in both the design and construction stages, using this tool for safety management 

would significantly improve the safety of the builder (Pham et al., 2018). Tavaneli et al. (2015) examined the 

development and application of automated safety management rules and frameworks using the virtual 

reality approach. A construction information model was developed to automatically detect hazards and 

safety risks and propose preventive measures for users in the face of falling hazards in the project. As a 

result, the development of an automated safety platform informed building engineers and managers by 

reporting location, time, and safety precautions to prevent falls from a height in the project before 

construction (Tavanli et al., 2015). In their research, Zhao and Lucas (2015) examined the use of virtual 

reality in the construction industry by focusing on the relationship between this technology and health and 

safety management in the project. In this study, in addition to a comprehensive review of the research 

literature, using a questionnaire, information was collected about changing health and safety planning in 

relation to the virtual reality environment for site professionals. The results of the questionnaire response 

analysis in this study showed that virtual reality was able to improve organized planning for health and 

safety management for different project personnel. The results of this study also showed that to create a 

safe environment in construction projects, virtual reality should be integrated with health and safety 

management systems and used on construction sites (Zhao and Lucas, 2015). 

Studies conducted by Ahan et al. (2020) on safety studies showed that understanding the properties of 

virtual reality as a useful and unique tool for safety management has not received much attention. The 
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results of this study also indicated that there are only 21 types of innovative applied technologies and six 

documents related to the use of virtual reality in security management (Ahn et al., 2020). In another article, 

Sackes et al. (2013) examined the risks and potential risks of falling from heights in construction projects 

and evaluated how to identify and eliminate these risks in the early stages of construction project planning 

using the virtual reality approach. They developed a framework that included automated safety control 

algorithms through virtual reality. The prototype developed in this project was tested in a residential 

project. The first case study showed a comparison of the model of achieving an automated safety system 

through protection systems. In this study, the details of the design and construction of safety devices were 

also investigated. The second case study showed the results of using the project schedule framework. In 

particular, this study simulated the project’s detection and prevention of falls from a height. The 

contribution was an automated legal control framework that linked safety to the impact and role of virtual 

reality and introduced professionals to a way to identify and prevent hazards associated with falls in 

projects. This article also discussed the commercialization of the prototype and the considerations of the 

developed framework, the understanding of which could have a significant impact on solving safety issues 

and the development of traditional safety management practices (Sackes et al., 2013). The problem 

addressed in the research of Abdul Aziz et al. (2014) was that the root of some of the incidents was related 

to temporary and scaffolding structures, the first of which was the interference of groups with the location 

of scaffolding and should be planned by virtual reality. To prevent interference, the next case was the fall 

of objects from the scaffolding, which was managed by planning the movement of groups from close 

distances to the scaffold, and the third case was the falling of objects from a higher height on the 

scaffolding, all of which were considered by virtual reality ( Abdul Aziz et al., 2014). 

Congestion and work interference in one place was one of the causes of accidents that were investigated 

by Nirim et al. (2018). This study intended to prevent such accidents with the help of virtual reality and 

proper planning. One of the issues this study dealt with was the planning between the work of the 

concreting workers and other workers, as well as the materials that were moved around the environment 

by the tower crane. By connecting the positioning system to the hat of 3 workers and examining the model 

and pattern of displacement of these people when concreting the columns and also the pattern of 

displacement of objects by the tower crane, the movement network of these two cases was obtained. Then, 

by planning, the state in which these two patterns would have the least interference was obtained (Nirim 

et al., 2018). Xu and Zheng (2020) based on their study of the percentage of published works in the field of 

virtual reality from the perspective of project management, concluded that 17% of existing studies in the 

field of program management and only 7% of studies related to safety management were about virtual 

reality. The results of this study also showed that the discussion of existing articles up to that time was 

more about virtual reality planning, innovative technologies for security management, and collaboration 

and communication of projects through virtual reality. In other words, the role of virtual reality in safety 

management has received less attention in previous articles (Xu and Zheng, 2020). 

In another study, Afzal and Shafiq (2021) discussed the proposed theoretical framework of the virtual reality 

system for determining the safety index in construction projects. In this research, the current situation of 

occupational safety and health in the construction industry and improving methods for virtual reality in 

safety performance in the construction industry were investigated using a questionnaire. The results of the 

surveys in this study showed that most manufacturing companies implemented the necessary policies, 

programs, and procedures regarding occupational safety and health practices. However, the virtual reality 

system was not widely used in these methods, and based on this, an intelligent production and safety 

system including the concept of structural design, risk detection, prevention, and control theory, and 

building safety audit scoring system was presented. This system allowed users to analyze and monitor key 

aspects of project safety performance before starting and advancing the project (Afzal and Shafiq, 2021). 

Moore and Qaisari (2019) examined the issue of safety design and have stated that safety design is 

considered an effective approach to improve the safety performance of the building due to safety problems 

during design. In this research, an attempt was made to use a virtual reality system to provide a practical 

approach to safety design with the ability to automatically detect potential problems in the building. To this 

end, safety-related design rules were first identified in construction projects, and then, using a virtual reality 
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system, an integrated method for automatic detection of safety problems was designed. As a result, risk 

factors in the design during the construction of the building were identified on-site and compared to 

traditional safety management methods. This method would reduce the cost of reprocessing to check the 

safety and improve building safety management performance. (Moore and Qaisari, 2019). In Another study, 

Azhar (2017) conducted three case studies on construction industry projects, examining the effectiveness 

of visualization technologies and visualizing potential risks in the design of construction projects and the 

communication and implementation of building safety plans. The results of case studies in this study 

showed that dynamic three- and four-dimensional tools were much more effective in the design and safety 

management of construction projects than two-dimensional tools. Because multidimensional tools were 

able to simulate the real conditions of the project implementation process, and in addition, visualization 

technologies would be very effective in teaching safety requirements in the construction industry in both 

formal and informal modes (Azhar, 2017). 

In his paper, Riad (2015) discussed a four-dimensional virtual reality-based safety management model to 

identify potential safety hazards in construction projects. In this system, by combining the information of 

the site’s experts as well as virtual reality, preventive measures were provided to prevent possible project 

accidents. The results of this study showed that if the proposed system was used, the number of deaths 

due to accidents and damages would be significantly reduced, and the practical application of this model 

allowed safety experts to identify hazards and appropriate strategies to eliminate them. Develop (Riad, 

2015). Li et al. (2018) examined the methods of controlling safety risks in the Chinese subway construction 

industry using virtual reality. The researchers stated that the dangers and risks of subway construction in 

China due to the lack of safety risks in the field of construction have occurred on a large scale and have 

become one of the most challenging issues in this country. Safety risk control for China Metro construction 

mainly involved pre-construction risk identification and warning signs of risk and danger in the builder, 

which was known as a “black box” of safety risk management in projects. This study presented a safety risk 

identification system and early warning system for subway construction projects in China based on the 

virtual reality platform. Various approaches, including the modeling process, key methods, and 

technologies for the safety risk identification system and early warning system, were discussed in more 

detail. The construction of a risk identification database is a plan recovery matching algorithm and 

calculating the level of risk assurance (Li et al., 2018). 

Asemi Esfahani et al. (2014) introduced and reviewed the current applications of virtual reality in the 

construction industry and then examined the efforts made to expand virtual reality in the fields of safety, 

energy, and supply chain management. The findings of this study aimed to pave the way for more familiarity 

and wider use of virtual reality (Asemi Esfahani et al., 2014). Hosseinzadeh and Eshtehardian (2015) in their 

article, initially stated the most important causes of construction accidents in the planning and training 

groups and discussed the shortcomings of traditional methods to solve these problems. They then 

categorized the research conducted in the last decade in the field of safety management by virtual reality, 

reviewed the research conducted in each category in detail, and discussed their advantages and limitations. 

After that, they described the potential of virtual reality to solve security problems in the project stages and 

finally presented suggestions for future research (Hosseinzadeh and Eshtehardian, 2015). Hassani et al. 

(2014) examined the constructability and safety planning as well as the relationship between 

constructability and safety. In this study, the identification of cases as well as areas in which the model can 

be developed was discussed. In order to obtain a comprehensive insight into the constructability of 

completed buildings and the specialties related to the construction industry, industry representatives were 

surveyed, and their opinions and suggestions on the most appropriate methods of using virtual reality in 

the field of safety and constructability were evaluated (Hassani Et al., 2014). 

Zia Shams and Majroohi Sardrood (2017) identified VR applications in different phases of construction in 

the form of subsets that could quickly identify and express all the dimensions of this technology. Finally, 

they introduced new areas for users of this technology, such as the development of tools based on virtual 

reality, law and standards review, laser scanning technology, scheduling management, safety management, 

energy performance, and sustainable performance (Zia Shams and Majrouhi Sardrood, 1396 ). Panahi and 

Khanzadi (1398) studied the structure of the integration of virtual reality and augmented reality 
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technologies based on cloud processing to increase productivity and reduce the wasted time for better 

access to information of virtual reality models. The researchers stated that the complexities of augmented 

reality applications include safety tips, the type of devices used in terms of weight and quality, access to 

information, and complete and real-time 3D models that can be used to make the most of these models 

(Panahi and Khanzadi, 1398). 

2. Research Methodology 

At the beginning of the research, the most common and most frequent construction accidents were 

identified, which initially numbered 14 accident types. These 14 accident types were scored through a 

questionnaire and also interviews with site supervisors, and among them, three important accidents with 

the highest score were selected.  

In the next step, these important accidents were simulated and provided to 15 site supervisors familiar with 

traditional safety training so that they could experience virtual reality training to reduce the risk of 

construction accidents. Then, these site supervisors, who had both traditional and virtual training 

experience, were given a risk table. Through the comparison between traditional safety training and virtual 

safety training, site supervisors sored the probability and impact of accidents after virtual safety training 

and traditional training based on their knowledge and experience. Then the two methods were compared 

based on their point in each section. 

3. Results and Discussions 

3.1 The most frequent and risky construction accidents 

In the table below, three important incidents are provided. These three items were extracted from 14 

incidents through questionnaires and interviews with site supervisors. 

Table 1. construction accident types 

 construction accidents  

  1 Falling from height 

Scaffold 

Windows 

Stairs 

floors 

 2 Falling objects (safety of pedestrians and neighbors of construction sites)  

 3  Falling into holes and openings 
Stairs 

Elevator 

 

3.2 Simulation of 3 important building incidents 

The following important construction accidents that were extracted in the first phase were simulated by 

krpano software, some of which are shown below: 

Falling into the opening of the elevator during construction    

 

 

 

  
Without following the safety tips Following the safety tips Safety tips after clicking on the signs 
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Falling From The Stairs : 

   

 

 

 

Falling objects : 

 

 

 

 

 

As shown in the pictures above, in the first image of each accident, safety points are not observed, and in 

the second image of each accident, all safety points that must be observed during construction are shown, 

and in the third image, users can click on the symbols and see the safety tips of each part. 

3.3 Risk table of construction accidents before and after safety training in traditional and virtual methods  

After the site supervisors gained virtual reality safety training experience, they were given a risk table to 

complete the risk register table, as shown below: 

Table 2. Scale for the probability and effect of construction accidents 

Probability                                               

Impact 

4 3 2 1 

Daily 

Occurrence 

weekly 

occurrence 

once in Six 

Months 

once a 

Year 

4 
Fatality Catastrophic Property 

Damage Catastrophic Spillage 

Release 

16 12 8 4 

3 

Permanent Disability 

Major Property Damage 

Major Spillage/ Release 

12 9 6 3 

2 
Medical Treatment 

Damage Spillage/Release 
8 6 4 2 

1 
minor/No Injury 

 

4 

 
3 2 1 

 

Following the safety tips Without following the safety tips Safety tips after clicking on the signs 

Fig. 4. Without following the safety tips Following the safety tips Safety tips after clicking on the signs 

Figure 1. Different scenarios with safety tips 
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Fifteen workshop supervisors rated the likelihood and impact of construction accidents after virtual reality 

safety training and traditional safety training. And then, their average scores were placed in the table below, 

and the risk of each was calculated. The results can be seen in the table below : 

Table 3. Risk of construction accidents 

Traditional virtual reality  

 impact Probability Risk impact Probability  Risk 

Accident 1 2 3 4 1 2 3 4   1 2 3 4 1 2 3 4   

Falling 

from 

height 

Scaffold     
 

3.0 
        

 

3.9 
12 

   

2.0 
          

 

3.6 
8 

 

Windows   
 

2.4 
          

 

3.6 
8 

  

   

1.9 
           

3.4 8 

Stairs   
 

2.0 
          

 

3.6 
8 

  
 

1.2 

            
 

3.4 
4 

floors     
 

3.0 
        

 

3.9 
12 

   

2 
           

3.6 
8 

Falling objects (safety 

of pedestrians and 

neighbors of 

construction sites) 

    
 

3 
    

 

2 
    6 

 

1.0 

      

 

1 

      

1 

Falling 

into 

holes 

and 

openings 

Elevator   
 

2.4 
        

 

3 
  6   

 

2 

        

 

2.8 

  

6 

 Stairs     
 

2.9 
      

 

2.9 
  9 

  
 

2.0 

        
 

2.7 

  

6 

 

As shown in Table3, it can be concluded that virtual reality training is more effective than traditional training 

in the following cases and reduces the risk significantly: 

• Falling from a height - scaffolding 

• Falling from a height - stairs 

• Falling from a height - floors 

• Falling objects (safety of pedestrians and neighbors of construction sites) 

• Falling into the opening - the opening of the stairs 

After using the glasses by the workshop supervisors, they were given questionnaires to evaluate the glasses, 

the results of which can be seen in the table below : 

Table 4. Virtual reality glasses evaluation questionnaire results 

 1 2 3 4 5 

Focus level when using glasses 0%  0%  20%  73%  6%  

Feeling dizzy when using glasses 6%  6%  73%  6%  9%  

Ease of use 0%  0%  6%  93%  1%  

Clarity of instructions 0%  0%  73%  6%  21%  
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4. Conclusion 

In this study, VR-based safety training was proposed as an alternative to traditional safety training. At first, 

repetitive and high-risk construction accidents were identified, and then the most important ones were 

extracted: Falling from height, Falling objects (safety of pedestrians and neighbors of construction sites), 

and Falling into holes and openings. These construction incidents were then simulated by software, and 

site supervisors were invited to experience safety training through virtual reality. Then, these supervisors, 

who were both familiar with traditional safety training and experienced virtual reality safety training, rated 

the probability and effect of construction accidents after traditional safety training and virtual reality safety 

training, which were then compared. This study showed that in construction accidents such as falling from 

a height – scaffolding,  falling from a height – stairs,  falling from a height – floors, falling objects (safety of 

pedestrians and neighbors of construction sites),  falling into the opening - the opening of the stairs, can be 

improved by VR by educating workers about safety reduces the likelihood of construction accidents. Also, 

after using the VR headsets by the site supervisors, they were given questionnaires to evaluate the VR sets. 

Based on the results, the concentration of users was high when using headsets, and users believed that the 

headsets were very easy to use. 
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