
BIM and PLM-Based Management of Occupational Health and 
Safety: A Comparative Literature Review 

 
Christian Tiaya Tedonchio, christian.tiaya-tedonchio.1@ens.etsmtl.ca 
École de technologie supérieure, Montréal, Quebec 
Sylvie Nadeau, Sylvie.Nadeau@etsmtl.ca 
École de technologie supérieure, Montréal, Quebec 

Conrad Boton, Conrad.Boton@etsmtl.ca 
École de technologie supérieure, Montréal, Quebec 

Louis Rivest, Louis.Rivest@etsmtl.ca 
École de technologie supérieure, Montréal, Quebec 

Abstract 
Workers in the construction industry remain particularly exposed to occupational health and 

safety (OHS) risks despite recent attempts to use BIM mock-ups to manage OHS. However, 
workers in the manufacturing industry are less exposed due to the ef icient use of PLM mock-ups, 
among other factors. In this paper, we investigate the works published in the last decade 
addressing the use of BIM and PLM mock-ups in OHS risk prevention. Then, we compare these 
two kinds of mock-ups and identify the digitalized information that is integrated into risk 
management. It emerges that BIM-based OHS risk management mainly integrates information 
about site con iguration and task scheduling, while PLM-based OHS risk management mainly 
integrates information about task sequences and interactions between humans, products, and 
tools/equipment. Furthermore, BIM-based approaches are used mainly for managing 
occupational safety risks, while PLM-based approaches are used mainly for managing human 
factors/ergonomics (HF/E) risks. To avoid siloed approaches to manage OHS and provide more 
sustainable and systemic OHS risk mitigation measures, it is more suitable to merge the BIM and 
PLM approaches. Such an approach would be particularly suitable for integrated risk management 
of industrial buildings which are at the crossroads of BIM and PLM studies. 

 
Keywords: BIM, PLM, digital mock-up, occupational safety, human factors, ergonomics, risk, 
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1. Introduction 
Digital transformation makes it possible for various industries to improve their performance 

and ef iciency (Junior et al., 2016; Nadeau and Landau, 2018). In the construction industry, the 
advent of BIM has made it possible to improve stakeholder performance on projects and thereby 
reduce construction costs and delays and improve the quality of built facilities (Fytrou-
Moschopoulou, 2016). However, despite these positive impacts of BIM mock-ups, the construction 
industry remains far from being risk-free for site workers. In Quebec, statistics from the 
Standards, Equity, and Occupational Health and Safety Commission (CNESST) for the year 2019 
rank the construction industry irst among hazardous industries with 63 deaths, or about three 
times the number of deaths observed in the processing industry, which ranks second (CNESST, 
2020).  

This unsafe characteristic of the construction industry is due in part to the great variety of 
occupational health and safety (OHS) risks that workers are exposed to. In light of the great variety 
of risks, we are focusing on three main risk categories in this study: industrial hygiene risks, 
occupational safety risks, and human factors/ergonomics (HF/E) risks. Industrial hygiene risks 
relate to physical, biological, and chemical risks associated with the working environment, like 
the spread of dust or contaminants in the air (IST, 2007). The occupational safety risks category 
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focuses on professional injury risks, known as acute risks, such as falls, and mechanical risks, such 
as collisions with construction machinery (IST, 2007). HF/E risks are those that arise from heavy 
physical and mental workloads, like from uncomfortable and unsafe working postures imposed 
on workers. The management of HF/E risks must integrate a wide range of human parameters in 
the process analysis. Some examples of these parameters include the needs, skills, capacities, and 
resilience of workers (Peruzzini et al., 2017a). In the manufacturing industry, those parameters 
can be integrated in workplace HF/E assessments by introducing a virtual mannequin or digital 
human modeling (DHM) in virtual scenes (Joung et al., 2015).  

The reasons generally given to explain the lack of performance of the construction industry, 
compared to other manufacturing industries such as aeronautics or the automobile, are related to 
the structural differences existing between them. Indeed, fundamental differences exist between 
construction processes and operations including the fact that in manufacturing, operations take 
place in ixed, stable and controlled environments. In construction, the products are static, with 
repetitive operations in environments exposed to hazards and potentially different for each 
operation. Thus, overhead for digital mock-up (DMU) is more important and the modeling of 
construction processes and operations is more costly in terms of time and resources. However, 
since various provincial and national occupational health and safety statutes, like Quebec’s Act	
respecting	occupational	health	and	safety, recommend risk prevention at the source, there is much 
literature proposing the use of digital mock-ups for early hazard identi ication in the construction 
industry (Fargnoli and Lombardi, 2020; Martı́nez-Aires et al., 2018) and other sectors including 
the manufacturing industry. In the aeronautical and automotive industries, for example, PLM 
mock-ups are used very early in the design phase for HF/E design and analysis of workplaces and 
processes to improve worker’s health and safety (Joung et al., 2015).  

  Despite the similarities between BIM and PLM approaches, there is virtually no research 
work dedicated to the comparison between the use of BIM-type and PLM-type mock-ups for 
occupational health and safety management. However, such a comparison is important to improve 
BIM practices through a good understanding of good PLM practices, and vice versa. Hence, the 
question being examined in this paper is: what are the similarities and differences in how BIM and 
PLM mock-ups are used as a means of preventing OHS risks? Therefore, the expected contribution 
is to provide a comparative study of the use of BIM and PLM mock-ups for OHS risk prevention. 
We consider that DMUs basically contain geometric information describing the work 
environment. Since the literature suggests that geometry alone is not suf icient to conduct 
specialized analysis (Ferrise et al., 2013), the comparison of how DMUs are used in the 
construction and manufacturing industries will focus on the “preparation” of the DMUs for risk 
analysis. This preparation may include non-geometric information that is integrated in hazard 
identi ication. Therefore, this paper focuses on identifying various DMU preparation methods 
found in the literature, with a focus on the OHS risks generated at the operation stage.  

The rest of this paper is structured as follows. Section 2 presents the related works. Section 3 
presents the methodology adopted. Section 4 presents a state of the art of how BIM mock-ups are 
used for risk prevention. Section 5 presents a state of the art of how PLM mock-ups are used for 
risk prevention. In Section 6, we highlight the similarities and differences in how BIM and PLM 
mock-ups are used for hazard identi ication and the scienti ic opportunities for the integrated 
operational risk management of industrial buildings. Section 7 concludes the paper. 

2. Related Studies 
With the advent of BIM, many studies have focused on the use of this technology to improve 

the health and safety of workers in the construction industry. Martı́nez-Aires et al. (2018) 
conducted a systematic literature review on works published between 1981 and 2016 on the 
topic. The aim of that review was to explore how the management-driven approach to OHS is 
changing with the use of BIM. They ind that BIM is making it possible to identify hazards early, 
before the start of any on-site activities, through the visual representation of relevant site 
conditions, the 4D schedule and the sequencing of site logistics. Fargnoli and Lombardi (2020) 
conducted a systematic literature review of works published between 2010 and 2019 with the 
objective of highlighting the roles played by BIM-based tools for OHS purposes. It emerges from 
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their work that BIM-based tools that are used for OHS purposes target eight main areas: 
(1) information provision through knowledge-based systems, (2) safety rule codi ication for 
automatic rule-checking, (3) the release / communication of information, (4) overlap and clash 
resolution, (5) real-time warning and feedback, (6) worker training, (7) stakeholders’ perception 
of the advantages of using BIM for construction safety, and (8) workers’ behavior. However, the 
shortcoming of those studies, as noted by Forsythe (2014), is that they are mainly focused on the 
design phase, without anticipating the unexpected dynamics of construction and related human 
behavior. Forsythe (2014) therefore reviews the literature on proactive technologies (e.g., 
movement sensors housed in a safety helmet) that are combined with BIM mock-ups and used 
during the construction phase. He also identi ies scienti ic opportunities for improving the HF/E 
of the proactive technologies used to promote their acceptance by workers in daily work 
situations.  

Since provincial OHS statutes recommend eliminating risks at the source, we wonder if it is 
possible to better integrate the dynamic nature of construction and operational activities and 
interactions between humans, tasks, and tools/equipment earlier in the design through better 
preparation of BIM mock-ups?  

Some recent research recommends relying on the best practices observed in PLM applications 
to break through the barrier that still stands in the way of better deployment of BIM (Aram and 
Eastman, 2013; Boton et al., 2016). For example, Jupp (2013) established that PLM’s core 
functions can effectively be used to address the impediments encountered when trying to fully 
implement BIM in construction projects. Besides that, some authors have noted that some 
differences can be observed in BIM and PLM model use for OHS purposes. For example, when it 
comes to using BIM and PLM mock-ups coupled with VR technologies, Getuli et al. (2020) noted 
that in the construction industry, current research focuses mainly on visualization and immersive 
capabilities, while in manufacturing industry, these technologies are used to effectively simulate 
assembly tasks in an HF/E approach to workplace design. 

Therefore, to take advantage of the manufacturing industry’s experience with using PLM 
mock-ups for OSH risk prevention, we investigate in this paper the use of both DMUs (BIM and 
PLM) as a means of preventing OHS risks.  

3. Research methodology 
We based our literature review on works published between 2010 and 2020. The databases 

we consulted are: Engineering Village, Scopus, and ScienceDirect. We used the following keywords 
in English: BIM, PLM, digital mock-up, design, plant, building, operation, construction, 
occupational health, safety, prevention, hazard, recognition, identi ication, engineering process, 
prevention through design, and automation. The list of references was then supplemented by the 
snowball effect and re ined based on summary analysis. When analyzing the summary, we kept in 
mind two main aspects of our topic: the digital mock-up aspect, and the hazard identi ication / 
risk prevention aspect. All articles that dealt with one aspect without addressing the other were 
automatically rejected. Those that speci ically addressed the risks associated with the stability of 
temporary structures were rejected, as were publications that dealt with risks related to 
collaboration between humans and robots in the manufacturing industry. We kept only articles 
whose objectives included OHS hazards or risks and at least one of the two kinds of mock-ups that 
we are comparing. This analysis enabled us to classify the references according to the prevention 
objectives that they targeted (the type of hazard to be identi ied) and the phases of the project life 
cycle during which they are used. Finally, an in-depth analysis of the references selected made it 
possible to identify the non-geometric information integrated in hazard identi ication. That is 
what is shown in the “Type of additional information” column in Table 1. The comparative analysis 
was supported by the following elements characterizing work situations (Division Santé et 
sécurité au travail, 2010): task sequence as prescribed, task schedule, equipment/resources, 
workplace, and HF/E. Therefore, we discuss and highlight the similarities and differences in how 
BIM and PLM mock-ups are used for OHS risk prevention.  

 

894



Tiaya et al. 2021, for the CIB W78 2021 Conference 
 

Proc. of the Conference CIB W78 2021, 11-15 October 2021, Luxembourg 
 

Table 1. Classification of literature integrating BIM and PLM mock-ups as a mean of preventing OHS risks 

Approach Project	
phase	 Source Type	of	additional	

information Kind	of	risks	identi ied 

BIM	Mock-Ups 

3D	BIM Design Kasirossafar et al., 2012 None 
Risks related to initial site 

con iguration (Occupational	
Safety) 

4D	BIM Design Shang and Shen, 2016; Tran 
and Pham, 2020; Trani et 

al., 2015; Guevremont and 
Hammad, 2018; Jin et al., 

2019 

Construction task 
schedule 

Risks related to the management of 
construction machinery and 

vehicles on site (Occupational	
Safety) 

3D	+	Color	Code Design Cortés-Pérez et al., 2020 OHS regulations 
Risks related to the spatial location 

of 3D BIM objects (Occupational	
Safety) 

3D/4D	BIM	+	
Specialized	
Databases 

Design Mihić et al., 2018; Hossain 
et al., 2018  

Construction task 
schedule + Task 

sequence + 
Resources (material 

and equipment) + 
Human 

Various types of risk (physical, 
mechanical, chemical, biological, 

etc.) related to the construction of 
3D BIM objects like struck by 

objects or to the properties of 
materials to be handled (Industrial	

Hygiene,	Occupational	Safety)   

3D	BIM	+	
Knowledge	
Modeling 

Design Ding et al., 2016; Zhang et 
al., 2014 

Construction task 
sequence + Task 
schedule + OHS 

regulations 

Risks related to each task sequence 
and to different risk factors 

(Occupational	Safety) 

4D	BIM	+	IoT	+	
Cyber-Physical	

Systems 
Construction Jiang et al., 2020 

Construction task 
schedule + Worker 

and equipment 
movement 

The position of workers in relation 
to hazardous areas and equipment 

on site (Occupational	Safety) 

4D	BIM	+	IoT	+	
Video	Game	
Technology 

Construction Forsythe, 2014 
Construction task 

schedule + Worker 
and equipment 

movement 

The position of workers in 
relation to hazardous areas and 

equipment on-site (Occupational	
Safety) 

3D	BIM	+	Data	
Transfer	

Mechanism 

Operation Wetzel and Thabet, 2018 FM hazards related 
to the location of 3D 

BIM objects and 
materials used + 

Safety procedures 

Risks related to falling, being in a 
harmful area, and being struck-by 

objects (Occupational	Safety) 

3D	BIM	+	
Avatars Operation Zhao et al., 2019 Operational task 

sequence + Time None  

4D	BIM	+	DHM Design 
Construction Golabchi et al., 2018 

Construction task 
schedule + Task 

sequence + Human–
task interaction 

Risks related to physical 
ergonomics	(Ergonomic) 

PLM	Mock-Ups 

PLM	+	DHM Design 
Production 

Caputo et al., 2019; Illmann 
et al., 2013; Sanjog et al., 

2019 

Equipment + Task 
sequence + Human–

task interaction 
Risks related to physical 

ergonomics (Ergonomic) 

PLM	+	DHM	+	
Real-Time	

Motion	Capture 

Production Joung et al., 2015 Equipment + Task 
sequence + Human–

task interaction 

Risks related to physical 
ergonomics (Ergonomic) 

PLM	+	DHM	+	
VR/AR Design Peruzzini et al., 2017b, 

2017a 
Equipment + Task 

sequence + Human–
task interaction 

Risks related to physical 
ergonomics (Ergonomic) 

PLM	+	VR Design Ferrise et al., 2013; 
Grajewski et al., 2013 

Equipment + Task 
sequence + Human–

task interaction 

Risks related to physical 
ergonomics (Ergonomic) 

PLM	+	HAZOP	+	
Knowledge-
Based	System 

Design Bragatto et al., 2007 Equipment operation Risks of equipment malfunction 
(Occupational	Safety) 

PLM	+	HAZOP	+	
Cyber-Physical	

Systems 
Production Lee et al., 2019 Equipment operation Risks of equipment 

malfunction (Occupational	Safety) 

PLM	+	IoT Production Gröger et al., 2016; Ziegler 
et al., 2015 

Equipment + Task 
sequence (operating 

data for 
maintenance) 

Risks of equipment 
malfunction (Occupational	Safety) 
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4. State of the art of BIM-based approaches for preventing OHS risks 
Table 1 highlights two major trends in the BIM universe: approaches that rely essentially on 

information provided by 3D and 4D models (Guevremont and Hammad, 2018; Jin et al., 2019; 
Kasirossafar et al., 2012; Shang and Shen, 2016; Tran and Pham, 2020; Trani et al., 2015), and 
approaches that ind it necessary to add to 3D and 4D models other detailed information that 
should be relevant for hazard analysis (Forsythe, 2014; Golabchi et al., 2018; Hossain et al., 2018; 
Jiang et al., 2020; Mihić et al., 2018; Wetzel and Thabet, 2018; Zhang et al., 2014; Zhao et al., 2019). 

4.1. Approaches that use information contained in 3D and 4D BIM mock-ups 
The irst trend in BIM mock-up use for OHS purposes is using the visual information provided 

by 3D mock-ups. This visual information is essentially geometric shapes, spatial arrangements 
and the distribution of equipment and materials on site that can be used to virtually visit the site 
and optimize the management of equipment and dangerous areas (Kasirossafar et al., 2012). 
However, this virtual site inspection remains frozen in time on the initial site con iguration. The 
task schedule information makes it possible to consider the changing nature of the construction 
site as work progresses.  

This task schedule information is provided by 4D BIM models and can be used in different 
ways. Shang and Shen (2016) proposed a methodology to valorize task schedule information by 
forecasting the movement of construction machinery and vehicles on site and then identifying 
various risks of collision. Tran and Pham (2020) suggest assigning a workspace to each 3D BIM 
object, linking those workspaces to the 4D schedule, identifying potential con licts between those 
workspaces by visualization and adjusting the work schedule accordingly. Trani et al. (2015) 
recommend taking advantage of the 4D visualization method and the information provided by 4D 
BIM models about the task schedule and allocated human and material resources to de ine the 
different periods during which site con iguration does not change. For each of these periods, it 
would then be easy to safely design the site con iguration, organize the sequence of work and 
assign workspaces to workers for the construction phase. Guevremont and Hammad (2018), for 
their part, proposed a methodology to analyze critical activities based on their period and zone by 
linking 4D simulations and safety planning. Thus, they suggest matching to each critical hazard a 
generic representation that would be joined to a corresponding hazardous area. It would then be 
possible to visualize the riskiest areas during a 4D simulation and then evaluate the 
dangerousness of a 4D scenario based on a statistical analysis of historical safety issues. This 
makes it possible to apply mitigation measures by altering either the task schedule or the 3D BIM 
model by adding protective measures. 

This being said, it should be noted that the 3D BIM and 4D BIM simulation approaches mainly 
valorize geometric information and task schedule information to identify occupational safety risks 
linked to the spatial and temporal disposition of resources on the site.  

4.2. Approaches that add information to BIM mock-ups for risk analysis  
The additional information that recent studies have tried to add to BIM models essentially 

pertains to standard operating procedures or task sequences, tools to be handled by workers, and 
corresponding hazards. For example, Mihić et al. (2018) aim to contribute to the automatic 
detection of hazards based on BIM mock-ups and developed two interconnected databases: one 
containing construction sector hazard information and the other containing the task sequence of 
construction activities. Zhang et al. (2015) developed a construction safety ontology in which they 
record and organize safety management information. This information pertains mainly to the 
construction task sequence, corresponding hazards, mitigation measures, and the safety 
speci ications that govern them. Ding et al. (2016) propose to manage construction risk 
knowledge by representing it in a structured form in an ontology that would interact with the BIM 
models by means of a reasoning engine. This would make it possible to quasi-automatically 
identify the construction hazards and corresponding risk factors that are linked to the 
construction of each 3D BIM object. And Hossain et al. (2018), among others, developed a rule-
based design for safety knowledge library to capture safety knowledge and support the designer 
during project design. The proposed framework integrates information about the construction 
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activities of each 3D BIM object and the related risks due to a physical parameter that constrains 
the BIM object’s design (e.g., a beam that could break during lifting due to its length). 

During the construction phase, BIM mock-ups can be coupled with proactive technologies 
such as cyber-physical systems (Jiang et al., 2020) or with video game technology to fuse the 3D 
BIM model with real-time tracking technology (connected objects that are integrated in workers’ 
PPE and on-site equipment) (Forsythe, 2014). In this example, the additional information that is 
recorded during the construction phase for risk analysis is workers’ position relative to hazardous 
areas and on-site equipment.  

When it comes to the operation phase, the risks faced by maintenance workers is not well 
addressed in the BIM literature (Martı́nez-Aires et al., 2018). However, one of the trends that aims 
to consider risks in the operation phase focuses on the preparation of the BIM mock-up obtained 
at the end of the construction phase by integrating information that will facilitate its use during 
the operation phase (Health and Safety Executive, 2018; Wetzel and Thabet, 2018). This 
preparation of the mock-up involves integrating in the mock-up information about the safety 
maintenance procedure and potential hazards related to 3D BIM objects. In addition to those 
works, we note the one by Zhao et al. (2019) that, without aiming to analyze the risks associated 
with a building's operation phase, lays the foundation for simulating human activities in interior 
spaces during the design phase. They propose to use avatars from video game technology to 
simulate daily activities in the BIM mock-up of an indoor environment. Thus, they suggest using a 
BIM editor to assign 3D BIM objects interaction property information (e.g., “sittable” for a chair or 
a bed) and a task planner to assign virtual agents the task sequence re lecting their daily objectives 
and allow them to interact with 3D BIM objects.  

5. State of the art of PLM-based approaches for preventing OHS risks 
The trends in PLM mock-up use for OHS risk prevention have two main interests: simulating 
interactions between humans and their workstations (Caputo et al., 2019; Ferrise et al., 2013; 
Grajewski et al., 2013; Joung et al., 2015; Peruzzini et al., 2017b, 2017a; Sanjog et al., 2019), and 
using plant mock-ups to manage machine safety risks (Bragatto et al., 2007; Gröger et al., 2016; 
Lee et al., 2019; Ziegler et al., 2015). 

5.1. Approaches that use PLM mock-ups and virtual mannequins to simulate interactions 
between humans and their workstations 
The manufacturing industry has made great strides in using PLM mock-ups for safe workplace 

design. The identi ication of hazards is perceived as anticipation of hazardous scenarios (Cameron 
et al., 2017), with the objective being to virtually simulate the behavior of all components of the 
production system, ranging from machines to humans (Joung et al., 2015). Caputo et al. (2019) 
therefore propose a methodology to introduce DHM in a virtual scenario and identify HF/E risks 
using the EAWSdigital (European Assessment Work Sheet) by methods-time measurement. This 
approach incorporates hazard identi ication information on so-called P3RH: products, plants, 
processes, resources, and humans (Joung et al., 2015). It then makes it possible to identify HF/E 
risks linked to work postures, the forces to be exerted, the manual handling of materials and the 
repetitive movement of upper limbs. However, it has two drawbacks: the relative immobility of 
the mannequin (Illmann et al., 2013; Joung et al., 2015) and the simpli ication of human behavior 
(Ferrise et al., 2013). 

To solve the de iciencies associated with the immobility of the virtual mannequin, Joung et al. 
(2015) propose a methodology to add information about the worker to the above P3RH 
information by using motion sensors to capture the movement of the real worker in the factory 
and attach it to the virtual mannequin. However, Joung et al. (2015) used this HF/E risk analysis 
for a plant in the production phase. To prevent HF/E risks during the design phase, Peruzzini et 
al. (2017b) propose a methodology that couples PLM mock-ups of products and virtual humans 
to a real human by means of virtual reality (VR) , and Peruzzini et al. (2017a) propose a 
methodology that couples PLM mock-ups of products and virtual humans to a real human by 
means of mixed reality (VR + augmented reality). Once implemented, “the methodology makes it 
possible to realize ive mains analysis: postures, occlusion (visibility and accessibility), mental 
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load, interactions and emotions” (Peruzzini et al.; 2017b). However, a shortcoming due to the 
simpli ication of interactions between the human and products remains. 

According to Ferrise et al. (2013), resolving this shortcoming linked to the approximation of 
human–product interactions using a virtual human constitutes the basis of the latest technological 
development in PLM mock-ups. They therefore introduce the concept of interactive virtual 
prototypes, which refers to the preparation of mock-ups by integrating the information needed to 
model human–tool gestural interactions (Nadeau and Landau, 2018) and information about the 
dynamic behavior of objects (Xiong et al., 2016) when they interact with humans. This mock-up 
preparation makes it possible to transcribe the product model into sensations that are accessible 
to real humans via the multimodal and multisensory interfaces offered by VR and AR technologies 
(for example, a MOOG HapticMaster 3DOF haptic device makes it possible to provide force-
feedback to the human who is interacting with the virtual product). Grajewski et al. (2013) in turn 
introduce the notion of “virtual aided design” for HF/E workplace design. This notion also refers 
to the ability of virtual prototypes of products and workplaces to be tested by real humans by 
means of VR and haptic technologies.  

Thus, PLM-based approaches harness detailed product, process, resource, and human 
information that is necessary to simulate task sequencing on an individual scale. This makes it 
possible to identify HF/E risks. These approaches are mainly used during the design phase. 

5.2. Approaches that use PLM mock-ups to manage machine safety risks 
In addition to the approaches that tend to simulate work situations during the design phase 

by integrating humans or DHMs in virtual scenes, other approaches that date back to the 1990s 
are based on process simulation without including humans (Cameron et al., 2017). These are 
mostly used to automate the main traditional methods of hazard identi ication: HAZOP and 
FMEAC, which are generally built on knowledge-based systems in which we can record relevant 
information about the operating modes of equipment and, in turn, their malfunction modes or 
deviations. By considering their relative arrangement in the plant and their functional 
connections, it is then possible to identify hazardous scenarios speci ic to a particular plant and 
instrumentation diagram using a reasoning engine and thus support the OHS practitioner 
investigating the system behavior (Lee et al., 2019) and then complete hazard identi ication 
(Bragatto et al., 2007). 

During the production phase, tools are put in place to monitor workers and the operating 
mode of machines in real time. With the introduction of Industry 4.0, there is a wide variety of 
these types of OHS risk prevention tools. Work equipment uses cyber-physical systems to self-
monitor their operational safety (Gröger et al., 2016). Sensors are used to alert workers in real 
time of the possible presence of a risk (Nadeau and Landau, 2018). Other tools such as 
smartwatches are also used to collect data about the operational safety of plant equipment and 
provide work procedures to assist workers in performing theirs tasks (Gröger et al., 2016; Ziegler 
et al., 2015). This makes it possible, to mitigate risks linked to machine safety during the 
production phase. 

6. Discussion  
Considering the previous analysis, it is apparent that researchers tried to integrate in the 

hazard identi ication process based on the two types of DMUs (BIM and PLM), P3RH information 
and do so at different scales. That is why they contribute to identifying different kind of risks: 
mainly occupational safety risks for BIM-based approaches and mainly HF/E risks for PLM-based 
approaches. More speci ically: 
(1) While BIM mock-ups using 4D simulation have attempted to reproduce hazardous scenarios 

at the construction site scale (thus, at the entire workplace scale), PLM mock-ups reproduce 
hazardous scenarios on a smaller scale, at the scale of an individual workstation. This is 
apparent in the fact that the 4D scenarios as presented in section 4.1 aim primarily to identify 
the con licts that could arise between the spaces that are allocated to different resources as 
the project progresses. Therefore, the task schedule is the main non-geometric information 
that is added to the geometric information. While the PLM-based approaches rely mainly on 
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information about task sequences and HF/E (people’s physical and mental capacities), which 
makes it possible to de ine the interactions to be simulated between humans, tasks, and 
resources.  

(2) The construction industry also needs to be able to replicate smaller-scale hazardous scenarios. 
This is probably why recent studies have tried to record in databases detailed information 
about task sequences and related hazards. 

(3) In the construction industry, the trend in research is to try to support designers in their 
decision-making by attempting to provide them with information about mitigation measures 
and OHS speci ications with the objective of automating the hazard identi ication process and 
design veri ication.  

It appears that for the operation stage of an industrial building, we can rely on the BIM-based 
management approaches of OHS to provide mitigation measures to occupational safety risks to 
which workers will be exposed due to the complexity of their working environment and we can 
rely on the PLM-based management approaches to provide mitigation measures to occupational 
safety risks due to the interaction between workers and industrial equipment and to HF/E risks 
to which workers will be exposed due to the requirements of the prescribed task to perform. Thus, 
we can join Fortineau et al. (2019) in their thought that “despite the fact that the businesses of 
AEC (targeted by BIM) and classical industrial sectors (aerospace, automotive, steel industry) are 
slightly different, there are similarities and connection points that will hopefully make BIM and 
PLM systems more cooperative in the future”.   

7. Conclusion 
Our objective was to identify the similarities and differences in how BIM and PLM mock-ups are 
used for OHS risk prevention. We conducted a literature review of works published between 2010 
and 2020 on Engineering Village, Scopus and ScienceDirect pertaining to the use of BIM or PLM 
mock-ups for OHS risk prevention. The analysis we carried out afterwards focused mainly on 
digitalized information used to replicate work situations and then identify dangerous scenarios. 
The characteristic elements guiding our analysis were task sequence, task schedule, 
equipment/resources, workplace, and HF/E. We also identify the kind of risks that each approach 
makes it possible to identify. On one hand, BIM-based approaches mainly integrate task schedule 
information and combine it with geometric information to identify occupational safety risks by 
replicating hazardous scenarios at the construction site scale. On the other hand, PLM-based 
approaches mainly integrate task sequence and human information to simulate interactions 
between humans, tasks, and resources at the individual workstation scale. Then, it presents a 
scienti ic opportunity to provide a mixture of the two approaches to better integrate the dynamic 
nature of construction and operational activities and interaction between human and their tasks 
in hazard identi ication process, particularly for the operation of industrial buildings. Thus, we 
think that the subsequent risk mitigation measures may be more systemic and sustainable. 

Acknowledgements 
The authors would like to thank the industrial partner, NSERC and ETS for their support of this 
research project.  

References 
Aram, S., Eastman, C., 2013. Integration of PLM Solutions and BIM Systems for the AEC Industry. Presented 

at the 30th International Symposium on Automation and Robotics in Construction and Mining; Held 
in conjunction with the 23rd World Mining Congress, Montreal, Canada. 
https://doi.org/10.22260/ISARC2013/0115 

Boton, C., Rivest, L., Forgues, D., Jupp, J., 2016. Comparing PLM and BIM from the Product Structure 
Standpoint, in: Harik, R., Rivest, L., Bernard, A., Eynard, B., Bouras, A. (Eds.), Product Lifecycle 
Management for Digital Transformation of Industries. Springer International Publishing, Cham, pp. 
443–453. 

899



Tiaya et al. 2021, for the CIB W78 2021 Conference 
 

Proc. of the Conference CIB W78 2021, 11-15 October 2021, Luxembourg 
 

Bragatto, P., Monti, M., Giannini, F., Ansaldi, S., 2007. Exploiting process plant digital representation for risk 
analysis. Journal of Loss Prevention in the Process Industries 20, 69–78. 
https://doi.org/10.1016/j.jlp.2006.10.005 

Cameron, I., Mannan, S., Németh, E., Park, S., Pasman, H., Rogers, W., Seligmann, B., 2017. Process hazard 
analysis, hazard identi ication and scenario de inition: Are the conventional tools suf icient, or should 
and can we do much better? Process Safety and Environmental Protection 110, 53–70. 
https://doi.org/10.1016/j.psep.2017.01.025 

Caputo, F., Greco, A., Fera, M., Caiazzo, G., Spada, S., 2019. Simulation Techniques for Ergonomic Performance 
Evaluation of Manual Workplaces During Preliminary Design Phase, in: Bagnara, S., Tartaglia, R., 
Albolino, S., Alexander, T., Fujita, Y. (Eds.), Proceedings of the 20th Congress of the International 
Ergonomics Association (IEA 2018). Springer International Publishing, Cham, pp. 170–180. 

CNESST, 2020. Statistiques 2019. 
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référence. 

Fargnoli, M., Lombardi, M., 2020. Building Information Modelling (BIM) to Enhance Occupational Safety in 
Construction Activities: Research Trends Emerging from One Decade of Studies. Buildings 10, 98. 
https://doi.org/10.3390/buildings10060098 

Ferrise, F., Bordegoni, M., Cugini, U., 2013. Interactive Virtual Prototypes for Testing the Interaction with 
new Products. Computer-Aided Design and Applications 10, 515–525. 
https://doi.org/10.3722/cadaps.2013.515-525 

Forsythe, P., 2014. Proactive construction safety systems and the human factor. Proceedings of the 
Institution of Civil Engineers - Management, Procurement and Law 167, 242–252. 
https://doi.org/10.1680/mpal.13.00055 

Fortineau, V., Paviot, T., Lamouri, S., 2019. Automated business rules and requirements to enrich product-
centric information. Computers in Industry 104, 22–33. 
https://doi.org/10.1016/j.compind.2018.10.001 

Fytrou-Moschopoulou, A., 2016. Shaping the Future of Construction: A Breakthrough in Mindset and 
Technology [WWW Document]. Build Up. URL 
https://www.buildup.eu/en/practices/publications/shaping-future-construction-breakthrough-
mindset-and-technology-0 (accessed 4.15.21). 

Getuli, V., Capone, P., Bruttini, A., Isaac, S., 2020. BIM-based immersive Virtual Reality for construction 
workspace planning: A safety-oriented approach. Automation in Construction 114, 103160. 
https://doi.org/10.1016/j.autcon.2020.103160 

Golabchi, A., Han, S., AbouRizk, S., 2018. A simulation and visualization-based framework of labor ef iciency 
and safety analysis for prevention through design and planning. Automation in Construction 96, 310–
323. https://doi.org/10.1016/j.autcon.2018.10.001 
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