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 The accidents recorded during university construction projects usually affect the safety 

performance of the institution. This indicates it is important to recognize the hazards and 

construction risks at the design stage in order to have an optimal safety plan. Moreover, 

the university area has several organizations involved in the implementation of 

Occupational Health and Safety Management Systems (OHSMS). Therefore, there is a 

need to develop the OHSMS information system to accommodate the role of the parties 

involved and to disseminate information and communication more effectively. This study 

was conducted to develop a WBS and BIM-based safety plan for the OHSMS information 

systems to improve the safety performance using the case study method. The result 

showed that the WBS is the basic constituent of the safety plan integrated with the BIM 

to visualize the project in real terms in order to ensure easier identification of hazards and 

risks. The process involved building data security information in BIM to develop web-

based information systems and the BIM-based OHSMS information system developed is 

expected to improve safety performance in the university area. 
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1. INTRODUCTION 

 

Universities are spacious areas with several facilities and 

unique workplaces which have different potential hazards and 

risks [1]. Most of the activities conducted are susceptible to 

hazards with subsequent effects on occupational safety and 

health of people on the property [2-4]. The existence of several 

occupational accidents and diseases in these universities led to 

the implementation of Occupational Health and Safety 

Management Systems (OHSMS) [5]. This is considered 

important due to several accidents usually experienced which 

make a university environment an unsafe place to study [6] 

even though these institutions are obliged to ensure the health, 

safety, and well-being of all students, lecturers, executives, 

and anyone working on campus [7]. 

The potential hazards and risks are often recorded in 

laboratory activities to have caused chemical explosions, 

radiation, as well as physical and biological exposure [1, 3, 8]. 

This led to the focus of most previous studies concerning work 

accidents in universities on laboratory activities [3-5, 9-11]. 

Some other examples of hazards include fire [3, 12, 13], 

construction works [1], and natural disaster [14, 15].  

The poor application of OHSMS in higher education is 

caused by the perception that universities are safe and 

comfortable environments to conduct academic activities [16]. 

This assumption prevents the climate and culture of safety in 

the formation of these institutions [6]. Meanwhile, the lack of 

safety knowledge causes OHS managers to be unaware of 

potential hazards, emergency response, risk control for 

occupational accidents and diseases, and the use of PPE [5, 16-

19]. 

One of the causes of accidents in universities is construction 

works which subsequently affect safety performance. This 

implies there is a need for good communication and 

information sharing strategy between those involved in the 

university and project management [19, 20]. Some of the 

factors observed to be causing construction work accidents in 

universities include weak safety policies, poor risk 

management, weak supervision, inadequate project 

management skills, design errors and construction methods, 

errors in selecting contractors/subcontractors, lack of 

understanding of construction safety at the university 

management level which causes lack of supervision, unsafe 

behavior, and a lack of technological innovation during the 

implementation of construction safety strategies [19-21]. 

Universitas Indonesia (UI) is one of the largest campuses in 

Indonesia and the main problems associated with the 

implementation of OHSMS in its environment include 

inadequate communication between OHSMS managers from 

both the university and faculty levels, lack of an optimal 

system for documenting incidents and accidents, and the 

existence of third parties or contractors that fail to report 

incidents/accidents in their workplace. Moreover, construction 

work has been discovered to be one of the major contributors 

to the fatality figure recorded in the university environment. 

Examples of these include the killing of construction workers 

at the Pusgiwa building by lightning in 2018 and the collapse 

of the Menwa building roof during renovation which injured 3 

workers in 2016. It was also discovered from the data 

compiled by PUPR (2016) that the construction industry has 

the largest number of accidents. ILO data also estimated that 

at least 60,000 fatal accidents were recorded at construction 
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sites worldwide and they occurred every 10 minutes [22]. 

The recent technological developments have made it 

possible to improve the safety performance at UI in line with 

Government Regulation no. 50 of 2012 Article 15. It is 

important to note that OHSMS is implemented in three 

organizational levels of the university environment which 

include the university, faculty, and project levels. There is, 

therefore, the need for an information system to integrated 

these levels using computer hardware and software utilities, 

procedure manuals, databases, models for analysis, planning, 

control, and decision-making [23]. This is necessary to ensure 

a more effective and efficient OHSMS, easier decision-

making process, and to reduce management operational costs 

[24].  

The use of BIM (Building Information Modeling) is 

increasing in the construction industry of Indonesia in line 

with the provisions of the Minister of Public Works Regulation 

No. 22 of 2018. BIM contains data and information needed 

from the planning to control stage of a project and has the 

ability to collaborate with an integrated information system to 

ensure safety management. This is supported by previous 

findings that its application in construction projects was able 

to improve safety performance due to its ability to visualize 

site conditions and identify hazards [25, 26]. 

There is a need to develop an appropriate safety 

management process which accommodates communication 

and information sharing between the OHS managers in UI [27, 

28]. Therefore, this study was conducted to develop a BIM-

based information system for OHSMS in the school. 

2. METHODOLOGY 

 

The case study method was applied in order to observe the 

phenomena in depth [29]. The stages involved include the 

development of a WBS-based safety plan, a BIM-based safety 

plan, and a BIM-based OHSMS information system. 

 

2.1 WBS-based safety plan 

 

The safety plan is an activity to identify, analyze, and 

control hazards before the construction project begins [30]. It 

was also defined by Hallowell and Gambatese [31] as the 

document that contains specific project safety goals and 

objectives, as well as methods to achieve project success. 

Wardahni, Latief [32] explained a safety plan as a document 

prepared at the project planning stage which contains risk 

identification, assessment, and mitigation results. 

The Minister of PUPR Regulation No. 10 of 2021 showed 

that hazards and risks can be identified based on the stages of 

activity derived from the WBS (Work Breakdown Structure). 

It is important to note that this study compiled the WBS using 

literature studies and scope of work references from the 

building projects at UI.  

The safety plan was also prepared based on the Minister of 

PUPR Regulation No. 10 of 2021 with the hazard and risk 

identification divided based on the worker, material, 

environment, and public. Meanwhile, the risks identified in 

architectural works and common wall works are presented in 

the following Table 1. 

 

Table 1. Risk identification 

 

No 
Risk Identification Impact of Risk Risk Prevention 

Type of Risk Description   

Work Package: Common Wall Works 

1 Workers 

Fall from height Injury, Death 

There is a strong and wide workbench/platform 

Safety fence installation 

Horizontal safety net installation 

Lighting in an open area 

There is a body line to connect the body harness 

Fall hazard sign is on 

Implement Tool Box Meeting 

HSE officer patrols every 2 hours 

Periodic checking of work equipment at height 

Using PPE and safety belt or safety body harness 

Dust/Splash exposure 
Eye irritation, Cause 

of blindless 

Keep a safe distance from getting splashed 

Install "communication" signs 

Wear safety goggles 

Use a face shield 

Overload of vertical 

conveyance 

Can cause serious 

injury if it falls on 

people 

Initial load test 

Periodic checking of tools 

Operator License Check 

Make sure the safety device (alarm) is functioning 

properly 

Maximum load sign installation 

Getting hit, due to 

falling/moving objects, 

etc. 

Injury, death 

Material handling and binding is conducted with 

care 

Safety deck installation 

Use HT communication devices 

Put up a sign which shows "Beware of Falling 

Materials" 

People available as flagman/rigger 

People available as flagman/rigger 

Electric Shock 
Damaged muscle 

tissue, nerve 

Avoid many flow sharing connections 

Provide safety insulation on chipped cables 
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No 
Risk Identification Impact of Risk Risk Prevention 

Type of Risk Description   

Work Package: Common Wall Works 

disruption, 

decrease/increase in 

blood pressure, death 

Electrical connection is coordinated by an 

electrician 

Prevent/avoid puddles 

Make sure the cable is hung and not attached to 

the floor, especially wet ones 

Make sure the cable used is adjusted to the power 

capacity 

Make sure the electrical connection uses a socket 

and is connected to the specified panel 

Create a grounding path 

Install the "Electricity Hazard" sign 

Periodic checks for electrical installations 

Wear rubber gloves and safety shoes 

Slip Injury 

Placement of materials arranged neatly 

Set up access road for people 

Create 5S workplace conditions 

Installation of a "safety sign" 

2 Material 

Material is messy and 

lost due to lack of 

supervision 

Material 

Loss 

Material placement is neat and there is access for 

people to walk 

Create 5S workplace conditions 

3 Environment 

The rest of the material 

is bad for the 

environment 

Air pollution, material 

waste, environmental 

pollution 

The remains of the material are deposited and 

placed in a sealed place 

4 Public 
There is traffic at the 

time of material arrival 

There is a traffic 

density outside the 

work area leading to 

community 

inconvenience 

Provide flagman to control the time of material 

transfer and traffic 

2.2 Safety plan BIM-based 

 

The safety plan data compiled based on WBS activities 

which include the identification, impact, and prevention of 

risks are known as safety building information [33] and were 

further integrated into the 3D BIM modeling.  

This is necessary because BIM modeling is normally used 

to identify hazards and risks during the design stage [34]. 

Moreover, the 3D BIM modeling integrated with work 

schedules has the ability to simulate potential hazards and risks 

more effectively [33, 34].  

BIM-based safety plans can be applied to universities, 

especially the typical college buildings, to identify hazards 

[25]. The case study is a 6-storey lecture building at the 

Faculty of Engineering, Universitas Indonesia with a focus on 

architectural work using the 3D BIM modeling on Revit 

software. 

 

 
 

Figure 1. 3D model BIM 

It is important to note that the 3D models in Revit are 

usually developed based on the 2D floor plans designed using 

AutoCAD. The building components usually modeled include 

the floor work, walls, ceilings, doors and windows, hardware, 

sanitary, facade, and roof as indicated in the following Figure 

1. 

The essence of BIM in the safety plan is to include safety 

building information data into the modeling. This involves 

inputting the information on the identification, impact, and 

prevention of risk previously prepared using the WBS for each 

architectural element of the building. This process requires 

adding new parameters through the project parameters menu 

in the Revit as indicated in Figure 2. 

 

 
 

Figure 2. Project parameters 
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The field details to be filled in Parameter Properties include 

Parameter Name: Safety Plan, Type of Parameters: URL, and 

Group parameter under: Text. This was followed by the 

selection of the building elements to be inputted with the 

information building data and the wall was used as the case 

study in this present research, as shown in Figure 3. 

The safety plan data inputted into the BIM modeling can be 

viewed by clicking on the element being reviewed as shown in 

the following Figure 4. 

 

 
 

Figure 3. Parameter properties 

 

The BIM-based safety plan data were further integrated into 

an information system to make it easier for all OHSMS 

managers in the UI Area including those from the university, 

faculty, and project level to view. The goal is to ensure all 

parties understand the potential hazards, risks and controls, 

and are able to coordinate effectively. It is important to note 

the information system was developed based on the web to 

allow everyone to access the application without having to 

install the BIM software.  

 

 
 

Figure 4. Safety plan data in BIM 

 

2.3 Information system for the OHSMS 

 

Information technology which is in the form of a web-based 

information system was used as the innovation to improve the 

safety performance of the OHSMS in the UI Area. It was 

developed using the Waterfall method approach [35, 36] based 

on the following stages: 

(a) Analyze the requirements of the system to be developed. 

The needs analysis was later used as the basis to compile the 

information on the identification of website/application 

visitors, design of the form and color for the display, menu 

arrangement, application system platform, display language, 

and completeness of features. 

(b) Develop system design through the PHP programming 

language (Hypertext Preprocessor) as well as the interface 

using HTML (Hypertext Markup Language), AJAX, and 

Bootstrap while the database was managed using MySQL. 

(c) The integration of the design code into the PHP 

programming language and MySQL database using Laravel 

and bootstrap frameworks. 

(d) The flowchart of the development process of the 

OHSMS information system is presented as follows Figure 5-

7. 

 
 

Figure 5. Information system development flowchart 
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Figure 6. BIM-based information systems (architectural 

works) 

 

 
 

Figure 7. Interactive page display of architectural OHS risk 

information 

 

 

3. DISCUSSION 

 

The project life cycle starting from design to construction 

planning and maintenance requires special attention and 

appropriate strategy to ensure safety [37]. There is a need to 

identify and eliminate potential hazards and risks during the 

project planning stage [38]. This is due to the fact that a 

construction project consists of risky activities which lead to 

the development of a safety plan in recognizing the hazards as 

well as devising for their control towards overcoming work 

accidents [32, 39].  

It is important to note that the safety plan is usually derived 

from the work package formed in the project WBS [32, 40]. 

This is in line with the provisions of the Minister of PUPR 

Regulation No. 10 of 2021. 

Safety performance in construction work can be enhanced 

through the application of BIM technology to the management 

of construction safety issues. This is due to its possible 

application in the design of safety plans, inspection and 

monitoring of designs, emergency response, and 

communication of safety issues to all parties involved [25]. It 

can also be used to model 2D CAD drawings of the 

construction plans translated into WBS to 3D, 4D, and nD 

towards ensuring the components of the projects are visualized 

better [41]. It is important to note that the BIM 3D modeling 

is the basis of BIM [42] while BIM 4D modeling is a 

combination of 3D modeling and project schedule which is 

normally used to control the implementation of the project 

schedule effectively and to reduce the total cost [37, 41]. The 

4D modeling can also be used to develop a project site safety 

plan which involves field logistics, project traffic layout 

development, and identification of potential hazards in the 

field [26]. Meanwhile, 5D modeling is usually used to control 

project implementation costs and budgets [43] while 6D 

focuses on the energy use in a building [44] and 7D modeling 

deals with the development of the facility management life 

cycle during the operational and maintenance phases [45]. It 

can be observed from this present study that the BIM-based 

safety plan integrates the WBS template and 3D object 

modeling to produce 4D BIM modeling [34, 46]. 

BIM technology is currently mostly used in design and pre-

construction stages [41, 47] by planners to visualize the project 

site and identify potential hazards [25]. Meanwhile, there is a 

need to continuously monitor the safety plan during the period 

of project implementation because the hazards and risks 

identified can still occur. This indicates the BIM technology 

should not be limited to the planning stage only but also 

extended to the implementation and maintenance stages. It is 

important to acknowledge that the combination of 3D BIM and 

project schedule makes it possible to monitor the 

implementation process in real-time. This is due to its ability 

to serve as an effective communication tool during project 

implementation such as toolbox meetings to explain potential 

work hazards to workers [41]. 

Safety performance can be measured by monitoring the 

implementation of a safety management plan. It should be 

pointed out that the requirements, methods, and instructions 

related to safety need to be documented in safety regulations, 

specifications, and work implementation standards after the 

hazards and risks are identified in the planning stage for 

employees to access while doing the work [34]. The 4D BIM, 

however, contains the information related to potential hazards 

and their mitigation [41] and this indicates it can be used to 

prepare safety requirement documents during the 

implementation stage [41]. Moreover, a web-based 

information system can be used to ensure easy access to the 

document and real-time project visualization while cloud-

based safety information using a web portal has been 

discovered to have the ability to improve safety performance. 

The data normally used as input in the BIM include the WBS, 

project team member data, identified hazards, and real project 

images [48].  

There is a need for an information system in the OHSMS at 

UI to improve communication between OHS managers at both 

the university and faculty levels. It is also required to 

maximize the documentation of incidents and accidents in the 

university, especially for third parties (contractors) in order to 

have an adequate report in their workplace and use the lessons 

learned in the next construction project. The web-based 

information system also allows the management to 

disseminate information among project team members [49]. 

This, therefore, shows that safety information and web-based 

communication can improve safety performance [48]. 

The BIM-based OHSMS information system developed has 

a positive impact on the smooth running of construction 

projects in the UI Area. This is associated with the ability of 

the workers to recognize potential hazards from the 

visualization of the BIM model, thereby, increasing their 

awareness. Another advantage of this system is that safety 

information on the building can be accessed easily, anywhere, 

and anytime without having to go through a long process. 

Moreover, it is also possible for the OHSMS manager to assess 

the performance of contractors by checking reports submitted 

to the information system. This, therefore, indicates the system 

can improve safety performance. 
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4. CONCLUSIONS 

 

Safety plan is normally prepared to describe the risk 

activities, types of risks, types of hazards, levels of risk, and 

preventive actions highlighted in a project WBS. Hence, there 

is a need for comprehensive identification of hazards and risks 

to minimize the occurrence of work accidents. 

Previous methods of identification were based on 2D 

AutoCAD drawings after which the activities are usually 

translated into WBS but this study used BIM technology to 

identify hazards and risks. The method was observed to be 

more effective due to its ability to visualize the objects more 

realistically. Moreover, the BIM also contains other 

information related to the project including the safety plan.  

This makes the safety plan data accessible to all parties 

involved in OHSMS UI, thereby, leading to the development 

of a BIM-based OHSMS information system to reduce the 

potential for workplace accidents. This is possible because the 

workers have a better awareness of their responsibilities and 

easily understand the potential hazards and risks associated 

with the job with the help of visualization. Moreover, the 

process of monitoring the OHSMS also becomes more 

effective because of this information system and this implies 

the BIM-based OHSMS information system has the ability to 

improve safety performance.  
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