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ABSTRACT

Background: In construction work, occupational accidents remain one of the most critical issues in the
construction industry, particularly in housing development projects that involve various high-risk activities. An
occupational accident is an undesired and unexpected event that occurs in the workplace, resulting in worker
injuries, equipment damage, workflow disruption, or even fatalities. Methods: This study aims to analyze the
probability of work accidents using the Hazard and Operability Study (HAZOP) approach to identify potential
hazards and operational failures in each stage of construction work at the XYZ housing project. The method is
applied to systematically review various risk scenarios based on field observations, interviews, and available
safety documentation. Findings: The HAZOP analysis successfully identified six critical hazards in the XYZ
housing development project, including material-related accidents, falls from heights, heavy material intrusion,
and respiratory disorders from dust, primarily caused by worker negligence, lack of proper procedures, and
inadequate use of Personal Protective Equipment (PPE). Conclusion: The implementation of integrated
preventive measures such as the provision of complete PPE, structured Standard Operating Procedure (SOP)
development, continuous training, and strict supervision has proven to be an effective strategy in mitigating
occupational accident risks in construction environments. Novelty/Originality of this article: This study
presents a systematic HAZOP-based approach combined with the 5S methodology and enhanced SOP
enforcement as a practical and replicable model for risk evaluation in residential construction projects.

KEYWORDS: construction; hazop; housing project; occupational accident; occupational
risk; occupational safety.

1. Introduction

The phenomenon of globalization is expected to significantly influence global social
structures, including the increasingly competitive business and industrial sectors (Buckley,
2020; Jain, 2024; Porter, 2023). In this context, both the quality and quantity of products
become crucial factors, which must be supported by compliance with Occupational Health
and Safety (OHS) standards (Yaqoob et al,, 2024). In this regard, risk can be interpreted as
the gap between expected and actual outcomes. Occupational accidents refer to health
issues or diseases experienced by workers as a result of unsafe working environments or
operational procedures (Dodoo & Al-Samarraie, 2023; Duarte et al., 2021; Najla et al., 2025).
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These incidents generally occur suddenly, without warning, and may take place during
production or field operations especially in conditions influenced by environmental
disturbances or technological disasters.

Occupational accidents may lead to severe consequences, including fatalities,
operational disruptions, infrastructure damage, and financial losses, both in the form of
direct compensation and indirect costs due to productivity loss (Debela et al., 2022; Jazdzik-
Osmolska et al.,, 2024; Sari, 2024). Therefore, implementing OHS principles serves not only
as regulatory compliance but also as a proactive effort to mitigate risks and prepare for
potential disasters within the work environment. The main goal of OHS implementation is
to create a safe, healthy, and resilient work environment capable of withstanding various
hazards and external disruptions, thereby ensuring operational efficiency and continuity
(AlMarri et al,, 2025; Benson et al., 2024; Farras et al., 2025; Sarbiah, 2023).

The XYZ residential construction project, located in a densely populated housing area,
represents a high-activity construction site. This project frequently faces occupational
safety challenges, with increasing risks during environmental disturbances or emergency
situations such as extreme weather. Accidents at the site continue to occur, ranging in
severity from minor injuries to major incidents (Gleeson & Mackway-Jones, 2022). Hence,
proactive mitigation of operational risks and environmental hazards is essential. According
to interviews with the Health Safety Environment (HSE) team, several work accidents were
still recorded at this location throughout 2022-2023. Detailed information on these
incidents is presented in Table 1 as part of the risk evaluation in the XYZ residential
construction project.

Table 1. Types of work accidents and number of incidents

No  Type of Work Accident Number of Incidents
1 Fall from height 3

2 Struck by material 5

3 Hit by material 4

4 Exposed to dust 15

5 Collided 10

6 Occupational disease 8

Total 45

Based on the data presented in Table 1, the frequency of occupational accidents was
determined through interviews with construction workers, revealing various potential
risks that could lead to workplace incidents. These accidents often result in injuries,
sometimes causing temporary disability among workers (Jeong, 2021; Kurnianto et al,,
2023). This indicates the importance of understanding the probability of work-related
accident risks encountered by construction personnel (Alkaissy et al., 2022; Ghosh et al,,
2025; Olcay et al,, 2022). This study seeks to evaluate the types of occupational hazards
using the Hazard and Operability Study (HAZOP) method.

The HAZOP method is applied to systematically identify potential hazards and
operational failures, including accident risks that could be worsened by external conditions
such as natural disasters or unexpected environmental disruptions (Cvetkovi¢ et al.,, 2024;
Marhavilas et al., 2020; Nguyen et al,, 2022). The findings from this analysis serve as the
basis for developing improvement strategies aimed at preventing workplace incidents. As a
follow-up, risk control recommendations are formulated by enhancing the OHS system at
PT XYZ in the residential construction project. Strengthening the OHS system is considered
urgent, not only to minimize work-related injuries but also as part of broader risk mitigation
efforts in anticipation of disaster-related impacts that could threaten the safety and
continuity of construction activities.
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2. Methods

This study applies the Hazard and Operability Study (HAZOP) method to identify and
manage potential hazards in the work environment. The selection of this method is based
on its qualitative, systematic nature, and its ability to provide in-depth understanding and
careful evaluation of results. The HAZOP approach uses worksheets that cover aspects of
deviations, causes, impacts, and handling steps. The research method used is descriptive
quantitative, which aims to describe conditions or events based on data from observations,
interviews, documentation, and relevant data analysis.

The following are the procedures for implementing the research that will be carried
out; (1) identifying problems by analyzing potential accident risks, (2) literature Reflection
containing relevant information and knowledge regarding risk management, OHS system,
and risk identification, assesment and control methods, (3) the main discussion is directed
at compiling research questions that focus on identifying work accident hazard and
developing risk management strategies at the XYZ location, using the HAZOP method
approach, (4) the aim of research is to identify potential hazards, evaluate the level of risk,
and provide appropriate solutions to reduce the risk of accidents, (5) conducting interviews
with construction workers in the field in real time, (6) the data analysis process in this study
includes a review of work procedures that include recognizing potential risks that arise and
linking them to the criteria in the HAZOP worksheet, (7) selecting Probability figures from
accident risk type data. The following matrix table used to determine the category of work
accident risk types, (8) form the risk matrix above, it can be seen that the probability
numbers consist of 1 to 5 with risk type categories from very light to very heavy, after which
a solution matrix grouping will be carried out which will be determined based on filling in
the probability matrix in Table 2.

Table 2. Risk matrix and grouping of risk consequences

Probability Risk Category Color Description

1 Very Low Light Green Very low risk, rarely occurs. Minor
injuries such as small cuts or minor
bruises.

2 Low Old Green Low risk, Possibility of occurrence is
low. Moderate injuries requiring simple
P3K

3 Moderate Yellow Moderate risk, possibility of occurance

is moderate. Minor injuries requiring
medical attention

4 High High risk, high possibility of occurance.
Serious injuries requiring
hospitalization

5 Very High Critical risk, almost certain to occur.

Fatl injury or permanent disability

The analysis and discussion were conducted to explain the origins and causes of work
accidents or process disruptions. Suggestions for improvement and design refinements
involve developing procedures that can be applied at specific locations in the workplace
where there is a risk of work accidents. The primary goal is to minimize or completely
eliminate these hazards. In conclusion, this study aims to address all the research questions
that were raised.

Table 3. Risk level and description

Risk Level Description

Extreme Risk Immediate action is required

High Risk Managerial attention is necessary

Medium Risk Management tasks include regular monitoring
Low Risk Managed under standard protocol
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3. Results and Discussion
3.1 Type of construction work

Based on the results obtained through direct observation of the housing development
project carried out by PT. XYZ, several work activities were identified. The risk identification
process was carried out for all these activities to describe the potential risks that might
arise. This process helps in understanding the level of risk associated with each potential
threat. By assessing the number of risks present, the organization can identify which
hazards have the most significant impact so that their handling can be prioritized more
effectively.

Based on Table 4, it can be identified that there are seven main types of activities that
take place during the construction process of a housing project. These activities include;
foundation work, structure, ceramic installation, wall and partition construction, roof or
ceiling work, plumping installation, and finishing. These seven categories of work cover a
total of 24 specific activities carried out during the implementation of the project.
Furthermore, a hazard identification analysis is carried out for all of these activities. This
process aims to describe the potential risks that may arise from each activity, so as to
provide a more comprehensive understanding of the possibility of hazards at the work site.

Table 4. Types of activities in housing development work

No  Work Activities Type of Activity

1 Foundation Work Land excavation process

2 Building foundation laying

3 Existing work implemention

4 Building concreate column casting

5 Structural Work Concrete sab casting

6 Structural beam casting

7 Plastering and mixing work

8 Ceramic Work Sand mortar work on floors

9 Concrete rabat casting under vinyl floors

10 Granit ceramic installation

11 Wall and Partition Work Vinyl floor installation

12 BTC board installation on HPL walls

13 BTC board installation on HPL and rockwool layers
14 Decorative WPC installation for siding

15  Ceiling/Roof Work Hollow galvanized steel installation for siding
16 Gypsum board ceiling installation

17 WPC ceiling installation

18 Drop ceiling grid installation with gypsum materials
19 WPC ceiling list installation

20  Plumbling Utilities Clean water system installation

21 Dirty water drainage installation

22 New ceiling installation

23 Finishing Work Wall surface painting

24 Door primer finishing application

This process helps in understanding the level of risk associated with each potential
threat. By assessing the number of risks present, the organization can identify which
hazards have the most significant impact, so that their handling can be prioritized more
effectively.

Table 5. Types of risks in housing construction activities

No Activities Code  Hazard Identify Risk
1 Foundation Al Ground Excavation Land Subsidence due to soil movement
Work A2 Electrical cable in soil  Electric shock from underground power
lines
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A3 Scattered materials Slip due to unstable work area (minor
injury)
A4 Heavy steel failing Severe injury due to falling structural
elements (Serious injury)
A5 Accident/collision Exposed to severe worker injury
with materials
B1 Fall from weight Fatal injury (Broken bones)
B2 Scattered materials Slip on work path
for heavy steel
2 Structural B3 Broken claws when Minor injury in fingers (Serious Injury)
Work breaking steel
B4 Getting hit by falling Serious injury due to falling hazardous
materials materials
C1 Exposed to water Slips due to irritation from liquid spills
splash
Cc2 Exposed to nail Minor injury due to work accidents
scratches
3 Ceramic C3 Falling trapped hand Minor injury due to pinched or trapped
Work material
C4 Inhailing dust Respiratory disturbance due to dust
exposure
C5 Dust entering eyes Same at risk C4
D1 Trapped material Eye irritation due to flying particles
4 Wall and D2 Falling Trapped hand  Severe injury due to falling trapped hand
Partition D3 Materials hittung Minor injury due to hit by falling objects
Work body
D4 Minor injury due to Minor injury due to hit by work tools
sanding work
El Head Collision Minor injury due to head impact with
structure
E2 Exposed to electrical Minor injury due to electrical contact
shock
5 Celling/Roof  E3 Fall from scaffolding Severe injury due to fall from height
Work E4 Falling trapped hand Minor injury due to trapped hand while
working
E5 Injury due to pipe Minor injury due to trapped hand while
cutting working
F1 Fall down stairs Bone injury due to falling down stairs
6 Plumbing F2 Falling trapped handa Minor injury when using pipe
Work bender installation tools
F3 Injury by pipe cutting  Minor injury due to combination of pipe
construction not suitable
G1 Scattered Electrical Fall or hurt due to scattered cables
Cables
G2 Inhaling finishing dust  ISPA (respiratory tract) due to dust
exposure
7 Finishing G3 Inhiling material dust ~ ISPA (respiratory tract) due to harmful
Work building chemical finishing
G4 Material splashing Eye irritation due to material contac
into eyes
G5 Head Collision Minor injury due to head impact with

building structure

Based on Table 6, potential risks can be identified from 7 types of work activities in the
housing development project. Of the total risks, it was found that 13 risks were in the low
category, 12 risks were classified as moderate, and 6 risks were included in the high hazard
level. After the risk assessment process is completed, the next step is to design and
implement appropriate mitigation strategies. This risk management process aims to control

CALAMITY. 2025, VOLUME 3, ISSUE 1 https://doi.org/10.61511/calamity.v3i1.2025.2066


https://doi.org/10.61511/calamity.v3i1.2025.2066

Shafiudin et al. (2025) 38

and minimize the impact of hazards, by considering various handling alternatives based on
actual conditions in the field and internal company policies (Aprilia et al., 2020).

Table 6. Risk assessment of housing construction activities

No Activities Code Severity Frequency RRN Risk Priority
1 FoundationWork Al 3 2 6 Moderate
A2 3 2 6 Moderate
A3 2 4 8 High
A4 3 2 6 Moderate
A5 3 2 6 Moderate
B1 4 1 4 High
B2 2 5 10 High
2 Structural Work B3 4 2 8 High
B4 2 3 6 Moderate
Cc1 2 2 4 Low
C2 2 2 4 Low
3 Ceramic Work C3 1 1 1 Low
C4 2 3 6 Moderate
C5 2 3 6 Moderate
4 Wall and Partition work D1 2 2 4 Low
D2 1 1 1 Low
D3 1 2 2 Low
D4 1 2 3 Low
El 2 3 6 Moderate
E2 3 2 6 Moderate
5 Celling/Roof Work E3 2 5 10 Low
E4 1 3 3 Low
E5 1 3 3 Low
F1 3 2 6 Moderate
6 Plumbing Work F2 1 1 1 Low
F3 2 3 6 Moderate
G1 2 2 4 Low
G2 2 4 8 High
7 Finishing Work G3 2 2 4 Low
G4 2 2 4 Low
G5 2 3 6 Moderate

Table 6 presents the results of the identification of potential hazards, accompanied by
a scale of severity and frequency of occurrence. The data in the table was obtained through
a brainstorming process involving the company, including HSE staff, project foremen, and
project managers. The determination of the severity and frequency scales in this
identification refers to Table 2 and Table 3 as the main guidelines.

Fig. 3 (a) Roof Installation; (b) Installation of electrical installations

Determination of priorities in risk control is carried out by referring to risk mapping,
which is the main reference in designing appropriate preventive measures. The goal is to
ensure the effectiveness of risk control implementation, especially against potential threats
that have been identified. To support this process, a HAZOP (Hazard and Operability Study)
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worksheet is prepared as an analysis tool (Isnaini et al., 2022; Nur, 2020; Pujiono et al.,

2013; Retnowati, 2017).

The issues described above involve multiple potential risks, especially within the XYZ
residential construction project, which not only encounters operational challenges but also
faces external environmental factors and unpredictable conditions, including natural
disasters. Therefore, the researcher aims to classify types of occupational accident risks
using the Hazard and Operability Study (HAZOP) method while also formulating preventive
and adaptive solutions as a follow-up to the identified risks. Further explanation and

classification are presented in Table 7.

Table 7. Types of risk, classification, actions

No Hazard Finding Risk Hazard Source Action
1 Material stuck Minor injury e Moving material e Tidy up scattered
accident ¢ Unfocused worker materials
e Worker e Arrange materials
carelessness properly
o Lack of spatial e Provide safety guidelines
awareness for workers

2 Fall form height Serious injury

Accident on
access

3 Scattered
materials

4 Heavy material
entering

Serious injury

5 Fall from
scaffolding

Serious injury

e Not using APD

e Worker negligence

¢ Unsafe working
conditions

¢ No available SOP for
proper work
procedures

¢ No proper material

o Lack of spatial
awareness

e Lack of disipline

e Other workers

e Heavy iron
breaking loose

¢ Loose steel mesh

e Damaged
scaffolding

e Poor concentration
e Not using APD
¢ Not following SOP

Apply 5S methodology in

workplace

Implement methodical

procedures at work site

Use proper APD

equipment

e Use complete APD

o Stay focused while
working

e Work according to SOP

¢ Tidy up scattered
materials

e Arrange materials
properly

¢ Provide safety guidelines
for workers

e Apply 5S methodology in
workplace

¢ Implement methodical
procedures at work site

e Use proper APD
equipment

e Inspect work methods

e Select workers with
appropriate skills and
experience

¢ Conduct safety briefing
on APD usage

e Use proper APD
equipment

e Use proper APD
equipment

e Create Standard
Operational Procedure
(SOP) for safe work
execution with proper
integration
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¢ Ensure proper
scaffolding conditions
¢ Organize scaffolding

properly
6 Dust inhaled Respiratory ¢ Not wearing mask ¢ Use proper dust mask
while breathing disturbance e Minimum mask e Provide dust protection
(Silicosis) supply equipment

e Damaged mask e Create Work

Instructions
¢ Implement work

supervision

¢ Inspect work methods

Based on Table 7, the HAZOP analysis identified six critical hazards with the potential
to occur in the construction work environment, including tripping over materials, falling
from heights, scattered debris, falling heavy objects, falling from scaffolding, and respiratory
disturbances due to excessive dust exposure. Each hazard has varying levels of severity,
ranging from minor injuries to serious respiratory conditions such as silicosis. The main
contributing factors include worker negligence, lack of concentration, failure to use
personal protective equipment (PPE), low environmental awareness, unsafe working
conditions, and the absence of adequate standard operating procedures (SOPs). In
construction settings that are vulnerable to external disturbances such as extreme weather
or localized natural disasters, these hazards may become even more complex and difficult
to control if not addressed from the outset. Therefore, comprehensive preventive measures
are essential, including the provision of appropriate PPE, implementation of the 5S principle
(Sort, Setin order, Shine, Standardize, Sustain), structured SOP development, ongoing safety
training, strict on-site supervision, and long-term investment in safety infrastructure (Aktar
et al, 2023; Jiménez et al., 2020; Oktavera & Wardaya, 2023; Shahin et al,, 2023). These
efforts aim not only to reduce the incidence of workplace accidents but also to serve as a
strategic approach to mitigate risks related to potential disasters that could disrupt
construction project stability.

4. Conclusions

The study highlights that occupational accidents remain a significant challenge in
residential construction projects, particularly in high-activity sites such as the XYZ housing
development. Using the HAZOP (Hazard and Operability Study) method, six critical hazards
were identified, including tripping over materials, falls from heights, scattered debris, heavy
objects falling, scaffold-related accidents, and respiratory disorders from dust exposure.
These hazards were primarily caused by worker negligence, insufficient use of personal
protective equipment (PPE), lack of concentration, unsafe working conditions, and the
absence of comprehensive standard operating procedures (SOPs).

The analysis further revealed that construction work activities, ranging from
foundation laying to finishing, each carry varying degrees of risk, with some classified as
high-priority hazards requiring immediate intervention. The risk assessment process,
involving direct observations, interviews, and documentation review, enabled systematic
classification of hazards and identification of preventive measures. By linking hazard
severity and probability, the study provided a clear roadmap for prioritizing risk control
and enhancing occupational safety in the construction environment.

To mitigate these risks, the study recommends an integrated approach combining
proper PPE provision, structured SOP development, continuous safety training, strict on-
site supervision, and the application of the 5S methodology (Sort, Set in order, Shine,
Standardize, Sustain). These preventive strategies not only aim to reduce workplace
accidents but also serve as a proactive measure to address potential disruptions caused by
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environmental disturbances or natural disasters. The HAZOP-based model presented in this
research offers a practical and replicable framework for improving occupational health and
safety management in residential construction projects.
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