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Background: Jetty rehabilitation combines overwater work, heavy
equipment, suspended loads, demolition, temporary access, and changing
marine conditions. These interacting factors create substantial
occupational risks and require systematic hazard identification and risk
assessment to establish appropriate controls.

Objective: This study identifies task-level hazards usingjob Safety
Analysis (JSA), classifies the identified risks using Hazard Identification,
Risk Assessment and Risk Control (HIRARC), establishes control priorities,
and formulates mitigation recommendations for the rehabilitation of
Kijing Port Regional II.

Methods: A descriptive case study used a semi-quantitative risk
assessment supported by field observations, interviews, and project
documents. JSA decomposed the rehabilitation activities and identified
hazards; HIRARC then assessed likelihood and severity to determine risk
levels and control priorities. Ratings were validated through
triangulation, expert judgment, and consistency checks against
occupational safety and health requirements and project procedures.
Results: The study identified 32 hazards across eleven work-activity
groups. Low, medium, high, and extreme risks accounted for 3.1%, 31.3%,
53.1%, and 12.5%, respectively. High and extreme risks were
concentrated in overwater access, lifting and heavy-equipment
operations, concrete demolition, and steel pipe pile work.

Conclusion: Sequential JSA-HIRARC analysis linked task-level hazards to
risk priorities and activity-specific controls. High and extreme risks
require strengthened engineering and administrative controls, supported
by appropriate personal protective equipment and continuous
supervision.

To cite this article: Elisabeth Alfaomasi Daeli, Parwadi Moengin. (2026). Analysis of Occupational Safety and
Health Risks in Wharf Structure Rehabilitation Using JSA and HIRARC Methods. Equivalent: Jurnal Ilmiah Sosial
Teknik, 8(4), 1824-1838. https://doi.org/10.59261 /jequi.v8i4.444

Jetty rehabilitation is a high-risk form of maritime construction because work is performed at
the interface between land and water, while heavy equipment, suspended loads, demolition activities,
temporary access systems, and piling operations may occur within the same work environment. In
addition to conventional construction hazards, workers are exposed to changing tides, waves, wind,
humid conditions, restricted movement space, and the possibility of falling into the water. These
characteristics can increase the consequences of struck-by, caught-between, electrical, noise, vibration,
and overwater-access hazards. Therefore, Occupational Safety and Health (OHS) management must be
based on systematic task-level hazard identification and risk prioritization rather than on general
construction controls alone (Bourahla et al,, 2024; Dewi et al., 2022; Kaup et al,, 2022; Yunanto et al,,
2024).

INTRODUCTION
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PT Pelabuhan Indonesia (Persero) Regional II, located in Mempawah Regency, West Kalimantan
Province, is one of the State-Owned Enterprises (SOEs) that plays an important role in providing port
services, particularly logistics services, container loading and unloading, and the handling of liquid bulk
cargoes such as Crude Palm 0Oil (CPO). The existence of Kijing Port as one of the national strategic
projects makes the region highly important for supporting distribution and trade activities at both the
regional and national levels. Along with the increasing intensity of operational activities and the growing
demand for service capacity, reliable and safe port infrastructure is essential, one component of which
is the rehabilitation of wharf structures. Based on the Work Plan and Conditions (RKS), the
rehabilitation work includes complex and high-risk activities, such as steel pipe pile installation, pile
head treatment, deck and pier beam construction, and work conducted in the water area. These
activities involve the use of heavy equipment and work over water and are strongly influenced by
marine environmental conditions, including weather, waves, and tides (I, 2025). This condition
indicates that the wharf structure rehabilitation project at Kijing Port not only has strategic value for
port operations but also presents significant potential hazards to occupational safety and health.
Therefore, the implementation of a planned and measurable OHS management system is essential to
ensure worker safety, prevent occupational accidents, and maintain the continuity and smooth
execution of the project. This study uses the rehabilitation of the Jetty 03 Dry Bulk Pier at the Kijing
Terminal of PT Pelabuhan Indonesia (Persero) Regional II as a case study. The research location was
selected based on the characteristics of the work, which involve the dismantling of existing structures,
concrete drilling, concrete demolition, material removal using heavy equipment, and the erection and
installation of steel pipe piles in areas directly adjacent to the water. These characteristics indicate a
high level of OHS risk, making the project suitable as a research object for the application of Job Safety
Analysis (JSA) and Hazard Identification, Risk Assessment and Risk Control (HIRARC) methods.

In practice, OHS implementation in port and construction environments may still be constrained
by incomplete hazard identification at specific work stages, inconsistent personal protective equipment
(PPE) compliance, and control measures that are not always adjusted to changing field conditions. These
weaknesses are particularly consequential in rehabilitation work involving lifting operations,
demolition, heavy equipment, temporary pontoon access, and work near open water because the hazard
profile can change as equipment positions, weather conditions, tides, and work sequences change.
Evidence from port workers also shows that PPE compliance cannot be assumed to be adequate without
supporting knowledge and organizational controls, while learning from incidents can strengthen safety
performance when corrective actions are consistently integrated into work practices (Alifandy & Astuti,
2024; Chan et al,, 2023; Devianti et al,, 2022; Latifah et al., 2023).

Job Safety Analysis (JSA) is used in this study as the first, task-level stage of the risk analysis. The
rehabilitation process is decomposed into eleven major work activity groups: work-area preparation;
pontoon mooring and unmooring; equipment mobilization and setup; field survey and measurement;
concrete cutting; concrete drilling; concrete demolition; reinforcement cutting; material lifting and
removal; steel pipe pile mobilization and positioning; and steel pipe pile installation or driving. For each
activity group, JSA is used to identify the work step, potential hazard, possible consequence, and existing
controls before a risk score is assigned. This task decomposition is consistent with the strength of JSA
in identifying hazards at the operational level, although previous literature also notes that JSA alone
does not always provide a standardized basis for ranking risk priorities (Adilla et al., 2025; Andriana et
al,, 2025; Ghasemi et al., 2023).

Hazard Identification, Risk Assessment and Risk Control (HIRARC) is then applied sequentially
to the hazards identified through the JSA, rather than being used as a parallel and independent method.
Each ]JSA-identified hazard becomes an input to the HIRARC assessment, in which likelihood and
severity are evaluated and combined to determine the risk category and the urgency of control
measures. Previous HIRARC studies have demonstrated the usefulness of this approach for prioritizing
hazards in girder erection, dam construction, and port-equipment operations; however, those
applications generally begin with an existing hazard list and do not explicitly trace each risk rating back
to a detailed JSA breakdown of rehabilitation tasks (Aninditya et al., 2023; Rumondor et al., 2024; Wong
etal, 2022).

Previous research provides important but still fragmented evidence for the present problem. A
jetty-project review identified technical and environmental risk sources such as water level, weather,
installation methods, and design conditions, but it did not provide a task-by-task JSA-to-HIRARC
assessment for an ongoing rehabilitation project (Aung et al., 2023; Dewi etal., 2022; Lathaj etal., 2024;
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Yussif et al,, 2025). A port-berth case study applied hazard identification and risk assessment to
construction activities, while a systematic review of JSA highlighted the method's value for detailed
hazard recognition, together with limitations in standardized risk ranking (Ghasemi et al., 2023;
Mahapatra & Kushwaha, 2020). This creates a research gap in demonstrating a traceable sequence from
detailed task-level hazard identification to risk prioritization under changing marine conditions during
jetty rehabilitation. Accordingly, this study integrates JSA as the hazard-identification stage and HIRARC
as the subsequent semi-quantitative risk-assessment stage to identify and classify OHS risks, establish
priorities for high and extreme risks, and formulate mitigation recommendations that can be directly
linked to the relevant rehabilitation activities. The contribution of the study is therefore both
methodological, through the explicit JSA-HIRARC workflow, and practical, through activity-specific
control priorities for the Kijing Terminal Jetty 03 Dry Bulk rehabilitation project.

METHOD

This study employed a descriptive case-study design with a semi-quantitative risk assessment
supported by qualitative field evidence. It was not purely qualitative because each identified hazard was
assigned ordinal likelihood and severity values that were combined to produce a numerical risk score,
while observations, interviews, and project documents were used to identify hazards and interpret the
work context. The case was the rehabilitation of Jetty 03 Dry Bulk at Kijing Terminal, PT Pelabuhan
Indonesia (Persero) Regional II, Mempawah Regency, West Kalimantan. The site was selected because
the project combines existing-structure demolition, temporary access over water, heavy-equipment
movement, material lifting, steel pipe pile positioning and driving, and direct exposure to marine
environmental conditions; these characteristics make it an information-rich case for assessing
occupational safety and health (OHS) risks in jetty rehabilitation. The analysis covered eleven major
work activity groups: work-area preparation; pontoon mooring and unmooring; equipment
mobilization and setup; field surveying and measurement; concrete cutting; concrete drilling; concrete
demolition; reinforcement cutting; material lifting and removal; steel pipe pile mobilization and
positioning; and steel pipe pile installation or driving. Research participants included the Project
Manager, HSE Officer, Site Engineer/Site Supervisor, foremen, and field workers. Data were collected
from mid-April to early May 2026 through observations, interviews, Job Safety Analysis (JSA) and
Hazard Identification, Risk Assessment, and Risk Control (HIRARC) forms, and project and OHS
documents, using observation sheets, interview guides, JSA forms, HIRARC forms, and project technical
documents as research instruments. Participants were selected purposively based on their direct
involvement in the rehabilitation work or their responsibility for OHS implementation, technical
supervision, and field execution.

The analysis followed a sequential workflow without testing relationships between variables.
First, each rehabilitation activity was broken down using JSA to identify potential hazards, their causes
or exposure conditions, possible consequences, and existing controls. Second, every identified hazard
was transferred to the HIRARC assessment and rated using likelihood and severity parameters; the
product of the two values determined the risk score and risk category. Third, the resulting risk
categories were used to establish control priorities and formulate recommendations with reference to
the hierarchy of controls, including elimination or substitution where feasible, engineering controls,
administrative controls, and personal protective equipment (PPE). Data credibility was strengthened
through expertjudgment; triangulation of observations, interviews, and project documents; comparison
with applicable OHS requirements and project standard operating procedures (SOPs); and internal
consistency checks between the JSA hazard descriptions, HIRARC ratings, and recommended controls.
This sequence provides a transparent link from field evidence to hazard identification, risk ranking, and
mitigation recommendations. For each likelihood and severity rating, observational evidence was cross-
checked against interview explanations and project records; inconsistencies were reviewed with the
relevant project personnel and checked against applicable OHS requirements and project SOPs before
the final rating was retained.

RESULTS AND DISCUSSION
Results
Overview of Research Locations
This research was conducted on the structural rehabilitation work of Jetty 03 Dry Bulk Pier in
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the Kijing Port area of PT Pelabuhan Indonesia (Persero) Region II, Mempawah Regency, West
Kalimantan. The pier serves as a supporting facility for dry bulk loading and unloading activities. The
work environment is located in an open area directly adjacent to the water and is therefore affected by
tides, waves, wind, humidity, and weather changes, resulting in a high level of safety risk. The
rehabilitation work includes preparation of the work area, concrete drilling, concrete demolition,
material removal, welding and cutting of reinforcement, and preparation for pile installation with the
support of various types of heavy and mechanical equipment. Based on field observations, the work area
has limited space for movement, a partially uneven surface due to exposure to seawater and residual
materials, and direct exposure to environmental conditions, thereby increasing the potential for hazards
to workers and making the implementation of Occupational Safety and Health (K3) a critical aspect of
project execution.

Visual documentation at each stage of the work—including work-area preparation, equipment
mobilization, pontoon mooring and unmooring, concrete cutting, concrete drilling, concrete demolition,
reinforcement cutting, material removal, mobilization and positioning of steel pipe piles, and pile
driving—was collected during field observations. Given the limitations in the resolution and size of the
images that can be displayed individually, the documentation is summarized as a narrative description
in the following sections, while the complete photographic documentation is available in the research
documentation file.

In addition to structural observations, inspections were conducted on work access and worker-
mobilization systems to the work area on the working pontoon. Access to the pontoon is provided by a
temporary working ladder connecting the pier to the pontoon in the marine work area. This condition
requires special attention because pontoon movement caused by waves and tides can increase the risk
of workers falling into the water if safe work procedures are not properly implemented. Considering
that the rehabilitation activities are carried out not only on the pier surface but also over water and
require temporary access, the condition of work access is an important factor affecting both work
execution and occupational safety and health during the construction process.

Access to the working pontoon is provided by a temporary ladder connecting the pier structure
to the pontoon used as the work platform. Based on field observations, workers use this access route
while carrying work equipment, while pontoon movement caused by waves and tides creates changes
in elevation between the pier and the pontoon that may result in slipping, loss of balance, or falling into
the water. Therefore, before work begins, the condition of the ladder must be inspected, access routes
must be properly arranged, and safe work procedures must be implemented as part of risk control. In
addition, observations focused on the condition of the existing concrete structure to identify damaged
components as a basis for determining the type of rehabilitation work required at the subsequent stage.

The observations showed that some portions of the concrete structure had deteriorated, as
indicated by damage to the concrete surface, cracking, and degradation of concrete components. This
condition indicates that the structural elements require rehabilitation to maintain their serviceability in
accordance with the operational function of the pier. The findings at this observation stage provide the
basis for preparing work methods, beginning with concrete cutting, concrete drilling, and concrete
demolition, followed by subsequent structural repair work. In addition to serving as a technical
reference for rehabilitation activities, these existing conditions are also used as a basis for identifying
potential hazards using the Job Safety Analysis (JSA) method because each type of damage and its
corresponding repair method has different safety-risk characteristics.

Implementation of Pier Structure Repair Work

The rehabilitation of the pier structure is carried out in stages according to the construction
method and the condition of the existing structure, including preparation of the work area, equipment
mobilization, concrete drilling, concrete demolition, welding and cutting of reinforcement, material
removal, and preparation for pile installation using a diesel hammer. The work is conducted within an
operational port environment and therefore requires coordination with loading and unloading
activities. Some work is also performed at the edge of the pier and over water, where the level of safety
risk is high. Concrete demolition and debris removal are conducted during both daytime and nighttime,
with additional lighting provided; however, nighttime conditions may still reduce visibility and increase
occupational risks. The use of heavy equipment and mechanical equipment, combined with working
conditions in marine areas, makes the implementation of Occupational Safety and Health (K3)
procedures at every stage of the work essential for minimizing the potential for occupational accidents.
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Work Area Preparation and Equipment Mobilization

The initial stages of the work began with preparation of the work area and mobilization of
construction equipment to the work site. At this stage, the work area was organized, materials were
placed in designated locations, work access was inspected, and equipment positions were adjusted to
suit field conditions in the pier area. The equipment used in the structural rehabilitation work includes
cranes, core drilling machines, jackhammers, welding equipment, steel slings, and various other
auxiliary equipment used to support construction activities in the pier area.

In addition to equipment mobilization, preparations were made for a lifting system using cranes
to support the lifting of materials and work equipment in the pier area.

Before the lifting process is carried out, workers arrange the slings and crane hook to ensure
that the lifting system is in a safe condition and ready for use during the work activity.

Implementation of Concrete Drilling Work

Concrete drilling was carried out as part of the rehabilitation of the existing concrete structures
in the pier area to create drilling points according to the technical requirements of the rehabilitation
and structural demolition work. The work was performed using a core drilling machine with a gradual
drilling method to maintain the accuracy of the drilling points and minimize damage to the surrounding
structure. Before work began, the drilling-point locations were verified, the work-area conditions were
inspected, the readiness of the equipment was checked, and work-safety procedures were implemented
under the supervision of the field supervisor, considering that the work takes place in the pier area
directly adjacent to the water. This stage aims to ensure that the drilling process is performed in
accordance with the work method while minimizing potential risks during execution.

After the drilling points were determined, concrete drilling was carried out using a core drilling
machine to create holes in the existing concrete according to the planned dimensions. This method was
selected because it can produce holes with a high degree of precision while minimizing damage to
concrete outside the designated work area. During drilling, water is used as a cooling medium for the
drill bit and also helps reduce dust generated during the work.

Field observations documented the existing concrete-drilling process using a core drilling
machine in the jetty slab area. The work was performed in stages while considering the drilling position,
concrete surface condition, and equipment stability. Because the work site was exposed to marine
weather and high humidity, particular attention was given to electrical installations, equipment
condition, and workers' compliance with personal protective equipment requirements.

Implementation of Existing Concrete Demolition

After concrete drilling was completed, the existing concrete was demolished to remove damaged
concrete and expose the reinforcement as part of the rehabilitation of the pier structure. The work was
carried out in stages using a jackhammer within predetermined areas so that demolition could be
controlled, damage to structurally sound portions could be minimized, and the condition of the existing
concrete and reinforcement could be more easily inspected. Because the work was performed in a pier
area directly adjacent to the water, potential hazards included vibration, dust, noise, and the risk of
working near the pier edge. Therefore, adequate Occupational Safety and Health (K3) controls were
required.

Implementation of Steel Pipe Pile Piling Work

Steel pipe pile driving is a major stage of the pier-structure rehabilitation work intended to
increase the capacity and reliability of the existing structure. After preparation of the work area and
removal of obstructing structural elements, setting out is performed using surveying equipment to
ensure that the pile positions correspond to the planned locations. The steel pipe piles are lifted by crane
and gradually driven from the working pontoon until they reach the required depth or bearing capacity,
while their position and verticality are continuously monitored. The work is influenced by waves,
currents, tides, and weather conditions and involves crane operations, welding of pile joints, and
material lifting. From the perspective of Occupational Safety and Health (K3), this work presents a high
level of risk because it involves heavy equipment, suspended loads, work over water, and the potential
for workers to fall, be struck by materials, become caught or pinched, or be exposed to high noise levels.
Therefore, adequate supervision, implementation of safe work procedures, use of personal protective
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equipment, and proper work-area organization are necessary to minimize the risk of accidents.

Before pile driving begins, the position, alignment, and verticality of the steel pipe piles are
checked using surveying equipment to ensure that their coordinates, orientation, and verticality
conform to the design drawings and remain within the permissible tolerance limits. This stage is
important to ensure integration of the rehabilitation structure with the existing pier and to prevent load
eccentricity caused by pile inclination. During the positioning process, measurements are repeated until
a position that meets the technical requirements is achieved. This activity involves interaction among
workers, surveying instruments, and heavy equipment in the pier-side work area and therefore has the
potential to cause hazards such as tripping over materials, exposure to moving heavy equipment, or
falling into the water. Adequate supervision and work-area control are therefore required to ensure safe
execution.

After the position and verticality of the steel pipe pile are confirmed to be acceptable, pile driving
is performed from the working pontoon until the planned depth and required bearing capacity are
achieved. During implementation, the position and verticality of the piles are continuously monitored
to ensure the quality of the work, considering field conditions, soil characteristics, and equipment
stability. Work over water is also affected by weather, waves, and tides and therefore requires effective
coordination among personnel. From the perspective of Occupational Safety and Health (K3), pile
driving is a high-risk activity because it involves heavy equipment, suspended loads, and workers
operating around the pile-driving area. These potential hazards are therefore the focus of further
analysis using the Job Safety Analysis (JSA) and Hazard Identification, Risk Assessment and Risk Control
(HIRARC) methods.

Welding work and adjustment of steel components are performed to support steel pipe pile
installation, including pile splicing, installation of supporting elements, and adjustment of component
positions according to field requirements. The work is conducted after inspection of the materials and
verification of work-area readiness and is performed by competent workers in accordance with
established procedures to ensure the quality of the connections and structural performance. From the
perspective of Occupational Safety and Health (K3), this activity presents potential hazards in the form
of sparks, arc radiation, high temperatures, fire, and electrical hazards associated with welding
equipment and electrical cables. Therefore, the work area must be properly organized, equipment must
be inspected, and appropriate work procedures must be implemented to minimize the risk of accidents.

The steel pipe pile driving work is supported by a generator set as a source of electrical power,
a welding machine for welding steel components, and a total station for surveying and controlling pile
positions according to the design coordinates. Although this equipment supports efficient work
execution, its use presents potential hazards such as electrical hazards, noise, cable-related trip hazards,
and contact with moving equipment. Therefore, proper work-area organization, equipment inspection,
and implementation of Occupational Safety and Health (K3) procedures are necessary. Overall, the
rehabilitation of the pier structure includes work-area preparation, concrete drilling, concrete
demolition, and steel pipe pile installation, involving heavy equipment, work over water, and material
removal with various potential hazards. Therefore, hazard identification is performed using the Job
Safety Analysis (JSA) method, and the results are analyzed using the HIRARC method to determine risk
levels and control priorities for each work activity.

Hazard Identification Using the Job Safety Analysis (JSA) Method

Hazard identification is the initial stage of risk management and aims to identify all potential
hazards associated with rehabilitation work on the pier structure. In this study, hazard identification
was performed using the Job Safety Analysis (JSA) method by breaking down each work activity to
identify potential hazards, their impacts, and the necessary control measures. The analysis is based on
field observations, documentation, discussions with project personnel, and Occupational Safety and
Health (K3) documents. The activities analyzed include work-area preparation, pontoon mooring and
unmooring, equipment mobilization, concrete cutting, concrete drilling, concrete demolition,
reinforcement cutting, material removal, and steel pipe pile mobilization. The characteristics of work
over water create various potential hazards, including mechanical hazards, falls into the water, noise,
vibration, dust, electrical hazards, ergonomic hazards, and environmental pollution. The identification
results show that concrete demolition, material removal, and steel pipe pile handling activities have
greater complexity and risk and therefore require more detailed hazard identification as the basis for
risk assessment and determination of control measures.
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Hazard Identification Results Based on Work Activities

Hazard identification in this study was performed using the Job Safety Analysis (JSA) method by
dividing the rehabilitation of Jetty 03 Dry Bulk Pier at Kijing Terminal into eleven major work-activity
groups: work-area preparation; pontoon mooring and unmooring; equipment mobilization and setup;
field survey and measurement; concrete cutting; concrete drilling; concrete demolition; reinforcement
cutting; material lifting and removal; steel pipe pile mobilization and positioning; and steel pipe pile
installation or driving. Each activity has different hazard characteristics according to the work method,
equipment, and environmental conditions, including mechanical, physical, electrical, ergonomic, and
overwater-work hazards. Concrete demolition, material lifting, and steel pipe pile handling present
greater hazard complexity because they combine heavy equipment, suspended loads, dust, noise,
vibration, restricted access, and proximity to open water. All hazards identified through JSA were
subsequently assessed using HIRARC by evaluating likelihood and severity to determine the risk level
and appropriate control priority for each activity.

Risk Assessment Using Hazard Identification, Risk Assessment and Risk Control (HIRARC)
Method

After all potential hazards associated with each work activity are identified using the Job Safety
Analysis (JSA) method, the next stage is risk assessment using the Hazard Identification, Risk
Assessment and Risk Control (HIRARC) method. The hazard-identification results from JSA serve as the
basis for risk assessment by evaluating each potential hazard according to its likelihood of occurrence
and the severity of its consequences rather than immediately treating the identified hazard as a control
recommendation. Through HIRARC, the risk level of each potential hazard is calculated to determine
control priorities according to the level of risk, rather than merely the existence of a potential hazard.
Thus, JSA functions to identify hazards at each stage of pier rehabilitation work, while HIRARC evaluates
the level of risk. The assessment results therefore not only indicate the magnitude of risk associated
with each work activity but also provide a basis for developing Occupational Safety and Health (K3)
control recommendations for the rehabilitation of the Kijing Terminal Jetty 03 Dry Bulk Pier structure.

Determination of Likelihood Value

The likelihood value in this study was assessed for each potential hazard identified through the
JSA method. The determination of the likelihood value considers not only the frequency of possible
occurrence but also actual field conditions, the intensity of workers' exposure to the hazard source, and
the characteristics of each work activity. Therefore, activities involving work over water, the use of
heavy equipment, and material-removal processes tend to receive higher likelihood values than
activities involving lower levels of exposure.

Table 1
Likelihood Assessment Criteria
Value Criteria Description
1 Rare Very rare and almost never found during the course of the work
2 Unlikely The possibility of happening is small but it is still possible under certain
conditions
3 Possible Can happen at any time during the work
4 Likely It happens frequently and has a high chance of appearing during the job
5 Almost It is almost certain that it will happen if no control is carried out
Certain

Based on the criteria in Table 1, the likelihood value is assigned by considering the
characteristics of each work activity. Activities involving frequent exposure and direct interaction with
hazard sources receive higher likelihood values than supporting activities with relatively limited
exposure. The assessment is then combined with the severity parameter to determine the risk level of
each potential hazard.

Determination of Severity Values
In this study, the severity value is determined not only based on potential injury to workers but
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also by considering the impact on work continuity, equipment damage, and consequences for the work
environment in the pier area. Thus, activities with the potential to cause serious injury or significant
disruption to project operations receive higher severity values than activities with relatively minor
impacts.

Table 2
Severity Assessment Criteria
Value Criteria Description
1 Insignificant  Does not cause injury and does not interfere with work
2 Minor Minor injuries that can be treated with first aid
3 Moderate Injuries that require medical attention and cause work disruption
4 Major Severe injury, temporary disability, or significant material loss
5 Catastrophic  Fatality, permanent disability, or major material or environmental loss

The criteria in Table 2 are used as a reference for determining the severity of each identified
potential hazard. The assessment is performed consistently across all work activities so that the
evaluation results can be compared objectively when determining the risk level.

Risk Assessment Matrix

The risk level is determined by combining the likelihood and severity values through a risk
matrix. The combination of these two parameters produces a risk value that represents the level of
control priority for each potential hazard identified using the JSA method.

Risk Level = Likelihood x Severity

The resulting values are then mapped onto a risk matrix to determine the risk category of each
hazard. The risk matrix is used to group risks according to the level of control priority required.

Table 3

Risk Matrix
Severity / Likellhood 1 2 3 4 5
5 5 10 15 20 25
4 4 8 12 16 20
3 3 6 9 12 15
2 2 4 6 8 10
1 1 2 3 4 5

The higher the product of the likelihood and severity values, the higher the control priority that
must be applied. Conversely, a lower risk value indicates that the potential hazard may be controlled
through work procedures, routine supervision, and other measures in accordance with applicable
occupational safety regulations.

Table 4
Distribution of Risk Values Identified

Risk Categories Risk Value Range Number of Potential Hazards Percentage (%)

Low Risk 1-4 1 3.1%
Medium Risk 5-9 10 31.3%
High Risk 10 - 16 17 53.1%
Extreme Risk 17 - 25 4 12.5%
Total - 32 100%

Source: Research data processing results, 2026

Based on Table 4, 53.1% of the 32 identified hazards are classified as high risk, 31.3% as medium
risk, 12.5% as extreme risk, and 3.1% as low risk. Thus, 65.6% of the identified hazards fall within the
high- and extreme-risk categories and require prioritized control. The four extreme-risk hazards are
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associated with workers falling into the sea, falling from the pier edge during measurement, concrete
collapse during demolition, and lifting or pile-driving activities involving steel pipe piles. Because these
hazards can result in fatal or severe consequences, work should not proceed until the required controls
have been verified and consistently implemented.

Risk Level Classification

Based on this classification, all potential hazards in this study are grouped into low-, medium-,
high-, and extreme-risk categories. This grouping provides the basis for preparing risk-control
recommendations so that control actions correspond to the priority of each hazard. High and extreme
risks require more immediate intervention than low and medium risks. The risk-level classification
criteria used in this study are presented in Table 5.

Table 5
Risk Level Category
Risk Assessment  Categories Actions
1-4 Low Risk Acceptable risk with regular control
5-9 Medium Risk  Requires additional supervision and handling
10-16 High Risk Requires immediate handling action
17 - 25 Extreme Risk  Unacceptable, work must be controlled before proceeding

Based on the overall assessment process, each potential hazard identified through the Job Safety
Analysis (JSA) method is evaluated using likelihood and severity parameters to determine the risk level
associated with each work activity. The evaluation results provide the basis for determining control
priorities so that risk-mitigation efforts can focus on activities with higher risk levels. With this
approach, the hazard-identification and risk-assessment processes in this study form a series of
interrelated analyses in which JSA serves as the basis for identifying potential hazards, while HIRARC is
used to determine the risk level and control requirements for each pier-structure rehabilitation activity.

Recapitulation of Risk Assessment Results

Table 6
HIRARC Recapitulation of Dry Bulk Jetty 03 Pier Structure Repair Work
N  Activities Potential Impact Existing L S R Control PJ
0 Hazards Control Recommendation
S
1 Preparation  Slippery Slipping  Housekeepin 3 3 9 Regular cleaning Field
of the work work and falling g work area of the area Supervisor /
area surface HSE Officer
due to
seawater
stagnation
2  Preparation Materials  Tripping Material 3 2 6 Pedestrian path Field
of the work are and minor storage area marking Supervisor /
area scattered injuries setting HSE Officer
on the
access
road
3 Preparation Prolonged Dehydratio Periodic 3 2 6 Provision of Field
of the work  exposure n and work breaks drinking water  Supervisor /
area to hot fatigue and shaded areas HSE Officer
weather
4 Pontoon The Serious Visual 34 1 Replacement of Field
fastening mooring injury from inspection of 2 damagedropes  Supervisor
rope arope the rope
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N Activities Potential Impact Existing S R Control P]
0 Hazards Control Recommendation
S
breaks strike
when
receiving
the load
5 Pontoon Workers  Drowning  Life Jacket 5 Lifeline and ring Field
fastening fallinto  or seriously buoy Supervisor
the sea injured
6 Pontoon Finger Finger Work gloves 3 9 Socialization of Field
unmooring pinched injuries safe rope release  Supervisor
with the techniques
mooring
rope
7 Tool Tool Worker  Use of slings 4 1 Lifting Field
mobilization  dropped injuries and 2 equipment Supervisor /
when lifted appliance inspection Site Engineer
breakdown
s
8 Tool Pinched Fingerand  Foreman 3 9 Use of handling Field
placement hand when hand supervision aids Supervisor
positioning  injuries
the tool
9 Tool Broken Electric Cable 4 1 Uses of ELCB  Site Engineer
installation power shock inspection 2 / Foreman
cord
10 Field Falling off ~ Serious PPE and 5 Lifeline Surveyor
measurement the edge of injuryor supervision installation
S the pier  drowning
11 Field Tripping Minor Housekeepin 2 2 Arrangementof  Surveyor /
measurement  overa injuries g measurement  Site Engineer
S measuring areas
instrument
12 Field Survey Exposure Heat stress Periodic 2 6  Adjustment of Surveyor
to the breaks working hours
sun's heat
13 Concrete Broken Serious Protective 4 1 Routine Structure
cutting blade injuries guard 2 inspection of Foreman
blades
14  Concrete Inhaled Respiratory Mask 31 Suitable Structure
cutting concrete  disorders 2 respirator Foreman
dust
15  Concrete High noise = Hearing Ear plug 3 1 Noise Monitoring  Structure
cutting loss 2 Foreman
16  Concrete Electric Serious Grounding 4 1 ELCB and daily Structure
drilling shock from injuries and cable 2 inspection Foreman
equipment inspection
17  Concrete The Hand Work SOP 4 1 Additional Guard  Structure
drilling rotating wounds 2 Foreman
part of the
tool hits
the worker
18  Concrete Slurry Slipped Area 2 6 Temporary Structure
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N  Activities Potential Impact Existing L S R Control PJ
0 Hazards Control Recommendation
S
drilling causes cleaning drainage system  Foreman
slippery
areas
19  Concrete Concrete Injuries Field 4 4 Exclusion zone Structure
demolition  collapses sustained surveillance Foreman
by material
20  Concrete Concrete Respiratory Mask 431 Watering the Structure
demolition dust disorders 2 work area Foreman
21  Concrete Vibration Ergonomic Employee 3 2 6  Working time Structure
demolition of the disorders rotation restrictions Foreman
appliance
22 Cutting Sparks Burns Face shield 3 3 9 Fire watch Structure
reinforcemen Foreman
t
23 Cutting Eyes Eye injury Safety 34 1 Full face shield Structure
reinforcemen exposed to Glasses 2 Foreman
t metal
debris
24 Cutting Fire dueto  Material Fire 24 8 Flammable Structure
reinforcemen  sparks loss extinguisher Material-Free Foreman
t s available Area
25 Lifting Falling  Fatal injury Sling 4 5 Lifting plan Structure
material material inspection Foreman
26 Lifting Worker hit  Serious Signalman 4 4 Sterilization of  Rigger/Liftin
material by load injuries lifting areas g Supervisor
swing
27 Lifting Lifting Damage Appliance 3 5 Periodic Rigger/Liftin
material device and injury  inspection appliance g Supervisor
failure certification
28 Steel pipe pile Lifted load Fatal injury Inspection of 4 5 Verified Lifting Field
mobilization falls slings and Plan Supervisor
cranes
29 Steel pipe pile Workers Serious Signalman 4 4 Establish a safe Surveyor
positioning are injuries surveillance zone
sandwiche
d between
poles and
structures
30 Steel pipe pile Workers Hit by Safety 45 Full HSE Designated
driving are within heavy briefing oversight Supervisor
the equipment
machine's
radius
31 Steel pipe pile Failure of Fallingload Rigging 35 Pre-lifting Designated
driving lifting inspection inspection Supervisor
joints
32 Steel pipe pile Noiseand  Hearing Earpluyg 4 3 1 Noise Monitoring Designated
driving vibration loss 2 Supervisor
of the pile

Source: Results of JSA-HIRARC identification and assessment, 2026. Color captions in column R: red =
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extreme risk, yellow = high/medium risk, green = low risk.

Table 6 shows that the principal control priorities are concentrated in overwater access,
material lifting and heavy-equipment operations, concrete demolition, and steel pipe pile mobilization,
positioning, and driving.

High and extreme risks account for 65.6% of all identified hazards. This pattern indicates that
control resources should first address activities that combine frequent exposure with severe
consequences, while lower risks remain subject to routine procedures, housekeeping, supervision, and
appropriate PPE.

Risk Control Based on HIRARC Results

Based on the results of hazard identification using Job Safety Analysis (JSA) and risk assessment
using Hazard Identification, Risk Assessment and Risk Control (HIRARC), each activity in the
rehabilitation of Jetty 03 Dry Bulk Pier at Kijing Terminal has a different level of risk according to the
characteristics of the work, environmental conditions, and equipment used. Therefore, risk controls are
structured according to the hierarchy of controls, prioritizing engineering controls, administrative
controls, and the use of personal protective equipment (PPE), as appropriate to the field conditions. The
assessment results show that work over water, material removal using heavy equipment, demolition of
existing concrete, and steel pipe pile driving are the highest-risk activities and therefore require strict
work procedures, continuous supervision, and worker compliance with K3 requirements. Meanwhile,
activities with moderate risk levels require greater emphasis on strengthening work procedures, field
supervision, and control of work-area conditions. These findings show that the effectiveness of controls
depends on the suitability of the selected control measures for the level of risk and the consistency with
which they are implemented during work execution.

Discussion
Discussion of the Results of K3 Risk Analysis on Pier Structure Repair Work

The risk pattern identified in the Jetty 03 Dry Bulk rehabilitation project is closely related to the
interaction between the work methods and the maritime environment. High and extreme risks arise
where workers are simultaneously exposed to suspended loads, heavy-equipment movement, open-
water edges, unstable or changing access conditions, and activities with potentially severe
consequences, such as demolition and pile driving. This explains why material lifting, work near the jetty
edge, concrete demolition, and steel pipe pile activities received higher priorities than routine
preparation or survey activities. The finding is consistent with previous jetty and seaport research
showing that marine construction risk is shaped not only by the construction task itself but also by water
levels, weather, equipment movement, installation methods, and the operational environment (Dewi et
al., 2022; Kaup et al,, 2022; Mahapatra & Kushwaha, 2020). It also aligns with the broader port-sector
literature, which emphasizes the need to manage occupational risk factors comprehensively rather than
as isolated hazards (Gongalves et al., 2025).

The Relationship between Job Safety Analysis (JSA) and Hazard Identification, Risk Assessment
and Risk Control (HIRARC)

The relationship between JSA and HIRARC in this study is methodological and sequential. JSA
improves the completeness of hazard identification because it requires the analyst to examine each
work stage before assigning a risk value, while HIRARC converts the identified hazards into a
comparable priority structure through likelihood and severity ratings. This sequence addresses an
important limitation noted in JSA literature: detailed task analysis may identify many hazards but, when
used alone, may not provide a consistent basis for determining which hazards require the earliest
intervention (Ghasemi et al., 2023). Conversely, HIRARC can effectively prioritize hazards, but the
quality of the ranking depends on the completeness of the hazard list entering the assessment, as
illustrated by its application in construction and infrastructure projects (Aninditya etal., 2023; Wong et
al, 2022). The sequential JSA-HIRARC workflow therefore reduces the risk of treating hazard
identification and risk ranking as disconnected activities and makes each control recommendation
traceable to a specific work task and risk score.
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Comparison of JSA, HIRARC, and JSA-HIRARC Integration Analysis Results

The comparison of the three analytical approaches also clarifies the expected effectiveness of
the proposed controls. Existing controls in the project include PPE, inspections, supervision,
housekeeping, and work procedures; however, for high- and extreme-risk hazards, these measures
should not be considered sufficient when the hazard source can be further isolated or controlled
through engineering measures. The recommended controls therefore strengthen measures such as
exclusion zones, lifelines and ring buoys, ELCB protection, temporary drainage, verified lifting plans,
safe positioning zones, pre-lifting inspections, and equipment certification before relying on PPE as the
final layer of protection. This prioritization is important because maritime rehabilitation conditions can
change during a work shift, particularly because of tides, weather, pontoon movement, and equipment
repositioning. Continuous supervision and learning from incidents are consequently necessary to
ensure that controls remain effective in practice rather than merely being documented in the JSA or
HIRARC forms (Chan et al., 2023; Gongalves et al., 2025).

Table 7
Comparison of OHS Analysis Using JSA, HIRARC, and JSA-HIRARC Integration
Analysis JSA HIRARC JSA-HIRARC Integration
Aspect

Focus of Outline work Assess the magnitude Linking hazard identification with

Analysis activities and of the risk based on risk assessment and prioritization
recognize potential likelihood and
hazards at each severity
stage of work

Unit of Analysis Stages and activities Potential hazards that Activities, hazards, risk levels, and
of work have been identified control needs

Key Results List of potential Risk level assessment Risk priorities and the direction of
hazards and their and classification control
impacts

Pros Provide detailed Provide a measure of Provide an analysis flow from the
hazard identification the level of risk so that source of the hazard to the
at the level of job risk can be prioritized determination of control priorities
activity

Limitations Has not provided a The accuracy of the Requires a longer analysis stage

when used risk rating based on assessment depends because JSA results must be traced

alone likelihood and on the completeness tothe HIRARC assessment
severity of the hazard

identification
Contributions Produce a basis for Generate Generate an integrated analysis
to research hazard identification classification and flow of eleven activities and 32

of dock repair work

prioritization of risk
levels

potential hazards towards
prioritization and risk control
recommendations for dock repair
work

The principal contribution of the integrated analysis is a traceable decision path from the work
activity to the identified hazard, the likelihood-severity score, and finally the required control priority.
This is particularly useful for HSE management because high- and extreme-risk hazards can be linked
directly to the responsible activity and person in charge rather than being managed as a general project-
level list. Nevertheless, the findings should be interpreted within the limitations of a single rehabilitation
case and a semi-quantitative matrix whose scores depend on field judgment and current exposure
conditions. Risk ratings should therefore be revalidated when work methods, equipment, weather, tides,
access arrangements, or project stages change. Within these limitations, the JSA-HIRARC sequence
offers a practical framework for updating OHS controls throughout jetty rehabilitation and supporting
more consistent communication among supervisors, HSE personnel, and work crews.
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CONCLUSION

The study demonstrates that OHS management in jetty rehabilitation should move beyond
hazard listing toward a traceable prioritization process that reflects the specific characteristics of
overwater construction. JSA identified 32 potential hazards across eleven major work-activity groups,
while HIRARC showed that high- and extreme-risk hazards require the greatest management attention,
particularly in overwater access, material lifting, heavy-equipment movement, concrete demolition,
steel pipe pile positioning, and pile-driving activities. The sequential JSA-HIRARC approach strengthens
OHS accountability because each risk rating and control recommendation can be traced to a specific
work activity and responsible role.

For practice, contractors and project implementers should prioritize engineering and
administrative controls for high- and extreme-risk hazards and update the JSA and HIRARC whenever
work methods, equipment arrangements, access conditions, weather, tides, or project stages change.
Future studies may test this integrated workflow across other maritime rehabilitation projects or
compare it with additional risk-analysis methods to assess its consistency and transferability.
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