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ABSTRACT

Occupational Health and Safety Management Systems represent a managerial approach designed
to protect workers from occupational accidents and work-related diseases, thereby creating a
safe, efficient, and productive working environment. Nevertheless, the increasing number
of occupational accidents in Indonesia, as reported by the Social Security Administration for
Employment, indicates that the implementation of such systems continues to face significant
challenges in practice. The primary issue addressed in this study is the limited understanding of
hazard potential, the level of occupational risk, and the effectiveness of risk supervision and control
in building construction projects. Therefore, this research aims to analyze the implementation of
the Occupational Health and Safety Management System, identify high-risk construction activities,
and evaluate the factors contributing to potential workplace accidents in the Landmark BSI (Bank
Syariah Indonesia) Building Construction Project in Aceh. This study employed a quantitative
approach supported by statistical analysis. Primary data were collected through field observations,
questionnaire surveys administered to respondents, and project documentation, while secondary
data included project organizational structures and workforce information. The findings reveal
that the implementation of occupational health and safety management practices in the Landmark
BSI Aceh Building Construction Project can be categorized as relatively effective, as evidenced
by the execution of hazard identification procedures, safety protocols, and risk control measures.
Based on the Relative Importance Index analysis, the most dominant occupational accident risk
was the potential of being struck by falling materials from height (mean score 4.58), while the
highest-rated control measure was the availability of emergency evacuation routes (mean score
4.63). The validity and reliability tests confirmed that all research instruments were valid (r-count
> r-table 0.404) and reliable (Cronbach’s Alpha > 0.60). However, improvements are still required
in terms of supervision, consistency of implementation, and the strengthening of safety culture to

sustainably minimize the potential for workplace accidents.
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INTRODUCTION

The Occupational Health and Safety Management System is a systematic
managerial approach designed to control workplace risks through the integration
of policies, planning, implementation, and evaluation within an organization [1].
The implementation of this system is particularly crucial in the construction
sector, which is characterized by high-risk activities such as the operation of
heavy equipment, working at elevated heights, and unpredictable workplace
conditions. Occupational accident data in Indonesia reported by the Social
Security Administration for Employment indicate an increasing trend in recent
years, reflecting that the implementation of workplace safety practices continues
to encounter various challenges [2]. This condition highlights the necessity of
evaluating the implementation of Occupational Health and Safety Management
Systems, particularly in building construction projects such as the Landmark BSI
Aceh Building Project, which involves a large workforce and various activities
with diverse potential hazards.

From a theoretical perspective, a construction project is defined as a
temporary, unique, and complex undertaking aimed at producing a physical
structure within specified constraints of time, cost, and quality [3]. According
to project management theory, project success is not solely measured by the
achievement of technical objectives, but also by the ability to effectively manage
risks, including occupational safety risks [4]. The characteristics of construction
projects, which involve multiple stakeholders with diverse backgrounds and are
influenced by external factors such as weather conditions and the surrounding
environment, make occupational safety management an integral component of
the overall project process. Furthermore, the high mobility of the workforce,
combined with the presence of less experienced workers, may further increase
the potential for workplace accidents [5].

In the field of occupational safety studies, several theories have been
developed to explain the causes of workplace accidents. One of the classical
theories that remains relevant is the Domino Theory, which states that accidents
occur as a result of a chain of interrelated factors, ranging from individual
background characteristics and human error to unsafe actions, ultimately leading
to accidents and resulting losses [6,7]. In addition, modern accident causation
theories emphasize the importance of a systems approach, in which accidents
are not solely attributed to individual errors, but also to deficiencies within the
management system [8]. These two theoretical perspectives complement each
other in building construction projects by providing a comprehensive analytical
framework: the Domino Theory enables the identification of proximal causes and
individual behavioral sequences that lead to accidents, while modern systems
theory addresses the broader organizational, environmental, and managerial
failures that may create the conditions for such sequences to occur. The
integration of both approaches allows for a more complete understanding of
accident causation, recognizing that unsafe acts by workers are often influenced
by latent organizational weaknesses, such as inadequate safety supervision, poor
communication, or insufficient risk assessment practices, which are particularly
prevalent in dynamic and high-pressure construction environments.
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In general, the factors contributing to workplace accidents can be classified
into human factors, work-related factors, and environmental factors [9]. Human
factors include age, educational background, work experience, as well as the
physical and psychological conditions of workers. Work-related factors are
associated with the type of work, work methods, work systems such as shift
arrangements, and workload conditions that may lead to fatigue. Meanwhile,
environmental factors encompass physical conditions such as lighting, noise,
temperature, and exposure to chemical and biological substances. These three
factors interact with one another and may increase the risk of workplace
accidents if they are not properly managed through an effective control system
[10].

Risk management practices in occupational safety commonly recognize the
hierarchy of risk control as a core framework for hazard mitigation. Within
this framework, control measures are categorized into several levels, namely
elimination, substitution, engineering controls, administrative controls, and
personal protective equipment. Priority is generally given to controlling hazards
at their source through the removal or replacement of hazardous conditions
before dependence is placed on individual protective measures as the last layer
of protection. In construction project environments, the application of this
hierarchy can be reflected through the implementation of safer construction
techniques, the establishment and enforcement of operational safety procedures,
and the provision of protective equipment that is specifically suited to the nature
of the work activities being carried out [11].

Furthermore, the establishment of a strong safety culture is widely regarded
as a crucial factor in ensuring the effective implementation of Occupational
Health and Safety Management Systems. Within an organization, workplace
safety is reflected through the collective values, perceptions, attitudes, and level
of commitment demonstrated by all individuals toward maintaining safe working
conditions [12,13]. Organizations that possess a well-developed safety culture are
commonly identified through the presence of effective communication systems,
leadership commitment toward occupational safety, and active involvement of
workers in safety-related programs. Greater awareness of workplace hazards is
generally promoted through the establishment of such a culture, while stronger
compliance with safe working procedures is encouraged among employees
during the execution of work activities [14].

The Occupational Health and Safety Management System is generally
regarded as an integrated component of the overall organizational management
structure, in which the processes of planning, organizing, implementation,
and supervision are systematically incorporated [15]. Within the regulatory
framework in Indonesia, the implementation of Occupational Health and Safety
Management Systems has been regulated through various legal provisions,
whereby companies are required to apply these systems in a systematic and
integrated manner. The primary objectives of implementing an Occupational
Health and Safety Management System are to enhance the effectiveness of
workforce protection, prevent occupational accidents and work-related diseases,
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and establish a safe and productive working environment. Therefore, the
implementation of this system is not merely administrative in nature, but also
constitutes an essential component of organizational risk management strategy
[16-18].

The problems addressed in this study focus on the inadequate identification
of high-risk activities, the lack of comprehensive mapping of factors contributing
to workplace accidents, and the limited effectiveness of risk supervision and
control in the Landmark BSI Aceh Building Construction Project. This study is
intended to identify work activities associated with high-risk levels, examine
the factors contributing to workplace accidents, and assess the implementation
of occupational safety control and supervision systems within the project
environment. The research employed a quantitative approach, with data
collected through field observations, questionnaires, and documentation, which
were subsequently analyzed using statistical techniques to obtain objective and
measurable results.

The novelty of this study is reflected in the analytical approach employed, in
which activity-based risk identification, analysis of accident causation factors, and
assessment of risk control effectiveness are integrated within a comprehensive
research framework. In addition, the implementation of the hierarchy of risk
control and safety culture principles is examined specifically within the context
of building construction projects in the Aceh region, where relatively limited
attention has been given in previous research.

This study is expected to contribute both theoretically and practically.
From a theoretical standpoint, the understanding of Occupational Health and
Safety Management System implementation within the construction sector
may be further enriched through the findings of this research. From a practical
perspective, the results obtained may be utilized as a reference by contractors,
project managers, and other related stakeholders to improve the effectiveness
of occupational safety practices. Moreover, continuous efforts toward the
prevention of workplace accidents are expected to be supported through this
study, thereby contributing to the development of a safer, healthier, and more
productive work environment.

MATERIALS AND METHODS

This section provides a detailed and systematic description of the research
procedures, including the processes of data collection, data processing, and
data analysis undertaken to obtain accurate research findings. The sequence of
research procedures is described in several section.

RESEARCH OBJECT

The object of this study was the Landmark BSI Aceh Building Construction
Project situated on Teuku Moh. Daud Beureueh Street, Kampung Keuramat,
Kuta Alam District, Banda Aceh City, Aceh Province. The selection of this
project location was made based on the consideration that a high degree of
work complexity was involved in the construction activities, with various
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parties participating in different types of work operations, thereby resulting in
considerable potential risks related to occupational health and safety.

The study location is situated at approximately 5°33°15.6”N latitude and
95°19’22.1”E longitude, within the central business district of Banda Aceh.
The project site is bordered by Teuku Moh. Daud Beureueh Street to the south,
residential areas to the north, public facilities to the east, and office buildings
to the west. These surrounding conditions contribute to the complexity of
occupational safety management due to high traffic activity and the proximity to
community activities.

In this study, the implementation of occupational health and safety practices
within the project environment was examined comprehensively. Particular
attention was given to the identification of potential hazards, the evaluation of
occupational risk levels, and the assessment of the effectiveness of the control
and supervision systems applied throughout the construction process.

Data CorLEcTION METHODS

The data collection process in this study was carried out as a crucial stage
for obtaining relevant and reliable information. Both primary and secondary
data were utilized in this research, and the data were systematically gathered in
accordance with the analytical requirements of the study.

Data collection was carried out through several structured stages, beginning
with the preparation of research instruments, followed by field observations,
and subsequently the collection of information through questionnaires and
interviews. Through this approach, the data obtained were expected to accurately
represent the actual conditions in the field.

Primary data were directly acquired from the principal sources through
questionnaire administration, interview sessions, and on-site observations
conducted within the project area. The collection of research data was carried
out within an estimated period of two weeks after the research instruments had
been provided to the respondents participating in the project.

The questionnaire instrument was designed in the form of structured questions
aimed at obtaining information related to risk factors, potential occupational
accidents, and the implementation of occupational safety control systems.
In addition, field observations were conducted to directly examine working
conditions, the use of personal protective equipment, and the implementation
of safety procedures at the project site. Visual documentation was also collected
as supporting data to strengthen the observational findings. Furthermore,
interviews were carried out with individuals who were considered to possess
adequate competence and relevant knowledge, so that more comprehensive and
detailed information could be obtained.

Secondary data were collected as supporting information obtained from
various relevant sources. These data include a map of Aceh Province, a map of
Banda Aceh City, a map of the research location, as well as data on the project
organization and workforce obtained from the project implementing agency. The
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availability of secondary data was intended to complement the primary data and
to provide contextual information regarding the research location and object.
As a result, a more comprehensive and systematic analysis could be carried out.

RESEARCH STAGES

In this study, several supporting tools were utilized to facilitate the data
collection process in the field. Writing instruments were used to record
observations and interview results conducted throughout the research period.
Questionnaires were employed as the primary instrument for obtaining data
from respondents.

In addition, documentation devices such as digital cameras or smartphones
were used to capture field conditions as visual evidence. Computers or laptops
were employed to process the collected data, including data entry and statistical
analysis using relevant software. The utilization of these tools was intended to
improve the accuracy and effectiveness of the research process.

The stages of the research were systematically arranged to ensure that the
overall research process could be carried out in a structured manner and in
accordance with the predetermined objectives. The process of data collection
was conducted through direct observation, questionnaire administration, and
interviews with parties involved in the project activities.

This approach was applied to obtain an overview of the implementation of
occupational safety and health systems conducted by the contractor as part of
the efforts to reduce the occurrence of workplace accidents in the field.

RESEARCH VARIABLES

The variables in this study were determined based on aspects related
to occupational safety and health. These variables included respondent
characteristics, types of high-risk work activities, factors contributing to
occupational accidents, and the implementation of risk control and supervision
measures. Each variable was further operationalized into several indicators
measured through a questionnaire instrument. The formulation of these variables
was carried out to obtain more focused and representative data reflecting the
actual conditions in the field.

Questionnaires were distributed to respondents consisting of workers,
contractors, and supervising consultantsinvolved in the project. The questionnaire
instrument was structured into several sections, namely respondent identity,
instructions for completion, and research questions. The questions were
designed in a closed-ended format to facilitate respondents in providing answers
and to simplify the data analysis process. The distribution of questionnaires was
carried out directly at the project site.

Interviews were carried out with respondents who possessed work experience
in the construction sector, particularly in matters related to occupational
safety and health. Respondents with a minimum of five years of professional
experience were selected for this study. More detailed information regarding
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the implementation of occupational safety systems, along with the challenges
encountered during project execution, was intended to be obtained through the
interview process.

SAMPLING TECHNIQUE

The population in this study was defined as all parties involved in the building
construction project, including both workers and project management personnel.
The research sample was determined based on specific criteria aligned with
the objectives of the study. The selection of respondents was carried out by
considering their work experience, job position, and level of involvement in the
implementation of the construction project.

A purposive non-probability sampling technique was employed in this study.
The application of this method enabled respondents to be selected according
to criteria that had previously been established by the researcher. Through
this sampling approach, individuals considered to have relevant knowledge
and practical experience related to the research subject were expected to be
included in the study. The specific criteria used for selecting the 30 respondents
included: (1) employment in a job role directly involved in construction activities,
such as skilled laborers, foremen, site supervisors, safety officers, and project
engineers; (2) a minimum of one year of work experience on construction projects
to ensure familiarity with site operations; and (3) direct engagement in high-risk
activities, including working at heights, operating heavy machinery, or handling
construction materials, to ensure that respondents had firsthand knowledge of
potential occupational hazards.

Several methods were applied in the process of collecting research data,
including field observations, the distribution of questionnaires, and interviews
with respondents involved in the study. Observation was conducted to examine
the actual conditions in the field, while questionnaires were used to obtain
quantitative data from respondents. Interviews were conducted to complement
the data obtained from questionnaires and observations, thereby providing more
comprehensive and in-depth information.

Variprity AND RELIABILITY TEST

The validity test was performed to evaluate the capability of the research
instrument in measuring the variables that had been established in the study
accurately and appropriately. The test was performed using statistical software,
in which the calculated values were compared with predetermined standard
values. When the obtained values satisfied the predetermined criteria, the
research instrument was regarded as valid and appropriate to be utilized in the
study. The r-table value of 0.404 was selected based on the degrees of freedom
(df =n-2 = 30-2 = 28) at a significance level of a = 0.05 (two-tailed test),
which corresponds to the critical value for a sample size of 30 respondents as
obtained from standard statistical tables. This threshold is conventionally used
in exploratory social science research to determine the minimum correlation
coefficient required for an item to be considered valid, ensuring that the
instrument adequately measures the intended constructs.
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The reliability test was performed to assess the consistency and stability
of the research instrument in producing measurement results throughout the
study. The test was carried out using a specific coefficient value as a reference
for assessing instrument reliability. The instrument was considered reliable if
the obtained value met the predetermined minimum threshold, indicating that it
could be trusted to produce consistent data.

DESCRIPTIVE ANALYSIS

Descriptive analysis was applied to explain the characteristics of the
respondents and the distribution of responses obtained from the questionnaires.
The collected data were processed using statistical software so that frequency
distributions, percentage values, and mean scores could be generated.
Subsequently, the analytical results were presented in the form of tables and
diagrams to simplify the interpretation process. The mean values obtained
from the analysis were utilized to determine the dominant factors affecting
the implementation of occupational safety and health practices in construction
projects.

REsurLTs AND DISCUSSION

The research data were systematically processed and subsequently
presented in the form of tables and graphical illustrations, so that various issues
associated with the investigated project could be examined and discussed in a
more structured and comprehensive manner.

GENERAL DESCRIPTION OF THE PRoOJECT

The implementation of research in construction projects represents a
strategic stage in obtaining a realistic overview of field conditions. This phase
not only serves as the execution of previously developed planning, but also as
a means of evaluating the consistency between planned objectives and actual
work implementation. During the construction process, various field dynamics
are inevitable. Discrepancies between actual conditions and initial planning
often occur due to both external and internal factors, such as environmental
conditions, resource limitations, and other technical constraints. Therefore,
a structured control mechanism and intensive coordination among involved
parties are required to ensure that any emerging issues can be addressed
without causing significant deviations from the project targets. Previous studies
have also reported similar findings [19].

The primary emphasis of this study was placed on the implementation of an
Occupational Safety and Health Management System. Such emphasis was based
on the characteristics of construction activities, which are associated with high
levels of risk to both workers and the surrounding environment. Consequently, the
application of an integrated occupational safety and health management system
was considered essential to ensure that potential hazards arising during the
construction process could be identified, controlled, and minimized effectively.
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GENERAL PRroJECT DATA

General project data were presented to provide a comprehensive overview
of the characteristics of the work that constituted the object of the study. This
project is an integrated construction work using a design-build approach, which
combines the planning and execution processes within a single system. This
approach requires more intensive coordination between planners and contractors
to ensure time and cost efficiency.

The planned structure is an eight-story office building with an additional two
basement levels. The building structure is designed to accommodate modern
banking operational needs; therefore, it requires high construction quality
standards as well as adequate safety systems.

The project is scheduled to be implemented over a relatively long duration
of 510 calendar days, with a maintenance period of 365 calendar days. The
application of a lump sum and fixed-price contract system requires the contractor
to manage resources optimally, as the risk of cost overruns is entirely borne by the
implementing party. In addition, periodic payment based on work progress also
demands accuracy in reporting and strict control of the project implementation
schedule.

The participation of various parties, including the project owner, design
consultant, construction management consultant, and quantity surveyor,
indicated that the project possessed a considerable level of complexity.
Consequently, the implementation of a well-structured management system,
particularly in the aspect of occupational safety, was considered necessary to
ensure that all activities could be conducted in accordance with the established
standards. Previous studies have explained that project complexity increases
with the number of stakeholders involved; thus, a systems approach is necessary
to ensure effective coordination and proper risk control [20].

Project SiTE AND ENVIRONMENTAL CONDITIONS

The surrounding environmental conditions of the project are one of the
factors influencing the level of construction risk. The project location, which is
situated in an urban area with high traffic activity, presents potential accident
risks that involve not only workers but also the surrounding community.

On the southern side, the presence of a main road increases the potential for
traffic accidents as well as social disturbances. Meanwhile, on the northern side,
which is adjacent to residential areas, there is a potential risk of environmental
damage and falling construction materials. These conditions require additional
safety measures, such as the installation of project fencing and the control of
material transportation activities.

On the eastern and western sides, the presence of public facilities and
office buildings creates additional risks in the form of noise, air pollution, and
potential disturbances to institutional activities surrounding the project site.
Therefore, the implementation of effective environmental management becomes
an integral part of the occupational safety system. Overall, the site conditions
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indicate that external factors make a significant contribution to construction
risks. Accordingly, a comprehensive risk management approach is essential to
anticipate various possible occurrences. This is supported by previous studies
stating that construction projects involve high levels of risk encompassing
health, safety, and environmental aspects; thus, an integrated risk management
approach is required to identify and control various sources of hazards [21].

CHARACTERISTICS AND PROFILE OF RESPONDENTS

An examination of respondent characteristics was carried out to provide
a comprehensive description of the human resources engaged in the project
activities. Based on the results of the data analysis, a predominance of male
respondents was identified within the workforce composition. This finding may
be associated with the general characteristics of the construction industry,
where occupations involving intensive physical demands are more commonly
undertaken by male workers.

From the age perspective, the majority of respondents were classified within
the productive age category. This condition indicates that adequate physical
endurance and mental capability were generally possessed by the workforce to
carry out construction activities characterized by relatively high work demands.
In addition, stronger adaptability toward technological developments and work
procedures was commonly demonstrated within the productive age group.

In terms of educational background, the majority of respondents had
completed senior high school education. This indicates that most construction
workers come from vocational educational backgrounds with practical skills.
Meanwhile, workers with higher education levels generally occupy managerial
or technical positions.

The respondents’ work experience indicates that most of them have more
than five years of experience. This experience serves as an important indicator in
understanding the level of worker competence, particularly in the implementation
of occupational safety procedures. A higher level of work experience was
generally associated with a better understanding of occupational risks and the
corresponding preventive measures. In previous studies, workers with longer
periods of service were reported to contribute positively to the implementation
of occupational safety and health practices, as greater risk awareness and safer
work behavior were commonly demonstrated by experienced personnel [22].
The distribution of respondents based on job position, highest level of education,
and length of work experience is illustrated in Table 1, Table 2, and Table 3.

Table 1. Respondents’ Job Positions

No. Educational Background Number of Respondents Percentage (%)

1 Elementary School 6 20
2 TJunior High School 6 20
3 Senior High School 12 40
4 Diploma-3 0 0
5 Bachelor's Degree 6 20

Total 30 100
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Table 2. Respondents’ Highest Educational Background

No. Educational Background Number of Respondents Percentage (%)

1 Elementary School 0 0
2 Junior High School 6 25
3 Senior High School 12 50
4 Diploma-3 0 0
5 Bachelor’s Degree 6 25

Total 100

Table 3. Respondents’ Work Experience Data

No. Work Duration Number of Respondents Percentage (%)
1 < 1 Year 0 0
2 1-5 Years 6 25
3 5 - 10 Years 13 54
4 > 10 Years 5 21
Total 24 100

VALIDITY AND RELIABILITY ANALYSIS OF THE RESEARCH INSTRUMENT

As presented in Table 4, the validity test was performed to evaluate whether
each statement item within the questionnaire accurately reflected the variables
examined in the research. The analysis results indicated that all questionnaire
items obtained correlation coefficients above the established minimum criteria
(r-table = 0.404). Based on these findings, the research instrument was regarded
as valid and suitable for use in the study.

Subsequently, reliability testing was carried out to evaluate the consistency
of respondents’ answers to the questionnaire items. Based on the analysis
results presented in Table 5, Cronbach’s Alpha values exceeding 0.60 were
obtained for all research variables, indicating that the instrument demonstrated
a satisfactory level of reliability. These findings are in line with previous studies,
in which a Cronbach’s Alpha value of 0.60 has generally been regarded as the
minimum acceptable criterion for reliability [23]. For further clarification, see
Table 4 and Table 5.

With both of these aspects being satisfied, the collected data can be used as a
reliable basis for accurate analysis. This is essential to ensure that the research
findings are scientifically valid and accountable. The outcomes of the validity
testing are illustrated in graphical form and are presented in Figure 1.

As shown in Figure 1, the validity test graph shows that all research
variables have average calculated r-values (r-count) above the r-table threshold
(approximately 0.40), indicating that all research instruments are valid. Variable
X1 has the highest value (approximately 0.69), indicating that its indicators
have the strongest correlation with the measured construct. Meanwhile, X2
(approximately 0.63) also demonstrates good validity, while X3 (approximately
0.51) and X4 (approximately 0.52) fall into the moderate category but still
meet the required criteria. These differences reflect variations in the strength
of relationships among items within each variable. Variables with lower values
remain acceptable for use; however, they may require refinement through
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Table 4. Respondents’” Work Experience Data

Variable Item r-table r-count Description

X1.1 0.404 0.550 Valid

, X1.2 0.404 0.605 valid
Egg;jﬁtéﬂﬂﬁh X1.3 0.404 0.662 valid
(X1) X1.4 0.404 0.647 valid
X1.5 0.404 0.749 Valid

X1.8 0.404 0.826 valid

X1.7 0.404 0.679 valid

X1.8 0.404 0.808 valid

X2.1 0.404 0.693 valid

Work Accident X2.2 0.404 0.433 Valid
Potential (X2) X2.3 0.404 0.745 valid
X2.4 0.404 0.477 valid

X2.5 0.404 0.770 valid

X2.6 0.404 0.810 valid

X2.7 0.404 0.703 valid

X2.8 0.404 0.422 valid

X3.1 0.404 0.459 valid

{mplementation X3.2 0.404 0.448 valid
of Work Accident  X3-3 0.404 0.572 valid
Control (X3) X3.4 0.404 0.491 Walid
X3.5 0.404 0.413 valid

X3.6 0.404 0.455 valid

X3.7 0.404 0.712 valid

X3.3 0.404 0.580 valid

X4.1 0.404 0.415 valid

%‘}Dllrel{“;gé?éleﬁ X4.2 0.404 0.458 valid
Control (X4) X4.3 0.404 0.622 valid
X4.4 0.404 0.444 Valid

X4.5 0.404 0.631 valid

X4.5 0.404 0.486 valid

X4.7 0.404 0.658 valid

X4.3 0.404 0.451 Valid

Table 5. Reliability Test Results

Cronbach’s

Variabel Al Description
pha

Occupational Accident Risk (X1) 0.841 Reliable
Work Accident Potential (X2) 0.799 Reliable
Implementation of Work Accident Control 0.632 Reliable
(X3)

Supervision of Work Accident Control 0.633 Reliable
(X4)

indicator evaluation to improve their representativeness. This result is consistent
with findings reported in previous studies, where instrument validity has been
regarded as a systematic evaluation process intended to confirm that each
measurement item accurately represents the theoretical construct investigated
in the research [24].
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The lower r-count for variable X3 (Implementation of Work Accident Control)
compared to X1 (Occupational Accident Risk) suggests that the constructs
underlying control implementation are more multifaceted and may be more
susceptible to subjective interpretation by respondents. This does not necessarily
indicate that the instrument is inadequate, but rather that the measurement
of implementation effectiveness inherently involves broader and more diverse
operational aspects, such as the availability of safety facilities, enforcement of
procedures, and workers’ perceptions of managerial commitment. Therefore,
while the current items are statistically valid, future research may benefit from
refining the questionnaire by including more specific behavioral and observable
indicators to enhance the precision of measuring this variable.

Validity Test Results of Research Variables

Average R-Value
o = o o o =}
¥ w B w o ~
N A L L

e
"

0.0 -

X2

Variables

Figure 1. Results of the Validity Test

RELATIVE IMPORTANCE INDEX (RII) ANALYSIS

The determination of priority levels for each factor within the occupational
safety and health management system was carried out using the Relative
Importance Index analysis, a method grounded in the calculation of mean values
and the weighting of respondent responses. Further details are presented in
Table 6.

Based on the data presented in Table 6, the analysis results indicate that
the most dominant occupational accident risk is the potential of being struck
by falling materials from height. This is consistent with the characteristics of
high-rise building construction, which involves vertical activities. Therefore, the
implementation of strict control measures, such as the use of personal protective
equipment and the installation of additional safety protections, is necessitated.
This finding is consistent with those of previous studies, in which accidents
caused by falling objects have been identified as one of the primary causes of
injuries and fatalities within the construction industry [25]. Recent studies also
indicate that this risk increases in high-rise building projects due to the intensity
of material lifting and distribution activities [26].
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Table 6. Questionnaire Assessment Data of Respondents

Measurement
No Questionnaire [tems Scale
2 3 4 5

(=

Occupational Accident Risk

1 Struck by work equipment during work activities 0 2 2 10 10
2  Falling from height 0 3 3 11 7
3 Exposure to welding sparks during welding operations 0 3 0 18 5
4 Being hit by materials/equipment falling from height o 1 0 11 12
5  Buried by soil during excavation work 1 1 5 14 3
6 Impact with hard materials/equipment 1 0 0 18 7
7  Exposure to sharp objects o 2 0 11 11
g8 Direct contact with heat, radiation, chemicals, and noise 1 1 5 12 5
Work Accident Potential
1 Workers' knowledge in operating work equipment 0 1 0 18 7
2  Failure to use personal protective equipment (PPE) o 0 0 8 16
3 Unhealthy and hazardous working conditions o0 1 2 15 &
4  Workers’ non-compliance with established regulations o o o 7 17
5 Inadequate or poorly maintained work equipment conditions o 1 2 12 9
6 Construction materials that do not meet quality standards o 1 2 17 4
7 Inadequate work execution methods o0 1 2 12 9
8 Lack of occupational safety and health signage at the project site 0 0 4 13 7
Implementation of Work Accident Control
1 Routine inspection of Personal Protective Equipment (PPE) usage 0 0 2 12 10

among workers

Installation of safety signage and safety lines
Inspection and routine maintenance of equipment
Availability of work methods and work programs
Provision of fire extinguishers

Availability of emergency evacuation routes
Occupational safety and health training/socialization
Health monitoring/check-ups for workers
Supervision of Work Accident Control

0~ D Wb
coocoooo
coococooo
oMo OoOR O

—

e

e

1  Storage. use, and maintenance of work equipment 0 0 2 18 6
2  Personal protective equipment used by workers 0 0 0 10 14
3  Workers’ health condition 0 0 0 10 14
4  Supervision of occupational accident risks o0 0 0 14 10
5 Safety and health signage in hazardous areas o 0o 2 11 11
6 Routine inspection of the workplace and occupational safety and 0 0 0 14 10
health (OSH) equipment completeness
7  Measurement of the achievement of OSH program implementation 0 0 1 18 5
8 Evaluation of OSH program targets 0 0 2 18 5]

Field observations and interviews revealed that the risk of being struck by
falling materials was most concentrated in specific work zones, particularly
around the tower crane operational areas and along the scaffolding perimeters
where material hoisting and vertical transportation activities were most intense.
These zones exhibited higher frequencies of material transfer and temporary
storage at height, thereby increasing the probability of accidental drops,
especially during peak construction periods when multiple trades were working
simultaneously in proximity.

Based on the average Likert scale scores for each major variable group—
namely, Work Accident Risks, Potential Accident Causes, Accident Control
Implementation, and Accident Control Supervision—the questionnaire data were
transformed into a graphical representation, as further illustrated in Figure 2.

As presented in Figure 2, the results indicate that all variables fall within a
relatively high average score range (above 4.0), suggesting that respondents
generally perceive occupational safety conditions and their management
positively.
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summary of Occupational Safety Questionnaire Results

Average Likert Score

Figure 2. Results of Respondents’ Questionnaire Assessment

Specifically:

*  Work Accident Risks show slightly lower average scores compared to other
variables, indicating that risks are still present and require attention.

» Potential Accident Causes demonstrate relatively high scores, reflecting
strong awareness among workers regarding factors contributing to
accidents.

* Accident Control Implementation and Supervision exhibit the highest
scores, suggesting that safety management practices and monitoring
systems are well implemented on the project site.

In terms of potential causes of accidents, workers’ behavior is identified as
the primary factor, particularly related to non-compliance with regulations and
the failure to use personal protective equipment. This indicates that the safety
culture aspect still needs to be improved through more intensive education and
supervision.

In terms of control measures, safety facilities such as evacuation routes and
safety signage have been properly implemented. This indicates that project
management has paid attention to safety aspects. However, improvements in
training and safety socialization are still required to enhance workers’ awareness.

REsurts oF FIELD OBSERVATIONS AND EVALUATIONS

Based upon the findings derived from interviews and observations, the
occupational accidents occurring at the project site were determined to be
relatively minor and non-fatal in nature. From these findings, it is inferred
that the control system which has been implemented is operating at a level of
adequate effectiveness. The non-occurrence of severe accident incidents serves
as evidence that the relevant safety procedures have been duly enforced. The
utilization of personal protective equipment, the emplacement of safety signage,
and the performance of routine supervisory activities are recognized as the
principal factors in the prevention of workplace accidents.

https://doi.org/10.70028/dcea.v3i2.107



Disaster in Civil Engineering and Architecture 2026, Vol. 3. No. 2 144 of 149

In addition, activities such as safety briefings and routine inspections have also
been implemented as part of efforts to improve workers’ awareness. Therefore,
it can be inferred that the Occupational Safety and Health Management System
has been implemented in this project in accordance with the fundamental
principles of safety management as can be seen in Table 7 and Table 8.

Table 7. Occupational Accident Control Measures

No Questionnaire Items x IKR Rank Description

1 Routine inspection of workers’ use of
personal protective equipment (PPE)

2 Installation of safety signage and safety
lines

4.33 0.87 5 Implemented

458 0.92 2 Implemented regularly

Routine inspection and maintenance of

3 . 4.29 0.86 6 Implemented
equipment

4 Availability of work methods and work 442 088 3 Implemented
programs

5 Provision of fire extinguishers 3.92 0.78 8 Implemented

6 ‘?:Iftl(l;hlhty of emergency evacuation 463 0.93 1 Implemented regularly

7  Occupational — safety — and  health ,,5 455 4 Implemented
trammg,’socnallzatlun

8 Health monitoring of workers 4.42  0.88 4 Implemented

Table 8. Occupational Accident Control Measures Based on Ranking

No Questionnaire Items x IKR Rank Description

1 Availability of emergency evacuation
routes

2 Installation of safety signage and safety
lines

4.63 0.93 1 Implemented regularly

458 0.92 2 Implemented regularly

Availability of work methods and work

3 442 0.88 3 Implemented
programs

4 Health monitoring of workers 442 0.88 4 Implemented
Routine inspection of workers’ use of

5 personal protective equipment (PPE) 4.33 087 5 Implemented

6 Inspection and routine maintenance of 420 0.86 6 Implemented
equipment

g  Occupational — safety — and  health ,,3 (53 5 Implemented
training/socialization

8 Provision of fire extinguishers 3.92  0.78 8 Implemented

The accident control data were transformed into a horizontal bar chart using
the mean (x) Likert scale values to provide a clearer comparative visualization of
each safety measure as can be seen in Figure 3.

Accident Control Measures Performance

Worker Health Check

OHS Training/Socialization

Emergency Evacuation Routes

Fire Extinguisher Provision

Work Methods & Programs Availability
Equipment Inspection & Maintenance
Safety Signs & Safety Line Installation

Routine PPE Inspection

0 1 2 3 4
Mean Score (Likert Scale)

Figure 3. Results of Occupational Accident Control
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As presented in Figure 3, the analysis indicates that all accident control
indicators fall within a high-performance category (mean > 3.9), suggesting that
safety control practices are generally well implemented.

* The highest score is observed in Emergency Evacuation Routes (x =
4.63; IKR = 0.93), indicating that emergency preparedness measures are
consistently and effectively implemented.

» Safety Signs and Safety Line Installation (x = 4.58; IKR = 0.92) also
demonstrates a very strong performance, reflecting a high level of
compliance in visual safety communication.

* Work Methods and Program Availability and Worker Health Checks show
similarly high values, suggesting that procedural and health monitoring
aspects are well managed.

* Meanwhile, Fire Extinguisher Provision (x = 3.92; IKR = 0.78) records
the lowest score among all variables, although it still falls within the
“implemented” category, indicating a need for improvement in emergency
equipment readiness.

Discussion

Overall, it is demonstrated by the research findings that the occupational
accident risk level is significantly reduced through the implementation of
an occupational safety and health management system. The human factor is
identified as the most dominant aspect; therefore, a more focused approach
is required to promote behavioral change and enhance awareness. Previous
studies have reported that companies adopting occupational safety and health
management systems have a lower accident risk (approximately 14%) compared
to those that do not [27].

Furthermore, an important role in supporting the successful implementation
of occupational safety systems is attributed to both technical and managerial
factors. The integration of these three aspects is recognized as the key to
the formation of a safe and productive working environment. This finding is
consistent with those reported in previous studies, in which organizational
(managerial) factors have been stated to constitute the most dominant set of
variables [28]. Thus, it can be concluded that the successful implementation of
an occupational safety and health management system does not depend solely
on the availability of facilities, but also on the commitment of all parties to
consistently and continuously adhere to safety procedures.

CONCLUSION

Based on the results and discussion concerning the implementation of the
Occupational Safety and Health Management System in the Landmark BSI
building project, several key findings are obtained as follows:

1. The Occupational Safety and Health Management System has been
implemented properly and systematically in the Landmark BSI Aceh
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Building Construction Project, being supported by adequate work
procedures, safety facilities, and supervision systems.

2. Effective occupational risk identification has been performed, through
which the main potential hazards in construction activities, especially
those related to high-altitude work, have been properly recognized and
managed.

3. Consistent implementation of accident control measures has been
achieved by means of the provision of personal protective equipment,
the installation of safety signage, and the application of work methods
conforming to safety standards.

4. Optimal results have been shown by monitoring activities concerning
the implementation of the Occupational Safety and Health Management
System, particularly with respect to ensuring workers’ compliance with
the use of personal protective equipment and maintaining workers’ health
conditions in the project environment. Despite these positive outcomes,
field observations revealed that the most frequently violated safety rule
was the improper or inconsistent use of personal protective equipment,
particularly safety helmets and harnesses, among workers in high-
altitude areas during non-routine tasks or when supervisors were not
present. This indicates that while monitoring systems are in place, their
effectiveness is contingent upon continuous and rigorous enforcement,
especially during periods of reduced supervision.

5. It has been proven overall that the implementation of the Occupational
Safety and Health Management System in this project has led to the
creation of a safe and conducive working environment, in addition to
supporting the efficient and effective execution of construction activities.

ACKNOWLEDGEMENT

Acknowledgement is hereby rendered by the authors to Universitas Iskandar
Muda and tothe Technical Team of the Landmark BSI Building for their supportand
for the provision of technical data concerning the building structure. Additional
appreciation is extended to the fellow researchers and students associated with
the structural laboratory, by whom contributions were made to the conduct of
data analysis and the verification process of the research outcomes.

CONFLICTS OF INTEREST

No conflicts of interest with respect to the research, writing, or publication
of this article are declared by the authors.

AUTHOR CONTRIBUTIONS

Hendra Hendra: conceptualization, data curation, formal analysis,
investigation, methodology, writing-original draft. Heru Pramanda: validation,
resources, supervision, writing-review & editing. Dedek Ariansyah:
conceptualization, data curation, visualization, writing-review & editing.

https://doi.org/10.70028/dcea.v3i2.107



Disaster in Civil Engineering and Architecture 2026, Vol. 3. No. 2 147 of 149

Bunyamin Bunyamin: conceptualization, formal analysis, funding acquisition,
project administration, supervision, validation, writing-review & editing. M
Reza Hani: conceptualization, formal analysis.

DATA AVAILABILITY STATEMENT

The data used to support the findings of this study are included within the
article.

DECLARATION OF GENERATIVE Al AND AI-ASSISTED TECHNOLOGIES IN THE
WRITING PROCESS

Not Applicable.

REFERENCES

[1] M. H. Jaafar, K. Arifin, K. Aiyub, M. R. Razman, M. L. S. Ishak, and M. S. Samsurijan,
“Occupational safety and health management in the construction industry: a review,” Int.
J. Occup. Saf. Ergon., vol. 24, no. 4, pp. 493-506, 2018, doi: http://dx.doi.org/10.1080/108
03548.2017.1366129.

[2]  A.U. Abidin, E. M. Nurmaya, W. Hariyono, and A. H. Sutomo, “Implementation
of occupational safety and health management system (OSHMS) on work-related
accident rate in the manufacturing industry, Indonesia,” in IOP Conference Series:
Earth and Environmental Science, 2021, vol. 933, no. 1, p. 12037. doi: 10.1088/1755-
1315/933/1/012037.

[3] A. Lalmi, B. Boumali, G. Fernandes, and S. S. Boudemagh, “Identifying the most used
traditional project management practices in construction industry,” Procedia Comput.
Sci., vol. 256, pp. 1756-1763, 2025, doi: 10.1016/j.procs.2025.02.315.

[4] A. Pomaza-Ponomarenko, S. Kryvova, A. Hordieiev, A. Hanzyuk, and O. Halunko,
“Innovative Risk Management: Identification, Assessment and Management of Risks in
the Context of Innovative Project Management,” Econ. Aff. (New Delhi), vol. 68, no. 4, pp.
2263-2275, 2023, doi: 10.46852/0424-2513.4.2023.34.

[5] M. Shayboun, D. Kifokeris, and C. Koch, “a Review of Machine Learning for Analysing
Accident Reports in the Construction Industry,” J. Inf. Technol. Constr., vol. 30, pp.
439-460, 2025, doi: 10.36680/j.itcon.2025.019.

[6] Y. Wuetal.,, "A popular systemic accident model in China: Theory and applications of
24Model,” Saf. Sci., vol. 159, p. 106013, 2023, doi: 10.1016/j.ssci.2022.106013.

[7] K. Gholamizadeh, S. Moslem, E. Zarei, and D. Esztergar-Kiss, “Influential criteria
in domino accident analysis: An evaluation using the logarithm methodology of
additive weights,” J. Loss Prev. Process Ind., vol. 92, p. 105436, 2024, doi: 10.1016/j.
jlp.2024.105436.

[8] ] Geetal., “Anew accident causation theory based on systems thinking and its systemic
accident analysis method of work systems,” Process Saf. Environ. Prot., vol. 158, pp.
644-660, 2022, doi: 10.1016/j.psep.2021.12.036.

[9] C. D. Nwankwo, A. O. Arewa, S. C. Theophilus, and V. N. Esenowo, “Analysis of
accidents caused by human factors in the oil and gas industry using the HFACS-
OGI framework,” Int. J. Occup. Saf. Ergon., vol. 28, no. 3, pp. 1642-1654, 2022, doi:
10.1080/10803548.2021.1916238.

https://doi.org/10.70028/dcea.v3i2.107



Disaster in Civil Engineering and Architecture 2026, Vol. 3. No. 2 148 of 149

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

R. Elvik, “Risk factors as causes of accidents: Criterion of causality, logical structure of
relationship to accidents and completeness of explanations,” Accid. Anal. Prev,, vol. 197,
p. 107469, 2024, doi: 10.1016/j.aap.2024.107469.

J. Z. N. Ajslev, J. L. Mgller, M. E. Andersen, P. Pirzadeh, and H. Lingard, “The Hierarchy
of Controls as an Approach to Visualize the Impact of Occupational Safety and Health
Coordination,” Int. J. Environ. Res. Public Health, vol. 19, no. 5, p. 2731, 2022, doi:
10.3390/ijerph19052731.

B. Mrugalska and T. Dovramadjiev, “A human factors perspective on safety culture,” Hum.
Syst. Manag., vol. 42, no. 3, pp. 299-304, 2023, doi: 10.3233/HSM-220041.

S. N. Ismail, A. Ramli, and T. A. E. Prasetya, “The Important Role of Safety Culture in the
Management of Major Industrial Accidents,” Indones. J. Occup. Saf. Heal., vol. 13, no. 2,
pp. 252-260, 2024, doi: 10.20473/ijosh.v13i2.2024.252-260.

G. Claxton, P. Hosie, and P. Sharma, “Toward an effective occupational health and safety
culture: A multiple stakeholder perspective,” J. Safety Res., vol. 82, pp. 57-67, 2022, doi:
10.1016/j.jsr.2022.04.006.

K. N. Jeschke, “Understanding how managers balance the paradoxical nature of
occupational safety through a practice-driven institutional lens,” Saf. Sci., vol. 147, p.
105627, 2022, doi: 10.1016/j.ssci.2021.105627.

P. N. Okonkwo and J. A. Wium, “Investigating the effectiveness of health and safety
management systems within construction organizations,” Int. ]J. Occup. Saf. Ergon., vol.
29, no. 2, pp. 785-795, 2023, doi: 10.1080/10803548.2022.2082137.

C. A. Choque Ccanchi, C. O. Quintana Dragichevich, B. A. Meneses Claudio, and J.

A. Zapana Ruiz, “Occupational Health and Safety Management: Impact on Work
Performance and Risk Prevention,” South Heal. Policy, vol. 2, p. 62, 2023, doi: 10.56294/
shp202362.

C. A. Génesis, G. C. Stefania, P. J. Karen, G. D. Claudia, B. Sukier Harold, and G. C.
Yulineth, “Occupational Safety and Health Management Systems As AComponent Of
Labor Productivity,” Procedia Comput. Sci., vol. 203, pp. 667-672, 2022, doi: 10.1016/j.
procs.2022.07.098.

J. S. Ramadhan and M. Waty, “Impact of Change Orders on Cost Overruns and Delays
in Large-Scale Construction Projects,” Eng. Technol. Appl. Sci. Res., vol. 15, no. 1, pp.
20291-20299, 2025, doi: 10.48084/etasr.9449.

T. S. Omotayo, J. Ross, A. Oyetunji, and C. Udeaja, “Systems Thinking Interplay Between
Project Complexities, Stakeholder Engagement, and Social Dynamics Roles in Influencing
Construction Project Outcomes,” SAGE Open, vol. 14, no. 2, p. 21582440241255870,
2024, doi: 10.1177/21582440241255872.

A. Soltanzadeh, M. Mahdinia, A. Omidi Oskouei, E. Jafarinia, E. Zarei, and M. Sadeghi-
Yarandi, “Analyzing Health, Safety, and Environmental Risks of Construction Projects
Using the Fuzzy Analytic Hierarchy Process: A Field Study Based on a Project
Management Body of Knowledge,” Sustain., vol. 14, no. 24, p. 16555, 2022, doi: 10.3390/
sul42416555.

Ichtiary Shinta Sabrina, Winarko, Pratiwi Hermiyanti, Suprijandani, and Muhammad Agus
Ainur Rosyid, “The Influence of Personal Protective Equipment (PPE) Usage, Age, Work
Tenure on Workplace Accidents,” Int. J. Adv. Heal. Sci. Technol., vol. 4, no. 5, pp. 332-337,
2024, doi: 10.35882/ijahst.v4i5.399.

https://doi.org/10.70028/dcea.v3i2.107



Disaster in Civil Engineering and Architecture 2026, Vol. 3. No. 2 149 of 149

[23] J. Sigudla and J. E. Maritz, “Exploratory factor analysis of constructs used for
investigating research uptake for public healthcare practice and policy in a resource-
limited setting, South Africa,” BMC Health Serv. Res., vol. 23, no. 1, p. 1423, 2023, doi:
10.1186/s12913-023-10165-8.

[24] E. Belita, K. Fisher, J. Yost, J. E. Squires, R. Ganann, and M. Dobbins, “Validity, reliability,
and acceptability of the Evidence-Informed Decision-Making (EIDM) competence
measure,” PLoS One, vol. 17, no. 8 August, p. €0272699, 2022, doi: 10.1371/journal.
pone.0272699.

[25] P R. M. Marinho, M. E. de F. Sousa, L. A. B. Pequeno, P. P. de Barros, A. M. F. de S4,
and M. H. V. Grismino, “Main Risk Factors and Recurrent Causes of Accidents in Civil
Construction: A Literature Review,” Rev. Gestao Soc. e Ambient., vol. 19, no. 10, p.
€013691, 2025, doi: 10.24857/rgsa.v19n10-074.

[26] Y. W. Heong, N. H. Abas, M. H. Rahmat, and H. Mohammad, “Preventive measures of
struck-by accidents at the construction site: Perspectives from construction personnel in
johor,” Int. J. Sustain. Build. Technol. Urban Dev., vol. 13, no. 2, pp. 165-177, 2022, doi:
10.22712/susb.20220014.

[27] J. Dyreborg, S. V. Thorsen, C. U. Madsen, and P. Hasle, “Effectiveness of OHSAS 18001 in
reducing accidents at work. A follow-up study of 13,102 workplaces,” Saf. Sci., vol. 177, p.
106573, 2024, doi: 10.1016/j.ss¢i.2024.106573.

[28] A. S. Mappangile and D. H. Ramdhan, “Literature Review: Relating Factors to the
Effectiveness of Occupational Health and Safety Program Performance,” Open Access
Maced. J. Med. Sci., vol. 10, no. E pp. 420-426, 2022, doi: 10.3889/oamjms.2022.9127.

https://doi.org/10.70028/dcea.v3i2.107



