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INTRODUCTION

The construction sector in Indonesia has experienced rapid growth, driven by intense
competition among contractors and the demand for fast and efficient project completion. As
aresult, construction processes often run continuously—sometimes up to 24 hours—to meet
project deadlines. However, alongside this advancement, the number of occupational
accidents in this sector has also shown an increasing trend. In 2021, there were 234,370
reported cases of occupational accidents, resulting in 6,552 fatalities—an increase of 5.7%
compared to the previous yearlll. These statistics underscore the urgent need to prioritize
occupational health and safety (OHS), particularly in the construction industry.

One of the primary issues in the construction sector is work fatigue, especially among field
workers who are directly exposed to environmental factors such as intense sunlight. Work
fatigue is defined as a decline in physical and mental capacity due to excessive workloads,
non-ergonomic work environments, and individual factors such as age and health status.
Older workers tend to have lower physical endurance, making them more susceptible to
fatigue, particularly when working long hours or under extreme conditions. Additionally,
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extended working hours beyond the standard limits further increase the risk of fatigue, which
in turn can reduce productivity and elevate the likelihood of workplace accidents [2-111,

This issue is also observed in local road construction projects in Hulu Sungai Utara Regency,
South Kalimantan, where most workers labor for more than eight hours per day and are
exposed to sunlight for prolonged periods. The open working environment, lack of heat
protection, and tight work schedules form a high-risk combination that threatens the health
and safety of the workers.

According to the World Health Organization (WHO, 2018), chronic fatigue resulting from
sustained occupational stress can lead to physical and mental health disorders, including
depression, which is recognized as the second leading cause of death after heart diseasel'2.
Previous studies have revealed that age and working duration are significantly associated
with levels of work fatiguel!3l. Besides age, the length of exposure to heatis also a contributing
factor to fatigue levels among construction workers/14-15],

Nevertheless, there is still a lack of research specifically examining the relationship between
age and working duration with work fatigue levels among road construction workers exposed
to sunlight in South Kalimantan. Given the region’s geographic and tropical climate
conditions, which intensify heat exposure and fatigue risks, such studies are crucial.
Therefore, this study aims to determine the relationship between working duration and
workers’ age with the level of work fatigue among road construction workers exposed to
sunlight in Hulu Sungai Utara Regency, South Kalimantan.

MATERIALS AND RESEARCH METHODS

This research is a quantitative study employing an analytical observational approach to
analyze the relationship between age and working duration with work fatigue levels among
road construction workers. A cross-sectional design was used, wherein data were collected
at a single point in time to describe and examine relationships among variables within the
study population.

The study was conducted from May to June 2024 at a road construction project managed by
CV. Aimri Archteam, located in Hulu Sungai Utara Regency, South Kalimantan. The population
included all road construction workers involved in the project, totaling 30 individuals. Due
to the relatively small and homogeneous population, a total sampling technique was
employed, where all members of the population were included as research subjects.

Data collection was carried out using the KAUPK2 (General Analysis Questionnaire of Work
Fatigue Potential), developed by the Ministry of Manpower of the Republic of Indonesia. This
questionnaire is designed to subjectively measure work fatigue levels, covering physical,
psychological, and environmental aspects. Each item is assessed using a specific scale, and
the overall results are classified into three fatigue levels: mild, moderate, and severe. The
instrument has undergone content validity testing by a panel of experts and internal
reliability testing using Cronbach’s Alpha, with values 2= 0.7 indicating acceptable
consistency.

Collected data were analyzed using univariate analysis to describe respondent
characteristics and variable distributions. Bivariate analysis was then conducted using the
Chi-square test to examine the relationship between working duration and age with work
fatigue levels. Statistical significance was determined by a p-value of less than 0.05 (a = 0.05).

RESEARCH RESULTS AND DISCUSSION

This study was conducted on 30 road construction workers involved in a development
project supervised by CV. Aimri Archteam, located in Hulu Sungai Utara Regency, South
Kalimantan. The aim of this study was to evaluate the relationship between working hours
and worker age with the level of work fatigue, using a standardized instrument, namely the
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KAUPK2 Questionnaire (General Analysis Questionnaire of Work Fatigue Potential) issued
by the Ministry of Manpower of the Republic of Indonesia.

Based on the univariate analysis, it was found that the majority of workers had a working
duration of <8 hours per day, with a total of 19 people (63%), while the remaining 11 people
(37%) worked more than 8 hours per day.

Table 1. Frequency Distribution of Working Hours Among Road Construction Workers at CV. Aimri
Archteam, Hulu Sungai Utara Regency

No. Working Duration (hours) Number (of workers) Percentage (%) Threshold Limit Value

(TLV)
1. >8 11 37 < 8jam/hari
2. <8 19 63
Total 30 100

In terms of age, 23 workers (77%) were in the =40 years age group, while only 7 workers
(23%) were under 40 years of age.

Table 2. Frequency Distribution of the Age of Road Construction Workers at CV. Aimri Archteam,
Hulu Sungai Utara Regency

No. Worker Age (years) Number (of workers) Percentage (%)
1. >40 7 23
2. <40 23 77
Total 30 100

The level of work fatigue measured using the KAUPK2 instrument indicates that the majority
of respondents experienced severe fatigue, namely 19 people (63%). The remaining 11
people (37%) were categorized as experiencing moderate fatigue. None of the respondents
showed signs of mild fatigue. These results highlight the high workload in road construction
environments, especially under open working conditions with direct exposure to sunlight.

Table 3. Frequency Distribution of Work Fatigue Levels among Road Construction Workers
of CV. Airchteaim, Hulu Sungai Utara District, 2024

No. Work Fatigue Level Number (of workers) Percentage (%)
1. Severe (63-83) 19 63
2. MODERATE (40-62) 11 37

Total 30 100

Relationship Between Working Hours and Work Fatigue

Bivariate analysis using the Chi-square test showed a statistically significant relationship
between working hours and the level of work fatigue, with a significance value of p = 0.023.
Furthermore, the odds ratio (OR) calculation resulted in an OR value of 11.111, indicating
that workers who work more than 8 hours per day have an 11-fold higher risk of
experiencing severe work fatigue compared to those who work <8 hours per day.

Table 4. Frequency Distribution of Working Hours Based on the Level of Work Fatigue
Among Road Construction Workers at CV. Aimri Archteam, Hulu Sungai Utara District.

Working Hours Work Fatigue Percentage
No. (hogrs) sEVERE % I\g/loderate % TOTAL (%) ;i
1 >8 10 33,3 1 33 11 36,7
2 <8 9 30,1 10 33,3 19 63,3
Jumlah p=0,023<a=0,05 30 100

These findings reinforce the notion that prolonged working hours without adequate breaks
significantly contribute to work fatigue. This aligns with the fundamental principles of
ergonomics, which state that work fatigue is a physiological and psychological response to
workloads exceeding an individual’s adaptive capacity. The longer a person works, especially
in physically demanding outdoor jobs, the higher the accumulation of muscular fatigue,
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circulatory disturbances, and thermal stress(l417l. Prolonged working hours increase
cardiovascular strain, as indicated by elevated systolic blood pressure and vascular
responses. Although adequate rest can help mitigate these effects, its effectiveness
diminishes with increasing work duration(18l.

Standing for extended periods may also lead to muscle fatigue, discomfort, and vascular
problems; therefore, limiting standing time to less than three hours is recommended to
prevent such adverse effectsl19l. Skipping or interrupting scheduled rest breaks has been
linked to various health complaints, including back pain, general fatigue, and physical
exhaustion(20l. Continuous cognitive activity without adequate breaks may lead to mental
fatigue, reduced cognitive efficiency, and decreased brain activity, with short breaks often
insufficient to prevent these negative outcomesl2ll. Excessively long working hours may also
result in stress, depression, and loss of concentration, which adversely impact occupational
health and safety!22l.

Work fatigue caused by excessive working hours also increases the risk of errors and
workplace accidents, especially in high-risk work environments such as healthcare and
emergency services2324], Conversely, the implementation of optimized work-rest schedules
has been proven to improve work efficiency, employee satisfaction, and task completion
timesl(25.2¢l, In this context, road construction work is characterized by high physical demands,
varied working postures—both static and dynamic—and is often carried out without
protection from direct sun exposure, along with a lack of proportional work-rest time
management. The World Health Organization (2018) emphasizes that chronic fatigue can
result in various health disorders, including sleep disturbances, depression, and decreased
cardiac function. Therefore, these findings are crucial for consideration in evaluating and
revising work time management policies in construction projects.

Relationship Between Worker Age and Work Fatigue

Statistical analysis also revealed a significant relationship between worker age and level of
work fatigue (p = 0.029). The odds ratio (OR) of 1.917 indicates that workers aged 240 years
have nearly twice the risk of experiencing severe fatigue compared to younger workers.

Table 5. Frequency Distribution of Workers’ Age by Work Fatigue Level at CV. Airchteam,
Hulu Sungai Utara District

No. Working Age Kelelahan Kerja TOTAL Percentage
(years) Severe % MODERATE % (%)
1 > 40 7 23,3 0 0 7 23,3
2 <40 12 40 11 36,7 23 76,7
TOTAL p=0,029<a=0,05 30 100

Worker age has been shown to be associated with work fatigue. This relationship can be
explained through the lens of work physiology. As individuals age, cardiovascular capacity,
muscle flexibility, and the body's ability to perform thermoregulation tend to decline. These
changes make older workers more susceptible to fatigue, particularly when working in hot
conditions or under high physical workloads!'31527.28], Age is also related to changes in energy
metabolism, decreased muscle enzyme levels, and hormonal alterations that impact bodily
efficiency. Repeated and unmanaged fatigue in older individuals increases the risk of
degenerative diseases, which can further reduce work capacity.

Aging also affects energy metabolism through changes in body composition and energy
requirements. Older adults typically experience a decline in metabolic efficiency, resulting in
increased energy expenditure for the same physical activities(2930l. Additionally, there is a
significant reduction in both anaerobic and aerobic enzyme activity among older adults,
contributing to decreased muscle performance. This decline is not solely caused by reduced
physical activity but is also influenced by the underlying metabolic changes[31321.

Overall, the findings of this study indicate that two main factors—working hours and age—
have a significant impact on the level of work fatigue among road construction workers.
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These findings have practical implications for occupational safety and health (OSH)
management in the construction sector. In the Indonesian context, the maximum working
hours are regulated under Labor Law No. 13 of 2003, which limits daily work to no more than
8 hours. However, field implementation often violates these regulations due to project
deadlines and cost-efficiency considerations.

A multidimensional approach is necessary to mitigate work fatigue risks, including limiting
working hours, adjusting workloads based on age, providing adequate rest periods, and
educating workers about the importance of bodily recovery. Additionally, employers should
provide heat-protection facilities, such as work canopies or lightweight protective clothing,
to reduce direct sun exposure.

Workers should also be encouraged to perform muscle stretching or light exercises before
beginning work as a form of warm-up and injury prevention. These activities not only
enhance physical readiness but also raise awareness among workers about the importance
of long-term health maintenance.

In the medium to long term, further studies should consider additional variables such as body
mass index (BMI), actual workload, microclimate conditions at the worksite, and hydration
status. Moreover, fatigue assessment should not rely solely on subjective tools (e.g.,
questionnaires), but also incorporate objective methods such as heart rate monitoring, blood
pressure variability, or biochemical markers (e.g., cortisol or lactate levels).

CONCLUSIONS AND RECOMMENDATIONS

Based on the results of the research conducted on road construction workers in Hulu Sungai
Utara Regency, a significant relationship was found between working hours and worker age
with the level of work fatigue. Workers who worked more than 8 hours per day had an
eleven-fold higher risk of experiencing severe work fatigue compared to those who worked
within the standard duration. Additionally, workers aged 240 years had nearly twice the risk
of fatigue compared to younger workers. These findings indicate that long working hours and
older age are major risk factors for work fatigue, particularly in demanding outdoor work
conditions with exposure to heat and sunlight.

As a follow-up to these findings, it is recommended that companies adjust work schedules so
they do not exceed 8 hours per day and implement regular break procedures during working
hours, such as taking a 15-30 minute rest every two to three hours. Companies should also
provide heat protection facilities, adequate access to drinking water, and physical fitness
training programs, such as light warm-ups before work. For workers, it is important to
maintain physical fitness by managing sleep patterns, nutritional intake, and performing
stretches during work activities. For future research, it is suggested to use more objective
methods of measuring fatigue and involve a larger population to produce results that are
more representative and applicable.
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