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Abstract. Quality, cost, and time are the primary targets of construction projects; the working-environment applying occupational safety and health is also crucial. An employer can implement occupational safety and health (OHS) by providing rules and appeals to minimize workplace accidents. Several studies found that workers' stress and fatigue caused workplace accidents. Therefore, this study aimed at identifying workers' fatigue based on subjective measurements using survey; the researchers distributed questionnaires to 30 workers multi-storey building construction projects. The analysis results revealed that workers' fatigue reached a total score of 76, which was categorized in level 3 and classified as high fatigue. The study concluded that corrective action in implementing occupational health and safety was imperative. In addition, employers need to use work-methods that can minimize workers' fatigue in construction projects. Identifying fatigue is expected to minimize work accidents in constructing multi-storey buildings.
1. Introduction
In this decade, the development in all fields has been growing, supported by increasingly modern technological developments and complex technology-transfer to all sustainable development-stakeholders [1–4]. The technology transfer affects the development process in all fields, especially construction [1,5,6]. Law no. 2 of 2017 article 59 concerning Construction Services states that in every construction service operation, service users and providers are obliged to meet Security, Safety, Health, and Sustainability Standards [7]. Thus, the implementation of construction projects must pay attention to the application of Occupational Safety and Health (also referred to as OHS) to prevent work accidents. It maintains the work environment's health and safety; it also protects colleagues, workers' families, consumers, and other people who may also be affected by work environment conditions [8–10]. 
Companies must perform and supervise work following existing standard operating procedures to create safe, comfortable, and productive working conditions [1,11–13]. The risk of work accidents can occur anytime and anywhere, even though nobody wants to experience it. Many workers have experienced work-cause accidents or illnesses in a construction project, one of which is caused by stress and fatigue [14]. After performing activities, one might feel tired. Tiredness, sleepiness, boredom, and thirst can simultaneously occur with symptoms such as weakness, decreased motivation, and physical fatigue.
The workload on construction projects tends to cause fatigue, leading to work accidents. Work facilities that are not ergonomic, a work environment that fails to meet the requirements, and unnatural work attitudes can also cause workers to lose their focus in performing their work [15]. It can also lead to musculoskeletal system disorder, subjective complaints, and fatigue, which results in low work productivity.
Therefore, companies engaged in construction services must identify the causes of workers' fatigue to minimize the risk of work accidents; it is an effort to apply OHS and zero accidents. Companies can identify workers' fatigue by using the mental workload aspect; it is done by measuring subjective feelings of fatigue, with the method issued by the International Fatigue Research Committee (IFRC) referred to as the Subjective Self Rating Test (SSRT) [16]. The construction of multi-storey buildings gives much workload, so it is essential to identify workers' errors based on subjective factors to minimize workplace accidents.
Based on the description above, this study measured the extent to which the fatigue level of construction project workers of high-rise buildings using subjective measurements. It is expected that this measurement can provide positive input for project implementers and owners on applying OHS correctly. It is also beneficial for determining appropriate work methods to reduce and prevent work accidents.

Literature Review
Occupational Health and Safety (OHS) and Construction Work 
These days, many organizations pay attention to Occupational Health and Safety (OHS) as it includes issues of humanity, economic costs and benefits, legal aspects, responsibility, and the organization's image [17]. The company must consider the occupational health and safety program. It is implemented to protect workers from occupational hazards and their impacts.
Work safety includes safe materials and work-processes, a safe workplace and work tools, a safe environment and work methods. Work safety aims to prevent workers from getting injured and avoid damage or loss to equipment, materials, and production. Thus, the company should consider several factors such as humans, machines, materials, work methods, and work environment [8]. These factors often influence the occurrence of accidents, so the company needs to monitor them effectively. In essence, occupational health is the harmony between work capacity, workload, and work environment. If the work environment's danger is not anticipated correctly, it will burden the workers. Occupational health is an effort and condition, enabling workers to maintain their physical, mental, and social health conditions at work. The company can apply it by setting rules and making efforts to prevent workers from conditions detrimental to health, indicated by physical, mental disorders, emotions, or pain caused by the work environment [18].
Work Fatigue
Fatigue is the body's mechanism to warn that it needs rest to regain energy; it is divided into physical and mental fatigue [19]. Work fatigue factors are varied, highly-complex, and interrelated, viz. intensity and duration of physical and mental work; physical problems such as responsibility, environment, health conditions, and nutrition also contribute to work fatigue.
There are internal and external factors causing work fatigue [20]. One of the internal factors is a person's age, which will affect the condition, ability and capacity of the body to perform activities [8]. Work productivity will decrease with age. Work capacity, including functional, mental, and social capacity, will decline before the age of 45, which will decline by the age of 50 and over. Another internal factor is the worker's nutritional status; all workers need nutrients from daily-consumed food. 
The next factor is rooted externally. The workload is an external factor that can be differentiated quantitatively and qualitatively. A quantitative workload is working in large amounts according to the given time. A qualitative workload is working with repetitive tasks. Complaints at work due to work-related illness indicates workers' fatigue. It is crucial to deal with any fatigue to prevent it from becoming chronic. Identifying the causes is essential to handle fatigue, which can be done by measuring it [19].
Fatigue Level Measurement
[bookmark: _Toc43088532][bookmark: _Toc43088548][bookmark: _Toc43088996][bookmark: _Toc43364819]To date, researchers have not found a way to measure fatigue levels directly. The measurements only identify the indicators showing work-caused fatigue, one of which is a subjective measurement using the Subjective Self Rating Test from the Industrial Fatigue Research Committee (IFRC). It is a method done by distributing questionnaires measuring emotional-fatigue levels [21]. Through the questionnaire, the researchers ask the symptoms or subjective feelings of the respondent. On the IFRC scale, there are 30 fatigue symptom questions on the list. The subjective fatigue level and classification are shown in Table 1.
Table 1. Subjective Fatigue Classification [21]
	Fatigue Level
	Total Score
	Fatigue Classification
	Actions

	1
	30 – 52
	Low
	Corrective action is not considered yet

	2
	53 – 75
	Moderate
	Corrective action may be required

	3
	76 – 98
	High
	Corrective action is required

	4
	99 – 120
	Very high
	Corrective action is required promptly


Materials and Methods
This research employed a quantitative survey method with a descriptive analysis to describe the conditions. Therefore, primary data was used by collecting them directly from questionnaire responses. The questionnaire was arranged based on the required and relevant variables following the research objectives. The population was construction workers in one of the high-rise building projects in Surabaya city. The number of respondents was determined through probability sampling (the simple sampling); 30 respondents were involved in this research. 
Following the objectives, the method of measuring fatigue used the International Fatigue Research Committee (IRFC)scale, also called the Subjective Self Rating Test (SSRT), containing many questions related to fatigue symptoms [21].  In this scale, there were 30 fatigue symptom questions listed. Table 2 presents the categories to prevent construction work accidents due to worker fatigue in high-rise building projects in Surabaya city. The measurement scale used for each question indicator was the Likert scale with 1 = never (score 1), 2 = sometimes (score 2), 3 = often (score 3), 4 = very often (score 4).

[bookmark: _Toc43089000][bookmark: _Toc45510802]Table 2. Symptoms Associated with Fatigue [21]	Comment by Q: Gambar dan table harus dipanggil dalam paragraph dan dijelaskan apa yang dimaksud dalam gambar dan table tersebut

	Questions

	No.
	Weakened Performance of Activities
	No.
	Weakened Motivation
	No.
	Weakened Body (Exhaustion)

	1.
	Head felt heavy
	11.
	Thinking difficulty
	21.
	Headache

	2.
	Whole body tiredness
	12.
	Too tired to speak
	22.
	Stiff shoulder(s)

	3.
	Legs felt heavy
	13.
	Nervousness
	23.
	Back pain

	4.
	Yawning
	14.
	Not concentrating
	24.
	Breathing difficulty

	5.
	Distracted mind
	15.
	Having trouble focusing
	25.
	Thirst

	6
	Sleepiness
	16
	Forgetting easily
	26
	Hoarseness

	7.
	Eyes felt heavy
	17.
	Decreased self-confidence
	27.
	Feeling dizzy

	8.
	Awkward and stiff body movement
	18.
	Anxiety
	28.
	Eyelids stiffness

	9.
	Being unsteady while standing
	19.
	Difficulty in controlling attitude
	29.
	Limbs trembling

	10.
	Wanting to lie down
	20.
	Laziness in work
	30.
	Feeling unwell


Results and Discussion	Comment by Q: Tambahkan literature untuk mendukung hasil penelitian
Based on primary data from distributed questionnaires, respondents' profile is shown as in Figure 1 and Figure 2. All of 30 respondents were male and mostly young (17-35 years old). In the productive age, most of them have worked on similar projects for more than five years. When the questionnaire was distributed, they worked on wall mounting with precast concrete panels on the 4th floor. The responses were analyzed descriptively by summing up all scores and calculating the average score for each indicator. The results of the subjective fatigue level measurement are shown in Table 3.

Figure 1. Respondents' Profile (Age and Experience)

Table 3. Subjective Measurement Results
	Variable
	Total Score

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	Weakened performance of activities
	22
	25
	21
	27
	28
	22
	23
	26
	21
	25
	27
	25
	23
	30
	22
	21
	24
	28
	27
	24
	22
	25
	26
	28
	31
	23
	25
	22
	24
	27

	Weakened Motivation
	24
	26
	23
	22
	25
	27
	24
	27
	28
	29
	25
	24
	21
	24
	28
	25
	26
	23
	28
	23
	26
	25
	27
	26
	24
	22
	27
	26
	25
	22

	Weakened Body
	26
	30
	27
	26
	21
	25
	27
	22
	23
	25
	23
	29
	30
	28
	24
	27
	29
	30
	21
	28
	26
	29
	30
	25
	21
	23
	26
	27
	29
	27

	Score
	72
	81
	71
	75
	74
	74
	74
	75
	72
	79
	75
	78
	74
	82
	74
	73
	79
	81
	76
	75
	74
	79
	83
	79
	76
	68
	78
	75
	78
	76

	Total Score
	2280

	Average Score
	76,00

	Fatigue Classification
	3 - High (corrective action is required)



The measurement results in Table 3 show that the construction workers' level of fatigue was high (level 3), with an average score of 76. Based on the classification in Table 1, corrective action is required. Some respondents were scored 30 on the Physical Weakness variable, revealing that they felt physical weakness (thirst, dizziness, feeling unwell, and pain in the back). Therefore, this subjective measurement can be used as a reference for identifying workers' fatigue and weakness. Thus, fatigue prevention measures can be determined appropriately to minimize and prevent work accidents, especially in high-rise buildings. 
Fatigue can be reduced in a variety of ways aimed at the general condition and physical environment at work, for example, by regulating working hours, providing appropriate opportunities for rest [22]. Workers should avoid static work attitude and pursue dynamic work attitude to reduce the high level of fatigue [23], which can circulate blood and oxygen to the body better. Therefore, the company must provide dynamic work methods, provide drinking water at specific points, and allow workers to rest at intervals. The supervisor determines the workers' schedule to complete the work at the targeted time and prevent work accidents simultaneously.
Conclusion
The study results show that most workers experienced high levels of fatigue and needed corrective action. The construction project implementer should change the work method to be dynamic and provide breaks for workers outside of lunchtime to drink. This study is expected to be useful for construction project implementers by identifying the level and type of labour fatigue to become a reference for mitigating even preventing work accidents on construction projects. Furthermore, as a positive impact, zero accidents can be achieved at the worksite. Further research related to identifying the construction workers' fatigue level using an objective method or measuring the effect of subjective and objective measurements combination is essential.
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