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Abstract

Construction projects, in their operations, face numerous risks of work accidents, ranging from minor to severe.
Workers are less aware of the importance of using PPE, so violations of OHS requirements are still often found
by workers, even though they have implemented OSHMS. This study aims to evaluate ergonomic risks in
manual material handling and propose ergonomic aids to reduce these risks in construction projects. The method
used in this study is a gap analysis of the OHS control dashboard approach. The results of the study obtained the
results of the implementation of OHS in construction projects on the dashboard at 82.14%, which means that
workers or organisations are ready to comply with OHS requirements standards. In the measurement and
monitoring of OHS in construction projects, it was found that the number of OHS violators was 5 people out of a
total of 28 workers who were working at that time. The OHS dashboard content consists of the results of
questions related to safe work requirements such as PPE, equipment and materials, procedures and controls, and
the work environment. The researcher hopes that the method, as demonstrated in the results of this study, can be
applied and further developed.
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1. Introduction

Construction projects face a variety of occupational accident risks, ranging from minor to severe,
during their operations. In addition to the risk of direct injuries, construction workers are also highly
susceptible to ergonomic issues, particularly those related to Manual Material Handling (MMH)
activities such as lifting, carrying, pushing, and pulling materials [1], [2]. These activities are often
performed in non-ergonomic working postures, with high frequency and excessive loads, increasing
the risk of musculoskeletal disorders (MSDs). The risk of MSDs is often less recognized than acute
workplace accidents, yet they can have long-term impacts on worker health and project productivity
[3]. The use of more advanced equipment on one hand provides convenience in the production process
and increases productivity, but on the other hand it can increase the risk of accidents and diseases
among workers due to the work they perform [4], [5].

On the other hand, workers are still less aware of the importance of using Personal Protective
Equipment (PPE), so that violations of Occupational Safety and Health (OSH) requirements are still
frequently found, even though the project has implemented an Occupational Safety and Health
Management System (OSHMS) [6], [7]. This lack of awareness not only increases the potential for
work accidents, but also exacerbates ergonomic risks and MSDs due to the lack of adequate protection
and control [8]. Therefore, a system for measuring and monitoring OSH performance is needed that
not only focuses on work accidents, but is also able to systematically identify ergonomic and MMH
risks [9]. There is a need for real activities to determine the measurement and monitoring of OSH in
construction projects and to develop an OSH performance dashboard that can describe the good or bad
condition of the project based on the fulfillment of work safety requirements, including ergonomic
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aspects [10]. Occupational diseases are illnesses suffered by workers in relation to their work, whether
caused by risk factors related to workplace conditions, work equipment, materials used, production
processes, work methods, company waste, or production results [11], [12]. In relation to transport
workers, their posture and interaction with work facilities will determine work -efficiency,
effectiveness, and productivity, in addition to the Standard Operating Procedures (SOP) that exist in
each type of work. Work posture is considered ergonomic if it provides comfort, safety, health, and
security while working [13], [14].

One of the complaints experienced by workers in lifting and carrying jobs, such as porters, is
related to the musculoskeletal system. If muscles receive static loads repeatedly and over a long period
of time, it can cause damage to joints, ligaments, and tendons. This damage is commonly referred to as
MSDs or injuries to the musculoskeletal system [15], [16]. Most musculoskeletal disorders are caused
by the workers themselves or their working environment. The factors that cause these disorders
include repetitive work, non-ergonomic working postures, vibration, lack of knowledge about the
workplace, work organization, and lack of job variation. In general, Musculoskeletal Disorders
(MSDs) are experienced in the back, neck, shoulders, upper arms, and waist. MSDs are rarely
experienced in the lower limbs [17].

PT. XYZ is a company engaged in the exploration of oil and natural gas. In managing its
operational activities across the company, it consistently implements occupational health and safety
measures. This is partly due to the operational activities of the company being categorized as High-
Risk Operations (HRO). One activity that is closely monitored for safety is the manual material
handling performed by workers at PT. XYZ. Material handling activities at PT. XYZ are generally
carried out on materials that are relatively small in size, so the lifting process is performed manually
by workers. Nevertheless, both small and large materials that are lifted manually still have the
potential to cause work-related injuries, especially if performed repeatedly and without considering
ergonomic aspects [18], [19]. Materials that are manually lifted are generally packaged in cardboard
boxes containing various components such as stud & nut, work vest, ring gasket, ball valve, V-belt,
webbing sling, and hose materials.

However, previous studies have not addressed the ergonomic risks associated with MMH
activities in construction projects in an integrated and measurable manner. Specifically, no evaluations
have used standardized ergonomic assessment methods such as the Rapid Upper Limb Assessment
(RULA) or the Rapid Entire Body Assessment (REBA). Furthermore, previous research has not
focused on the design and implementation of ergonomic aids tailored to the specific working
conditions and material handling tasks within the project. Consequently, potential risks of
Musculoskeletal Disorders (MSDs) remain inadequately identified and mitigated, indicating a critical
gap in ergonomic assessment and intervention within construction safety management practices [20].
The focus of this study is to analyze and identify complaints from workers at PT. XYZ related to
material handling activities that pose ergonomic risks using the RULA and REBA methods.
Furthermore, this study aims to evaluate ergonomic risks in manual material handling and propose
ergonomic aids to reduce these risks in construction projects.

2. Method

This research was conducted at PT. XYZ, a company engaged in oil and gas exploration in the
Tanjung Priuk area of Jakarta, with a focus on the jetty and warehouse areas. The type of research
used in this study is descriptive quantitative research, which aims to describe and evaluate the level of
ergonomic risk in MMH activities in the workplace environment [21], [22]. The descriptive approach is
used to illustrate the actual conditions of work posture, musculoskeletal complaints experienced by
workers, and the level of ergonomic risk based on the evaluation results using the Nordic Body Map
(NBM), RULA, and REBA methods. Meanwhile, the quantitative approach is used to measure data in
the form of scores and risk levels obtained from the results of the NBM, RULA, and REBA
assessments, as well as to analyze ergonomic risk tendencies objectively and systematically. NBM is
used to identify which body parts are experiencing pain or discomfort, with a rating scale ranging from
"no pain" to "extreme pain." RULA, meanwhile, focuses on assessing upper body posture, including
the neck, back, arms, and wrists. REBA is used to evaluate overall body posture, particularly during
dynamic activities involving lifting and bending.

The study subjects were workers performing MMH activities, such as lifting and moving
technical components. The sample size was 10 workers actively involved in daily operations at the
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site. The sampling technique used was selecting workers who specifically perform repetitive lifting
activities in the dock and warehouse areas to ensure the data collected was relevant to MMH risks.
Data collection techniques were carried out through a combination of NBM questionnaires, direct
interviews, and field observations. Observations were carried out by documenting worker activities
through photos and videos to capture snapshots of work postures when handling loads. Data on
subjective worker complaints were collected based on a history of injury or pain experienced during
the period from October 2024 to April 2025.

The data analysis technique or analysis procedure was carried out by calculating the percentage of
complaints from the NBM questionnaire to map the most dominant injury areas. Next, posture data
from photo/video observations were analyzed using RULA and REBA scores to determine the risk
level (low to very high) and the urgency of the required corrective action. The integration of these two
methods (RULA and REBA) allows for a comprehensive and holistic analysis and increases data
validity by comparing evaluation results from two different methodological perspectives. The research
steps can be seen in Figure 1.
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Figure 2. Manual material treatment flow

Based on Figure 1, the first step is to identify problems that frequently occur in material handling
activities. The method used in this research consists of filling out the NBM questionnaire, combined
with direct observation in the field. The data collected from the NBM questionnaire are then processed
using the RULA and REBA methods. The research has two methods indicate that the observed work
postures have a high level of risk for potential musculoskeletal injuries. The workflow of manual
material handling by workers can be seen in Figure 2. Based on Figure 2, the lifting process begins
with unloading materials from the ship to the jetty area, followed by transferring them from the jetty to
the warehouse. Conversely, when materials are needed to be sent back to the ship, the same process is
carried out in reverse. It can be observed that several work activities performed by workers at PT.
XYZ still involve non-ergonomic body postures, such as bending the body and performing repetitive
activities over a relatively long period of time. To gain a deeper understanding of these working
conditions, information was gathered by asking questions to the workers.

Recapitulation of the final score performance standard of the RULA method

The RULA method is used to assess upper body work postures such as the neck, back, upper
arms, forearms, and hand-to-hand contact. The final score from the RULA analysis indicates the level
of ergonomic risk faced by workers. The higher the score, the greater the level of risk, and therefore
corrective action is needed [23]. The standard classification of RULA scores can be seen in Table 1.
This method is widely used in various industrial sectors because of its ability to identify work postures
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that have the potential to cause injury. The assessment is carried out systematically by considering the
posture angle, the force applied, and the frequency of movements performed by workers. In addition,
RULA also helps in determining the priority of improvements based on the level of urgency of the
risks found. The results of the RULA analysis can be the basis for designing ergonomic interventions,
such as improving work methods or the use of assistive devices. The application of this method is
expected to reduce the risk of MSDs in workers. Thus, RULA not only functions as an evaluation tool,
but also as a guide in improving safer and more ergonomic working conditions.

Table 1. RULA score performance standard

RULA Score Risk Level Action
1-2 Low Risk No action is required at this time
34 Medium Risk Further investigation is required
5-6 High Risk Action is required soon
7 Very High Risk Immediate action is required

2.2. Recapitulation of the final score performance standard of the REBA method

The REBA method is used to assess overall body posture, especially in work activities that
involve lifting, bending, or other dynamic movements. The final analysis score generated by REBA is
not simply a mathematical number, but rather a quantitative representation of the level of ergonomic
risk that directly determines the urgency of technical interventions to mitigate the potential for MSDs
or musculoskeletal injuries in workers. This risk level classification is systematically depicted in Table
2, which divides risk categories from very low to very high, requiring immediate corrective action.
Analytically, the REBA method's acuity lies in its ability to convert visual field documentation such as
photos and videos into objective metric data, thus facilitating management in making strategic
decisions related to occupational safety. Based on this score, the urgency of improving work posture
can be determined [24]. The classification of risk levels based on the REBA score is presented in
Table 2.

3. Results and Discussion
3.1. Problem identification

This section will discuss the research findings, including the identification of the most dominant
problems in the material handling process flow. These issues can be seen in Table 3. Based on Table
3, it can be seen that several work activities carried out by workers at PT XYZ still involve non-
ergonomic body postures, such as bending the body and performing repetitive activities over a
relatively long period of time. To gain a deeper understanding of these working conditions,
information was collected by asking several questions to the workers. The questions asked to 10
workers can be seen in Table 4.

Table 2. REBA score performance standard

REBA Score Risk Level Action
1 Very Low No action is required at this time
2-3 Low Risk Action may be required
4-7 Medium Risk Action is required
8-10 High Risk Action is required soon
11-15 Very High Risk Immediate action is required

Table 3. Material handling process before repair
Activity Documentation

The process of lifting
materials from the
warehouse area to the jetty
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Table 4. List of interviews

No Question Answer

1 Does the process of picking up goods require workers to Workers must bend down when picking up
fully bend down before lifting them? goods to lift them.

5 Do workers need to stretch their arms when carrying Workers must spread their arms when carrying
materials to the destination area? materials.

3 Are the workers’ wrists in a non-neutral position during the The workers’ wrists are in a non-neutral
lifting process? position when lifting goods.

4 Do workers pick up items in a squatting position with The leg position is squatting and the knees
extreme knee bending? bend excessively when picking up goods.

5 Does the volume of the goods lifted exceed the ergonomic  The volume of the goods lifted is sometimes

dimensional limits for handling by a single worker? too large.

Based on the problems shown in Table 4, it is necessary to conduct research to analyze work
postures and propose additional assistive devices to reduce complaints of pain caused by improper
work posture, making it more ergonomic and facilitating work activities. This is expected to reduce
the risk of injury and improve comfort and safety at work [25]. The method used in this research
consists of filling out the Nordic Body Map (NBM) questionnaire combined with direct field
observation. The data collected from the NBM questionnaire are then processed using the RULA and
REBA methods. The results from both methods indicate that the observed work postures have a high
level of risk for musculoskeletal injuries [26].

To better understand the actual conditions experienced by workers during material handling
activities, the researcher conducted direct interviews with ten workers who were actively involved in
the lifting and movement of materials in the jetty and warehouse areas. These interviews were
conducted to identify complaints or injuries experienced by workers over the past year. The results
provide an initial overview of recurring ergonomic risks in the field. A summary of the complaint or
injury data based on time and type of complaint can be seen in Table 5. Based on Table 5, worker
complaint data over the last year (October 2024 — April 2025) from interviews and observations of 10
workers at PT XYZ show that most workers experience complaints in the back, waist, arms, shoulders,
and wrists. These complaints arise due to manual material handling activities performed statically and
repeatedly over long working durations. Based on these conditions, further studies are necessary to
identify non-ergonomic work patterns and their impact on workers’ health [19]. Therefore, the
researcher is motivated to analyze more deeply the condition of workers when performing non-
ergonomic manual material handling activities, in order to gain a comprehensive understanding and
provide appropriate improvement recommendations.

Table 5. Worker complaint data (October 2024—April 2025)

No VI\\/I(;E? Age Injury Occurred Complaints Experienced

1 WD 52 October 2024 Back and waist pain due to standing too long

2 DS 39 November 2024  Pain in arms, back, and neck due to lifting heavy loads

3 AW 28 December 2024  Back feels hot and painful when working too long

4 AP 30 December 2024  Waist, back, and shoulder pain due to frequent bending

5 IS 30 January 2025 Pain in arms, legs, wrists, and shoulders due to repetitive movements
6 AS 49 January 2025 Back and waist pain due to bending work posture

7 HD 47 February 2025 Neck and shoulder pain due to static work posture

8 SS 29 February 2025 Pain in calves, waist, and back due to prolonged standing and lifting
9 RS 45 March 2025 f;a;gsin legs, knees, and waist due to frequent walking while carrying
10 AM 35 April 2025 Back, arm, and wrist pain due to lifting and moving items

3.2 Data collection
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NBM questionnaire

The stages of assessing the percentage of the NBM questionnaire scoring results consist of the
type of complaint, level of complaint, total complaints from workers, and complaint percentage. The
following are the instructions for filling out the NBM questionnaire for workers: observe the body
diagram provided in the questionnaire. Identify which parts of the body frequently feel pain, soreness,
stiffness, or discomfort during work. Mark the number corresponding to the level of pain experienced
in each body part using the following scale: 1 = No pain, 2 = Slight pain, 3 = Pain, and 4 = Very
painful. Fill in the questionnaire according to the real conditions experienced during work. The
formula used to calculate the percentage of complaints is: Complaint Percentage = (Number of worker
complaints / Total score) x 100% [27]. Example calculation and the results of the NBM scoring
questionnaire are shown in Table 6.
e Upper neck pain percentage =27 / 620 x 100% = 4.35%
e Lower neck pain percentage =24/ 620 x 100% = 3.87%

3.3 Work posture observation

Observations of work postures are generally conducted through photo or video documentation
while workers are performing material handling activities. The analysis used integrates the RULA and
REBA methods. Combining these two methods allows for a comprehensive and holistic analysis, with
RULA specifically focusing on the evaluation of the upper limbs, such as the neck, back, and arms,
while REBA encompasses a total body assessment, including the legs and lower limbs. This
integration significantly increases the validity of the research data by allowing researchers to
characterize and confirm evaluation results from two different methodological perspectives, thus
significantly more accurately identifying high-risk postures.

Table 6. NBM questionnaire scoring results

Complaint Level =
. T T T T T T T T T T = 8 o
No Type of Complaint K K K K K K K K K K S g a0
1 2 3 4 5 6 7 8 9 10 =

1 Upper neck pain 3 4 2 3 1 1 2 4 4 3 27 4.35%
2 Lower neck pain 4 2 3 3 1 2 1 3 4 1 24 3.87%
3 Left shoulder pain 4 3 4 1 1 1 1 3 4 2 24 3.87%
4 Right shoulder pain 4 3 3 2 1 2 3 4 3 4 29 4.68%
5 Pain in the left upper arm 3 2 2 2 1 2 1 1 2 3 19 3.06%
6 Pain in the right upper arm 3 2 1 1 3 1 2 3 2 4 22 3.55%
7 Pain in the left forearm 2 1 2 3 4 3 3 1 3 1 23 3.71%
8 Pain in the right forearm 1 22 3 3 4 2 3 3 3 26 4.19%
9 Pain in the left wrist 2 3 1 4 3 2 3 4 1 2 25 4.03%
10 Pain in the right wrist 3 1 2 1 1 1 1 1 2 2 15 2.42%
11 Pain in the left hand 2 3 4 2 1 2 4 2 3 2 25 4.03%
12 Pain in the right hand 3 2 1 2 3 1 4 2 3 1 22 3.55%
13 Back pain 4 4 4 4 3 3 2 4 3 4 35 5.65%
14 Waist pain (lower back) 3 4 4 4 4 4 3 3 2 2 33 5.32%
15 Buttock pain 2 3 2 1 2 3 4 2 1 1 21 3.39%
16 Hip pain 2 3 1 1 1 1 2 1 2 2 16 2.58%
17 Left elbow pain 2 1 1 2 1 1 1 2 1 1 13 2.10%
18 Right elbow pain 1 2 2 2 1 1 1 1 1 1 13 2.10%
19 Left thigh pain 2 3 2 1 1 2 1 2 1 2 17 2.74%
20 Right thigh pain 32 1 2 3 1 2 2 2 2 20 3.23%
21 Left knee pain 1 2 3 2 2 3 2 2 2 2 21 3.39%
22 Right knee pain 32 1 2 2 1 2 1 2 3 19 3.06%
23 Left calf pain 302 2 2 3 3 2 2 2 1 22 3.55%
24 Right calf pain 32 1 2 3 3 2 2 2 2 22 3.55%
25 Pain in the left ankle 2 2 3 2 3 2 2 3 2 1 22 3.55%
26 Pain in the right ankle 2 2 1 2 3 3 1 2 1 2 19 3.06%
27 Pain in the left foot 3 2 1 2 3 3 2 2 2 2 22 3.55%
28 Pain in the right foot 3 2 1 2 4 3 4 2 1 2 24 3.87%
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RULA Analysis

The RULA method evaluates upper body posture (neck, trunk, arms, and wrists) and scores it
based on movement category, applied force, and posture support. The result indicates the level of
posture risk (low—high) along with recommended corrective actions. Group A consists of the upper
arm and wrist calculations. The results of the worker posture angle calculations are shown in Table 7.
Based on Table 7, in the upper arm section, the worker's arm position is at an angle of more than 90°
accompanied by a twisting motion when supporting the load. In addition, the position of the arm away
from the body increases the workload of the muscles, so it is given an initial score of 4 with an
additional score of +1. Thus, the final total score is 5. Furthermore, in the lower arm section, the
flexion position exceeds 100° and appears to cross the midline of the body. This condition gives an
initial score of 2 with an additional 1 point, so the final total score is 3. For the wrist, it was found that
the flexion position is above 15°, which indicates a non-neutral posture and risks causing tension, so it
is given a score of 2. Meanwhile, in the wrist movement (wrist twist), there is a twisting motion from
the middle position, so it is given a score of 1. The results of determining the score for work posture 3
using score Table A can be seen in Table 8.

Table 7. Group A RULA calculation of working posture 2

Body Posture Score Description Final
Score
Upper arm 4 The upper arm position is >90° with the arm twisting while supporting 5
pp the load and the arm positioned away from the body (+1 point)
Lower arm ) The lower arm position shows flexion >100° and the lower arm 3
crosses the body’s midline (+1 point)
Wrist (wrist score) 2 The wrist position shows flexion >15° 2
Wrist movement (wrist 1 The wrist rotates away from the neutral position 1

twist)

Table 8. RULA score A work posture 3
Wrist Score

A

1 2 3 4

Upper  Lower Wr@st Wri.st Wri.st Wri.st

Arm Arm Twist Twist Twist Twist
1 2 1 2 1 2 1 2
1 1 2 2 2 2 3 3 3
1 2 2 2 2 2 3 3 3 3
3 2 3 3 3 3 3 4 4
1 2 3 3 3 3 4 4 4
2 2 3 3 3 3 3 4 4 4
3 3 4 4 4 4 4 5 5
1 3 3 4 4 4 4 5 5
3 2 3 4 4 4 4 4 5 5
3 4 4 4 4 4 5 5 5
1 4 4 4 4 4 5 5 5
4 2 4 4 4 4 4 5 5 5
3 4 4 4 5 5 5 6 6
1 5 5 5 5 5 6 6 7
5 2 5 6 6 6 6 7 7 7
3 6 6 6 7 7 7 7 8
7 7 7 8 8 9
2 8 8 8 8 8 9 9 9
3 9 9 9 9 9 9 9 9
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Table 9. Group B RULA work posture calculation 3
Body Posture Score Description Final Score
Neck 2 The neck position shows a flexion of 10-20° 2

The trunk position is at 0°-20° flexion, with the body
bending sideways when picking up items (+1)

Trunk 2 3

Legs 1 The legs are balanced and well supported 1

Based on Table 8, Group A received a final score of 5 for the upper arm due to flexion >90° and a
bent arm position when lifting the load. A 3 for the forearm due to flexion 0°-60° and the forearm
position crossing the body line. A 2 for the wrist due to flexion >15°, and a 1 for the wrist being
rotated beyond its maximum limit. Therefore, the RULA Body Posture score for Group A yields a
total score of 6. Group B consists of the neck, trunk, and legs. The calculation results can be seen in
Table 9. Based on the results of the posture analysis using Table A of the REBA method, the scores
for each component were as follows: the neck received a score of 2 because the neck position showed
10-20° of flexion. The trunk received a base score of 2, which was increased by 1 point due to the
bending to the side when picking up an object, bringing the total to 3. Meanwhile, the legs received a
score of 1 because their position was balanced and well-supported during the activity. The results of
the scoring for Group B using Score Table B can be seen in Table 10.

Table 10. RULA work posture score table B 3
Table B: Trunk Posture Score

paselc 1 2 3 4 5 6
Score Legs Legs Legs Legs Legs Legs
1 2 1 2 1 2 1 2 1 2 1 2
1 1 3 2 3 3 4 5 5 6 6 7 7
2 2 3 2 3 4 5 5 5 6 7 7 7
3 3 3 3 4 4 5 5 6 6 7 7 7
4 5 5 5 6 6 7 7 7 7 7 8 8
S 7 8 8 8 8 8 8 8
6 8 8 8 8 8 8 8 9 9 9 9 9

The individual scores obtained in Table 10 for calculating the work posture score 3 with RULA
group B are as follows: neck score 2 due to having 20° flexion, body score due to 3 flexions 0°-20° and
the body position tilted to the side when supporting the object, and leg score 1 due to the balanced and
well-supported leg position. The calculation of the RULA group B body posture score one obtained a
total score calculation of 4. This score will then be used to combine with the value from Group B part
two, which includes analysis of the upper arm, forearm, and wrist, to determine the final RULA score
and the level of ergonomic risk [28]. The final score will be the basis for determining the urgency of
corrective action for work posture that needs to be done.

Once the score from Group B Part One is determined at 4, the next step is to combine it with the
score from Group B Part Two, which includes assessments of the upper arms, forearms, and wrists.
The score for this section is obtained based on observations of work posture during the activity, taking
into account the angles of movement, the load supported, and any crossing or twisting movements that
increase muscle tension. Group C is a table combining the scores from Table A (neck, trunk, and leg
posture) and Table B (upper arm, forearm, and wrist posture) to determine the initial REBA score.
This score then serves as the basis for the next assessment stage, which includes the addition of
load/force factors, activity type, and coupling (grip on objects), which will determine the final REBA
score. This final score serves as a reference for assessing the level of risk and the need for corrective
action in the observed work activity. The calculation for Group C can be seen in Table 11. Based on
Table 11, the final observation results are entered into Table 11 for the arm and wrist values, as well as
the neck, trunk, and legs. If the box load is present, the score is increased by +1, resulting in a RULA
score of 7.

Table 11. RULA score table C for work posture 3
C Neck, Trunk, Leg Score
1 2 3 4 5 6 7+
Wrist/Arm 1 1 2 3 3 4 5 5




ISSN 2087-3336 (Print) | 2721-4729 (Online)
DOI 10.37373/tekno.v13i2.2350

|519

Neck, Trunk, Leg Score

¢ 1 2 3 4 5 6 7+
Score 2 2 2 3 4 4 5 5
3 3 3 3 4 4 5 6
4 3 3 3 4 5 6 6
5 4 4 4 5 6 7 7
SN 6 o 7 7
7 5 5 6 6 7 7 7
8+ 5 5 6 7 7 7 7

REBA Analysis

Group A calculations consist of the neck, trunk, and legs. The results of Group A's scoring using
Score Table A can be seen in Table 12. The results of determining the score for group A using Score
Table A can be seen in Table 13. Based on Table 13, the individual scores obtained from the
calculation of Table 13 score A are as follows: neck position received a score of 2 because the neck
has a flexion of 10°-20°; body posture received a score of 3 because it has a flexion of 0°-20° and a
twisted body posture received a score of +1; and balanced, well-supported leg posture received a score
of 1. Therefore, the REBA body posture score calculation for Group A resulted in a score of 4. Group
B consisted of calculations for the upper arm, lower arm, and wrist [29]. The calculation results can be
seen in Table 14.

Table 12. Group A REBA calculations for work posture 3

Posture Score Description Final Score
Neck 2 The neck position shows a flexion of 10-20° 2
Trunk ’ The body position is at 0°-20° flexion, with the body 3
bending sideways when picking up items (+1)
Legs 1 The legs are balanced and well supported 1
Table 13. Score table for group A REBA work posture 3
Neck

Table A 1 5 3
Legs 1 2 3 4 1 2 3 4 1 2 3 4
1 1 2 3 4 1 2 3 4 3 3 5 6
Trunk 2 2 3 4 5 3 4 5 6 4 5 6 7
Posture 4 5 6 7 5 6 7 8
Score 4 3 5 6 7 5 6 7 8 6 7 8 9
5 4 6 7 8 6 7 8 9 7 8 9 9

Table 14. Group B REBA work posture calculation 3
Body Posture Score Description Final Score
The upper arm position is >90° with the arm twisting while
Upper arm 4 supporting the load and positioned away from the body (+1 5
point)
Lower arm 2 The lower arm position shows flexion >100° 2
Wrist 2 The wrist position shows flexion >15°

Based on Table 14, the results of the work posture assessment in RULA Group B, part two,
yielded the following data: the upper arm received a base score of 4 because the arm was flexed at an
angle greater than 90°. In addition, 1 point was added because the arm rotated while supporting the
load and moved away from the body, bringing the final score to 5. The lower arm received a score of 2
because the forearm was flexed at an angle greater than 100°, indicating a significant muscle workload
in that area. The wrist received a score of 2 because it was flexed at an angle greater than 15°,
indicating a non-neutral wrist position during the activity. The results of the scoring for Group B using
Score Table B can be seen in Table 15. Based on Table 15, the individual scores obtained in Table
4.35 for Group B are as follows: the final score for the upper arm is 5 because the upper arm has
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flexion >90° with the arm twisting when supporting the load and the arm position away from the body
(point +1); the forearm is 2 because it has flexion >100°; and the wrist has a score of 2 because it has
flexion >15°, and the wrist is twisted from the maximum limit (point +1). Therefore, the REBA Body
Posture score calculation for Group B results in a total score of 8.

Table 15. REBA score table B for work posture 3

Table B Lower i%rm 2
Wrist 1 2 3 1 2 3
1 1 2 2 1 2 3
Upper 2 1 2 3 2 3 4
Arm 3 3 4 5 4 5 5
Score 4 4 5 5 5 6 7
L R
6 7 8 8 8 9 9

Group C is a table combining scores from Table A (neck, trunk, and leg posture) and Table B
(upper arm, forearm, and wrist posture) to determine the Initial REBA Score. This value then serves as
the basis for the next assessment stage, namely the addition of load/force factors, activity type, and
coupling (grip on objects), which will determine the Final REBA Score. This final score serves as a
reference for assessing the level of risk and the need for corrective action in the observed work
activities. The calculations for Group C can be seen in Table 16. Based on Table 16, the final results of
the observations can be seen in Table 15, where the value of the group A score table is entered with a
score of 4 and the value of the group B score table with a score of 8, which results in a final REBA

score of 8.
Table 16. REBA C score for work posture 3

Table C
Score

A Score B
1 2 3 4 5 6 7 8 9 10 11 12
1 1 1 1 2 3 3 4 5 6 7 7 7
2 1 2 2 3 4 4 5 6 6 7 7 8
3 2 3 3 3 4 5 6 7 7 8 8 8
T 8 8 9 99
5 4 4 4 5 6 7 8 8 9 9 9 9
6 6 6 6 7 8 8 9 9 10 10 10 10
7 7 7 7 8 9 9 9 10 10 11 11 11
8 8 8 8 9 10 10 10 10 10 11 11 11
9 9 9 9 10 10 10 11 11 11 12 12 12
10 10 10 10 11 11 11 11 12 12 12 12 12
11 11 11 11 11 12 12 12 12 12 12 12 12
12 12 12 12 12 12 12 12 12 12 12 12 12

Corrective actions

Based on the final RULA and REBA scores for the four observed work postures, all indicated a
high ergonomic risk level. This indicates that the work activities performed have a high potential to
cause musculoskeletal disorders if not promptly intervened. Therefore, a proposed work aid was
designed as an ergonomic solution to reduce this risk. This aid aims to improve work posture, reduce
physical strain on workers, and increase work efficiency and safety. The estimated cost for
manufacturing the aid is IDR 2,605,000, which includes the purchase of raw materials, the assembly
process, and initial testing of the tool's function. Implementation of this aid is expected to reduce
ergonomic risks, increase productivity, and improve worker well-being. To assess the superiority of
the aid designed in this study, it is necessary to compare it with similar commercially available aids.
Commercially available aids generally have generic designs that are not always appropriate for field
conditions, worker body dimensions, and the types of materials handled at PT XYZ. Therefore, the
assistive devices designed in this study were specifically designed based on worker anthropometric
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data and the company's operational needs. The following is a comparison of the designed assistive
devices with commercial ones in terms of ergonomics, function, and efficiency.

Table 17. Proposed comparison

Aspect Proposed Assistive Tool Existing Market Tool

Designed based on local workers' Generally, follows standard market design and

Design anthropometric data (handle height £97 cm). is not adjusted to work}ers posture or body
dimensions.
. Dimensions are adjusted to the material size at . . . .
Size and : . Fixed dimensions, sometimes too large or too
. . PT XYZ and suitable for narrow working . :
Dimensions small for certain types of materials.
spaces.
Material Uses lightweight and strong hollow steel, easy Mostly uses solid steel, which is heavier and
to modify and repair. difficult to modify.
Operational Designed Wth flexible wheels and can l?e used Generally, can only be used on flat surfaces
o from the jetty to the warehouse (various o
Flexibility . and cannot operate on inclined surfaces.
terrains).
Cost Estimated production cost is + IDR 2,605,000 Market price ranges from £ IDR 3,000,000—
(more economical). 4,500,000 depending on the model and brand.
. Modular design, can be disassembled and
Maintenance

repaired manua

Based on the results of an ergonomic risk analysis using the RULA and REBA methods, and
considering anthropometric data from field workers, an assistive device was designed that adheres to
ergonomic principles [30]. This tool aims to minimize the physical burden on workers, particularly
when manually lifting and moving materials in outdoor work areas. The design of this tool refers to
the body dimensions of adult Indonesian male workers, focusing on the 50th percentile (P50) as the
average size and the 5th percentile (P5) for minimum reach. Several important dimensions of this tool
include a handle height of approximately 97 cm, adjusted to the standing elbow height (P50), to
maintain a neutral hand position when pushing. The fork width is approximately 43 cm to
accommodate the worker's shoulder width, and the fork length is approximately 70 cm to
accommodate the forward reach of the smallest population (P5).

Furthermore, the minimum fork height of approximately 10—15 cm from the ground is designed
to prevent bending when picking up objects, while the maximum fork height can be adjusted to
approximately 160 cm for stacking purposes. The lifting system uses a manual hydraulic mechanism
with a lever, which is capable of lifting loads up to £150 kg. Large wheels on the rear and swivel
wheels on the front provide stability and ease of maneuverability, especially on outdoor work surfaces
that are not always flat. With these specifications, the tool is expected to be able to improve the safety,
comfort, and overall work efficiency of the operator [23]. The design of the work aid used is based on
the size of 10 workers, which is obtained from the workers' anthropometric data. The design drawing
is useful for knowing the size of the work aid that will be used while working and makes it easier to
analyze what will be made. Based on the recapitulation that has been done in Figure 3, using Auto Cad
software, the proposed work aid in 3D form that will be proposed and can be seen in Figure 3.

Figure 3 in the source shows the proposed design of an ergonomic assistive device in the form of
a manual hydraulic lifting tool specifically designed to mitigate the risk of injury to workers. This tool
is designed as an ergonomic solution to minimize the physical burden on workers, especially when
carrying out manual lifting and moving activities in outdoor areas where the surface is not always flat.
The dimensions are based on anthropometry with a handle height specification of £97 cm, adjusted to
the average standing elbow height of workers (P50) so that the hand position remains neutral when
pushing the tool. Meanwhile, the fork width is 43 cm: which is adjusted to the width of the worker's
shoulders. The fork length is £70 cm which is adjusted to the reach of the smallest population (P5).
The fork height (10-15 cm to 160 cm), with a minimum height of 10-15 cm from the ground is
designed to prevent workers from bending when picking up items, while a maximum height of 160 cm
is provided for stacking needs. Operational Mechanism: This tool uses a manual hydraulic system with
a lever capable of lifting loads up to £150 kg. In addition, the use of large wheels at the rear and
swivel wheels at the front provides stability and ease of maneuvering in various terrains. The
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advantages of this tool in Figure 3 are claimed to be superior because it uses lightweight but strong
hollow steel material, is more economical (estimated cost of IDR 2,605,000), and its dimensions are
much more flexible for narrow work spaces compared to tools available on the general market. In
general, Figure 3 represents a technical intervention to reduce the RULA and REBA risk scores which
were previously at a high level (scores 7 and 8) to a safer level for the health of the workers'
musculoskeletal system.

Figure 3. Proposed assistive devices

3.4 Discussion

This section discusses the positive and negative aspects of using the RULA and REBA methods.
The positive aspect of using these two methods is that RULA focuses on the upper body, such as the
neck, back, and arms, while REBA covers the entire body, including the legs and lower limbs. The
combined use of these two methods allows for a comprehensive and holistic analysis of work posture
[17]. Another advantage is the improvement of data validity. By analyzing data from two
methodological perspectives, researchers can compare and confirm the evaluation results, thereby
increasing the accuracy in identifying high-risk work postures. These methods are also suitable for
manual material handling (MMH) activities. MMH activities at PT. XYZ involve lifting, carrying, and
moving loads. The RULA and REBA methods are highly appropriate for assessing ergonomic risks
associated with these activities [6].

In addition, these methods are easy to implement in the field because they do not require complex
measuring instruments. The assessment can be conducted through observation and photo or video
documentation, which facilitates direct application in the work environment. Furthermore, both
methods provide guidance for corrective actions. The resulting scores indicate the level of risk and
suggest the urgency of corrective measures, which is very helpful in designing appropriate ergonomic
assistive devices [30]. However, there are also several limitations in the use of RULA and REBA in
this study. One limitation is the subjectivity in the assessment process. Since these methods rely on
visual observation, there is a high potential for subjectivity when determining scores, especially if the
evaluator lacks experience or if the worker's posture changes rapidly. Another limitation is that these
methods do not fully account for time variation and dynamic movements. RULA and REBA are more
suitable for analyzing specific postures or snapshots of activities, whereas in MMH activities, worker
postures often change dynamically and may not be fully captured in a single observation [20], [29].

Additionally, these methods do not include psychosocial factors or cumulative fatigue. Both
methods mainly focus on physical analysis (posture and workload) and do not consider other factors
such as work stress, mental fatigue, or environmental variables (temperature, noise, etc.). Another
limitation is that these methods do not provide detailed technical solutions. They only provide risk
scores and general recommendations, rather than specific designs for assistive tools. Therefore,
additional approaches such as anthropometric analysis or worker participation are required to design
more applicable ergonomic solutions [31]. The work posture during the material lifting process from
the warehouse to the jetty obtained a RULA score of 7 and a REBA score of 8. Based on work posture
image 3 during the material lifting process, it can be observed that the worker lifts the load with a bent
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back posture, slightly bent knees, arms raised at an extreme angle, and wrists in a non-neutral position.
The RULA score of 7 indicates a high risk level, meaning that immediate corrective action is required,
while the REBA score of 8 also indicates a high risk level, suggesting that prompt intervention is
necessary to prevent musculoskeletal disorders.

3. Conclusion

Ergonomic risk evaluation on MMH activities at PT. XYZ has identified MMH problems by
finding risk scores by analyzing using the RULA method showing scores between 5 to 7, while the
REBA method produces scores between 4 to 9. So that most material transfer activities are at a
moderate to high risk level that requires immediate corrective action. The activity of lifting materials
from the ship to the dock is recorded as the activity with the most critical risk with a RULA score of 7
and REBA 9. The impact on non-ergonomic work postures, such as bending and repetitive movements
for long durations, has a direct impact on the emergence of complaints of musculoskeletal injuries or
MSDs. NBM questionnaire data confirms that the majority of workers experience significant pain in
the back, waist, arms, shoulders, and wrists. The solution that has been carried out is the creation of
assistive devices which as a mitigation measure, a design of ergonomic assistive devices is proposed in
the form of manual hydraulic lifting equipment whose dimensions are adjusted to the worker's
anthropometric data (such as a handle height of 97 cm and a fork length of 70 cm) with an estimated
manufacturing cost of Rp 2,605,000. In addition, it is recommended to use additional facilities such as
hoists, small cranes, or trolleys, as well as improving material layout and training in correct lifting
techniques to increase safety and work comfort.
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