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Abstract—Production process in the construction industry is
mostly done by human labour in many manual material handling
activities ranging from transportation, machine set-up, and
workpiece arrangement. At our subject company, 33 workers
have complaints about muscle parts, which are commonly
referred to musculoskeletal complaints. NBM questionnaire is
used to subjectively assess musculoskeletal muscle disorders. The
method used is RULA, which targets upper body posture. The
results shows that musculoskeletal complaints of the workers
vary from low to high, mostly in the upper body parts. Whereas
with the RULA method, it needs to improve the activities that
have high scores of 7, that is when welding wire is lifted, and
when the welding position is 3G and is 4G. Moreover, activities
that need to be improved are those with high scores of 6, which
when setting up the welding machine, and during the welding
process 2G.

Keywords—musculoskeletal complaints; postural stress; work
attitude.

l. INTRODUCTION

Some companies are engaged in fabrication. One sub-field
of fabrication is the welding process. In some welding process
activities, there are found wunnatural work attitudes,
uncomfortable body movements, bad working conditions, and
bent and squatted working posture within eight hours per day.
This condition will accelerate fatigue and cause many
complaints, pain and injury to the operator's limbs in the short
and long term [1]. It is better to reduce bending, as stated by
[2], bending activity at work should be designed minimally,
even eliminated because it can cause interference with the
musculoskeletal system.

Musculoskeletal complaints are complaints on the parts of
the skeletal muscles that are felt by someone ranging from
very mild to very painful. If the muscle receives a static load
repeatedly and for a long time, it can cause complaints in the
form of damage to the joints, ligaments and tendons. These
complaints are wusually termed as complaints of
musculoskeletal ~disorders (MSDs) or injury to the
musculoskeletal system [4]. Complaints of skeletal muscles
generally occur due to excessive muscle contraction from
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giving too much workload with a long duration of loading.
These complaints are caused by an uncomfortable lifting load
[4], thus it is necessary to improve work to reduce
musculoskeletal complaints [5, 6]. The discomfort of working,
apart from being caused by musculoskeletal complaints, is
also caused by unnatural work postures [7], thus ergonomic
design is needed [8].

Working posture is the position of the body in doing
activities. There are three factors influencing posture when
working, namely: personal factors, located in the design of the
workplace and factors of work characteristics; normal working
posture (good working posture); and abnormal working
posture (awkward working posture). The factor that generally
can cause musculoskeletal complaints is abnormal work
postures, which do not follow the natural movements in
accordance with the anatomy of the worker's body. Workers
who are in the welding process generally have high risk of
disruption of the musculoskeletal system. Generally, disorders
occur in the upper limbs felt in, among others, the presence of
repetitive movements, the use of excess strength, and static
muscle activity in the musculoskeletal system. Methods are
needed to be able to investigate work attitudes so that it can be
recommended to work more comfortably.

Up to this moment, the Rapid Upper Limb Assessment
(RULA) method has been used to assess the posture, style and
movement of a working activity related to the upper limbs.
The RULA method is the most complex method developed by
several experts to assess the potential for work injury [9].
Whereas, the method used for subjective investigation of
muscle disorders is using the Nordic Body Map questionnaire.
By using RULA method, it is hoped that musculoskeletal and
postural stress complaints from workers can be identified and
then used as a basis for improving the improvement of
working attitudes. During this time, the RULA method
approach has been used to base work improvement, but some
studies, with dynamic subjects, have specific characteristics,
so research on welder activity varies greatly. This study has
differences in the stages of activity of each product
completion; hence this study has a specific goal of improving
the work on welder activity in the subject under study. In one
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of the companies as the subject of research in Cilegon, 33
welder workers have complaints about muscle parts.

Il. METHOD

The subjects of this study were 33 workers in one of the
welding companies in Cilegon, Banten Province, who had
reported complaints about muscle parts. The stages carried out
in this research are literature study, field observations in
collecting questionnaire data and recording working posture
videos, processing the studied variables namely the
musculoskeletal complaints using Nordic Body Map
questionnaires, and processing work posture movements using
CATIA V5R17 software. The investigation of working
postures is approached by using the RULA (Rapid Upper
Limb Assessment) method. The limitations in this study are:
a) the data retrieval is only focused on workers welder section,
and b) the retrieval of musculoskeletal complaints data
coverage at the time after the workers finished their daily
activities.

I1l. RESULTS AND DISCUSSION

A. Nordic Body Map Questionnaire

Nordic Body Map (NBM) is one of the subjective
measurement methods to measure workers’ muscle pain.
NBM questionnaire is one the form of ergonomics checklist
questionnaire. In the Nordic Body Map (NBM), the
questionnaire is divided into three parts, namely the trunk
muscle (upper neck, lower neck, back, waist, and buttocks),
the upper limb muscles or upper extremities (left shoulder,
right shoulder, left and right upper arms, left and right elbows,
left and right forearms, left and right wrists, left and right
hands), and the lower extremity muscle parts or lower
extremities (left and right thigh, left and right knee, left and
right foot). Musculoskeletal complaints were assessed with 28
items describing the part of the body complaining of pain by
filling in the Nordic Body Map questionnaire [10].

Nordic Body Map (NBM) questionnaire is a questionnaire
to see complaints from body parts felt by respondents. It is the
most common questionnaire used to find out the
inconvenience of workers, since it is standardized and neatly
arranged. This questionnaire has 28 body parts indexes under
study. The answers to this questionnaire are in several
versions, some are using a Likert scale and others are using
yes or no answers. Based on the design of this research, the
main assessment is to use scoring for example 4 Likert scale.
If the scoring uses Likert scale, then each score or value must
have a clear operational definition and easily understood by
respondents. Thus, in this study, the questionnaire used
applied a Likert scale with a scale of one to four.

As can be observed in Fig. 1, respondents who have
reported complaints are in the categories of very sick, sick, to
rather sick. The information showed that there were twelve
complaints on the parts of the body that crossed the average
line of complaints of pain, including the upper neck, lower
neck, left shoulder, right shoulder, waist, buttocks, right wrist,
right hand, left knee, right knee, left calf, and right calf. After
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calculating the body complaints, dominant complaints were
found, and then the percentage of complaint categories was
calculated.

RULA analysis approach is used for basic ergonomic
design, so that the complaints section can be reduced, the
design generally uses an anthropometric approach [11],
several proposals to provide alternative design solutions to
reduce the risk of complaints are needed [12], there is a
relationship between work posture and musculoskeletal
complaints [13].
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Fig. 1. Musculoskeletal complaints of welder workers (n = 33)

As can be observed in Fig. 2, 60% of respondents score
between 28 and 49, which are in the category of low
complaints, thus corrective action is not needed. There are
34% of respondents who score between 50 and 70 in the
category of moderate complaints, so that corrective action is
needed in the future. There are 4% of respondents who score
between 71 and 91 in the category of high complaints, thus
corrective action is needed immediately. There are 2% of
respondents who score between 92 and 112, meaning that
complaints are very high, thus corrective action is needed as
soon as possible. Further research is needed to find out more
about in-depth relationships between work attitudes, length of
service and musculoskeletal complaints [14, 15], if it is
possible, before the intervention is carried out by workers, it is
necessary to design a development model. It is possible that
musculoskeletal complaints are not only caused by lifting
activities, but also because of the activities carried out
repeatedly [16]. This research was focused on investigating
the level of complaints welder.
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Welder is a job that has a heavy workload, often working
in extreme areas such as working at heights or working in a
narrow area. The success application of this method really
depends on the conditions and situations experienced by the
workers at the time of the assessment and depends on the
expertise and experience of the observer concerned. There are
12 body parts that have levels of complaints. They exceed the
average of 88% workers who report complaints in the upper
neck, 84% workers report complaints in the waist, 82%
workers who report complaints on the right shoulder, 76%
workers who report complaints on the left shoulder, 70%
workers who report complaints on the right knee, 70%
workers who report complaints on the right calf, 68% workers
that report complaints on the left knee, 68% workers who
report complaints on the left calf, 64% workers that report
complaints on the buttocks, 62% workers that report
complaints on the part lower neck, 52% workers that report
complaints on the right wrist, and 48% workers that report
complaints on the right hand. The complaints generally occur
in certain muscles, especially dynamic muscles. Some
appraisals could also be wused by NIOSH [17], Lean
Ergonomics [18], and the ultimate goal of which is to
investigate work attitudes and reduce musculoskeletal
complaints [19, 20].

Al
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Fig. 2. Body Complaint Level (n = 33 workers)

In general, minor muscle complaints are found in those
who have enough time to rest. On the other hand, for people
who work continuously but without enough rest, they report
having muscle fatigues. A low level of body freshness
increases the risk of muscle complaints. Muscle complaints
increase with increasing physical activity. The work that is
carried out without an evaluation will cause health risks [21,
22].

There were 16 body parts with a low complaint level: 36%
complaints on the right thigh, 32% complaints on the right
forearm, 32% complaints on the left thigh, 28% complaints on
the right upper arm, 26% complaints on the elbow right, 26%
complaints on the left ankle, 26% complaints on the left foot,
24% complaints on the back, 24% complaints on the right
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ankle, 24% complaints on the right foot, 18% complaints on
the left elbow, 18% complaints on the left forearm, 18%
complaints on the left wrist, 16% complaints on the left upper
arm, and 14% complaints on the buttocks.

The high category level of musculoskeletal complaints
must be done to improve work attitude. The low category
complaints level of Musculoskeletal Disorders (MSDs) have
total NBM score 28 to 49. In this study, MSDs complaints
resulted from 33 welders experiencing complaints in the low
category do not need corrective action. As many as 17 people
have moderate complaints, which means remedial action is
needed in the future. As many as 2 people report high category
complaints, which means corrective actions were needed
immediately. Moreover, 1 person experiences very high
category complaints, meaning that corrective actions needed
as soon as possible. Complaints reported by workers aged 35
years and above are generally caused by less resting period,
which is less than 7 hours. Lack of time to rest will cause an
increased risk of musculoskeletal complaints [23].

Muscle complaints generally occur due to excessive
muscle contraction of workloads that are too heavy, for long
periods of time. Muscle complaints can occur if muscle
contractions exceed 20%, then blood circulation to the
muscles decreases according to the degree of contraction,
which is affected by the amount of energy needed. If the
oxygen supply to the muscles decreases and the process of
carbohydrate metabolism is inhibited, the result is a buildup of
lactic acid, which causes muscle pain. Besides, the factors that
can affect MSDs complaints can be influenced by the age of
the worker, since age is the main cause that can affect
performance. Optimal age to work for maximum muscle
strength is between 20-29 years, at the age of 60 years the
average muscle strength decreases to 20%. The first complaint
is usually felt at the age of 35 years and the level of
complaints will continue to increase along with the age. For
middle age, the strength and endurance of muscles begin, so
the risk of muscle complaints increases. Work posture analysis
is needed to see the physiological impact or even the impact
on work stress [24]. Technological redesign is needed in order
to reduce the value of postural stress and work boredom [25],
especially in lifting activities [26, 27].

Environmental factors or work facilities contribute to
musculoskeletal complaints. Some manual material handling
workers need stretching exercises to reduce musculoskeletal
complaints [28, 29], so that productivity and occupational
health could increase [30]. Smoking habit factors have a
significant relationship with waist muscles complaints,
especially for work that requires muscle mobilization.
Smoking can reduce the capacity of the lungs so that oxygen
consumption is reduced and can cause decreased body
freshness and cause pain in the muscles. Physical fitness
greatly affects muscle complaints, when the body does not
have enough rest there will be muscle complaints.

B. Work Posture with the RULA (Rapid Upper Limb
Assessment) Method

Rapid Upper Limb Assessment (RULA) is a method
developed in the field of ergonomics that investigates and
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evaluates work positions carried out by the upper body. This
equipment does not carry out special tools in measuring the
posture of the neck, back, and body parts. Assessment using
the RULA method takes a little time. RULA is intended and
used in the field of ergonomics with a broad scope of fields. In
several studies, work posture analysis can be used with several
approaches, including work posture analysis using the OWAS
Method (Ovako Working Posture Analysis System), RULA
and REBA (Rapid Entire Body Assessment) [31,32,33]. In this
assessment, body posture images were analyzed using RULA
through the help of the CATIA V5R17 software.

Fig. 3. RULA Score when Taking Welding Wires (a) Right
side, score 3 (b) Left section, score 3

Fig. 4. RULA Score when Lifting Welding Wire (a) Right
side, score 7 (b) Left section, score 7

Fig 5. RULA Score when Set Up the Welding Machine (a)
Right, score 6 (b) Left, Score of 6.
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Fig 6. RULA Score during the 1G Welding Process (a)
Right, score 4 (b) Left, score 3.

Fig. 7. RULA Score during the 2G Welding Process. (a) Right
side, score 6 (b) Left section, score 6.

Fig. 8. RULA Score during the 3G Welding Process. (a) Right,
evening 7 (b) Left, score 7.

The results of this RTA score could be used as a basis for
work improvement [34, 35, 36]. In this study, the work
postures observed were seven work postures from the start to
the welding process. It started from the operator when taking
the welding wire, lifting the welding wire, setting up the
welding machine, to the welding process. In the welding
process, there are many positions, namely: 1) the position of
1G (Groove), where the welding position of 1G is welding
when the operator welds flat or horizontally under his view; 2)
2G welding is a welding when the operator welds in a
horizontal position parallel to his view; 3) 3G welding is a
welding when the operator welds in a vertical position;
whereas 4) 4G welding is when the operator welds with an
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overhead position or welding position above his head. In
carrying out welding activities, the operator moves statically
in a quite long time, with a limited range of differences in
work postures. The operator conducts welding in various
positions such as sitting, squatting, looking down, or looking
up. In this case, if the welding left for too long and
continuously, it can cause the risk of disruption of the
musculoskeletal system in workers, especially in the upper
body. So using the RULA (Rapid Upper Limb Assessment)
method can determine work priorities based on injury risk
factors. This is done by comparing the values of the different
tasks that are evaluated. This method can be used to find the
most effective actions for jobs that have a relatively high risk.
Some other studies can also use the RULA, REBA, OWAS
methods. However the results are not different. Other methods
have an investigative approach with a different focus [37-40].

From the results of this study, information related to
assessment of work posture by using the CATIA software
when taking the welding wire to get a right score of 3 and a
left score of 3 is obtained. It reveals the level of risk
experienced as moderate.  The action requires further
investigation, such as changes for improving work attitude.
Assessment of work posture at the time of lifting the welding
wire reports a right score of 7 and a left score of 7. It implies
that the higher the level of risks experienced, the more urgent
the action required for further investigation and improvement
will be. The factors that cause a very high level of risk at the
time of removal of this welding wire shows that the welded
wire had a load of 15 kg. Category 7 requires evaluation of
work attitude in a short time. Work improvement can be done
with an ergonomic work design [41, 42, 43]. The assessment
of work posture, when setting up the welding machine, was to
get a right score of 6 results and a left score of 6. It implies
that the higher the risk experienced, the more urgent it is to
conduct further investigation and immediate improvement.
The cause of the high level of risk can be seen from the picture
of the observation result of the operator setting up the welding
machine with the bending position at an angle of 90°.

The assessment of work posture when welding with 1G
position are 4 for the right score and 3 for the left score. This
shows that the level of risk experienced is moderate, so the
action needed is further investigation, including changes to
improve work attitude. In addition to the risks posed in terms
of musculoskeletal complaints, there are other hazards during
the welding process, such as safety problems when the
operator standing with one left foot on the used material and
the operator's right foot stepping on the part or work piece
being welded.

The assessment of work posture when welding 2G i.e. for
the right score obtains a result of 6 and a left score of 6, this
shows that the level of risk experienced is high, so the actions
required are further investigation and immediate improvement.
The cause of the high level of risk can be seen from the picture
that workers do the welding process with a bent body position,
while his head is looking up. The assessment of work posture
when 3G welding that is for the right score obtained a result of
7 and a left score of 7. This shows that the level of risk
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experienced is very high, then the actions required are
immediate further investigation and improvement. Factors that
cause a very high level of risk can be seen from the picture
that workers do the welding process with the position of the
body squatting while the body half rotate to the right.

The assessment of work posture at 4G welding, that is, for
the right score the result is 7 and the left score is 7. This shows
that the level of risk experienced is very high, so the action
required for further investigation and improvement as soon as
possible. Factors that cause a very high level of risk, can be
seen from the picture that workers do the welding process with
a squat body position while the head is looking up with
extreme tilting up because he was of welding above the head.
The difference in the value of the work posture is influenced
by the presence of different work attitudes [44], so it is
necessary to evaluate the work posture and the position of the
worker when completing work activities [45,46].

From the results of the assessment of body posture using
the RULA (Rapid Upper Limb Assessment) method, it is
found that the position that has a very high score is 3
positions, including when lifting the welding wire, when
welding 3G, and when welding 4G. There are 2 positions that
have high scores, including when setting up the welding
machine, and during the 2G welding process. The positions
that have a moderate score are 2 positions, including when
taking the welding wire, and the 1G welding process. There is
a strong relationship between work posture and
musculoskeletal complaints [47]. This is caused by the factor
of work equipment that is not appropriate so that it affects the
work posture of workers, which then also affects the
musculoskeletal complaints. Work posture with the principle
of manual material handling has a fairly high risk of injury
compared to using assistance. However, the use of machines
that do not consider human anatomy will also contribute to the
occurrence of musculoskeletal complaints.  Generally
complaints are felt in terms of muscles and bones, thus RULA
analysis is needed to obtain appropriate recommendations [48-
51]

IV. CONCLUSION

Based on the analysis and discussion previously described,
it can be concluded as follows:

a. Musculoskeletal complaints: 2% of workers experience
very high complaints, 4% high complaint rates, 34%
moderate complaints, and 60% low complaint rates.

b. The most dominant part of the body that experiences
musculoskeletal complaints is the upper neck by 88%

c. Attributes that need to get improvement are activities that
have a very high score of 7, namely when lifting the
welding wire, and at the 3G welding position and 4G
welding position

d. Activities that need improvement have a high score of 6,
when setting up welding machines, and during the 2G
welding process. Further research is needed to design 2G
welding activities in the form of improved work attitude
and evaluation of Ergonomic-based Standard Operating
Procedures
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