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Abstract— Ergonomics in the workplace plays a vital role in reducing the risk of musculoskeletal disorders, preventing
accidents, and improving both work efficiency and productivity. In shipbuilding welding activities, workers are frequently
exposed to awkward and static postures that lead to fatigue, stress, and long-term injuries, which may compromise weld
quality and project performance. This study aims to analyze ergonomic risks across four welding postures i.e., downhand,
vertical, horizontal, and overhead, using the Rapid Entire Body Assessment (REBA) and Nordic Body Map (NBM)
methods. The REBA assessment indicated that downhand welding scored 10 (high risk), vertical welding 11 (very high risk),
horizontal welding 8 (high risk), and overhead welding 9 (high risk). NBM results revealed that 77.5% of welders in vertical
welding reported waist pain, 72.5% calf pain, and 70% back pain; horizontal welding showed 67.5% right-hand pain and
65% right-wrist pain; overhead welding resulted in 57.5% neck and waist pain; while downhand welding still caused 70%
complaints in the back and calves. These findings confirm that welding ergonomics directly affect worker health, weld
quality, and productivity. The study recommends ergonomic interventions such as scaffolding, adjustable supports, arm
rests, and proper work rotation to minimize strain, enhance safety, and ensure efficiency in shipyard operations.
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1. INTRODUCTION

Ergonomics has become a critical concern in

industrial operations, particularly in the maritime sector,
where welding plays a central role in ship construction
and repair. Welding work is physically demanding,
requiring workers to adopt constrained and awkward
postures in confined ship compartments, which increases
the likelihood of musculoskeletal disorders (MSDs),
fatigue, and accidents [1][2]. Poor ergonomic conditions
not only compromise workers’ health but also negatively
affect weld quality and overall productivity, which are
essential for maintaining safety and efficiency in
shipbuilding projects [3].

Several studies have demonstrated the strong
relationship between ergonomics, occupational health,
and productivity. According to Bridger [4], sustained
exposure to poor postures significantly reduces workers’
efficiency. Permana and Handayani [5] also reported that
fatigue increases the risk of workplace accidents and
reduces productivity. In the context of welding, Garcia-
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Herrero et al. [6] found that vertical and overhead
welding positions carry particularly high ergonomic
risks. The application of ergonomic assessment tools
such as the Rapid Entire Body Assessment (REBA) [7]
and the Nordic Body Map (NBM) [8] has been widely
recognized as effective for identifying ergonomic risk
levels and discomfort in industrial tasks.

Despite this, research focusing specifically on
welding ergonomics in the shipbuilding industry remains
limited. Most studies have concentrated on general
manufacturing environments [9] or construction sectors
[10], with fewer addressing the unique challenges of
welding in shipyards where confined spaces, varied
positions, and extended working hours intensify
ergonomic risks. Recent research also highlights the role
of ergonomic interventions in improving productivity in
maritime-related operations [11], while studies in
shipyards suggest that physical workload and awkward
postures are key contributors to welding defects and
reduced efficiency [12]. Moreover, advancements in
ergonomics are increasingly being linked to sustainable
shipyard practices, where health and safety contribute to
long-term productivity [13]. However, there remains a
lack of integrated studies that directly connect ergonomic
assessments to weld quality outcomes in shipbuilding.

Ergonomics, derived from the Greek words ergon
(work) and nomos (laws), is the scientific discipline
concerned with understanding the interactions among
humans and other elements of a system, with the
intention of optimizing human well-being and overall
system performance [14]. In industrial contexts,
ergonomics seeks to design tasks, workspaces, tools, and
workflows that fit the capabilities and limitations of
workers, thereby reducing occupational health risks and


mailto:aryadewanto10@gmail.com
mailto:aryadewanto10@gmail.com
mailto:clintonaldyn19@gmail.com
mailto:danilarifin.mohammad@gmail.com
mailto:kalpikaarhannugraha@gmail.com

International Journal of Marine Engineering Innovation and Research, Vol. 10(3), Sept. 2025. 1007-1014

(PISSN: 2541-5972, eISSN: 2548-1479)

enhancing efficiency [15]. A well-designed ergonomic
environment  minimizes the occurrence of
musculoskeletal disorders (MSDs), fatigue, and human
errors, all of which are critical factors in high-risk
occupations such as welding [16], [17].

In the maritime industry, where welding is carried out in
confined and awkward spaces, ergonomic challenges are
amplified. Studies have shown that ergonomic
interventions not only prevent injuries but also contribute
directly to improvements in productivity and product
quality [18].

Furthermore, ergonomics plays a strategic role in
occupational health and safety management systems,
ensuring that workers’ physical and cognitive capacities
are balanced with job demands [19]. By integrating
ergonomics into shipbuilding practices, companies can
achieve safer operations, higher-quality welds, and more
efficient project timelines [20].

The novelty of this study lies in its integration of
REBA and NBM methods to evaluate welding postures
in shipbuilding activities, linking ergonomic risks not
only to worker health but also to weld quality and project
scheduling effectiveness. By focusing on welding tasks
performed in various positions (downhand, vertical,
horizontal, and overhead), this research provides
practical insights into improving ergonomic conditions,
minimizing accidents, and enhancing productivity in
shipyards.

Therefore, the objective of this study is to analyze
ergonomic risks associated with welding postures in
shipbuilding using REBA and NBM methods, to
evaluate their impact on productivity and weld quality,
and to propose recommendations for ergonomic
improvements that support safer and more efficient
shipyard operations.

II. METHOD

This study was carried out in a shipyard environment
where welding is one of the primary activities in ship
construction and repair. The research focused on four
commonly used welding positions in shipbuilding
projects: downhand welding, vertical welding, horizontal
welding, and overhead welding. These positions were
selected because they represent the most frequent and
ergonomically challenging postures encountered by
welders in confined ship compartments [2][12].

A. Participants

The participants of this study were experienced
welders with practical working experience in ship
construction. Each participant performed welding tasks
under standard workplace conditions with appropriate
personal protective equipment (PPE). The inclusion of
experienced welders ensured that the data collected
reflected realistic ergonomic risks in the field rather than
those associated with inexperience [21].

B. Ergonomic Assessment Tools

The ergonomic assessment tools used in this study
are described as follows:

1. Rapid Entire Body Assessment (REBA)

REBA is an ergonomic assessment method designed

to quickly and systematically evaluate whole-body

postural risks [7]. It considers multiple body
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segments (trunk, neck, legs, upper arms, lower arms,
and wrists), load handling, static postures, and
coupling factors. Each body segment is scored based
on its angle and position during welding tasks. The
scores are then combined using a standard REBA
worksheet to produce a final risk score, ranging from
negligible to very high risk [3][22][23].
2. Nordic Body Map (NBM)
The NBM questionnaire was administered to capture
subjective musculoskeletal discomfort in 28 different
body regions [8]. Welders were asked to indicate the
level of discomfort experienced after completing
welding tasks in each posture. The NBM
complements REBA by providing direct feedback on
how welders perceive their own physical strain,
which is critical for validating observational findings
[91[24].
C. Data Collection Procedure

The procedures included to execute this research
consist of some steps as follows:
e Rapid Entire Body Assessment (REBA)

The data collection process involved conducting

posture analysis for four welding positions

(downhand, vertical, horizontal, and overhead),

followed by a comprehensive assessment of workers’

body postures including the neck, trunk/back, legs,
upper arms, lower arms, and wrists, which were then
evaluated to determine the REBA score requiring

Score A, Score B, and Score C, with Score A

specifically derived from the neck score, trunk score,

and leg score. Data collection was carried out through
the following steps:

1. Evaluating the neck score by analyzing the
posture of the neck.

2. Assessing the trunk/back posture to obtain the
Trunk Score.

3. Assessing the leg posture to obtain the Leg Score.

4. Analyzing the neck score, trunk score, and leg
score to determine posture Score A based on the
standard REBA table.

5. Considering additional scores if external loads are
involved, with the following conditions:

a. Iftheload <11 lbs: +0

b. Ifthe load is 11-22 Ibs: +1

c. Ifthe load > 22 lbs: +2

d. Adjustment: If sudden shocks or rapid
force increases occur, add +1.

6. Determining Posture Score B by combining the
upper arm score, lower arm score, and wrist
score.

7. Evaluating the posture of the upper arm to obtain
the upper arm score.

8. Evaluating the posture of the lower arm to obtain
the lower arm score.

9. Evaluating the posture of the wrist to obtain the
wrist score through analysis.

10. Calculating Posture Score B using the upper arm,
lower arm, and wrist scores.

11. Determining Score B by adding Posture Score B
with the coupling score, based on the following
conditions:
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Good grip, acceptable coupling with

moderate power: +0

Acceptable grip but not ideal, sufficient

with support from another body part: +1

Poor but possible grip, inadequate: +2

No grip, awkward, unsafe with any body

part, unacceptable: +3

12. Determining Score C by combining Score A
and Score B.

13. Determining the final REBA Score by adding
Score C to the Activity Score, based on the
following conditions:

a. One or more body parts are held static for
more than 1 minute: +1

c.
d.
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b. Repeated small-range actions (more than 4

times per minute): +1

Actions causing rapid, large-range posture

changes on an unstable base: +1

14. Classifying the REBA scores into five risk

categories as follows: negligible risk =1, low
risk =2-3, medium risk = 4-7, high risk 8-10,
and very high risk = 11+.

The illustration of the REBA steps is shown in

Figures 1 and Figure 2.

Nordic Body Map (NBM)

Data collection was carried out through the following

steps:

C.

[ NECK, TRUNK, AND LEG ANALYSIS ] Scores
Step 1: Locate Neck Position Table A Neck
£ 10-20° +2 20‘\ Pﬁ‘:n&im @ 2 3
¢ - ¢ 5 1 L?856>23412341z34
('\ ('\ 2 Neck Score 1 2|!3/4|1/2(3|4|3|3|5|6
M Wi Trunk 3|4|5(3|4|5|6|4[5|6|7
Step 1a: Adjust... Posture 4/5/6|4|5(6|7|5(6|7|8
If neck is twisted: +1 Score 5|6|/7|5|6|7|8|6|7|8|9
If neck is side bending: +1 5 ?4 6/718/6(7/8/9/7|/8/9|9
Step 2: Locate Trunk Position
+# o in extensicn 0208 able B Lower Arm
/a ) 2P - 1 2
% £+ 2050 Wrist 1 2 3 1 2 3
2 () / 2 .. Bl 221 23|
=y /r % Bl ' 23234
Upper ‘
Step 2a: Adjust... Arm B 3 4|5/4/5|5]
If trunk is twisted: +1 Score g 4 5/5/5/6 7‘
If trunk is side bending: +1 Trunk Score 5 617181718 8‘
Step 3: Legs . N 718/8/8/9)9]
<
\ A :
|| ' }‘\ Adjust: \; \\ 1 Table C
30-60° )& s
IJ ( y . / ey Lrg Soore Score A Score B
L+ (L #2 & Add #1440 Add +2 123456789101 12
Step 4: Look-up Posture Score in Table A 1 1171|213 |3|4|5|6|7]|7]|7
Using values from steps 1-3 above, 2 112(213i1414|5/6|6|7|7|8
Locate score in Table A @ 2131313T4alslelzl7181 88
Posture Score A
Step 5: Add Force/Load Score e 3/41414/5/6/7/81819/9/9
Ifload < 11 Ibs. : +0 5 4|14|14|5|6|7|8/8|/9(9|9|9
I::oadﬁzgoléZIbsé.:ﬂ 1 6 6 6 6 7 8 8 9 9 10101010
If load > S.+
- : g 7 7|,7(7|8|9|9|9(10{10/11]11|11
Adjust: If shock or rapid build up of force: add +1 Force:{Load ore P 8 8 8 9101010101011 11 1
Step 6: Score A, Find Row in Table C 9 9 9 9 10 10 10 11 11 11 12 12 12
Add values from steps 4 & 5 to obtain Score A. 3 10 10 10 10 11 11 11 11 12 12 12 12 12
Find Row in Table C. Score A 1 17111111 12 12 12 12 12 12 12 12
Scoring IS 12]12]12112]12}12112]12]12112] 12]12]
1 = Negligible Risk
2-3 = Low Risk. Change may be needed.
4-7 = Medium Risk. Further Investigate. Change Soon.
8-10 = High Risk. Investigate and Implement Change Table CS ivi REBA Sc
11+ = Very High Risk. Implement Change apie - seore Activigy Score e

Figure. 1. Leg, Trunk & Leg Ana

lysis Illustration [23]
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1. Conducting interviews regarding workers’ body 3= Pain, dan 4= Severe Pain.
discomfort using the Nordic Body Map (NBM) 2. Performing visual inspection of weld results
questionnaire as shown in Figure 3. Welders obtained from different positions, namely down
were asked to evaluate 28 body regions based on hand, vertical, horizontal, and overhead.
the following scale: 1= No. Pain, 2= Slight Pain,
Scores | ARM AND WRIST ANALYSIS )
Table A Neck Step 7: Locate Upper Arm Position:
1 2 3
i a0e-
€85 12341234123 4 p
1 112 3 41 23/ 4 3|3 5|6
Trunk 2 23 45 3 456 45 6 7 +4
Posture 3 2 4 5 6 4 5 6/ 7 5|6 7 8
Score 4 35 6 7|56 7 8 6 7 8 9| gen7aAdjustc..
S 4 6 7 B &6 7 8 9 7 & 9 9| Ifshoulderis raised: +1 [
If upper arm is abducted: +1 6
Table B e/ If arm is supported or person is leaning: -1 Uppemrm Smré
Q ™\ 1 Step 8: Locate Lower Arm Position:
' wist 1 2 3 1°203))
B 01 2 21 2|3 +1 b 42
Usmer 2 1 23234 \ 2
PP 3 3 4/5 4 5|5 = Lower Arm Score
Arm (£
4 4 55 5 6 7
Seeis 6 7 8 7 8 . e
Step 9: Locate Wrist Position:
g 7 8/ 8 8 99 * 15
i i 3
Table C e, WristSzore
Score A Score B Step 9a: Adjust...
If wrist is bent from midline or twi :
123456789112 _
1 1112 3 3 4 5 & 7 Step 10: Look-up Posture Score in Table 9
| i 1 ! i
1 2 2 3 4 45 6 6 7 8 sing values from steps ?-9 above, locate score in Table B
23133 4 5 6 7|7 & g| StepH:Add Coupling Score Posture Score B
L 4 | Well ficting dle and mid rang power grip, good. +0 -
- 3|4/4/4/516/7]8 219} Acceptable but norideal hand hold or coupling
3 4 44/ 56|78 2@ 9, acceptable with another-body part, fair +1 1
6 6 6 6/7 & 8 9 10 10 10 10] Hand hold not acceptable biepossiblz, poor: +2 -
: | § Coupling Score
7 7 7 7/8 9 9 1011 1 Tl'l No handles, awkward, unsafe with
8 8 8 8 910010101011 11 11| Unacceptable: +3 =
9 9 9 910401011 1111 12 12/12] Step 12: Score B, Find Column in Table C
10 10 10 10 1171111 1212 12 12/ 12| Add values from steps 10 &11 to obtain 10
11 11 11 1112 12/ 12 12 12 12 12 12| Score B. Find column in Table C and match with
12 12 12121212 12 12 12 12 12| Score A in row from step 6 to obtain Table C Scare. Score B
v Step 13: Activity Score
) . +1 1 or more body parts are held for longer than 1 minute (static)
8 L 1 - 9 +1 Repeated small range actions (more than 4x per minute)
o +1 Action causes rapid large range changes in postures or unstable base
Table C Score Activitw Score REBA Score
Score ‘ Level of MSD Risk
1 | negligible risk, no action required
|
2-3 low risk, change may be needed
4-7 medium risk, further investigation, change soon

high risk, investigate and implement change

- very high risk, implement change

Figure. 2. Arm & Wrist Analysis Illustration
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NORDIC BODY MAP QUESTIONNAIRE SHEET

Length of Service
Working Hours
Job/Occupation

Please put a check mark (V) in the column according to the discomfort/pain/dependence you feel in

the body part, referring to the figure provided.

1011

No Location i Pain Grade | 4

e ] e - . e 2 :
o Pain/stiff in the upper nock
1 Pain in the lower neck

2 Pain in the left shoulder

3 Pain in the right shoulder
- Pain in the left upper arm
5 Pain in the back

6 Pain in the right upper arm
7 Pain in the waist

8 Pain in the buttock

9 Pain in the bottom

10 | Pain in the left clbow

11 | Pain in the right elbow

12 | Pain in the left lower arm
13 | Pain in the right lower arm
14 | Pain in the left wrist

15 | Pain in the right wrist

16 | Pain in the left hand

17 | Pain in the right hand

18 | Pain in the left thigh

19 | Pain in the right thigh
20 | Pain in the left knee
21 | Pain in the right knee
22 | Pain in the left calf

23 | Pain in the right calf

24 | Pain in the left ankle

25 | Pain in the right ankle

26 | Pain in the left foot

27 | Pain in the right foot

LIKERT SCALE NORDIC

Likert Scale

S W N -

Total Individual Score
2849
50-70
71-90
92-122

Figure. 3. Nordic Body Map (NBM)

Risk Grade
Low Risk
Medium Risk
High Risk
Veri High Risk
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III. RESULTS AND DISCUSSION

A. Rapid Entire Body Assessment (REBA)

The REBA assessment was conducted on four
welding  positions, namely downhand, vertical,
horizontal, and overhead. The result of REBA illustrated
in Figure 4.

The REBA analysis revealed that all four welding

1012

horizontal, and overhead are present high to very high
ergonomic risks. The majority of welders in the
downhand position were classified as high risk (36%)
and very high risk (48%), with only a small proportion in
the medium risk category (13%). although downhand
welding is technically easier, the posture involving trunk
flexion and bent legs results in significant strain on the
lower back and calves. This finding is consistent with
previous studies, which highlighted that trunk flexion

positions in shipbuilding i.e., downhand, vertical,
60 14
50 12
@
g g 10
g 40 @
@ z 8
2 2
E 30 & .
T‘E g;ﬂ
£ 20 2
- ;: 4
10 2
0 0
0 0
Low Risk Medium Risk High Risk VeryHigh Risk Low Risk Medium Risk High Risk Very High Risk
Risk Level Risk Level
(a) Downhand Welding
90 14 13
80 12
70 o
o 8 10
S 60 [%7]
@ =<
8
g 50 g
w
o 40 g 6
= &
5 30 o
- > 4
20 <
10 3 2
0 0
Low Risk Medium Risk High Risk Very High Risk Low Risk Medium Risk High Risk Very High Risk
Risk Level Risk Level

(b) Vertical Welding

Total REBAScore

Low Risk Medium Risk High Risk

Risk Level

VeryHigh Risk

14

12

=
o

Average REBAScore
@

Low Risk Medium Risk High Risk

Risk Level

Very HighRisk

(c) Horizontal Welding

45
40
35
o
o 30
A
< 25
o
& 20
=
£ 15
2
10
5
0
Low Risk Medium Risk High Risk Very High Risk
Risk Level

14 13

12

10

Average REBA Score

Low Risk Medium Risk High Risk

Risk Level

Very HighRisk

(d) Overhead Welding

Figure. 4. Rapid Entire Body Assessment (REBA) Score
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maintained  for  prolonged periods leads to
musculoskeletal disorders in the lower back and legs.

Vertical welding showed the highest overall risk,
with most welders classified as very high risk (78%) and
an average REBA score of 13. This position requires
welders to sustain awkward postures while applying
upward force, thereby increasing stress on the neck,
shoulders, and upper arms.

Horizontal welding presented a somewhat more
balanced distribution, with welders falling into both high
risk (38%) and very high risk (23%) categories. The
average REBA score was 11.5, indicating that, despite
being less demanding than vertical welding, horizontal
welding still exposes workers to considerable ergonomic
risk, particularly in the wrists and forearms due to
repetitive and sustained movements.

Overhead welding was found to be highly
demanding, with welders predominantly classified as
very high risk (39%) and high risk (27%), reaching an
average REBA score of 13. This position places
considerable stress on the shoulders, neck, and arms due
to continuous elevation of the upper limbs. Additionally,
the overhead position exposes welders to increased
safety hazards, such as falling sparks and fumes, which
further compound physical discomfort.

B. Nordic Body Map (NBM)

Based on the analysis using the NBM method, the
result is illustrated in Figure 5. Figure 5 presents the
comparison of musculoskeletal complaints identified
using the Nordic Body Map (NBM) across four welding
positions: downhand, vertical, horizontal, and overhead.
The distribution of discomfort reported by welders
corresponds closely to the ergonomic risk levels
measured by the Rapid Entire Body Assessment
(REBA).

The REBA scores previously obtained show that
801
7Jor
601
50
401

301

Percentage of Complaints (%)

20¢

101

(3

s
& Q;a-e‘{- q\"’\"

A
"‘&6
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vertical welding carries the highest ergonomic risk (score
11, very high risk), which is consistent with the NBM
results, where welders reported the highest prevalence of
complaints in the waist (77.5%), calves (72.5%), and
thighs (70%). These findings confirm that vertical
welding is the most hazardous posture in terms of
musculoskeletal strain.

Overhead welding also reflects high REBA scores (9,
high risk), and the NBM results support this, with
complaints concentrated in the neck (57.5%), waist
(57.5%), and shoulders (50%), highlighting the
cumulative effect of prolonged arm elevation and
upward head posture. Horizontal welding, with a REBA
score of 8 (high risk), shows complaints most
concentrated in the right hand (67.5%) and right wrist
(65%), underscoring the link between repetitive hand-
intensive tasks and localized strain. Downhand welding,
although categorized with a high REBA score of 10,
remains the least ergonomically demanding compared to
other positions, yet still demonstrates significant
discomfort in the back and calves (70%) due to sustained
bending.

The alignment between REBA and NBM outcomes
indicates that welding postures with higher ergonomic
risks are also those where workers report the greatest
musculoskeletal discomfort. This has direct implications
for productivity: welders experiencing pain and fatigue
are more likely to slow down, lose concentration, and
commit errors, leading to lower weld quality and higher
rework rates. Over time, such conditions can increase
absenteeism due to musculoskeletal disorders (MSDs),
disrupt project schedules, and reduce overall efficiency
in shipbuilding operations.

Therefore, the combined REBA and NBM analysis
emphasizes that ergonomic interventions are not only
necessary for health and safety but are also critical for
maintaining productivity and weld quality in shipyards.

Welding Position
mm Downhand Welding
mmm Vertical Welding
= Horizontal Welding

Overhead Welding

Body Region

Figure. 5. Comparison of NBM Complaint Across Welding Positions
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Ergonomically optimized working conditions, such as
the use of scaffolding, adjustable supports, or mechanical
aids, can significantly reduce physical strain, thereby
enhancing efficiency and ensuring timely project
completion.

IV. CONCLUSION

This research concludes that welding postures in
shipbuilding, i.e., downhand, vertical, horizontal, and
overhead, pose significant ergonomic risks, as indicated
by REBA scores in the high to very high-risk categories
(scores 8—11) and supported by NBM findings. Vertical
welding showed the most severe impact, with 77.5% of
welders reporting waist pain, 72.5% calf pain, and 70%
back pain, while overhead welding led to 57.5%
complaints in the neck and waist and 50% in the
shoulders. Horizontal welding was dominated by upper
extremity strain, with 67.5% of welders experiencing
right-hand pain and 65% right-wrist pain, whereas
downhand welding, though relatively less demanding,
still caused 70% of welders to report back and calf pain.
These results confirm that poor ergonomics not only
increases musculoskeletal disorders but also reduces
weld quality and productivity. Therefore, ergonomic
interventions such as scaffolding, adjustable supports,
mechanical aids, worker training, rotation schedules, and
routine ergonomic assessments are essential to minimize
risks, enhance safety, and maintain efficiency and
competitiveness in shipbuilding operations.
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