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Abstract

Confined space is a room that is large enough and has a configuration in such a way that workers can enter and do

work in it. In the ship repair process, it is not uncommon to do it in a confined space area. This study begins with

identifying the characteristics of limited space on ships by grouping them into seven risk categories of enclosed space.

Then carry out risk identification by explaining the components of risk, including types of hazards, dangerous work,

dangerous events, and the consequences that can occur. After that, an initial risk assessment was carried out for hot

working in confined spaces on ship repairs presented in matrix form. After that, risk control is carried out, and the final

risk reassessment for hot working in confined space on ship repair is carried out by continuing the previously made

matrix. In the final stage, an analysis is carried out using the bowtie method to analyze these risks' causes, impacts,

and controls.
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1. Introduction

In ship repair activities, one of the things that
cannot be separated is confined space. It is said so
because some parts of the ship are determined
space areas. A confined space is a room that is large
enough and has a configuration in such a way that
workers can enter and do work in it. The room has
limited access in and out and is not designed for a
continuous or continuous workplace[1]. On ships,
confined space areas include cargo spaces, chain
lockers, fuel tanks, ballast water tanks, sewage
tanks, and other parts of the vessels that meet the
requirements are said to be confined spaces[2].
There is a lot of work with high potential in confined
spaces on ships, including tank cleaning, hot work,
painting, spraying abrasives, electrical work, and
others [3].

One of the activities in ship repair that has been
E-ISSN: 2828-6669; P-ISSN: 2828-7010

mentioned is hot working. Hot working is a forming
process by heating the workpiece above the
recrystallization temperature. Then an external
force changes the desired shape [4]. This study's hot
working activities in ship repair were plate cutting,
grinding, and welding. In the ship repair process,
hot working activities are one of the types of
activities that are usually carried out and not
infrequently in a confined space, as can be seen in
Figure 1. Work carried out in a confined space can
cause accidents ranging from mild to fatal, so risk
management is needed to avoid or reduce the
incidence of accidents that can occur, then the need
for risk management. Risk management is an
approach to understanding, identifying, and
evaluating existing risks [5].
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This study will use the Confined Space Risk
Analysis method. This method can identify risks
comprehensively by analyzing all the work risk
factors in  confined spaces, categorizing
interventions and rescue conditions based on
specific criteria, evaluating external rescue needs,
and determining if the residual risk is acceptable [6].
The research uses the Bowtie Analysis method for
causes, consequences, and barriers.

2. Materials and Methods

2.1 Identification of the Problem

Identification of problems is made by looking
for ideas of the current problems. The problem
raised is that the risk analysis carried out by the
shipyard company on ship repair work for hot
working work in confined spaces is not detailed.

2.2 Literature Study

In the implementation of research, literature
studies are carried out by looking for library data
that support research in journals, books, final
projects, and others. Observations and interviews
were also carried out, and questionnaires were
given to expert judgment at the place where the
research took place where the specialist decision
understood and understood the author's research
object technically and in detail.

2.3 Data Collection

The data collected results from the author's
observations and the consequences of interviews
with expert judgment in the form of a
guestionnaire. Expert judgment is a specialist
opinion in decision-making in a specific area,
organization, or company [7]. The expert decision
chosen is a safety officer/K3 employee with at least
five years of experience and expertise in risk
analysis, especially in confined spaces. The
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Fig.1. ork in confined space areas [1].

assessment expert will be asked to complete a
questionnaire. In addition, the description of data
related to space repair work is limited to ships in
the company.

2.4 Data Analysis with Confined Space Risk

Analysis.

The first is to identify the characteristics of the
ship's manhole as a confined space area by paying
attention to the five primary causes of a hazard:
machine, material, environment, method, and
human resources. Of these five fundamental
causes, hazards can be grouped into seven risk
categories: atmospheric, chemical, biological,
falling, mechanical, physical, and ergonomic [8].
Then carry out risk identification by explaining the
risk components, including types of hazards,
hazardous work, hazardous events, and the
consequences that can occur. After that, an initial
risk assessment for confined space hot work on ship
repair was carried out and presented in matrix form.
After that, an initial risk assessment for confined
space hot work on ship repair was carried out and
presented in matrix form. In making the matrix, the
writer carried out several stages: direct observation,
interviews, and brainstorming with expert judgment
so that the data obtained was more valid. Then, risk
control and final risk reassessment for hot work in
confined spaces on ship repairs are carried out by
continuing the previously made matrix. In risk
assessment using the appropriate guidelines in
AS/NZS4360:2004. The last step is the analysis and
evaluation of the results of the final risk assessment
of the repair work in the confined space on ships,
which is carried out by grouping and giving priority
scales to the existing potential hazards based on the
final risk value (risk ranking) [9,10,11].

2.5 Bowtie Analysis
After getting the extreme risk variable from the
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level of risk assessment in hot working ship repairs
in confined spaces, an analysis was carried out using
the bowtie method. Bow Tie Analysis is a method
presented as a diagram like a bow tie in which there
are causes, effects, barrier prevention, and recovery
barriers from a failure (peak event). Bow Tie
Analysis effectively covers the main elements of the
risk management process: assistance, prevention,
mitigation, and assessment[12].

2.6 Conclusion

From this research, it will be obtained any
potential hazards that have a high value and can be
identified as the fundamental causes that must be
prevented and the consequences that must be
overcome. By concluding later, it will be helpful for
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readers or further researches
3. Identification of the characteristics and
potential hazards of the confined space

Identification of the elements of the limited
space area on a ship is carried out by assessing it
using a closed-ended question or a question with a
choice of answers that have been developed. This is
done so that the answers obtained are more
focused because the available answer choices
describe work conditions in a confined space. The
answers to the questionnaire will be categorized as
a potential hazard in a confined space which is
grouped into seven risk categories.

Table 1. Potential hazard of hot working in confined space in ship manholes

Risk Categories
Atmospheric

Chemical

Ergonomic

00 N O UL b WN R

process
Falling 9
10 Poor lighting conditions

Potential Hazard

There is residual toxic gas in the manhole (CO)

Lack of air ventilation and limited oxygen

There is smoke/fume from the hot working process

There is residual toxic gas in the manhole (CO)

Lack of air ventilation and limited oxygen

There is smoke/fume from the hot working process

There are residual materials that are toxic and dangerous

There are welding electrodes, pyrolysis products from the hot working

Being in a condition with limited movement

11 Room conditions with high temperature

Physical 12
Risk Categories

Fall from height (access up and down manhole)

Potential Hazard

There is an electric current, and the walls of the tank are made of metal
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which is a good conductor which can cause electrocution

14 Poor lighting conditions in the manhole

Mechanical 15

Relating to equipment with energy

16 risks (example: gas cylinders, machines)
17 Sharp, structured, hot working equipment

4. Discussion

4.1 Hazard Identification and Risk Assessment with

Confined Space Risk Analysis

Further hazard identification is carried out at
each stage of the hot working work in the ship's
manhole according to the hazard category of the
confined space. Then, the likelihood and severity of
each hazard variable will be known for the risk
assessment carried out by expert judgment. To
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calculate the likelihood and severity index, use the

equation below:
N
¥, aixxi
I = iz;xN x100% @)

Where aj = Assessment constant (1 to 5)
x; = Respondent's probability
N = Total number of respondents

Based on hazard identification and risk

assessment results at all stages of hot work in the
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ship's manhole, a total of 50 potential hazards with
76 risk levels was obtained. The potential hazards
that can arise from the stages of hot working on the
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ship's manhole are classified into seven types of risk
(according to Confined Space Risk Analysis), listed in
the following table.

Table 2. Potential Hazards in the Stages of Hot Working in Confined Space

NG Stages of Work Potential Hazard

A CBEF P M S
1 Manhole opening 1 1 2
2 Enter and Exit Manholes 1 1 2
3 Preparation of Hot Working Equipment 2 2 11 6
4 Plate Cutting 2 1 2 2 4 3 14
5 Grinding 2 2 2 3 4 13
6 Fittings and Welding 2 1 2 2 3 3 13

Total Potential Hazard 50

The next step is risk control and final risk
reassessment conducted by expert judgment. Risk
assessment before control can be seen in table 3

below, while after being given control and the
results are assessed can be seen in table 4 below.

Table 3. Risk Assessment Before Control

No Risk Category

E H

1. Atmospheric 10 8
2. Chemical 2
3. Biological
4. Ergonomic
5. Falling 3 8
6. Physical 9 5
7. Mechanical 8 10

Total Risk Level 32 31

Frequency of Each Risk Level

Total Risk Level

M L
18
2
10 10
1 12
14
2 20
13 76

Table 4. Risk Assessment After Control

No. Risk Category

Total Risk Level

Frequency of Each Risk Level

E H
1. Atmospheric 7
2. Chemical
3. Biological
4. Ergonomic
5. Falling 2
6. Physical 1
7. Mechanical 5
Total Risk Level 15

M L
10 1 18
2 2
10 10
5 5 12
6 7 14
10 5 20
33 28 76

From these two tables, a radar chart of the risk
category can be obtained before and after the
control measures show a decrease, as shown in
Figure 1. A value of 0 indicates no risk has occurred,
and 1 indicates a low or low risk. A value of 2
indicates a moderate risk or medium risk, a value of
3 indicates a high risk or high risk, a value of 4
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indicates a very high risk or extreme risk. Then
based on the hazard identification and risk
assessment carried out as in Table 4.3, the three
risks in hot working work on the manhole with the
highest risk level value are listed in Table 4.7 as
follows.
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@ Before Control 4 After Control
Atmospheric
P N
Mechanicale” A\ \/Chemical
|1 \//
11 5%
Physical‘ ‘ Biologica
N\ 2
NN,
Fallin&“ Ergonomic
Fig.2. Level of risk category before and after control on a hot working process in ship manhole
Tabel. 5 Higest Risk
Risk Risk Description Consequence Risk
Number Category Assessment 2
LS
6.1  Atmospheric At the stage of fitting and Workers can experiencea =3x4
welding work, there is an lack of oxygen, dizziness, =12
accumulation of pyrolysis nausea, fainting, and even (High Risk)
products and chemical the worst possibility is
residues contained in the causing a fatality
manhole
6.2  Atmospheric At the stage of fitting and There is a potential for =3x3
welding work, there is a fire or explosion if the =9
welding flame used in the procedure fails or fire (High Risk)
welding process reacts with the remaining
fuel
4.8  Falling At the stage of the plate- Potentially causing =3x3

cutting work, the results of
the plate-cutting may fall

injuries, broken bones,
and even fatality

=9
(High Risk)

4.2 Bowtie Analysis

After obtaining the extreme risk variable from
the risk level assessment in the hot working ship
repair process in the confined space, an analysis is
then carried out using the bowtie method to
analyze the causes, impacts, and controls of these
risks. There were three variables with an "extreme"
risk level, namely wvariable 6.1. Namely
accumulation of toxic gas inhalation by workers can
be seen in Figure 2. Then variable 6.2, namely fire
that might occur due to procedure failure, can be
seen in Figure 3, and finally, variable 4.8, namely
plate fall, can be seen in Figure 4.

5. Conclusions

From the research that has been carried out, the
identification results from hazard analysis and risk
assessment in hot working in confined spaces using
the Confined Space Risk Analysis method in the LPG
E-ISSN: 2828-6669; P-ISSN: 2828-7010

tanker repair process show 50 potential hazards with
76 risk levels. Before the control, there were 32
extreme-risk levels, 31 high-risk levels, and 13
medium-risk levels. Then after the control was given
control, there were 15 high-risk levels, 33 medium-
risk levels, and 28 low-risk levels. From these results,
three potential hazards with the highest level of risk
are the presence of smoke and toxic gases in
welding work, the potential for fire or explosion in
welding work, and the potential for falling plates in
plate cutting work. For the results of the bowtie
analysis on the hot working ship repair process in
the confined space, namely, there are 3 Top Events.
Namely, workers are exposed to accumulated
smoke and toxic gases that exceed the NAB when
welding and fires/explosions arising from procedure
failures during hot working work. Plate fall during
plate-cutting work.
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