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Abstract: The use of containers in the world is increasing every year in line with international trade
flows. In very complex container terminal operations, the risk of work accidents is inevitable and can
happen at any time. Therefore, this paper aimed to identify accidents and potential risks occurring in
the container terminals. For the case study, the analysis was used the data of accidents during five
years in one of the major container terminals in Indonesia. Risk assessment is carried out using the
risk matrix method to get the level of risk. The risk that has the highest level is analyzed by using
the Fault Tree Analysis method. From the results of the risk assessment shows the container fell to
the berth when loading and unloading have the highest risk value. While the results of the Fault
Tree Analysis show that traffic accidents are the biggest potential risk, which is 41.8% compared to
other accidents. Moreover, human factors especially due to the negligence in operating vehicles or
equipment as well as the damage of equipment were the highest common causes of accidents in
the container terminal. Based on these results the contribution offered is the risk control options for
terminal operators to reduce the possibility of safety failure in the container terminal.

Keywords: risk assessment; accident risk; risk matrix; fault tree analysis; container terminal

1. Introduction

The container terminal plays an important role in both the transportation and trade sectors and
also serves as visible indications of a country’s economic growth [1]. This has, however, led to the
domination of this sector in the world by Asian countries [2]. Some of the largest container terminals in
the world are competing to improve terminal productivity, some of the approaches conducted are with
integrating their quay cranes with an internal truck [3] and integrating collaborative of outsourcing
strategies for yard truck assignment [4]. Even in the modern container terminal, several measures have
been performed to increase energy efficiency [5,6] and reduce emissions at the port [7,8]. There are
complex work processes on a container terminal and they include stevedoring, delivery, and receiving,
each of which is contributing to the unexpectedly high risk experienced by people or actors [9],
the environment, or properties and facilities at the port [10]. Based on data released by the Hong Kong
Maritime Department in 2016, there were 76 cases of work accidents at the loading and unloading
section of the port. Those related to work consisted of 60 minor, 15 serious, and 1 fatal accident [11].
Another data from the United Kingdom Health Safety Executive in 20102011 also recorded 392 cases
due to container loading and unloading [12] while Petros L. Palli’s study on port risk management in
container terminals reported a total of 1498 victims due to work accidents at container terminals [13]
and 45 incidents of environmental pollution due to oil spills which were equivalent to 3.5 tons from
2008 to 2011 at Piraeus and Thessalonica Ports, Greece [14].

In Indonesia, accident statistics data issued in 2016 recorded 4 accident cases with 23 fatalities in
2012 and 6 cases with 75 fatalities in 2013. The data from 2014 to 2016 recorded 7, 11, and 15 accidents
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with 26, 87, and 69 fatalities respectively [15]. According to Darbra Casal’s study, the majority of
accidents represented by 56.5% on the ports were due to cargo transportation, 14.9% by loading and
unloading operations, and 15.9% because of human error [16]. These data showed the potential risk at
the container terminal is also high, therefore, there is a need for effective risk management with the
ability to prevent and handle these potential risks.

Safety and security have been a concern in container shipments over the past few decades [17]
and this has led to the use of risk management in the decision-making process of health care,
environment [18], and physical infrastructure systems [19]. Also, several scientific materials have also
been implemented in decision-making to develop theories, methodologies, and equipment required to
assess these risks [20]. Moreover, there is a need to apply these efforts in handling safety at the port,
especially at the dock, [21] to reduce or eliminate the effects of certain environmental, weather, human,
social, and economic factors [22] such as compensation for damage or death, prevention of pollution,
and other medical expenses [23,24]. The port provides information, costs [25], and facilities required
by consumers to use container loading and unloading services and also considers the accident rate and
material damage [26,27].

Aot of studies have been conducted on risk management using different approaches. For example,
the assessment of the multi-criteria risk of Analytical Hierarchy Process requires the use of an opinion
approach to defining a list of key risks [28,29] while a fuzzy reasoning method was used to measure
the risk and cost-benefit analysis of the control measures [30,31]. Moreover, the risk factors related to
port operations and management have been described and evaluated in Iran [32] while other studies
have used the average value approach and stochastic dominance method to determine the level of
risk factors at the port of Taiwan based on questionnaire survey data [33,34]. The event tree analysis
approach was also reported to have presented a multi-agent model to solve the problems of port
management and logistics chains at the ports of San Antonio and Valparaiso [32,35]. Also, the formal
safety assessment (FSA) approach assessed the possibility of port risks with due consideration for
several factors and their mutual effects as well as the evaluation of risk management by considering the
economic effects of the Risk Control Option (RCO) [36]. This approach was implemented in the ports
of Piraeus and Thessalonica. Regardless of the risk approach used, several advantages are depending
on the type of analysis—quantitative, qualitative, or hybrid which could be through the combination
of quantitative-qualitative or semi-quantitative [37]. From the existing literature review, there is much
research on risk assessment in container terminals. From the existing research, most of the study
focuses on risk analysis to assess the safety performance of the terminals. The risk identification is
carried out within the limits of qualitative assessment, without investigating the root cause of the
problem. In its application in the field, terminal operators need to know the root cause of the risk.
Identification of the root causes and its control options will be a novel contribution to the terminal
operator. Thus, there is still a research gap that focuses on the root cause of the risk analysis in the
container terminal, the method that can be used is to investigate using Fault Tree Analysis.

The purpose of this study was to identify accidents and potential risks at the one of the
major container terminals in Indonesia by assessing the causes using the Fault Tree Analysis (FTA).
This approach provides a combination of causes underlying the main causes of risk. This research
grouped the accidents occurring at the container into categories commonly used by port operators
to ensure it is easily understood while the classification of the risk causes into taxonomies was to
make the determination of the appropriate mitigation process easy to achieve more effective and
efficient implementation.

2. Risk Analysis Methodology

The risk analysis method performed in risk management will depend highly on data availability,
information sources and the purpose of the risk analysis carried out. This study uses the Formal Safety
Assessment (FSA) method with a Fault Tree Analysis (FTA) risk assessment. The FSA is a structured,
systematic methodology designed to enhance safety at sea through risk analysis and cost assessments,
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including the protection of life, the environment and property. The FSA method was introduced
by International Maritime Organization (IMO) as a rational and systematic process for accessing
risks related to maritime safety and port environmental protection and for evaluating costs and
verifying options to reduce risk. Based on the recommendations from IMO, the FSA process consists
of five phases: identification of hazard, risk-assessment, risk-control options, cost-benefit evaluation,
and decision-making recommendations. The explanation of each stage in detail is explained in the
following sections.

2.1. Data Collection

The Formal Safety Assessment (FSA) method was combined with the Fault Tree Analysis approach
to assessing the risks at the operation terminals 2 and 3 of Port of Tanjung Priok (PTP), Jakarta, Indonesia.
The focus was on the cargo activities including gate and yard operations in the container yards to
the delivery/receiving section. The data obtained consisted of primary data and secondary data.
Primary data is data obtained by observing and research directions in the field. Data obtained from
interviews and direct observations in the field. Secondary data is data that cannot be collected directly
by researchers. This data can consist of company documents or other supporting data needed to
complete the research. This data is an accident data that occurred at the container terminal for the last
5 years (2013-2017).

The interview process is conducted by two interviewers who have an engineering background
and the interviewees are terminal operator employees. The duration of the interviews is about one
month on the weekdays. The number of interviewees is about three to five employees depend on the
container handling locations. There are at least four profiles of interviewees namely administrative
officers, container yard operators, cranes operators, and truck operators. The interview process is
carried out as follows, before conducting the interview the interviewer has collected the historical
accident data in the terminal. The data is then grouped into several question segments that lead to the
causes of accidents, there are six categories of causes of accidents which will be discussed in the next
section. The questions given are in the form of open questions, where the interviewee is free to express
anything related to the cause of the accident. From the result during the interview, the interviewer
then groping the answer into the data presented in this paper.

The results of data collection in the field in the form of hazard identification contained in the
container terminal as many as 23 data. There are 6 primary data, namely construction project fires,
damaged bridge scales, dug-up trucks, docks damaged when the ship rests, containers received are
damaged, workers are electrocuted. For secondary data, the results of hazard identification are included
in the category of fire, loading, and unloading accidents, traffic accidents, non-loading accidents, work
accidents, the environment. From the whole data is processed and presented in the next section.

2.2. Risk Identification

This stage involves the identification and classification of all relevant hazards and risks using
work accident data at the container terminals between 2013-2017 as the basic guideline. The categories
are as follows:

e  Fire

e Loading and unloading accidents

e Non-loading and unloading accidents
e  Traffic accident

e  Work accident

e Environmental accident

Categorizing the hazards identified into several general categories by considering who and what
is losing. Also, the percentage of accidents causes was calculated based on the consideration that if
1 accident is caused by 1 cause, then the value of the cause is 1 but if 1 accident is due to n causes of
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an accident, then the value of each cause is 1/n. This calculation method is a percentage of the causes
of accidents using the basic concepts of fractions and frequency distribution.

2.3. Severity

Severity is the result of an incident usually stated as a loss of risk and assessed using a numerical
table. This study only considered severity concerning safety and environment while the other variables
were ignored, therefore, a simple method was applied, and the parameters used are as shown in Table 1.

Table 1. Severity.

Scale Description Impact after Occurrence

Does not cause injury to humans, first aid in accidents

1 Not significant Does not affect the environment

Does Not involve losing workdays

Temporary Tool Function Loss Without Damage

Cause Minor Injuries

2 Small Can Still Work on the Same Day/Shift

Equipment Needs Minor Repair

Severe injuries and being treated in the hospital

3 Medium Equipment Needs Serious Repair

Missing Work for less than 3 days

Cause Severe Injuries and Disabilities or 1 Death

4 Severe Missing Work for 3 Days or More

Equipment Damage causing the production to stop

Multiple Death Victims

5 Disaster/Very severe Missing Work Forever

Requires the Change of Equipment
Source: Author. AS/NZS 4360.

2.4. Likelihood

Likelihood describes the frequency level of risk that might occur for 5 years or reaching 10,000
incidents depending on the number of workers and assets as well as the breadth of the area, and others.
Table 2 shows the parameters to assess the frequency level of risk.

Table 2. Frequency level (Likelihood).

Scale Description Qualitative Quantitative Risk Level

1 Rarely occurring Will not occur in Projects Occur several times in 4 to 5 years ~ Negligible

Has not occurred but can appear

2 L ibilit .
OW pOSSIbIAty or occurred at 1 time

Occur several times in 3 to 4 years ~ Acceptable

Occurred and may have occurred

3 Maybe at 1 time

Occur several times in 2 to 3 years ~ Tolerable

Probably appears in the most

4 High possibility occurring conditions

Occur several times in 1 to 2 years =~ Unacceptable

Often occur or expected to appear
in the most occurring conditions

Source: Adaptation of AS/NZS 4360. OHSAS 18001: 2007. IMO. 2000. Author.

5 Almost certainly Occur several times in 1 year Intolerable




J. Mar. Sci. Eng. 2020, 8, 466 50f 19

2.5. Risk Matrix

Analytically, the 5 x 5 Risk Matrix reflects potential variations in frequency greater than the
consequences. However, the facilitation of the ranking and validation of the ratings requires the
consequences and frequency index are defined on a logarithmic scale. Moreover. the “risk index” is
formed by combining the Frequency index and the Severity Index using the following equation:

Risk Index = Frequency Index x Severity Index (1)

2.6. Risk Assessment

The risk assessment aimed to comprehensively investigate the causes and consequences of the
identified scenarios. The FTA method used describes and analyzes the cause of risk up to the root and
this is the reason it is mostly applied as a tool for analysis, system evaluation, and decision making.
It consists of several diagrams to show the information contained therein.

2.7. Risk Control Options

The risk control options in this study were to propose effective and practical risk control options
(RCO). The first step was identifying and controlling potential risk while the second was evaluating
the effectiveness of RCO in reducing the risk.

2.8. Results and Recommendations

The results obtained were used to make relevant recommendations in order to improve safety at
the Container Terminal as indicated in the final chapter of this paper.

3. Risk Assessment Analysis

3.1. Risk Identification Results

Over the past five years, there have been 117 accidents at the container terminal were classified
into 25 types of accidents. Figure 1 shows the highest accident rate was recorded in 2015 while the
most prevalent over the last five years was found with the traffic covering 41.88% of the total accidents.
This indicates container mobilization, truck movement as well as loading and unloading equipment
are the most vulnerable processes causing accidents. Moreover, it was not only the risks related to
container terminal operations that were observed but also their causes and general impacts. Based on
the risk taxonomy, the common causes of accidents with the percentage of their contribution are
presented in Table 3. The data presented of this table is the result of the calculation of the frequency
value of each risk factor in an accident in the past five years.

Environmental pollution .

Work accident l

Non-Loading and Unloading
Accident

Traffic accident -
Loading and Unloading
Accident . -
Fire . I
0 10 20 30 40 50 60

Number of accidents
®For Year 2013 = For Year 2014 = For Year 2015 = For Year 2016 ®For Year 2017

Figure 1. Accident Data in the Container Terminal During Five Years as Case Study.
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Table 3. Common causes of accidents and the percentage of their contribution.

Major Risk Factor A B C D E F Sum Percentage %

Pilotage Error 0 5.4 0 30.4 3.9 0 39.7 36.42%
Poor Supervision 0 1 0 0.2 0 0 1.2 1.10%

Human Negligence when Working 3 0o 05 0 51 0 86 780% O27%
Poor Tool Maintenance 0 6 0.5 0 0 0 6.5 5.96%
Navigation Error 0 15 0 0 0 0 1.5 1.38%
Equipment Damage 475 11.05 0 7 45 0 27.3 25.05%

Machinery Engine Damage 3 0.5 0 0 0 0 35 321%  29.63%
Electrical Error 0 15 0 0 0 0 15 1.38%
Flood 0 0.5 0 0 0 0 0.5 0.46%
No Warning Signs 0 0 0 5.8 0 0 5.8 5.32%
Limited Lighting 0 0 0 1 0 0 1 0.92%

Environment Damaged roads 0 0 0 24 0 0 24 2.20% 14.86%
Fuel Spills 0 0 0 0 0 2 2 1.83%
Load Spills 0 0 0 0 0 3 3 2.75%
Slippery footing 0 0 0 0 0.5 0 0.5 0.46%
Equipment Exposed to Water 0 0 1 0 0 0 1 0.92%
Hot weather 2 0 0 0 0 0 2 1.83%

Nature Rain o 05 o 05 o0 o 1 oow 7

Remarks: A = Fire, B = Loading-Unloading Accident, C = Traffic Accident, D = Non-Loading-Unloading Accident,
E = Work Accident, F = Environmental Pollution.

The table shows human factors are the most common cause of accidents at container terminals
by almost 53%, especially the negligence in driving which was termed pilotage error was found
to be the highest with 36% of total accidents. Furthermore, other factors such as poor supervision,
negligence while working, inadequate equipment maintenance, and miscommunication when working
or navigation errors also need to be considered. The machinery factor is also important because
it contributed almost 30%, especially engine damage which was discovered to be 25% as well as
equipment damage or electrical errors. These are generally related to other factors such as improper
training for humans operating the equipment leading to unexpected damage or abnormal operation.

The accidents caused by environmental factors were almost 15% and these may either be
controllable or not. The uncontrollable ones include floods or other disasters while the controllable
ones are road damage, lack of lighting, cargo spills, or noisy equipment which are closely related to
poor supervision and maintenance. The accidents caused by nature were recorded to be 3%.

3.2. Assessment with Risk Matrix

This risk matrix categorized the level of risks into four different colors with low risk represented
by blue, medium by yellow, significant by green, and high by red. Moreover, the value limits were low
risk at 1-4, medium at 5-9, significant at 10-12, and high at 15-25. This assessment was conducted
through the evaluation of the severity and frequency of each risk. Table 4, therefore, shows the level
of each risk based on frequency (F) and severity (S) to obtain a more detailed Risk Index (IR) than
the risk matrix. The mark given in Table 4 is based on the risk index value entered the risk matrix.
The objectivity and reliability of risk assessment are based on the frequency and severity of an event,
so it can be said that this depends on the quality of the data used.
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Table 4. Risk Assessment Results.

No. Category Type of Accident F S IR Risk Level
1 Loading and Unloading Equipment Fires 3 4 2N Significant Risk
2 Port Operation Supporting Building Fires 2 3 6 Medium Risk
3 Construction Project Fires 1 5 5 Medium Risk
4 Fire Port Support Equipment Fires 2 1 2 Low Risk
5 Port Operating Vehicle Fires 1 3 S Low Risk
6 Garbage Fires 2 2 4 Low Risk

Container Damage when Unloading, Stacking or . .

7 Transfegrring to Truck Tra%er s 5 5 - High Risk

'y
'y

. Loading and Unloading Equipment Damage . .
8 Loading and (broken, scratched, crooked, etc.) High Risk

loading Accident
Unloading Accidents The Loading and Unloading Equipment is

? Uncontrolled when Lifting the Container 2 3 6 Medium Risk
10 the hatch close fell when being moved 1 1 1 Low Risk

11 Truck Crashed into a Guardrail 3 4 _ Significant Risk

Loading and Unloading Equipment Crashing into .
12 Operagonal Vehicles fndql’oft Support Faci%ities 2 2 4 Low Risk
13 Operational Car or Truck Falls into the Sea 1 3 ) Low Risk
Truck Crashes Loading and Unloading -
14 Equipment, Other Trucks, Operational Vehicles, 4 5 High Risk
Traffic accident Containers or Port Support Facilities

15 Truck Crashed the Gate In/Gate Out 3 2 6 Low Risk

16 The container is thrown when the truck is running 2 4 8 Medium Risk
17 Damaged Scales Bridge 2 3 6 Medium Risk
18 Truck mired in the hole 2 2 4 Low Risk

19 The dock is damaged when the ship is leaning 1 4 4 Low Risk

20 X Containers Received in a Damaged State 1 4 4 Low Risk

Non-Loading and Maintenance Exposed to Jack When Doing .
21 Unloading Accidents Truck Repai 1 3 8] Low Risk
ruck Repair

22 Workers are electrocuted 1 2 2 Low Risk

23 Work accident Workers Fall fr(;cr; ftfl:)elszcO)?S(;fiSontamer or the 3 4 - Significant Risk
24 Workers get run over/bang down when working 4 4 High Risk
5 Environment Dirty Dock or Cause Environmegtal Pollution 4 3 - Significant Risk

from Contents of Containers

The Risk Matrix was used to determine the level of risk and the results are shown in Table 5.

Table 5. Risk Assessment Matrix.

: Em— 00
L4 O 1o [1,01,23 (S
t 3 513,01 2,917 —‘
z 2 22 6,12,18 15
& 1 10 4

1 2 3 1 5

Likelihood

3.3. Assessment with the Fault Tree Analysis Method

These risks were subsequently analyzed using the Fault Tree Analysis (FTA) method to determine
the root causes of each risk category. It was conducted through a top-down approach of a Top Event
followed by the detailed reasons for its failure [21]. The six risk categories were analyzed into one
using this approach due to the insignificant similarities and differences between them.

The use of FTA required grouping the common causes of risk based on the taxonomy and database
to determine the root cause of the accident using in-depth analysis. The focus was on controllable root
causes, especially the six major categories of accidents and all four considered to have a high level of
risk. The risk confidence level was combined with the assessment to have a large category of accidents
while the root causes are described further thoroughly.
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3.3.1. Risk Analysis of Fire

Every fire accident at the port. from the dock, yard and gate operations were included in this
category with the focus on fire incidents on loading and unloading equipment, buildings, vehicles,
or other non-human things that were classified risk to the property. Table 6 shows the common causes
of fire over the five years studied.

Table 6. Percentage of common causes of fire.

Major Risk Factor Percentage

Human Negligence while working 21% 21%
Engine Damage 21%

Machinery - 55%
Equipment Damage 34%

Nature Hot weather 14% 14%
Get run over 4%

External Factors Get sucked under 2% 10%
Near Electrical Installation 4%

Table 6 shows the fire was caused by four common factors and the highest was found to be
machinery with 55% while the risk factors were damage to truck engine with 21% and equipment
damage at 34%. This was followed by the human factor majorly dominated by the negligence while
working which was recorded to be 21%. The third prevalent factor was nature as observed from the
hot weather contributing 14% and was also found to be occurring with the machinery. Furthermore,
the external factors contributed 9% including getting run over by 4%, getting sucked under by 2%,
and near electrical installations by 4%. The FTA of fire is. therefore. described in Figure 2.

Figure 2 shows the human factor was due to the carelessness of the workers while the equipment
damage was usually because of engine overheating. sparks coming from the storage tank, or short
circuit of the abandoned building as well as others such as external factors and scheduled maintenance.
According to the interview conducted. the root causes of fire include:

Negligence during maintenance

Inadequate management of loading and unloading equipment
Negligence in leaving the room

Disobedience to safety rules

Negligence in maintaining safety

Inadequate management of equipment working time

Q@ ™0 o0 TP

Poor control of tools
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Equipment Being Machinery
Damage too close to damage

electricity
?C_h?dUEd Conditlions Do ot Comply 'agllgeru:'e ]
aintenance Qutmde with the alntanlng
L alnt;nance Safety Rules o
Inadequate
Equipment Collision of
Management Small Objects "
g Crushed Hit r::;glsi,na
Container by a caui megnt
Vehicle up
Inthe Port Storage
Operational Tank
Building
) Scheduled
EooRtine aintenance
usage No Epgipe
distribution | Substitutior]
Equipment | |Inadequate Electronic
negligence aintenance
i Equipment
Bad Work | ™ Lack anagement | Electc
Management| |Control Buidi

Tools f Tool: uilding

oLeos Cabling

System

|:| Machinery |:| Environment |:| External Factors |:| Human

Figure 2. Fault Tree Analysis (FTA) of Fire.
3.3.2. Risk Analysis of Loading and Unloading Accidents

The accidents at each stage of the loading and unloading process were divided into two based on
the place of occurrence. The first includes those observed while loading and unloading containers to
and from ships while the second was in the open storage. The focus of this category was on the losses

due to equipment and vehicles known as the risk to the property. The findings of these analyses are
shown in Table 7.

Table 7. Common causes of loading and unloading accidents.

Major Risk Factor Percentage
Pilotage Error 16.36%
Human Poor Supervision 3.03% 42.12%
Maintenance of Bad Tools 18.18%
Navigation Error 4.55%
Equipment Damage 33.48%
Machinery 38.03%
Electrical Error 4.55%
Environment Flood 1.52% 1.52%
Nature Rain 1.52% 1.52%
Get run over 13.64%
External Factors 16.82%

Struck down 3.18%
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Table 7 shows human factors are the highest common cause of loading and unloading accidents
with a contribution of 42% mostly due to negligence during an operation known as pilotage error,
inadequate worker supervision, poor maintenance of equipment, and miscommunication between
operator and instructor known as navigation error. This was followed by the machinery with 38%
as observed with equipment damage and system failure through electrical error. The third was the
external factors with 17% which included getting run over and struck down. The last was due to
environment and weather factors with a very little contribution of 1%. As previously state, these
usually work concerning the machinery or human factors. The FTA of the loading and unloading
accident is described in Figure 3.

Loading and
Unloading
Accidents

Careless
Operators

Gperators Are
Not Concentrated in
Obperating the Equipment

Conditions
Outside

[Less Experienced
Operators Age of
Irregular Workers' g  Ptruck Qud Tool
Operators Working Hours | |operator| i
Electric
Lack of
Bad Operator

Transmission
Failure
Performance
tandard:

Scheduled
laintenanc

Overload
Working

Container
Overweight

fladequate

Equipment
Maintenance
lanagemen

Negligence
in Treatment|
Handling

ot Seeing the
Code Given by
the Instructor

Poor Workers' Poor Worktime
Welfare Manageme!

B ceorarecons [ eviomert [ Jectivery [ Jromen [ nare

Noise from the
Unloading Tool

Staff
Negligence
at Work

Operators
Don't Know the
Capability of
the Tool

Figure 3. FTA of Loading and Unloading Accidents.

The interviews, therefore, showed the root causes of loading and unloading accidents to be:

Inadequate operator supervision management
The inability of the operator to make use of a tool
Negligence of officers while working

Inadequate tool maintenance management

Poor welfare and working time management
Inadequate work standards

@@ ™0 a0 TP

Failure of the loading and unloading transmission

3.3.3. Risk Analysis of Non-Loading and Unloading Accidents

This risk analysis focused on accidents without loading and unloading processes and most of
these associated with humans, machinery, and the environment as shown in Table 8.

Table 8. Common causes of non-loading and unloading accidents.

Major Risk Factor Percentage
Human Negligence while working 25%
Machinery Equipment Damage 25%
Environment  Equipment Exposed to Water 50%

Table 8 shows non-loading and unloading accidents were caused by three factors and the
environment due to the submergence of containers in water was found to be the highest with 50% while
both humans and machinery contributed 25% each. These results are consistent with Kadir’s research
(2020) which has carried out safety evaluation in three major ports in Malaysia where there are risk
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factors in container ports namely human, machine, and environment [38]. The human factors include
negligence while working and the machinery involves equipment damage as shown in Figure 4.

Non-loading
accidents

= Equipment =
Negligence Exposed to Equipment
at Work Water Damage

Not Using
Safety Equipment
PPE

Lack of
Supervision
and Control

Flooding in the
arbor Field
Conditions Out Scheduled
of Maintenance Maintenance

oncentrate Less
While Working
he Equipment nstallation of
Has Overload Tools Not Fit
Poor Worktime Work Hours
anagemen Exceed Limits
egligence in

No warning -
of neglect Staff Negligence Treatment
at Work Handling

Figure 4. FTA of Non-Loading and Unloading Accidents.

Lack of Worker
Awareness of
Self Safet:

hadequate
Management of
orker:

adequate
Maintenance
anagemen

Don't Understand
the Capability of

The interviews conducted showed negligence while working was caused by workers’ lack of
concentration and non-usage of safety equipment while equipment damage was due to several activities
outside the maintenance such as improper installation or overloading. Therefore, the root causes of
non-loading and unloading accidents include:

Inadequate management of tool supervision and control
Poor work time management

Negligence during duty

Inability to use tools

P an o

Management and negligence during treatment

3.3.4. Risk Analysis of Work Accidents

Accidents causing losses to workers from loading and unloading to the entry and exit of containers
at the port were also analyzed and the results are shown in Table 9.

Table 9. Common causes of work accidents.

Major Risk Factor Percentage
Negligence while working 36.43%
Human 64.29%
Pilotage Error 27.86%
Machinery Equipment Damage 32.14% 32.14%
Environment  Slippery Floor/Footing 3.57% 3.57%

Table 9 shows the work accidents are caused by three common factors with the highest being human
activities such as negligence while working and pilotage error which was found to have contributed
64% while machinery, especially equipment damage was estimated at 32%, and environmental factor
in the form of slippery footing was approximately 3%. This result is following Shang’s (2010) research
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which has carried out risk analysis in the port of Kaohsiung which results stated the top three severity
of the damage was to slip the container directly into the trailer and weather factors [25]. These are,
therefore, described in Figure 5.

Work
Accident

Maintenance Slippery Floor
Damage or Foothold

Workers Stand Neg[llenl((:e
n the Vehicle Track CLLL i

here is no Standing in
tanding place’ Any Place
ack of Worker

Conditions Care .

Outside
Maintenance

here are no
vehicle lane

boundaries

Driver Dr p
Not Careful river 1s
ot Concentrated

Lack
of Awareness
Using PPE in the,
Nork Area

Scheduled
Maintenance)

Experienced
Driver

Failure to
Maintain
Qwn Safet

Omission in
Equipment
Maintenance

Inadequate
loading and unloading
maintenance
managemen

Do not have
an operating
license

official
driver

Worktime
Managemel

Driver Selection
Management Not
Strict

Lack of
Supervision of the
Duty Driver

S Environment [:] Machinery D Human

Figure 5. FTA of Work Accident.

The results of the interview showed the root causes of work accidents are:

Inadequate tool maintenance management

Negligence during loading and unloading maintenance

Poor work time management

Lack of caution from workers

Lack of awareness in using PPE

Absence of special lanes for vehicles. loading and unloading equipment or pedestrians

me a0 TR

3.3.5. Risk Analysis of Traffic Accidents

The accidents observed during the mobilization of loading and unloading equipment and vehicles
in the container terminal area focused on non-human losses such as equipment or vehicle damages as
shown in Table 10.

Table 10. Common causes of traffic accidents.

Major Risk Factor Percentage

Pilotage Error 63.33%

Human 65.21%
Lack of worker supervision 1.88%
No warning signs 12.08%

Environment Limited Lighting 2.08% 19.17%
Damaged roads 5.00%

Machinery Equipment Damage 14.58% 14.58%

Nature Rain 1.04% 1.04%

Table 10 shows traffic accidents were caused by four common causes and the highest with 65%
was human activities such as pilotage error contributing approximately 63%, and inadequate worker
supervision with an estimated 1%. This was followed by the processes associated with the environment
which was found to be 19% and including the absence of signs, limited lighting, and damaged roads.
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Machinery, especially equipment damage. was also observed to have contributed approximately 14%
while weather condition was only 1%. These are further described in Figure 6.
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Lack of
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Aanagement Not Strief
Poor Worktime:

Management

Figure 6. FTA of Traffic Accident.
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Poor Driver
. Welfare
Environment C] Human E Nature

Based on the results of the interview conducted, the root causes of traffic accidents include:

Unfavorable working environment conditions such as inadequate port maintenance
Lack of supervision to workers on duty
Poor work time management

S

Inadequate safety management

3.3.6. Risk Analysis of Environmental Pollution

The major cause of environmental pollution is presented in Table 11.

Table 11. Common causes of environmental pollution.

Major Risk Factor  Percentage
Fuel Spills 40%
Environment
Load Spills 60%

The table above shows pollution was majorly caused by environmental factors with fuel spills
found to have contributed 60% and load spills 40%. These are further described in Figure 7.
The interview conducted showed the root causes of environmental pollution include:

a. Negligence in maintaining cleanliness
b.  Another accident

The risk assessment conducted using Fault Tree Analysis (FTA) and the interviews conducted
showed the root causes of high-risk accidents are as described in Table 12. This root cause is obtained
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by conducting an in-depth analysis by the researcher. The root causes that can be undertaken for risk
control options are only the underlying causes that can be controlled. The assessment is carried out on
the six major categories of accidents and all four accidents with a high level of risk. An assessment of
accidents, the level of risk confidence has been combined with an assessment into a large category
of accidents.

Environmental Pollution

Human
Machinery
External Factors
Environment
Nature

00e00

Hazardous
Material Spill

Fuel Load Cargo
Spills Spills

Lubricating
Oil Spill

Spillage of Dangerous
and Toxic Material

Another
accident

Chemical
Liquid Spills

Tank Leaks Qil Spill the Field Disposed

Figure 7. FTA of Environmental Pollution.

Table 12. Root causes of high-risk accidents.

No. Root Causes
1 Negligence in conducting maintenance
2 Poor tool maintenance
3 Negligence of officers while working
4 Poor management of operator control and supervision
5 Poor supervision and control during work
6 Poor management and field handling of port
7 Poor safety management
8 Poor work time management
9 Unfavorable weather
10 Miscommunication while working
11 Disobedience to safety rules
12 Negligence in leaving the room
13 Inadequate work standards
14 Failure in device transmission
15 Inability to understand the capabilities of the tool
16 Negligence in maintaining cleanliness
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3.4. Risk Control Option (RCO)

Fault Tree Analysis (FTA) showed the causes of basic risks to understand the preventive or
mitigation measures required to reduce the possibility of safety failure. The 16 root causes discovered
from this approach were applied to obtain 14 corresponding RCOs which are possible to be implemented
to several potential hazards as shown in Table 13. The RCO is carried out by considering the benefits
gained within a certain period. Safety of the port is not only about the affairs of the port but there are
also other parties such as the stevedoring companies, subcontractors, shipping companies also port
authority that are also responsible, this is in accordance with what is recommended by the International

Labor Organization [39].

15 0f 19

Table 13. Risk Control Options (RCO).

RCO

Root Causes

Description

RCO1

1,2,15

Coordinate with related parties and equipment vendors to perform maintenance of
tool and facilities in accordance with the logbook. periodically maintain equipment
and require periodic equipment certification

RCO2

1,3,57,16

Conducting terminal sterilization projects with related parties. filtering of people. and
vehicles at the gate and checking/inspection of containers by terminal personnel.
Container checking before un-loading by making a Container Damage Report Form
and evaluating repairs to container accidents

RCO 3

3,5,7,11,13,16

Providing strong notifications and warnings for indiscipline workers while using
personal protective equipment. maintaining cleanliness. and notifying workers to be
alert and obedient to signs/markers while loading and unloading or in the work
environment. Applying Punish and Reward Rules to port workers and companies
providing Loading and Unloading Labor Services

RCO 4

1,2,3,4,7,10,15

Operators and instructors ensure the accuracy of loading and unloading installations
as well as the maximization of operation assistants during loading and unloading
activities. Communicating with the operator while receiving/charging activities to

ensure the conduct of buildup according to the order in the vessel
monitoring traffic system.

RCO 5

Ensure notification or repair from the technical parties to conduct repairs and elevation
of the field on port or dock facilities and open storage periodically in accordance with
the safety standards of containers/goods from potential damage. placing warning
signs/markings. lighting or other supporting equipment needed

RCO 6

3,7,12,13

Providing direction and training for field workers to work in accordance with the
provisions of the occupational safety and health principles which is coordinated by the
terminal with the port service provider

RCO7

3,7,8

Adjusting the working hour’s pattern agreed by the foremen and partners in
improving the welfare of workers

RCO 8

4,7,13,15

Operator training and certification to have sufficient competence such as the Operator
License and inspection of the operator by the terminal officer before
boarding the equipment

RCO9

1,2,3,457

Providing direction and application of the operational standard for operators to work
in accordance with the provisions of the health safety principle and checking/ensuring
the equipment is in good condition before conducting any activity

RCO 10

3,4,5,7,11,13, 16

Double supervision at certain work hours when humans have begun to experience
fatigue by increasing the number of people in a post or general monitoring through
surveillance cameras

RCO 11

6,7,11,13

Making supporting paths at ports for transfer of gantry cranes between blocks and for
pedestrians and vehicles through the creation of separate exit and entry routes and
speed limitation in the ports.

RCO 12

2,3,4,5,11,12,16

Clarity of the regulations on the port such as those related to the determination of the
maximum speed limit on vehicles as well as safety. maintenance. or other related
matters. Complaint Post at the port

RCO 13

Optimizing related parties regarding the update of weather condition
at the dock or port

RCO 14

2,14,15

Installation of load cell devices in loading and unloading equipment to measure
container weight

Note: RCO = Risk Control Option.
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3.5. Benefits of the Risk Control Option

In making decisions. the analysis of the benefits is usually based on the established risk control
option (RCO) and this involves emphasizing the benefits of each RCO both in the short and long
term as shown in Table 14. Moreover, the following safety measures are recommended concerning
the management of hazards related to working safety in PTP Container Terminal based on the FSA’s
results and field observations. It is possible to implement these risk control measures in managing
the terminals 2 and 3 of PTP Container Terminals known to improve work safety by the terminal and
container managers. These recommendations are only applicable to workers and facilities under the
auspices of Port of Tanjung Priok. However, the managers also can provide indirect control through
the implementation of RCO 2, RCO 3, RCO 7, or RCO 12 on partners working with companies or other
interested individuals. Of the four risk control options, based on the results of the FTA in this case
study, where traffic accidents are the most potential accidents compared to other accident categories,
the main recommendation is to give stern warnings to workers who do not discipline using protective
personal equipment and apply the rules of reward and punishment for all workers, this is consistent
with the research results suggested by several researchers because it has been proven to improve safety
in container terminal operations and its contribution to the development of safety leadership [40,41].

Table 14. Benefits of the Risk Control Option (RCO).

RCO Short-Term Benefits Long-Term Benefits
Assists the anticipation of greater damage to
RCO1 Reducing unit downtime to increase unit work ensure optimal income due to proper reduction in
effectiveness and targets the expenses on the care and maintenance
of this equipment.
. - . . . Avoiding additional costs such as trucking, lift
Improving supervision and inspection of security at .
X . on, and lift-off (Lo-Lo) fees. Survey and
terminals as well as the damage of containers, . X L s
. 1 . inspection of the container’s feasibility before
RCO2 vehicles, and others. Providing a history of damage L. . .
i . entering in order to repair and make the terminal
and avoiding undue compensation from the . R
. safe, peaceful, orderly. and provide security and
port or service.
comfort for users.
Workers know the basics of safety at the terminal and
at least are more alert in dealing with some The level of worker’s awareness of safety
RCO 3,RCO 6 emergency conditions at the terminal. increases all the time and is conveyed and
Service providers also actively implement safety applied to workers
for their workers
Maintaining a harmonious and synergic
Avoiding work accidents caused by relationship between the operator and instructor
RCO 4 miscommunication and misunderstanding in order to avoid work negligence, improve
while working performance, and foster a good
working atmosphere
Increasing the rejuvenation of port facilities to . . .
. . . Increasing the motion of trust of service
RCO 5 improve safety potential and reduce container .
. . providers towards port operators
damage while on the field
Good cooperation and coordination in order to
RCO7 Improving the worker’s performance and welfare improve the quality, safety, and welfare of
several parties
Operators are more expert and skilled in conducting ~ Coupled with a lot of experience. operators act
RCO 8 their duties as well as in making decisions in case of faster and more precisely, work more
an emergency professionally and provide better service
Reducing mistakes or negligence of operators in The awareness level of workers to safety is
RCO9 completing work and understanding the increasing at any time. and the works are done
basics of safety neatly, orderly, and systematically
RCO 10 Monitoring workers to reduce negligence while Continuous increase in the discipline and
working and improve the safety of workers professionalism of port management.
RCO 11 Reducing the hazard of workers being run over while Improving port performance. especially the
working thereby increasing safety at the port safety support facilities
RCO 12 Providing clarity for workers to be safer and more Increasing the motion of confidence for workers
comfortable while working and service providers towards port operators
R . Good cooperation and coordination in order to
Minimizing the occurrence of hazards associated R .
RCO 13 . L N . improve the quality, safety, and welfare of
with natural conditions such as rain, storm, and wind d
several parties
- Assists th icipati f
Operators can understand the capability of the ensjrs;sgs ;;;?:zg;:gﬁs t (;gri?)te;ii?jfﬁeo: in
RCO 14 equipment to lift containers in order to P prop

avoid overload

the expenses on the care and maintenance of
this equipment.
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After the risk control has been implemented, related parties intensively monitored its effectiveness
in reducing the existing risks to make improvements for future applications. There are 3 possible
outcomes from this monitoring and they include [42]:

a. The ability of risk control to reduce potential hazards

b.  Non-implementation of risk control because it requires a large cost leading to the application of
other measures

c. The inability of risk control to deal with hazards due to the non-emergence of new hazards,
therefore, the existing risk management processes were re-updated.

These, however, indicate the control process is continuous and the management needs to be able
to conduct regular updates either weekly, monthly, or yearly.

4. Conclusions

Risk assessment at the PTP Container Terminal has been carried out using fault tree analysis,
results show the existence of interesting findings for the field of safety at the port. Traffic was the largest
potential cause of an accident with a contribution of 41.88% compared to other categories. Moreover,
human factors were the highest common cause of accidents at the container terminal, especially due to
the negligence in operating vehicles or equipment, followed by equipment damage, Fault Tree Analysis
(FTA) in combination with the results of the interview produced 16 root causes of work accidents
on the study site. The risk control option (RCO) is was formulated based on the benefits gained in
a certain period. It showed the safety of the port is not restricted to the activities being conducted on
the site but also affects other parties such as the police, the Ministry of Transportation, and shipping
companies. Furthermore, future research to enrich the results of this study is a risk assessment that
includes operational risk and security risk to improve the effectiveness of ports in operating with
human reliability analysis.
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