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Abstract

Cargo unloading operations on bulk carriers are critical shipboard operations. Many tasks are expected to fulfill by the ship’s personnel to
safely complete this type of operation. However, many human errors may occur during this process, and this situation threatens the safety
of life and property. In this respect, this study predicts potential human errors and probabilities that may occur during cargo unloading
operations on bulk carrier ships. In this study, an integrated human error prediction approach is proposed using interval type 2 fuzzy
sets and the success likelihood index method. Thus, within the scope of this study, a model was obtained that allows human errors to be
evaluated both qualitatively and quantitatively. Because of the analyzes made, it has been found that the most common human errors that
occur while unloading cargo operations on bulk carriers occur in the processes of following the ballast operation and performing the tasks
to prevent excessive trim/list formation on board ship, respectively. In addition, it was concluded that the factors that most shape the

performance of the ship’s personnel are education, communication, and experience.
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1. Introduction

Global maritime transportisrapidly growingand hasbecome
an even more significant mode for the import and export of
bulk cargoes. This expanding volume of global trade causes
an enormous rise in port cargo handling capacity and,
accordingly, operational vulnerabilities. According to bulk
cargo trade data, the global average for loading capsize dry
bulk vessels was 34.9 tons per minute, while this quantity
reached 6.3 tons per minute for dandyize vessels in 2021
[1]. This means that a high volume of bulk cargo is handled
onboard the ship at once, which poses a big challenge
to planning and managing cargo handling operations. In
particular, cargo handling performance increases with
ship size because large vessels can be handled by large
cranes, conveyor belts, and other advanced technological
equipment.
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Humans are considered a key element and a contributing
factor to most casualties in the maritime transportation
industry. In this regard, the International Maritime
Organization emphasizes that the safety performance
and competence of seafarers are of critical importance in
increasing safety and reducing the risk of possible accidents
in operations conducted at sea [2]. Indeed, maritime
accidents or incidents occur mostly because of human
errors [3,4]. Thus, maritime operations and navigation
safety can be enhanced by strengthening the focus on the
human element

Cargo unloading operations are critical operations that are
expected to perform different tasks simultaneously by the
ship crew. In this process, factors such as stress and fatigue
may compel the crew in charge to neglect pivotal activities
that must be properly performed [5]. In this case, different
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types of accidents can occur during the cargo unloading
operations due to many reasons such as not following the
ballast operation [6], deterioration of the stability of the
ships [6], and the for reasons related to improper use of
deck cranes, especially [7].

However, to prevent potential incidents or accidents that
may be encountered during cargo unloading operations
and to make operational processes safer, it is expected that
the determined tasks will be fulfilled completely by the ship
crew. Furthermore, it is thought that the completion of the
tasks that must be performed by the ship crew during the
cargo unloading operations is of critical importance not only
for the safety of life and property but also for the protection
of the marine environment.

Probabilistic risk assessments pointing out the human
contribution to operational risks should be the focal point
of the research because human error has emerged as a
significant factor in unsafe cargo handling operations and
maritime accidents in recent decades. Risk determination
being distinguished from the safety performance of the
responsible crew will cause insufficient detection in
maritime incidents, accidents, or any undesired events [5].

In the view of literature research, despite some applicable
methods presented related to human reliability assessments
in high-risk industries such as offshore [8-12], nuclear
[13,14], railway [15,16], chemical [17], and maritime
[5,18-21] the research directly focusing on human error
contributions in bulk cargo loading/unloading operations
is quite limited. At this point, a quantitative approach
systematically evaluating the potential human error in
critical bulk carrier shipboard operations must reduce
operational vulnerabilities and enhance safety.

Although determining the impact of human performance
on risks arising in operational processes is a critical issue,
most human reliability analysis (HRA) techniques are
limited in evaluating human performance in all aspects
[22]. To illustrate, first-generation HRA techniques, such
as the technique for human error rate prediction [23],
the success likelihood index method (SLIM) [24], and the
human error assessment and reduction technique [25],
facilitate human error quantification. Although they are
good at emphasizing the success/failure of activities, they
have less consideration for human behaviors. On the other
hand, a technique for human error analysis [26], cognitive
reliability and error analysis method [27], accident
dynamics simulator-information, decision, action in crew
context, and standardized plant analysis risk-human
reliability analysis [28] are considered second-generation
approaches that can be used to evaluate the occurrence of
human errors, cognitive processes, and human performance.
However, it is necessary to analyze organizational factors

very well in determining the failures in studies using these
approaches. Third- generation HRA methods, such as the
Bayesian network [29], focus on the factors that contribute
to the emergence of human errors and other dependent
elements associated with these factors, and they are still in
progress. Apart from all these, the lack of data is the most
significant source of uncertainty in most HRA methods [30].
In particular, data scarcity is the biggest obstacle to HRA
applications planned for evaluating human performance
during ship operations. In this regard, an effective and
consistent HRA implementation must be able to access the
data needed for operational processes and evaluate them by
an appropriate expert team.

This article aims to quantify the potential human-induced
failures in the tasks expected to be performed by ship
personnel during the cargo unloading operations of bulk
carriers and to provide an idea of what measures may be
necessary to prevent future losses. The scarce data for
human failure in cargo unloading operations of bulk carrier
vessels is the motivation for applying the proposed model
consisting of the integration of Type-2 fuzzy logic (T2FL)
and SLIM. The SLIM technique is heavily based on domain
experts’ evaluations that are based on the knowledge and
experiences to predict human error. At this point, SLIM has
been extended with fuzzy logic to improve consistency and
reduce the subjectivity of experts’ evaluations. Interval type-
2 fuzzy sets (IT2FS) are highly functional for coping with
subjectivity and vagueness in the process of using experts’
evaluations. While the integrated approach addresses
human error probability assessment, the results highlight
the importance of human factors in critical cargo unloading
operations on bulk carrier vessels.

This paper consists of 5 sections. This section briefly
details the human factors, bulk carrier cargo operations,
and motivation behind the research. Section 2 introduces
the methodologies used in this study and the proposed
integrated HRA approach. Chapter 3 estimates human
errors and HEPs that may arise during cargo-unloading
operations in bulk carrier ships. Section 4 evaluates the
outputs of the research. Finally, section 5 concludes the
research and advises on future studies.

2. Methodology

2.1. Interval Type 2 Fuzzy Sets (IT2FS)

The conventional fuzzy set, introduced by Zadeh [31] to
cope with uncertainties encountered in decision-making
processes, was developed as a type-2 fuzzy set (T2FS) in
the following years [32]. Although the basic philosophy of
both clusters is quite similar, there are also some divergence
points. The most obvious aspect of this is that while the
membership functions of the traditional fuzzy set consist
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of exact values, the membership functions of the T2FSs are
fuzzy numbers [5]. In addition, T2FSs has more parameters
than the traditional fuzzy set [33,34].

Interval type 2 fuzzy sets (IT2FSs) can be expressed as
a more specialized version of the T2FS set [5]. Compared
to T2FSs with more general cluster characteristics, IT2FS
has a lower computation process for expert feedback to be
digitized and converted to crisp values [19]. In addition,
thanks to the linguistic evaluation scale it provides, it
contributes to experts in making better and more effective
decisions. Thus, they are more effective in eliminating
possible uncertain conditions. In this respect, IT2FSs have
been used in various academic studies based on the expert
evaluation recently [5,19,35]. Expressions of mathematical
operations performed using IT2FS and T2FS are detailed as
follows [19,36-38]:

Expression 1: Let us assume that a T2FS Ain the universe X
is expressed through a type-2 membership function y; (x,u).
Here, J, symbolizes an interval in [0, 1] and can be detailed
in the following equation (1) [36-38]:

A= {((xw), 1y (ou))|Vx € X¥u € ], € [0,11,0 < py(xu) < 1) (1)

In add~ition, assuming that fuzzy numbers are continuous,
T2FS A can be symbolized with the following equation (2)
[36]:

A= el Sps) (0500 = o (uex T @)

u

Here, ]X c [0,1]. Also, // represents session over all admissible
x and u figures.

Expression 2: Let us assume that Alis a T2FS in the universe
of X, as demonstrated via the type-2 membership ~function Y
(x,u). Assuming that all u;(x,u) =1, in this case A is defined
as an IT2FS [19]. In addition, it can be expressed as shown in
equation (3) [33,36]:

quJx 1)

- feex (4
=J fue;,( /xw = —7—"" (3)

Here,]X - [0, 1].

Expression 3: Within the scope of this study, an approach
based on taking and evaluating expert opinions using IT2FS
is presented. In this direction, the representation of IT2FS
covering the upper and lower membership functions is
shown in Figure 1. In this respect, the IT2FS used in this
study exhibits trapezoidal characteristics.
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Figure 1. IT2FS membership functions [36]

IT2FS with trapezoidal character

A= (a2, 41) = ((ob ath al ot H (A7), H,(A7)) (b, aby, ol aby H (41), H (A1)
where A} and Af are type-1 fuzzy sets in this expression
[19]. In addition, aii aizas ai,ah,ab.ais.a, are reference
points of the IT2FS A ;[5,36,39]. However, y;(4¥) symbolizes
the membership value of the parameter aiU(j+1) in the upper
side of the membership function 47, H;(A") stands for the
membership value of the parameter af;;1)in the lower side
of the membership function /L@ Here, j can vary to include
1 and 2 [39].

Expression 4: The center of area (CoA) technique is used for
defuzzification and ranking of IT2FS. In the implementation
of this operation, the following equation (4) is used [40]:

(afi-ai)+(Ha(A7 }-afy-afi )+(Hz(aF)safz—aty

)+ui‘;+

)

r
afy=afy)+(H1(A})-ay-afy ) +(H2(A})-al-al)
4

Defuzzified (/Tl, )= :

2

There are also more advanced mathematical operations
that can be performed using IT2FSs. These will be detailed
below [37,38]:

i. Equation (5) is used when performing aggregation
between two IT2FS.
Ay = (A4, 28) = ((ath, ol alh, ats By (40), o (40) ), (at, aty abs, at Hy (A), Hy(41)))
Ay = (44, 5) = (b s Hu(39), Ho(A9)) (s, b b, s 1 (A5), Hu(22)))
A, @4, = (Alllr/ili) ® (Ag'/ili)
[ (at + ath.af; + a%y,afs + a%s, afs + afyimin (Hy(AY), Hy (4Y) ) min (H, (A7), H,(2))
(ah + a3y, at, + aby, af; + ags, af, + ag;min (H1(A%)v Hl(/ili)),min (Hz(/i%)v HZ(A%)))

(5)
il. When extract two IT2FS, equation (6) given below is used.
Alaf‘iz = (Alul A%)O(Agﬂ‘i'z')
~ ((aﬂ — af,afl — ath, afs — alh, aly — afy; min (Hy (A7), H,(4Y) ), min (Hy(AY), Ho(4Y))) >

(aél — ajy,af, — @fy, afs — afs, afy — ags;min (Hl(A'i)v Hl(Alz')) ,min (Hz(Alf)' Hz(‘%)))

(6)
iii. If multiplication is to be performed between two IT2FS,
the following equation (7) is implemented.
A @4, = (AV,4) ® (44, 4)
_ ((aly x af al x abp, ats x ah, afy x afymin (Hy (A7), Hy(49) ) min (H,(4Y), H,(42))) )

+ \(ats x aby, at, x aby, ak x abs, ab, x abyimin (Hy(A8), #,(42))  min (H(A5), 1y ()

(7)
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iv. If an arithmetic operation is to be performed, equations
(8) and (9) given below are used, respectively .

» ((k x aly, k x a%, k x a%, k x a%; H, (Aﬁ’),HAA‘{)),)

! (k X aky, k X aly, k X aky, k X ak,; Hy (4Y), HZ(A{)) (8)
1 1 1 1 . .
i (E X ai’p; X ai’z'; X ai’s.E x af,; Hy (A7), HZ(Ai'))'
* 1 1 1 1 _ _ 9)
(<ot o et (4D, a2
2.2.SLIM

SLIM is a type of human reliability assessment technique
that allows the prediction ofthe probability of human error
(HEP) in the process of performing specified tasks in a
particular job [41]. In the stages of obtaining HEP values
with this technique, factors called performance shaping
factors (PSFs) and thought to have a positive or negative
effect on the fulfillment of specific tasks are also considered.
In addition, the effects/weights of each PSF determined by
the SLIM technique on the occurrence of human errors in
specific tasks can also be measured. In the literature, the
SLIM technique, which is used to perform HRA in many
fields such as the petrochemical industry [42], railway
driving process [43], maintenance of offshore facilities [44],
and lifting operations [45], has a very common usage area.
Furthermore, the SLIM technique was used in HRA studies
conducted in various fields for the maritime transportation
sector [46-48].

Although the SLIM technique allows for very practical HRA,
itrequires expertjudgments in the process of obtaining HEP
values [5,41]. PSFs are digitized by expert judgments, and
then the Success Likelihood Index (SLI) values are reached
for each determined task [5]. Afterward, calibration is
performed for the obtained SLI and HEP values are obtained
[49]. Thus, the HEP values in the process of performing each
task are determined.

2.3. Integration of the Methodology

This section describes the estimation process of human
errors that occur during a cargo unloading operation of bulk
carrier ships by integrating SLIM and interval type 2 fuzzy
sets. The conceptual framework designed for the study is
shown in Figure 2.

The application stages of the proposed hybrid approach are
detailed below.

Stage 1. Determining related tasks

First, the tasks expected to be fulfilled within the scope
of the specific operation type examined are determined.
If there is any follow-up order among the defined tasks,
hierarchical task analysis is performed among the tasks [5].

Pl a. Determination of linguistic terms |
[ 1. Determining of the related tasks |
|b. Obtaining linguistic assessments from
| 2. Description of the scenel | experts
¥
| 3. Determination of PSFs | ¢. Transformation of linguistic terms into
IT2FS numbers
”I 4. PSF ratings | ¥
Experts < — ¥ | d. Obtaining mean IT2FS values |
‘[ 5. Weighting of each PSF ]— *
| 6. Obtaining of SLI values | | e. Defuzzification of IT2FS values |
¥ ¥
. Calculating of HEP val
| . Caloulating o (LD | -I . Normalization of the obtained values |
v
I 8. Analysis of the outputs obtained I 4 D A
* IT2FS

9. Recommendations on eliminating
critical human errors

Figure 2. Conceptual framework for the proposed hybrid HEP
prediction approach

Stage 2. The description of the scene/operation

At this stage, it is considered under which conditions the
specific tasks determined are carried out. In this context, a
scenario that coincides with real operations is produced by
referring to written sources and expert opinions.

Stage 3. Determination of the PSFs

In this section, attention is drawn to the factors that are
thought to have a positive or negative effect on the duties
expected to be fulfilled. Sometimes this can be human-
related factors such as stress, fatigue, and commercial
pressure, and sometimes environmental factors such as
rain, limited visibility, and sea and wave conditions. All of
these factors may vary depending on the conditions under
which the specific type of operation to be analyzed is
performed. In this respect, PSFs that have a serious impact
on the specific type of operation examined are determined
in the presence of experts.

Stage 4. PSF ratings

In this section, the effects of the PSFs determined on the
fulfillment of each task are evaluated by experts. For this,
a linear scale consisting of numbers ranging from 1 to 9
is used. The effects of PSFs on tasks are selected inversely
proportional to the magnitude of the values used in the
linear scale.

Stage 5. Weighting of each PSF

PSFs have relatively different weights in the fulfillment of
the determined tasks [49]. While percentage values are
used in the conventional SLIM technique to determine these
relative weights, IT2FS is used in the determination of these
weights in the proposed approach. In other words, PSF
weights are calculated using the linguistic scale within the
scope of IT2FS. Thus, possible subjective and ambiguous
evaluations by experts are avoided, thus contributing to
obtaining more sensitive and realistic results [5].

201



Estimation of Human Errors During Cargo Unloading Operations on Bulk Carriers Using SLIM and Interval Type 2 Fuzzy Sets

Stage 6. Obtaining SLI values

The process that needs to be performed immediately
after the rating and weighting of the determined PSFs
is the obtaining of the SLI values. The SLI value, which
plays a critical role in determining the probabilities of the
emergence of human errors, is calculated using equation
(10) given below [5,50,51].

SLI = ZQ:rjwj, 0< SLI< 1 (10)
Here, l_é represents the number of PSFs, r represents

the rating scale of PSFs, and w, represents the relative
importance weight of each PSE.

Stage 7. Calculation of HEP values

After obtaining the SLI values, the HEP values were
calculated for each task. This operation is performed using
the logarithmic function specified in equation (11).

Log (HEP) = mSLI+ N (11)

The m and N values specified in equation (11) are constant
figures and are used for the calibration of the obtained SLI
values [5,52].

3. Estimating Human Error Probabilities in
Cargo Unloading Operations in Bulk Carrier
Vessels

3.1. Cargo Unloading Operations in Bulk Carrier
Ships

For the safe performance of unloading operations on bulk
carriers, a number of tasks must be fulfilled both before and
after arrival at the discharging port. The tasks that must
be performed by the ship’s personnel, especially during
cargo watch at port, are critical not only for the safety of
the unloaded cargo but also for ensuring the safety of the
ship and its personnel. For example, implementation of
the prepared discharging plan, monitoring the ballast
operation, checking deck cargo cranes, grabs, and checking
the stability of the ship can be shown among these tasks.

Some ship staff have been charged with responsibilities
within the scope of the company Safety Management System
(SMS) to keep safe cargo watch at the discharging ports. The
ship master, chief officer, officer of watches (00OWs), electro-
technical officer (ETO), and other deck crew can be shown
as examples. In order for the ship discharging operations to
be completed safely, each member of this team is expected
to work effectively and in coordination. In company SMS,
OOWs are generally expected to keep cargo watches at port
alternately under the supervision and control of the ship’s
captain and chief officer during ship unloading operations.
In addition, the ETO and other ship crews are requested to
assist in this process. Cargo watches at the discharging port
continue until the unloading of the cargo is completed.

3.2. Problem Statement

Because of technological developments, the cargo handling
capacities of bulk cargo terminals have increased [1]. This
significantly reduces the length of the stay of bulk carriers
in ports. In this respect, the intensity of the duties that the
ship’s bulk carrier staff must fulfill in routine cargo shift
increases. This situation increases the risk of encountering
accidents during unloading operations for seafarers, who
have a perilous and challenging working environment
Moreover, seafarers try to cope with many factors that can
prevent or delay the fulfillment of their assigned duties,
such as stress, environmental factors, and fatigue, during a
cargo watch carried out as part of the discharging operation.
Considering that most accidents/incidents are caused
by human errors [19,53], estimating the HEP in the tasks
expected to be completed by the ship’s staff during a cargo
watch at the discharging operation is of critical importance
in terms of preventing possible accidents. For this, the
method of finding HEP values for each determined task is
followed.

3.3. Prediction of the Human Error Probability

Because of the examination of the reports of classification
societies [54], circulars of the maritime authorities [55],
company SMSs, and consulting expert opinions, the tasks
that the ship’s personnel must fulfill during a bulk carrier
unloading operation have been determined. The determined
tasks were then divided and categorized in the presence of
experts. The identified and categorized tasks are detailed in
Table 1.

To conduct a realistic and effective risk analysis, it is critical
to utilize the right experts with sufficient knowledge and
experience on the specific subject under investigation. In
this regard, 10 marine experts who have served on bulk
carriers for many years and are familiar with unloading
operations were used in this study. The profiles of the
experts who contributed to this study are detailed in Table
2.

Later PSFs that could have a positive or negative impact on
the tasks expected to be fulfilled during cargo unloading
operations on bulk carrier ships were determined with the
help of the experts detailed in Table 2. The PSFs derived in
this context are given in Table 3.

In the next stage, the effect of the determined PSFs on
each task was evaluated by the experts using a dinner
scale varying between 1 and 9. In this context, PSF ratings
were performed by 10 experts for each task. Table 4 gives
the geometric means of the PSF ratings performed by 10
experts.

In this step of the study, IT2FS was used to obtain the
relative weights of the PSFs. In this context, IT2FS numbers
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Table 1. Tasks and subtasks to be fulfilled during the bulk carrier

unloading operation

LEELRNLE The description of tasks and subtasks
tasks
1 Tasks related to the unloading operation follow-up
1.1 Become familiar with the unloading sequence plan
1.2 Monitor the start of the discharge operation and record
’ the time
13 Maintain constant communication with the foreman to
’ avoid potential delays in the unloading operation.
1.4 Make sure the discharged cargo is correct and in good
’ condition
2 Ship stability/ballast operation-related tasks
21 Do not allow the excessive trim/list formation on the
’ ship
2.2 Check ship drafts at regular intervals using an electronic
' gage
2.3 Check ship drafts at regular intervals from draft marks
' on hull
Ensure that the ballast operation continues in the
2.4
scheduled order
2.5 Monitor soundings from ballast tanks against possible
) overflow
3 Other ship/crew/cargo safety-related tasks
31 Check that the bulldozers and grabs are working
) without damaging the cargo holds, frames, and tank top.
3.2 Record and report damage to both ship and cargo during
’ the unloading operation to the Chief Mate/Master
3.3 Check mooring ropes/lines with the deck crew at
’ regular intervals
3.4 Ensure the hatch lights are working properly at night
35 Check that the non-return valves fitted to the hatch
' comings are functional.
3.6 Check bilge high-level alarms at routine intervals
Periodically check the weather reports and report any
3.7 expected adverse weather conditions to the Chief Mate/
Master.
Record all events during the unloading process in the
3.8
port/deck logbook
39 Ensure that stoppers are rigged/secured after opening
) hatch covers
Ensure that no one is in the cargo hold before closing
3.10
the hatch covers.
Ensure that there are no obstructions in the hatch
3.11 .
chamber when closing hatch covers.
Make sure personal protective equipment is always used
3.12
on deck
313 Control that the gangway or accommodation ladder is
’ properly positioned.
314 Monitor the hoisting and luffing wires of deck cargo
’ cranes against possible twisting at routine intervals
315 Ensure the limit switches of deck cargo cranes are set

correctly to use the proper angle

corresponding to the linguistic evaluations taken by experts
are needed. Table 5 lists the IT2FS linguistic terms used by
experts and their equivalent IT2FS numbers. In addition,
Table 6 represents the linguistic evaluations made by the
experts for each PSE

Linguistic evaluations performed by marine experts to
obtain PSF weights were converted to corresponding
IT2FS numbers. Then, the mean IT2FS values for each PSF
were obtained and defuzzified using equation (4) [40].
In the following process, normalization was performed.
The average IT2FS numbers and normalized weights
corresponding to each PSF are given in Table 7.

In the following process, SLI values for each task were
obtained using equation (10) [5,50,51], and HEP values
were computed using equation (11) [5,52]. In this context,
the SLI, log (HEP), and HEP values obtained for each task
are given in Table 8.

4. Findings and Discussion

In this study, HEP values were obtained for each subtask
expected to be performed by the ship’s personnel during
the cargo-unloading operation on bulk carrier ships. The
subtask with the highest HEP value during unloading
operations carried out on such ships was found to be 2.4
(Make sure the ballast operation continues in the scheduled
order) with a HEP value of 9.74E-01. This result shows that
the subtask is (2.4), where the probability of the ship crew
making a mistake during the unloading of bulk carriers
is the highest. It is thought that the increase in the cargo
discharging capacities of the ports and the failure to comply
with the planned unloading sequence have a significant
impact on this. During ship-unloading operations, ballast
is taken simultaneously with the discharged cargo holds
[54]. For this, the capacity of the ship’s ballast pumps and
the cargo discharge capacity of the port are considered.
If a compromise cannot be reached between these two
critical parameters, undesirable situations, such as delays
or premature termination, may occur in the scheduled
ballast operations. In addition, the indifference of the ship
personnel responsible for the ballast operation to the
operation, not having the tank water levels measured on
time, and not using the ballast pumps efficiently can also
be an obstacle to the fulfillment of subtask 2.4. To eliminate
this risk, it is necessary to reach a full agreement between
the ship and the port on the cargo discharge plans before
the cargo unloading operation begins [55]. Ship personnel
responsible for ballast operation should always be careful,
check tank levels at regular intervals, and use ballast pumps
at the appropriate level and capacity.

The subtask with the second highest HEP value was obtained
as 2.1 (Do not allow excessive trim/list formation on board
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Table 2. Profile details of the experts

]::l;:el:_: Pr;(f)::il::al Competency Educational Level Blf:l)l((p:::::eiess(vY‘:;l;s) Age
1 Operational Manager Oceangoing Master Bachelor’s Degree 25 52
2 Designated Person Ashore Oceangoing Master Master’s Degree 24 50
3 Designated Person Ashore Oceangoing Master Bachelor’s Degree 25 51
4 Designated Person Ashore Oceangoing Master Master’s Degree 25 53
5 Superintendent Oceangoing Master Master’s Degree 25 54
6 Superintendent Oceangoing Master Master’s Degree 26 50
7 Designated Person Ashore Oceangoing Master Master’s Degree 24 50
8 Operational Manager Oceangoing Master Master’s Degree 24 51
9 Designated Person Ashore Oceangoing Master Bachelor’s Degree 23 54
10 Designated Person Ashore Oceangoing Master Bachelor’s Degree 24 51
Table 3. PSFs that impact the specified tasks Table 4. Geometric means of PSF ratings based on marine
PSF No The description of the PSFs experts’ judgments
PSF1 Fatigue PSFs
L. =]
PSF 2 Training P 5 " § E B _%
PSF 3 Experiences é E" E E % 5 l:. E
PSF 4 Stress level :; E E :’% A g’ g E
PSF5 Safety culture = 3 © S
PSF 6 Complexity 1
PSF7 Communication 11 5 4 4 5 5 5 5
ship) with an HEP value of 9.20E-01. It is thought that the 1.2 4 5 4 6 5 5 5
lack of experience and training of the responsible personnel 13 5 5 5 6 4 6 3
is of great importance in the emergence of failures during 1.4 4 5 5 5 3 5 3
the fulfillment of this task. In addition, it should not be 2
overlooked that it is very tedious to constantly check the 21 3 3 3 3 3 3 3
ship list and trim in a working environment where cargo 22 4 4 5 6 3 4 4
discharge continues rapidly and many tasks are carried 23 3 3 3 3 2 3 3
out by the personnel simultaneously. In this respect, the 24 4 3 3 3 2 3 2
distribution of duties must be made clearly and precisely in 2.5 4 5 4 6 4 5 5
order not to exceed the ship’s stability limits and to safely 3
complete the load unloading operation. In addition, this 3.1 4 4 4 6 4 5 6
should be stated in writing in the company’s safety SMS. In 3.2 5 5 5 5 5 5 3
addition, before joining the ship, it should be tested that the 3.3 4 4 3 5 2 5 5
officer responsible for cargo and stability and other ship 3.4 5 4 5 6 3 5 6
personnel assisting in this regard have sufficient knowledge 3.5 5 4 5 6 4 5 5
and experience. In addition, detailed training should be 3.6 5 5 5 6 3 5 5
provided to the ship’s personnel in this regard. 3.7 5 4 4 5 3 6 3
The third subtask with the highest HEP value was found 38 5 5 4 6 3 5 5
to be 3.10 (Ensure that no one is in the cargo holds before 3.9 4 5 5 5 4 5 5
closing the hatch covers) with an HEP value of 8.93E-01. 3.10 3 4 3 3 2 3 2
Closing hatch covers can have devastating consequences 311 4 5 4 6 4 4 4
if port workers or ship crew is present inside the hold, on 3.12 5 3 3 6 2 7 6
the stairs, or on platforms. As a result of closing the hatch 313 4 3 4 4 z 3 3
covers, a dark environment will be created inside the cargo 314 4 4 4 6 3 4 5
holds. This situation may cause injury or even death of 3.15 3 2 3 3 2 4 3
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Table 5. Linguistic terms and the corresponding IT2FS numbers [5]

Linguistic Terms Abbreviations Equivalent IT2FS numbers

Very Low VL ((0.0;0.0;0.0;0.1;1.0;1.0), (0.0;0.0;0.0;0.05;0.9;0.9))
Low L ((0.0;0.1;0.1;0.3;1.0;1.0), (0.05;0.1;0.1;0.2;0.9;0.9))
Medium Low ML ((0.1;0.3;0.3;0.5;1.0;1.0), (0.2;0.3;0.3;0.4;0.9;0.9))
Medium M ((0.3;0.5;0.5;0.7;1.0;1.0), (0.4;0.5;0.5;0.6;0.9;0.9))
Medium High MH ((0.5;0.7;0.7;0.9;1.0;1.0), (0.6;0.7;0.7;0.8;0.9;0.9))
High H ((0.7;0.9;0.9;1.0;1.0;1.0), (0.8;0.9;0.9;0.95;0.9;0.9))

Very High VH ((0.9;1.0;1.0;1.0;1.0;1.0), (0.95;1.0;1.0;1.0;0.9;0.9))

Table 6. Linguistic judgments of marine experts for each PSF determined

PSFs E.1 E.2 E.3 E.4 E.5 E.6 E.7 E.8 E.9 E.10
Fatigue H MH VH M VH H H VH MH H
Training VH H VH VH VH VH H H VH VH
Experience VH MH VH VH VH H MH VH H VH
Stress Level MH MH ML L H H M M MH M
Safety Culture H MH H VH H MH VH MH
Complexity ML ML MH H M ML M M H VH
Communication H VH H VH VH H MH VH VH VH

Table 7. Calculated mean IT2F values and normalized weights for each PSF

PSFs Mean, IT2FSs Normalised Weight
Fatigue ((0.68;0.85;0.85;0.95;1;1) , (0.77;0.85;0.85;0.9;0.9;0.9)) 0.148
Training ((0.84;0.97;0.97;1;1;1) , (0.91;0.97;0.97;0.99;0.9;0.9)) 0.165
Experience ((0.78;0.92;0.92;0.98;1;1) , (0.85;0.92;0.92;0.95;0.9;0.9)) 0.158
Stress Level ((0.39;0.58;0.58;0.76;1;1) , (0.49;0.58;0.58;0.67;0.9;0.9)) 0.108
Safety Culture ((0.68;0.86;0.86;0.97;1;1) , (0.77;0.86;0.86;0.92;0.9;0.9)) 0.151
Complexity ((0.4;0.59;0.59;0.75;1;1) , (0.5;0.59;0.59;0.67;0.9;0.9)) 0.109
Communication ((0.8;0.94;0.94;0.99;1;1) , (0.87;0.94;0.94;0.97;0.9;0.9)) 0.161

Total 1

the personnel on the platforms or on the stairs inside the
cargo holds by falling. In addition, it may cause the death of
personnel exposed to an airless environment after a certain
period. In this respect, the hatch covers of the ship must be
checked in detail before closing. These controls should be
done not only by looking from the hatch coamings but also
by entering the cargo holds safely, and it should be reported
by walkie talkie that there is no one in the hatch.

Another subtask with the highest HEP value was calculated
as 3.15 (make sure the limit switches of deck cargo cranes
are set correctly to be used proper angle) with HEP values
of 6.39E-01. On bulk carriers, unloading operations can
sometimes be performed by the ship’s own deck cargo
cranes. Therefore, limit switches play a decisive role in the
safe use of deck cargo cranes by adjusting the tilt angle. In
this regard, adjustments outside the safe limits may cause

damage or even breakage of the deck cranes. It is thought
thatthe selection of unsuitable personnel, thelack of training
and experience are quite effective in making this mistake
quite often. In this respect, according to the company SMS,
it is necessary to be very meticulous in the selection of
personnel held responsible for this subtask. It should be
ensured that the selected personnel have experience with
crane bulk carrier vessels. In addition, necessary checks for
deck cranes and limit switches should be performed before
each cargo unloading operation, and improper limit switch
angle adjustments that could lead to possible unsafe use
should be avoided [56].

Because of the analysis performed for PSFs, it is understood
that the most effective PSF on the tasks/subtasks expected
to be fulfilled by the ship’s personnel is training with 0.165
weighting value. This was followed by communication with a
weight value of 0.161. In addition, another effective PSF was
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Table 8. Obtained SLI and HEP values for each task

Sub-Task Calculated SLI Log -HEP | HEP
1.
1.1 4.51 -4.23 5.90E-05
1.2 4.70 -4.71 1.96E-05
1.3 4.72 -4.78 1.68E-05
1.4 4.25 -3.54 2.90E-04
2.
2.1 2.90 -0.04 9.20E-01
2.2 4.24 -3.53 2.98E-04
23 2.97 -0.23 5.92E-01
2.4 2.89 -0.01 9.74E-01
25 4.70 -4.72 1.90E-05
3.
3.1 4.80 -4.98 1.05E-05
3.2 4.71 -4.76 1.74E-05
3.3 3.98 -2.85 1.40E-03
3.4 4.74 -4.83 1.49E-05
35 4.75 -4.86 1.38E-05
3.6 4.79 -4.96 1.09E-05
3.7 4.24 -3.52 3.04E-04
3.8 4.60 -4.46 3.47E-05
3.9 4.73 -4.79 1.63E-05
3.10 2.90 -0.05 8.93E-01
3.11 4.30 -3.69 2.04E-04
3.12 4.37 -3.87 1.34E-04
3.13 3.30 -1.08 8.34E-02
3.14 4.34 -3.79 1.62E-04
3.15 2.96 -0.19 6.39E-01

obtained with a weight value of 0.158. In this respect, special
attention should be paid to these 3 critical PSFs to eliminate
possible human errors during unloading operations and to
perform safer operations on bulk carrier ships. Therefore,
sufficient training should be given to the ship’s personnel
and attention should be paid to the selection of experienced
personnel. Furthermore, during the unloading operation,
effective communication should be established between
onboard personnel and the shipport.

From another viewpoint, with the human error estimation
approach obtained using both SLIM and IT2FS methods,
human errors were evaluated both qualitatively and
quantitatively. Thus, this study provides an opportunity
to express the potential human errors encountered in this
process and the possibilities of their occurrence in a more
striking way considering numerical data. In addition, this
study is the first to predict potential human errors that may
occur in cargo unloading operations on bulk carriers and

the probability of these errors occurring. In this respect, this
study contributes to the academic literature. In addition,
this approach obtained within the scope of this study will
contribute to the measurement of human errors and their
probability of occurrence in different areas of the maritime
industry. Furthermore, because the outputs of the study
highlight the human errors that are frequently made during
cargo unloading operations on bulk carriers, it will raise
awareness among all ship staff to prevent such mistakes.
Thus, it will contribute to the execution of safer operations
by preventing future accidents during the cargo-unloading
operation of bulk carrier ships. This will not only contribute
to the prevention of possible loss of life but also to the
prevention of economic losses that may be encountered.
In addition, by evaluating the most common human errors
in unloading operations, new protective and preventive
rules can be introduced by policy makers to prevent such
errors from recurring. Thus, a more sustainable maritime
transport environment will be created.

5. Conclusion

Preventing human errors that may be encountered during
cargo unloading operations on bulk carrier ships is of
critical importance for increasing operational safety. In this
respect, estimating human errors in operational processes
is an important approach for preventing possible accidents
and loss of life [5]. In this study, the HEP occurring in the
tasks/subtasks expected to be performed by the ship’s
personnel during the cargo unloading of bulk carrier ships
has been estimated. Thus, the first three subtasks with the
highest HEP values during cargo unloading operations of
bulk carriers were found to be 2.4 (Make sure the ballast
operation continues in the scheduled order), 2.1 (Do not
allow excessive trim/list formation on board ship), and 3.10
(Ensure that no one is in the cargo holds before closing the
hatch covers) In addition, the PSFs most effective on the
tasks/subtasks to be performed during this operational
process have been determined. It has been concluded that
these are training, communication, and experience. In
addition, a quantitative HEP estimation approach based on
SLIM and IT2FS, which can be used for other specific areas
in the future, was obtained.

From another point of view, in the estimation of human
errors that may occur during cargo unloading operations
on bulk carrier ships, the evaluations were made regardless
of the type of bulk cargo being unloaded. In this respect,
the study has a generic feature and is a source for future
cargo-specific studies. It is thought that future studies on
the prediction of human errors that may occur during the
discharging of bulk cargoes with flammable properties,
such as bulk coal or sulfur, will contribute to the literature.
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