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Significant amount of world trade has been made by maritime transportation. World maritime trade fleet
reached 1.5 billion deadweight tons, world maritime trade volume was 9 billion tons and world maritime
trade in terms of financial value reached 9 trillion dollars (Maritime Trade Statistics, 2015). In recent
years there has been an increase in the quantity and tonnage of tanker type vessels, the requirement
for well experienced and qualified personnel has arisen and it has become increasingly difficult to find
experienced and qualified seaman to work on these types of vessels. At the same time, major oil
companies (MOC), port states, classification societies and flag states intensified their inspections on
tankers so that these types of vessels can operate safely. In spite of all this, the pressure of the desired
inspections as well as the busy cargo operations for tankers are felt to be too much. In this study,
details will be identified such as finding the root causes, identifying the risks, understanding the possible
consequences and determining the working areas during the ship personnel’s, operators’, auditors’ and
charterers’ working and selection periods. By this way, it will be offered a clearer choice to ship

charterers (MOCs) that which ship is better for the company own interests.
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1. Introduction

Tanker vessels (crude oil, chemical, product and liquefied
gas tankers) has a significant share in the world maritime trade.
Figure 1 gives the distribution of world maritime trade by ship
type (Review of Marine Transport, 2016).

In order to enhance the profitability of marine trade, envi-
ronment awareness and human safety, it is needed to perform
the vessel bridge inspections in an effective and efficient way.
The objective of bridge inspection is to identify the adminis-
trative and operational faults, deficiencies and nonconformities
on board and to find the most effective and efficient solutions
against them. During these inspections, it is examined whether
a ship has the necessary procedures, rules and policies dur-
ing navigation, port stay period, anchorage, berthing and un-
berthing maneuvers and whether they are applied or not.

When considered the need to improve the quality of tanker
management self-assessment (TMSA) for tanker operator com-
panies, this study will be decisive in terms of how and how
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to improve themselves. The deficiencies weighted at different
levels by the ship assessing authorities, will reveal how risky
it is in different operation. Until now, no weight was given
to the questioning criteria, all of them were considered at the
same level, and all assessments generally included subjective
and verbal evaluations.

With the help of this study, it will be enabled that ship op-
erators to eliminate deficiencies of vessels more effectively and
efficiently. In addition, time and labor loss will be avoided by
carrying out ship inspections with a scientific method.

2. Literature Survey

As in industry, profitability is the most important criteria
in the maritime sector. In order to ensure the continuity of the
profitability, the income and expense tables need to be calcu-
lated well. In order to obtain income, operations must be carried
out in accordance with national and international rules and it is
imperative to follow a cost strategy in accordance with these
rules. In developed costing models, ship safety has a significant
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Figure 1: International maritime transportation development.
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impact. If a sample model is considered, it appears that the cost
calculations are composed of the following main components
(Enezy et al., 2017).

e Vessel Data

Management Data

Chartering Data

Fixed Cost Components

Voyage Parameters and Variable Cost Components

The safety and security requirements contained in the ship’s
data are essential components and reducing the measures of
them leads to lower quality as well as bringing several risks to-
gether. The basic requirements to ensure the safety and security
of ships are as follows (Urban’ski et al., 2008).

e To ensure that ships are constructed and equipped as re-
quired,

e To ensure that ships are prepared for sea operations,

e Providing basic navigation conditions for safe and se-
cured operation of ships at sea,

e To ensure that ships can operate safely and securely at
sea on their own,

e Equipping the vessels in danger with reliable alarm sys-
tems and provide assistance to them,

e Providing anti-terror security to ships and port facilities.

In today’s literature, to determine the safety indicators of
tankers; many factors such as human factor, safety manage-
ment, navigation errors and natural conditions are presented
(Wen-Kai et al., 2015). The human factor, one of these com-
ponents, is one of the determining criteria of safety quality. Ex-
ploratory Factor Analysis (EFA) method has revealed three re-
searcher factors that have been investigated on the human factor
(Cordon et al., 2017).

o Group Capabilities: Tolerance, Empathy, Teamwork, Flex-
ibility and Learning Willingness.

o Self-Knowledge: Initiative, Self-Confidence, Self-Control,
Resilience, Responsibility and Calmness.

e Compliant and Ambitious Work, Rule-Based Adjustment,
Motivation and Integrative Initiative.

The International Maritime Organization (IMO), for the on-
going developer policy, sets the technical requirements to pre-
vent accidents and incidents that may occur on board. The tech-
nical requirements that cannot be fulfilled by the committees
within IMO, are established in various organizations and put
into practice in accordance with the rules of IMO.

3. Bridge Operations.

The systems on the bridge usually have been designed to be
work independently so that a failure may occur in the equip-
ment not to affect other devices. Although this criterion is very
important, there are systems that need to be synchronized with
each other on the bridge.

The maneuverability of the ships is influenced by many
things both externally and internally. The external factors are;
shallow waters, wind, current, wave, marine vehicles and land
structures, while internal factors are; ship speed, boat structure,
propeller and rudder system (Liu et al., 2015). The navigation
process is divided into the following intermediate operations
(Kopacz et al., 2003).

e Voyage planning,

Steering, maneuvering and avoidance of danger,

Following ship route and environmental conditions,

Revision of the route and other necessary actions when
necessary,

e Saving navigation data.

In this study, bridge operations will be reviewed under three
main headings;

e Navigation Operations,
e Berthing / Unberthing Operations,
e Anchorage Operations.

Navigation operations are the operations whose risk factors
is high due to the combination of many factors and negative
consequences can cause major damages. It will lead to more
accurate results by subdividing these operations into subcate-
gories.

Depending on the size of the ships, it is not only the dan-
ger of grounding due to trim and squat, but also the loss of
maneuvering characteristics as a result of the fluctuating hydro-
dynamic forces on the boat can lead to sea accidents (Lee and
Hong, 2017).
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Berthing, unberthing and ship to ship operations are among
the most difficult and sensitive operations for large tanker op-
erators (Oda et al., 2010). The speed of the vessel is one of
the most important factor in such operations. The speed of the
ship, which is determined by considering external factors such
as wind, current, wave and depth, shall provide the safest ma-
neuverability as indicated in the study of Roubos et al. (2017).

Criteria such as the structure of the anchor to be used, struc-
ture of the sea bottom, water depth, weather condition, sea con-
dition and distance between the surrounding fixed objects &
moving objects are affecting how and what way the anchorage
operation is done.

4. Maritime Risks.

Risk management is the coordinated activities designed to
control the risks that can prevent to achieve a successful out-
come (Leveson, 2009). Risk management should be associated
with the identification and strengthening of the conditions un-
derlying the successful operation (Osiris et al., 2016). Maritime
risky situations can be classified as follows:

e Hardware Risks,

Risks of Navigation Operations,

Berthing-Departure Operation Risks,

Berthing Operations Risks,
Risks of Bad Weather Events,
Bad Marine Risks,

Third Party Based Risk.

4.1. Root Cause Analysis for the Unsafe Conditions.

Nautical Institude over the past decade has investigated col-
lisions and groundings that are linked to human error. In that
study, it was revealed that 60 percent of events were directly re-
lated to human error and that a large proportion of these events
were outside the Vessel Traffic Services (VTS) areas (Gale and
Patraiko, 2007). According to a conducted survey, the rating of
the factors leading to ship loss is shown in Figure 4.1 (Chen et
al., 2017).

Figure 2: Rating of factors leading to ship loss.
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o Fatigue,

o Insufficient communication and coordination of the pilot
and bridge personnel,

o Insufficient technical knowledge.

According to the standard international conventions regu-
lating ship safety, there are five components in order to provide
human safety at sea (Faturachman and Mustafa, 2012);

o Human Resources (requirements),

Shipbuilding (requirements and equipment),

Operation (operation of management personnel),

External Factors (structural),

e Management and Coordination of the above Four Com-
ponents.

The results of the incomplete communication are shown in
Figure 3 as a maritime accident (Altun et al., 2014).

Figure 3: Incomplete communication results.
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Most common mistakes made on the bridge are related with
the navigation of ships. These mistakes include such as pilotage
mistakes, lack of position of the ship, wrong maneuvering, mis-
use of electronic navigators and misunderstanding of other ship
movements. The deficiencies related to the task error on the
bridge are shown in Figure 4 (Graziano et al., 2016).

Figure 4: Deficiencies related to bridge task error.
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The most common causes of human error in tanker opera-
tions are as follows (Altun et al., 2014):

Source: Authors.



Murat H. Altun. / Journal of Maritime Research Vol XIII. No. I (2018) 58-66 61

While carrying hazardous materials, the implementation of
various management strategies can reduce accidents significantly

5. Weighting of Inspection Deficiencies.

(Landucci et al., 2017). According to a conducted survey, the
first three items under weighted safety leadership were found
(Kim and Gausdal, 2017);

e Shared participation.
e Creation and configuration.

e Information.

4.2. Factors Affecting Human Errors

The root causes that are leading to the creation of unsafe
situations including human errors, can be classified as follows;
The root causes that are leading to the creation of unsafe
situations including human errors, can be classified as follows;

e Lack of familiarization or training.

Lack of knowledge or talent.

e Equipment failure.

Lack of monitoring.

e Management company faults.

Third party faults.

The main factors affecting human errors can be classified
into three topics. These topics are;

e Environmental.
e Technological.

e Organizational.

The factors affecting human errors and their components are
shown in Figure 4.4 (Altun et al, 2014).

Figure 5: Factors affecting human errors.
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Weighing of the deficiencies were carried out with pairwise
variable comparison data at the end of the questionnaire studies
between ship master, first officer, deck officer and deck inspec-
tors.

The Analytical Hierarchy Process (AHP) will be used as the
weighting method developed by Saaty (1977). In addition, the
data obtained by entering the Super Decisions program will be
compared with the manually calculated data and the accuracy
of the results will be determined.

In order to weight the deficiencies, the five source classes
from which the ship’s deficiencies originated are; Crew, Equip-
ment, Company, Structure and International Safety Manage-
ment.

Questionnaires were conducted between watchkeeping of-
ficers, chief mates, masters and deck inspectors to weight these
sources. In this study, a pairwise comparison was made with
the AHP method. According to the survey results, the follow-
ing results were obtained.

The average of pairwise comparisions of watchkeeping of-
ficers is given in Table 1.

Table 1: Watchkeeping officer pairwise comparision results.

K1 |Equipment|9|8|7|6|5]|4|3|2|1]2]|3|4|5]|6|7|8|9|ISM

K2 |Equipment|9[8|7|6|5|4[3]2[1]2[3]4]|5[6]7[8]|9]|Crew

K3 |Equipment| 9|8 |7|6|5|4[3[2[1]2[3|4]|5[6]7]8]9]Structure
K4 |Equipment|9|8|7|6|5|4|3]2|1]2|3|4]|5|6]|7|8]|9|Company
K5 |ISM 9/8|7[6[5]4[3[2]1]2[3[4|5]/6]|7|8]9|Crew

K6 |ISM 9[8|7[6]5]4[3[2[1]|2[3[4]|5]6]|7]8]9|Structure
K7 |ISM 9/8|7|6|5|4]3]|2]1]|2[3[4|5|6]|7]|8]|9|Company
K8 | Crew 9(8|7|6|/5]4|3]2|1]2|3|4]|5|6]7|8]9|Structure
K9 |Crew 918|7|6]5|4[3]2|1]2|3]|4|5|6|7]|8]|9 |Company
K10 |Structure | 9[8|7|6|5(4]|3|2[1/2|3]4]|5]|6]|7]|8]|9|Company

Source: Authors.

The average of the pairwise comparisons of the chief offi-
cers is given in Table 2.

Table 2: Chief officer pairwise comparision results.

K1 |Equipment|9[8|7]|6|5|4|3][2][1]2]3]/4]5/6/7|8]/9]/ISM

K2 |Equipment|9|8|7(6|5|4[3[2|1({2{3|4[5]|6|7|8]|9]|Crew

K3 |Equipment|9|8|7|6|5/4[3[2|1[2|3|4|5]|6]|7]|8]|9]Structure
K4 |Equipment|9|8|7[6[5|4[3[2]|1]2]3]4]5]6]7]38]|9]|Company
K5 |[ISM 9|8|7]|6]|5|4]|3[2[1]2]3][4]5]6]7]8]9]|Crew

K6 |ISM 9|8|7|6|5/4|3|2|1|2|3|4|5|6|7]|8]|9]Structure
K7 |[ISM 9|8|7|6|5]4|3[2]1]2[3[4[5][6]7]|8]9]|Company
K8 |Crew 9(8|7|6|5|4[3|2|1]2]3]|4|5]|6]|7]|8]9]Structure
K9 |Crew 9|8[7(6|5|4]|3[2|1|2|3]4]5|6]|7]|8]|9]|Company
K10 |Structure |98 |7|6|5|4|3]|2[1]|2]3[4]|5]|6|7]8]|9|Company

Source: Authors.

The average of the masters’ pairwise comparisons are given
in Table 3.

Table 3: Master pairwise comparision results.

K1 | Equipment|9|8|7|6|5|4(3[2|1[2|3|4]5/6|7|8]|9|ISM

K2 |Equipment|9(8|7]6]|5[4|3[2|1[2]3]4[5/6]|7]|8]9]Crew

K3 |Equipment|9(8|7]6|5[4|3[2|1[2]3]4]5/6]|7]|8]|9]Structure
K4 |Equipment|9(8|7]6]|5[4|3[2|1[2]3]4[5|6]7]8]|9]|Company
K5 |ISM 9|8|7[6[5/4(3]2|1|2]3][4]|5|6|7|8|9]|Crew

K6 |ISM 9|8|7]6[5/4]|3]2|1|2[3[4]|5]|6]|7]8]9]Structure
K7 |ISM 9|8|7[6]/5/4]|3]2|1[2][3[4]|5]|6]7]8]|9]|Company
K8 |Crew 9|8|7]6]/5/43]|2|1|2]3]|4]|5]|6]|7]8]9]Structure
K9 |Crew 918[7|6|5/4|3][2]|1]2]3]|4]|5]|6]|7]8]|9]|Company
K10 |Structure |9(8|7|6|5|4|3]2|1|2|3|/4[5|/6]|7]|8]|9|Company

Source: Authors.
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The average of pairwise comparisons of company inspec-
tors’ are given in Table 4.

Table 4: Master pairwise comparision results.

K1 |Equipment|9|8|7[6[5[4|3[2][1]|2[3[4|5|6]/7[8][9|ISM

K2 |Equipment|9|8|7|6(5|4|3[2|1|2(3[4]|5[6|7|8]|9]|Crew

K3 |Equipment|9|8|7|6|5|4|3[2|1]|2[3]4]|5|6]|7]|8]9]Structure
K4 |Equipment|9|8|7]|6|5/4|3[2|1]2[3]4]|5]|6]|7|8]|9]|Company
K5 |ISM 9[8|7]|6|5[4]3]|2]1]2[3|4|5]/6]|7|8|9]|Crew

K6 |ISM 9/8|7]|6|5[4]3]|2|1]2]|3|4|5|6]|7|8]9]|Structure
K7 |ISM 9[8[7]|6|5[4[3]|2]1][2]3|4|5][6]|7]8]|9]|Company
K8 |Crew 98|7]|6|5|4]|3]|2|1]2]3]4]|5|6]|7|8]9]Structure
K9 |Crew 918|7|6|5|4[3]|2]1]2]|3|4|5|6|7]|8]|9]|Company
K10 |Structure |9 [8|7[6|5]|4|3|2|1]2]3]|4[5]|6]|7]|8]|9]|Company

Source: Authors.

5.1. Calculation of Arithmetic Mean Values.

The arithmetic mean of pairwise comparisons are given in
Table 5. Figures 6 and 7 show the arithmetic mean results of
the questionnaires obtained from pairwise comparisons.

Table 5: Arithmetic mean of questionnaire results.

K1 |Equipment| 9|8 (7[6[5/4[3]|2|1[2[3]4[5[6[7|8]|9]|ISM

K2 |Equipment| 9|8 |7(6|5[4(3|2]|1(2|3]|4|5]6]|7]|8|9|Crew

K3 |Equipment| 9|8 |7|6|5[4[3|2|1[2|3]|4|5|6]|7]|8]9|Structure
K4 |Equipment| 9[8|7[6[5[4[3|2]|1]2|3]4]5]6]|7]8]|9]|Company
K5 |ISM 9|8|7]|6]|5[4]3]|2[1[2[3]4]5]|6]|7|8|9]|Crew

K6 |ISM 9|8|7]|6]|5(4]|3]|2[1]2|3|4|5]|6]|7]|8]|9|Structure
K7 |ISM 9|8[7]|6]|5[4[3]|2[1]2][3|4[5]|6]|7]8]9|Company
K8 |Crew 9|8[7]|6]|5[4[3]|2]1]2][3|4|5]|6]|7]|8]|9]Structure
K9 |Crew 9!8|7|6|5[4[3|2]|1][2|3[4|5[6]|7]8]|9|Company
K10 |Structure |[9|8|7|6|5(4(3|2|1]|2|3[4|5|6]|7]|8|9|Company

Source: Authors.

Figure 6: Arithmetic mean of questionnaire results 1.
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Figure 7: Arithmetic mean of questionnaire results 2.
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The arithmetic criterion weights according to the arithmetic
average pairwise comparisons are calculated in Table 6 and Ta-
ble 7.

Table 6: Arithmetic mean of AHP results.

Crew Equipment ISM Structure Company
Crew 1.000 3.000 1.000 5.000 1.000
Equipment 0.333 1.000 0.250 3.000 0.250
ISM 1.000 4.000 1.000 3.000 1.000
Structure 0.200 0.333 0.333 1.000 0.250
Company 1.000 4.000 1.000 4.000 1.000
Total 3.533 12.333 3.583 16.000 3.500
Source: Authors.
Table 7: Arithmetic mean of AHP weights.
Weights
Crew 0.283 | 0.243 | 0.279 | 0.313 | 0.286 0.281
Equipment | 0.094 | 0.081 | 0.070 | 0.188 | 0.071 0.101
ISM 0.283 | 0.324 | 0.279 | 0.188 | 0.286 0.272
Structure 0.057 | 0.027 | 0.093 | 0.063 | 0.071 0.062
Company 0.283 | 0.324 | 0.279 | 0.250 | 0.286 0.284
Total 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000

Source: Authors.

The arithmetic mean AHP inconsistency check was carried
out in Table 8.

Table 8: Questionnaire arithmetic mean of AHP inconsistency
check.

n RG
D Matrix E Matrix 1 0
1.4501128 5.165889 2 0
0.5198304 5.155854 3 0.58
1.4267031 5.24667 4 0.9
0.3136143 5.048807 5 1.12
1.4888196 5.234481 6 1.24
7 1.32
A =|5.17034 8 141
n=|5 9 145
10 1.49
TG =|0.042585
TO ={0.038022

Source: Authors.

As a result of entering the data obtained by the arithmetic
average of the questionnaires into the Super Decisions program,
the images obtained are shown in Figures 8-11.
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Figure 8: The arithmetic mean results of the surveys are shown
in Super Decisions program.
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Figure 9: Arithmetic mean of Questionnaire results Super De-
cisions program image 2.
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Figure 10: Arithmetic mean of Questionnaire results Super De-
cisions program image 3.
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Figure 11: Arithmetic mean of Questionnaire results Super De-
cisions program image 4.
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The graphical representation of AHP weights according to
the arithmetic mean survey results is as shown in Figure 12.

Figure 12: Arithmetic mean of questionnaire AHP weights.
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Conclusions.

The following conclusions were reached when the arith-
metic mean of the pairwise comparisons in the questionnaire
studies were obtained during the studies:

e The ISM criterion has 4th degree superiority over the
equipment criterion. This suggests that there is an opin-
ion among mariners that the right equipment at the ship
is available through the ISM system.

e The crew criterion has 3rd degree superiority over the
equipment criterion. This is an indication of the deter-
minant role of staffing criteria following the ISM criteria
in providing the correct equipment.

e The structural criterion has 3rd degree superiority over
the equipment criterion. Due to the difficult and restricted
replacement of structural components, it increases the
equipment criterion role importance and it is more im-
portant to mariners.

e The company’s criteria has 4th degree superiority over
the equipment criterion. There is always a pressure on
the company due to the responsibility element and is re-
garded as a superior criterion for the right equipment pro-
vided by mariners.

e There seems to be no superiority between ISM and the
company. No distinction can be made as the manage-
ment company factor is one of the leading factors in the
development and implementation of the ISM.

e ISM criteria has 3rd degree superiority over the structural
criteria. As mentioned earlier, the difficulty of changing
the structural component and the determination of the
structural criteria in the ISM direction makes this crite-
rion more important.
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Table 9: The best scenario crew technical score.

Source: Authors.

Chief| 2nd | 3rd | 4th |Chief| 2nd | 3rd | 4th
el S Capt- | off | Off | Off | Off | Off | Eng. | Eng. | Eng.
Total Service Time for Current _ -
Company 50 50 50 50 50 50 50 50 50
Total Service Time for Current 50 50 50 50 50 50 50 50 50
Rank
Total Service Time for Current . =
Type of Tankers 50 50 50 50 50 50 50 50 50
Total Service Time for All Types - -
of Tankers 50 50 50 50 50 50 50 50 50
Total Service Time for the 3 -
Current Tanker 50 50 50 50 50 50 50 50 50
Total Sea Service Time 50 50 50 50 50 50 50 50 50
Education Level 4 4 4 4 4 4 4 4 4
Vessel Detentions During
Working Periods 10 10 10 10 10 10 10 10 10
578.659 | 578.659 | 578.659 | 578.659 | 578.659 | 578.659 | 578.659 578.659 578.659
675.102 | 675.102 675.102 | 675.102 | 675.102 | 675.102 | 675.102 675.102 675.102
721.111 | 721.111 721.111 | 721.111 | 721.111 | 721.111 | 721.111 721.111 721.111
691.028 | 691.028 691.028 | 691.028 | 691.028 | 691.028 | 691.028 691.028 691.028
555.654 | 555.654 | 555.654 | 555.654 | 555.654 | 555.654 | 555.654 555.654 555.654
734383 | 734.383 734.383 | 734.383 | 734.383 | 734.383 | 734.383 734.383 734.383
42.824 42.824 42.824 42.824 42.824 42.824 42.824 42.824 42.824
101.752 | 101.752 101.752 | 101.752 | 101.752 | 101.752 | 101.752 101.752 101.752
512.564 | 512.564 | 512.564 | 512.564 | 512.564 | 512.564 | 512.564 512.564 512.564
Crew Score =512.564
Table 10: Crew scoring criteria weights.
No Criteria Weight
1 | Total Service Time for Current Company 6.54
S Total Service Time for Current Rank 7.63
3 | Total Service Time for Current Type of Tankers 8.15
4 | Total Service Time for All Types of Tankers 7.81
5 Total Service Time for the Current Tanker 6.28
6 Total Sea Service Time 8.30
7 Education Level 6.05
8 | Vessel Detentions During Working Periods 5.75

Source: Authors.
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