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Abstract

In this paper, an optimal controller is designed to control the undesired roll motion of a ship under the
effect of sea waves by using active fin stabilizers. The roll dynamics is described by a single-degree-of-
freedom nonlinear model. An actuator dynamics is also included to the dynamic system. Sinusoidal and
random wave models are used to describe the wave elevation that causes disturbance moments in the
ship. A worst-case scenario is the application of the periodic wave to bring the ship resonance, whereas
the random waves are used to test the system at the smooth and moderate sea states. In designing the
controller, the energy optimal control method, which allows both the closed-loop and real-time control
of dynamic systems, is employed, and the control law is obtained analytically. The performance of the
controller, under the effect of environmental disturbances, is tested by computer simulations and the
results are compared with those from LQR controlled ship.

Keywords: Ship roll motion, Fin stabilizer, Optimal control, Roll damping.

Gemilerin Aktif Kanatla Yalpa Stabilizasyonu icin Bir Optimal Kontrolcii Tasarimi

Oz

Bu ¢alismada, dalga etkisi nedeniyle istenmeyen yalpa hareketi yapan bir geminin aktif kanat
dengeleme sistemi vasitastyla kontrolii icin bir optimal kontrolcti tasarimi yapilmistir. Tek serbestlik
derecesine sahip dogrusal olmayan bir model kullanilarak yalpa dinamigi tanimlanmistir. Ayrica,
kanatlara ait aktiiator modeli de sisteme eklenmistir. Gemiye bozucu etki yapan deniz dalgalarinin
modellenmesinde, dalga ytiksekliginin siniizoidal bir fonksiyon ve rastgele dalga modeli kullanilmasiyla
iki yaklasim benimsenmistir. Periyodik dalga ile geminin dogal frekansinda rezonansa getirilmesiyle
olabilecek en kétii durum test edilmeye ¢alisilirken, kiiciik ve orta dalgali deniz durumlarina karsilik
gelen iki ayri rastgele dalga modeli ile gercekte karsilasilabilecek durumlar test edilmeye calisiimigtir.
Kontrolcii tasariminda, dinamik sistemlerin gercek zamanli ve kapall cevrim kontroliine imkan veren
enerji optimal kontrol metodu kullanilmistir. Analitik olarak elde edilen kontrol kurali vasitasiyla,
bahsedilen bozucu etkiler altinda, kontrol performansi bilgisayar simiilasyonlari ile test edilerek
istenmeyen yalpa hareketinin azaltildigi gosterilmistir ve bir LQR kontrolcti ile kontrol edilmis geminin
yalpa hareketleriyle karsilastirilmigtir.

Anahtar Kelimeler: Gemi Yalpa Hareketi, Kanat Dengeleyici, Optimal Kontrol, Yalpa Soniimleme.

To cite this article: Arslan, M. S. (2018). Design of an Optimal Controller for the Roll Stabilization of Surface Ships with Active Fins. Journal of ETA
Maritime Science, 6(4), 291-305.
To link to this article: https://dx.doi.org/10.5505/jems.2018.50570
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1. Introduction

The ship roll motion caused by wave
disturbances might affect the passengers,
crews, equipment and cargos adversely.
In reducing the undesired roll motion of
ships, hydraulically actuated fin stabilizers
are widely used. Compared to other
roll stabilization techniques, which are
rudder roll stabilization, bilge keels, gyro-
stabilizers, and anti-rolling tanks, active fin
stabilizers have higher performance [1]-[3].
Another advantage is that they do not need
sophisticated control systems. Therefore,
the ship roll stabilization through active fin
stabilizers is a widely studied approach.

The challenges in the control of ship
roll motion have attracted the attention
of researchers. For the roll stabilization of
a ship through active fins, the design of a
classical controller and an adaptive linear
quadratic compensator are reported in [4].
In the gain scheduling adaptive controller,
which revealed a superior performance
than the classical controller, the gains of
the regulator are calculated by a multilayer
perceptron neural network. For three
different sea conditions, the reduction in
the roll motion is exhibited. This is one of
the few studies using an optimal control
method in the field, since optimal control
methods have not been widely applied in
the control of ship roll motion. Karakas et
al. designed a roll motion control system
by using the Lyapunov's direct method
[5]. The effectiveness of the controller
under the effect of beam seas was shown
in a simulation study. In [6], the designed
proportional, derivative, second derivative
controller was tuned by particle swarm
optimization algorithms. In simulations and
real-time full-scale sea trials, the control
algorithm achieved to damp the roll motion
significantly. Another method for the ship
roll stabilization is proposed in [7], where
the fin control design method is based
on an adaptive neural-network. In this
approach, the disturbance is estimated and

compensated to improve the robustness.
The simulation results show that the rolling
motion reduced for a ship under the effect of
a sinusoidal disturbance. In a recent study
[8], the uncertainties in the ship and fin
system are identified by a neural network
and an adaptive robust fin controller was
designed. Another study [9] employing an
artificial intelligence technique in the roll
stabilization reports the identification of a
fishing boat for the roll dynamics and use
of a fuzzy logic controller. In a comparative
study, it was shown that the fuzzy logic
controller handles the nonlinear effects and
the time-varying parameters better than
the PID controller does. In a recent study,
Demirel and Alar¢in have designed LMI-
based H, and H_ state-feedback controllers
for the roll reduction of a fishing boat.
The results show that both controllers are
effective in the roll stabilization and H_
controller's performance is better [10].
Another recent study discussing the roll
reduction for a trawler type fishing boat
has proposed the use of a backstepping
controller. The results indicate that the roll
stabilization by the backstepping controller
is highly satisfactory [11].

One of the difficulties in the ship roll
motion control is the transport delay due
to the hydraulic actuator system. In this
direction, a ship roll stabilization system
based on a variable structure robust control
of fins proposed in [12]. By considering
the active anti-rolling fin stabilizer as a
mismatching uncertain system, a variable
structure robust controller is designed. It is
shown that the stability of the closed loop
is not affected by the time constant of the
actuator. Another difficulty arises from the
unsteady hydrodynamic characteristics of
the fins. Perez and Goodwin [13] proposed
the use of a model predictive controller
to prevent the effects of dynamic stall
in fins. By imposing constraints on both
the mechanical angle of the fins and
the estimated effective angle of attack
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in the proposed control approach, the
performance of the roll stabilization was
improved.

Intheliterature of ship roll stabilization,
the studies mostly do not consider the
following factors all together: A realistic
time constant of fin actuator, a variable lift
coefficient,and arandom wave disturbance
with an effective amplitude. In this paper, all
these factors are taken into consideration.
In the roll motion stabilization of a ship
with active fin stabilizers, only the roll
dynamics related model of the ship is
considered, since the other motions are
irrelevant. This nonlinear model includes
the dynamics of roll, actuator system, fins,
and the environmental disturbances. As
the roll dynamics, a widely used model
is employed in this study. The actuator
model represents the first-order dynamics
of a hydraulic system, but the details
related with hydraulic components are
not included. The control force is the
roll moment generated by a fin, which
is described by the lift equation. In this
equation, the lift coefficient is a time-
varying parameter and taken as a linear
function of the angle of attack. The
environmental disturbance force is the
sea surface elevation and its effect as a roll
moment contributes to the roll equations
of motion. Two different surface elevation
models are used: i) A sinusoidal wave
model, which is used to disturb the ship in
its natural frequency, and ii) random wave
models, which represent stochastic waves.

The control method wused in this
research was developed by Fukushima [14].
This method proposes the optimal control
of mechanical systems by employing
the energy balance of the system. The
flexibility of determining the performance
criterion enables the criteria function to
be of any form. The criteria function to be
minimized includes the energy equation
and the control-performance, which are
not necessarily to be in quadratic form

as in the classical optimal control theory.
After applying the necessary minimization
condition, the control law is obtained.
Then, the control can be performed by
interconnecting the plant with the optimal
control law in a closed-loop system. This
method allows that the control law is
obtained analytically and the system can
be controlled in real-time [15].

Using this control method for the
roll stabilization, an optimal control
law has been obtained without solving
the nonlinear differential equations.
The terms coming from the chosen
performance indices appear in the control
law and play a major role. On the other
hand, the terms coming from the equation
of motion are only the damping terms and
they contribute to the stability. By the
application of this control law, behavior
of the controlled ship is investigated for
three case studies, where the ship exposes
to the disturbances of a periodic wave and
random sea waves for two different sea
states.

To compare the results obtained
by the application of the proposed
controller with a classical controller, an
LQR controller is designed and the same
scenarios are tested by the application of
this optimal controller. Even though both
controllers are optimal, which is favorable
for a fair comparison, the design of the
latter controller requires a linearized
model. Since it is more realistic to use
the lift coefficient as a function of time,
the system is modelled as a time-varying
linear system.

Theremainder ofthis paperis organized
as follows: In Section 2, the mathematical
models of the ship, fins and actuator are
described. In Section 3, the applied control
method is briefly introduced and the
designs of this proposed controller and
LQR controller are presented. The results
of simulations are given in Section 4.
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2. Mathematical Model of the System
2.1. Ship Roll Motion

In this section, the mathematical model
of nonlinear roll motion is described. In
practice, instead of full 6-DOF ship model,
a 4-DOF or a 1-DOF model can be used.
In this work, the 1-DOF nonlinear model
is employed, since the aim is to stabilize
only the roll motion. General roll motion
equation for a ship, which is under the
excitation of wave disturbance, is given by
[16] and [17]:

(i + 8L )d + B(, ¢) )
+VGZ(P) =T,

where ¢ is the roll angle, I is the mass
moment of inertia, 61xx is the added mass
moment of inertia, V is the displacement
volume, GZ is the righting arm, and T, is the
environmental disturbance forces, which is
described in Section 2.3.

If the fin roll moment is expressed as
follows [18]:

Tr =2K, a, (2)
1 2
Ky = EPV ApCiLp a, sgn(Cy) (3)

@, =am+§Lp (4)

and the damping and restoring forces are
selected as discussed in [18], Equation (1)
can be rewritten as follows:

la§ +Kp &+ Kpip B|6| +Kp ¢ (5
= Te + Tf

where;

Iy = L.y + 61,

K(p = Id &Jé

In Equations (2)-(5), p is the density of
fluid, V is the relative speed between fins
and the flow, A, is the surface area of the
fins, C,is the lift coefficient of the fins, L,is
the moment arm of fins, a_ s the
mechanical angle of the fins (control input),
GM is the metacentric height, Kp and Kplpl
are the hydrodynamic coefficients, and
w, is the natural frequency of the motion.
The values of these parameters used in
the simulations are given in Table 1. For
further details about the model, the reader
can be referred to [18] and [19].

2.2. Control Force

The roll moment generated by any
fin is given in Equation (2). The relative
speed, V, can be assumed to be equal to the
forward speed of the ship, U. In Equation
(4), the addition of the terms on the right-
hand side of the equality represents the
effective angle of attack, a,, between the
fin and the fluid velocity. Note that the
effect of random disturbance due to the
waves on the angle of attack is neglected
in this study.

In modelling the roll moment by
fins, one of the parameters that raises
difficulty in control is the lift coefficient.
This parameter actually occurs as a time-
varying parameter in the plant model.
The variation of €, with respect to a,
can be seen in the plot of steady-flow
characteristic of the lift in Figure 1. This
study takes into account only the steady-
characteristic of the fins. At the stall angle,
a,., »a flow separation develops and the
lift force starts to decrease. From this
angle, the behavior of the C,is nonlinear.
In the design of controller, up to as,,, the
relation between C, and «, can be accepted
as linear and be approximated as:

Y
" da, s

Cy (6)

=0
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Figure 1. Steady Free-stream Lift Characteristic of the Fin

Hence, the following model is employed

in the simulations:
C = CLmax
= — %

(7

amax ¢
where the values of parameters are given in
Table 1.

In high sea states, large mechanical
angles, in where nonlinear effects due
to unsteady hydrodynamics of the fins
arise, are demanded by the controller. To
prevent the deteriorating effects of the fins,
that causes dynamic stall, the fins can be
operated in a range up to the stall angle. We
assume in this study that the stall angle is
fixed for all the forward speeds of the ship.

Another important element in the
controlled system is the model of the
actuator. The actuation of the fin stabilizers
are generally provided by electro-hydraulic
system. Use of such a system poses challenge
in the roll stabilization due to the lagged
response of the fins. Demanding less time
delays requires a more powerful machinery,
which affects the cost and volume of the
actuation system [12]. It is obvious that the
time delay cannot be ignored or be taken
an arbitrarily small value. Thus, neglecting
the effect of the actuator in the design of
controller degrades the performance of
the closed-loop system, so the stabilization
may not be possible, and it may even cause
instability.

Control of the fins are constrained by
the characteristics of this hydraulic system.
These constraints appear as the magnitude
saturation, which is the maximum a, the
slew rate saturation, which is the maximum
rate of a., and the time delay, which is the
delay between the commanded control
input, a, and the actual mechanical angle
of the fin [20]. The model of the actuation
system can be simplified by the following
first-order linear system [21]:

T, & + a,y, = Ky e (8)

where T is the time constant of the actuator
and K is the gain of the control input.

2.3. Sea Wave Disturbance Model

In modeling the sea wave disturbance,
two different models are employed:
Periodic and random (irregular) wave
models. The proposed controller can be
tested by applying the periodic disturbance
excitation in the natural frequency of the
ship. Since ocean waves are random, the
stochastic model serves for testing the roll
stabilization realistically.

In the first model, we consider that
the ship is under the excitation of regular
sinusoidal waves with no phase lag [16]:

Ty = W ALy cOS(W,t) (9)

where w, is the frequency of encounter, and
a_ is the maximum wave steepness.

To describe the waves in random seas
mathematically, a stochastic modeling
approach is used. In that approach, the
random wave elevation can be written as
[22]:

nx,y,t)
5 r mz
= ZZai{cos(?‘(;\: cos(8;) (10)

j==5i=0

+ysin(6;)) —w;t +€;;)}

where x and y are the position coordinates,
g is the acceleration of gravity, 6 is the
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directional angle, and € is the phase, which
takes random values between m and -m. In
Equation (10), a,can be given as follows:

a; = /2 S(w;)Aw; A6;f(6) (11)

where Aw=w-w,, and A§=0-0_,. The
last term in Equation (11) describes the
directional spreading of waves [23]:

2 20 T
f(B): ;COS ( ) 9<§

0 otherwise

(12)

To describe the wave spectral density
function in Equation (11),

S(w)=AwSeBe™" (13)

is used. Here, w is the frequency of the
waves. According to the recommendation of
ITTC for the Modified Pierson-Moskowitz
family, the parameters A and B can be taken
as

173 HY /5 691
=——1B. =— 14
A T B T (14)
where H_ . is the significant wave height

1/3
and T, is the average wave period [18].

3. Controller Design
3.1. Energy Optimal Controller

The purpose of the control in this
study is to generate the corrective roll
moment through the controlled fins in
order to stabilize the roll motion. Two
symmetrically placed hydrofoils are used as
the fin roll stabilizer. Hence, the objective is
to find an optimal control law, @ , so that the
controlled fin would stabilize the ship.

In this paper, an energy optimal
controller is designed to control the roll
motion of the ship. The reader is referred
to [15] for the explanation of the method
and [24]-[27] for its applications. In this
method, optimal control of mechanical
systems is sought by employing the energy
balance of the system. To compose the

criteria function to be minimized, two main
indices are required: The power equation
of the system and the control performance
function. As in the feedback control, the
control can be done by interconnecting
the plant with the optimal control law in a
closed-loop system.

In the design of energy optimal
controller, the first step is to determine
an energy equality, which is formulated
as the power equation, in the system
and performance indices. Then, a scalar
function is constituted to represent the
criteria function. The scalar function to be
minimized includes the main characteristics
of the roll dynamics through the power
equation. The equation describing the
power equality is obtained by multiplying
the both sides of the roll moment equation,
(5), by the roll rate. Since we are interested
in only the stabilization of the roll motion,
instead of the total power equation of the
whole system, the following power equality
without the input power, which will appear
as a performance index, is calculated:

P=—(la¢d+K ¢
+ Kyp) 92 || + Ky ¢ @)

Note that Equation (15) does not hold
the wave disturbance. Hence, the first
performance index, which includes P, can
be described as

(15)

Ji= lePdt, (16)
where R, is a weighting factor. The reason
for excluding input power from P is to
prevent reappearance of the input power
delivered to actuators, which can be written
as another performance index as follows:

Jo= R, f Tr ¢ dt, (17)

where R, is a weighting factor. By
considering the roll stabilization objective,
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the control performance to be minimized
can be determined. One of the selected
measures is the error function of angular
position, which represents the deviation of
the actual roll angle of the system from the
desired one, (038

13=J(¢-¢>d)2dr.

In the design of the proposed controller,
the reduction of the roll acceleration is
considered as a direct control objective,
since it is important for the ship
performance. This issue is stated in [24]:
“Lateral accelerations caused by roll-
reducing devices may be more harmful to
human performance than some greater
amount of roll”. The performance index
for the minimum roll acceleration can be
defined as:

(18)

o= Rs (&)’ e (19)

where did is the desired roll acceleration.
Simply, the performance measure of
the AUV is written as J=/ +/,+/,+],. As
described in [15], a scalar function L can be
defined and it is written that J =fL dt. Thus,
L can be written as the time derivative of J:

L= RP+R,Tr ¢

21 ¢ (20)
+( — da)? + Rs(d — da)” .

The function L is minimized by applying
the integrated Euler equation [15]:

alL alL d [dL
Shge T BN 21
fa¢dt a¢5+dt(6(jj) 0. (21

Finally, the resulting control law for the
stabilization of roll motion is obtained:

ac = (~U¢? —Ry Ud? —
4R, LK, b — 2R, K, U —

ad (22)
3R1Kp|p| o|d]) /(2R K, U)

where ¢, and <i5d are set to zero. Note
that, in Equation (22), since the roll rate
term appears together with the roll angle,
deviation of actual roll rate from a desired
one, which is typically selected as zero,
is not needed as a performance index. It
is understood that the last term in the
numerator comes from the damping term
in Equation (5) and contributes to the
stability of the controlled system.

3.2. Linear Quadratic Regulator

To show the effectiveness of the
proposed controller in a comparative study,
a classical controller is also designed. We
select the state-feedback LQR considering
that it is as an optimal controller suitable
for a fair comparison. Since the LQR method
is well known in the literature, derivation of
the controller is not repeated here.

The nonlinear system can be linearized
as follows:

() + Ky ¢(0) +Kp d() (53
=Te(t) + T (D).

By representing the
system in the state-space form

x(t) = A(t)x(t) + B(H)u(t)

where the state vector x(t)=[¢(t) (f)(t)]Tand
the control vector u(t)=[a, ]; the system
matrix, A(t), and the input matrix, B(t), can
be defined as:

time-varying

(24)

0 1
- UAC, (L% (25
A(t) " _Kp+p rCL(OLE|(25)
Id
0
B(t) = |PU?ArCL(DLk|. (26)
Iq

Note that, in (25) and (26), the lift
coefficient is a time-varying parameter. If
the quadratic cost function is written as
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follows:

1= [ @ wexe )
0

+u” (H)Ru(t)) dt

with the weighting matrices

_[91n O
Q - [ 0 qz2 (28)

R=[nl

Then, the full state-feedback control
law, wu(t)=-K(t)x(t), minimizing the
cost function, (27), can be calculated by
solving the Algebraic Riccati Equation.
The resulting control law is calculated as

K(t) = [k (t) k(D)) (29)

where the gains are calculated for
each case at each time step online. The
coefficients appearing in (28) are given
in Table 2.

4. Simulation Results

In order to verify the feasibility of
the optimal controller in the controlled
system, simulation of disturbed ship
condition is implemented. In the three
case studies, the vessel used in the
simulations is a 360 ton patrol navy
vessel, which is based on the benchmark
model given in [18]. The simulation
parameters of the controlled system
and the coefficients of the controllers
are given in Table 1 and Table 2,
respectively. In Table 3, the parameters
used in the models of waves are given. It
isimportant to note that, the parameters
of the energy optimal controller is kept
fixed, whereas those of LQR controller
are recalculated at each time step, in all
case studies.

Table 1. Parameters of the Ship

a

Parameter Value
A, (m?) 34
K, (kg - m?/s) 0,5x10°
K, (kgm?) 0,416x10°
GM (m) 1
I +61  (kgm?) 4.100.300
L, (m) 4,22
U (m/s) 7,717
V (m?) 355,88
p (kg/m?) 1.025
Cran 1,33
a,  (deg) 28,8
a,..(deg/s) 25
K, 1
T 0,366

Table 2. Parameters of the Controller

Parameter Value
R, -11,644
R, 1
R, 1x107
dy, 1x10°®
q,, 1x108

1

Table 3. Parameters of the Wave Models

Parameter Value
a, (rad) 0,125
g (m/s?) 9,81
x (m) 0
y (m) 0
T,(s) 2m
H, . (seastate 2) (m) 0.3
H, .(seastate 4) (m) 2
s 100
r 100
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In the first case study, for the purpose
of examining the worst case scenario, the
ship is excited by the sinusoidal wave, (9),
with a frequency that is equal to the natural
frequency ofthe ship, W, Theresponse of
the ship, the control input as the mechanical
angle of the fins, a., and the wave elevation,
n , as the disturbance input are shown

in Fig. 2. At such severe situation, the roll
angle of the controlled ship takes values
between *2 degrees, whereas it is between
+33 degrees in the uncontrolled ship.

To evaluate the performance of the
stabilizer, one of the commonly used
statistical index is the percentage reduction
of statistics of roll and is defined as [18]:

40 T

ﬂ {\f 'Iﬂ

20 |

EOC

Roll angle [deg]
o

LQR J
No Cont.

| 100 150

40 T

20 | i

EOC -
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(=]

LQR
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100 ' 150
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(=]
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0 50

100 150

1 [m]
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Figure 2. Time Histories of (1st, from top) Roll Angle, (2nd) Roll Acceleration, (3rd) Control Command,
and (4th) Sea Surface Elevation for the Periodic Disturbance Input
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P————— stabilized and unstabilized, respectively,
SR'= 100 _i) (B0)  and s mostly selected as variance or root

where the subscripts s and u stand for mean  square of roll motion evaluated

Roll angle [deg]
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Figure 3. Time Histories of (1st, from top) Roll Angle, (2nd) Roll Acceleration, (3rd) Control Command,
and (4th) Sea Surface Elevation for the Random Disturbance Input, in the Sea State 2
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for a particular sea state. In this study,
root mean square of the roll is selected.

The RSR values in the roll angle and
roll acceleration motion are calculated by
using the values of the corresponding time
histories shown in Fig.2. The reductions in

the roll angle and roll acceleration by the
application of the energy optimal control
(EOC) are calculated as 93,82% and 93,9%,
respectively, whereas the values regarding
the LQR controlled ship are 91,27% and
85,62%, respectively.
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gof | | | | \-
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Figure 4. Time Histories of (1st, from top) Roll Angle, (2nd) Roll Acceleration, (3rd) Control Command,
and (4th) Sea Surface Elevation for the Random Disturbance Input, in the Sea State 4

301



© UCTEA The Chamber of Marine Engineers

Journal of ETA Maritime Science

As seen in Figure 2, the stabilization
performance of the EOC is better than that
of the LQR control. Especially, the variations
in the accelerations indicate that the EOC
outperforms the LQR.

As the second and third case studies,
behavior of the controlled ship under the
effect of random sea waves is investigated
for two different scenarios. The random sea
waves are described by the ITTC spectrum.
In the second case, the wave heightis 0,3 m
and the sea state is 2 (smooth). In the last
case, the wave heightis 2 m and the sea state
is 4 (moderate). A magnitude constraint for
the mechanical angle of the fins is imposed
as 28,8 deg and the maximum rate is of
25 deg/s, without any constraint on the
effective angle of attack.

The first two plots of Fig. 3 show the roll
angle and roll acceleration in the controlled
and uncontrolled ships. Regarding the EOC
applied ship, the reductions in the roll
angle and roll accelerations are 90,66%
and 89,36%, respectively, whereas they
are 55,96% and 46,17%, respectively, in
the LQR controlled ship. The third and
fourth plots show the control input to the
hydraulic actuators and the environmental
disturbance as the wave elevation,
respectively.

The last case study is chosen to show the
response of the ship in the moderate sea
condition. The performance in stabilizing
the ship appears as very satisfying as seen
in Figure 4. In this case, the RSR values are
89,65% and 85,83% for the roll angle and
the roll acceleration, respectively, in the EOC
applied ship. In the LQR controlled ship,
they are 81,50% and 64,53%, respectively.

Instead of exhibiting all simulation
results for different sea states, only the
RSR values can be used to indicate the
effectiveness of the proposed controller.
The RSR values of the roll angle and the
roll acceleration of the EOC and LQR
applied ships under the effect of random
waves are shown in Figure 5. As the wave

100

e o

S

RSR [%]
3 £
\f
i |
|
[

= | —#— Roll angle - EOC
> —&— Roll angle - LGR
T =-§-= Roll acceleration - EOC | |
4~ Rell acceteration - LOR

40 .

2 3 4 5
Sea State

Figure 5. RSR Values of the Roll Angle and the Roll

Acceleration in the EOC and LQR Applied Ships under

the Effect of Random Waves for Different Sea States

elevation increases, an expected decrease
in the stabilization performance of the
proposed control system can be seen.
However, up to sea state 5, the performance
of the proposed controller can be accepted
as highly satisfying. In real engineering
problems, since the conditions over sea
state 5 are mostly considered as severe
cases [29], higher sea states are not studied
in this work.

100 |
¥ ¥
v v
80
g
x 60
@
Sea state 2|
40 —#— Sea state 3
&~ Sea slate 4
—§— Sea stale 5
20 ! 5 . !
5 10 15 20 25

Ship Speed [m/s]
Figure 6. RSR Values of the Roll Angle in the EOC Applied
Ship under the Effect of Random Waves at Different
Forward Speeds of the Ship for Different Sea States

Another issue regarding the
performance of the proposed controller
at different ship forward speeds can be
mentioned. The RSR values of the roll angle
in the EOC applied ship with the speeds
ranging from 10 knots to 50 knots in the
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sea states ranging from 2 to 5 are shown
in Figure 6. Since the stabilizing torque
generated by the fins depends on the
velocity of the ship, at relatively low
speeds, up to 10 m/s, and in high sea
states, such as 4 and higher, the reduction
in the roll motion is not significant. In the
sea states 2 (smooth) and 3 (slight), the
roll stabilization performance is highly
satisfying even at low speeds. The RSR
values of the roll acceleration are not
given since they are very similar to those
of roll angles.

5. Conclusion

An optimal controller to reduce the
undesired roll motion of a ship with
active fin stabilizers has been developed
in this study. First, the roll dynamics as a
one-degree-of-freedom nonlinear model
has been presented, and then, a first-
order actuator dynamics to represent the
fin actuators has been given. The control
force has been described as the moment
generated by the lift, whose formulation
includes the lift coefficient as a time-
varying parameter. Thus, we were able
to obtain realistic results. In the sequel,
two different wave models, that cause
disturbance moments in the ship, have
been presented. They are the sinusoidal
and random wave models that formulate
the sea wave elevation. By disturbing the
ship atits natural frequency, its resonance
behavior has been tested by the periodic
wave. On the other hand, the model of
random waves generated by a stochastic
model, which is used to test the real-life
situations, has been presented.

Two sets of parameters describing
smooth and moderate sea states have
been used in the random wave model.
By employing the energy optimal control
method that allows both the closed-
loop and real-time control of dynamic
systems the controller has been obtained
analytically. The performance of the

controller, under the effect of disturbance
inputs, has been tested through computer
simulations.

To show the effectiveness of the
proposed controller in a comparative
study, the simulation results obtained
by the application of the designed LQR
controller have been presented. In the
linearized model, the dynamics related
with the variation of the lift coefficient is
included by defining the system as time-
varying. By having this dynamics in the
control system, the results have become
significant from the roll stabilization
point of view. Studies with constant lift
coefficient, which are not discussed in
this work, had shown that time-invariant
LQR controller cannot stabilize the ship.

In the case studies, it has shown that
the proposed controller outperforms
the LQR controller. Besides the better
performance in the reduction of the roll
angle, reduction of the roll acceleration
is also remarkable in the proposed
controller. The higher frequencies in the
roll acceleration responses of the LQR
controlled ship have indicated that such
frequencies can be harmful to human
performance, although the reduction in
the roll angle might be acceptable. On
the other hand, due to recalculation of
the control gains of the LQR controller at
each time step online, the computational
cost has been too high compared to that
of the proposed controller. The results
have showed that the optimal controller
achieves roll reduction satisfactorily.

In this study, the transport delay
imposed by the hydraulic actuator system
hasbeen takeninto consideration through
the first-order actuator model. However,
different values of transport delay are
not discussed. The robustness of the
proposed controller to the uncertainty
due to time delay is considered as a
future work.
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Abstract

The International Maritime Organization, the European Union Council and the US government force
ship owners to take necessary measures through international conventions and national legislation to
minimize ship-based emissions which damage to the environment and has reached a serious level. Thus,
ship operators began to turn towards alternative technologies and fuels that reduce emissions to ensure
the maritime trade smoothly. On the other hand, some port operators has started to supply alternative
maritime power (AMP) which is electricity from city grid line to the ships at the berth. It is a fact that
AMP is one of the best emission reduction alternative technologies for ships during berthing period.
This kind of ports providing AMP will be compulsory choice for many ship operators who still use fossil
fuel-powered engines in their ships and cannot meet the emission limit requirements at ports, also these
ports will contribute to the environmental protection.

In this study, AMP application will be examined for the Ege Ports in Kusadasi. Purpose of the study is to
calculate the amount of emissions and external costs and to compare with marine gas oil (MGO) when
the AMP system is applied to a port. According to comparison of AMP technology with MGO (0.1%S);
total air pollutant is reduced by 94% via decreasing SO2 23%, NOx 97%, PM 88%, CO 99%, VOC 64%. On
the other hand, it is estimated that total released greenhouse gases are minimized by 41% via decreasing
CO2 41%, N20 85% and CH4 81%. Finally, total emission reduction was about 43%. The economic and
environmental benefits to the port hinterland and its country has been estimated by finding external
cost. Total externality cost of MGO for human health, ecosystem quality and climate change was found
as about Euro 3 million while Euro 0,4 million occured from AMP,

Keywords: Cruise Port, Emission Reduction, Alternative Technology, AMP.

Kruvaziyer Limanina Alternatif Gii¢ Kaynagi (AMP)'nin Uygulanmasi

Oz

Uluslararasi Denizcilik Orgiitii (IMO), Avrupa Birligi Konseyi ve ABD hiikiimeti, gemi sahiplerine cevreye
zarar veren ve ciddi bir diizeye ulasan emisyonlari en aza indirgemek icin uluslararasi sézlesmeler ve
ulusal mevzuat ile gerekli énlemleri almaya zorlamaktadir. Boylece gemi sahipleri ve gemi isletmecileri,
deniz ticaretini sorunsuz bir sekilde saglamak icin emisyonlar: azaltan alternatif teknolojilere ve
yakitlara yénelmislerdir. Ote yandan, bazi liman isletmecileri, sehir sebekesi hattindan rithtimdaki
This paper was presented at 23rd International Conference on Researches in Science and Technology (ICRST), 12-13 Oct 2017, Dubai and only abstract will be published.
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gemilere ve diger bircok hizmete alternatif olan alternatif deniz giicti (AMP) saglamaya basladilar.
AMP'nin yanasma safhasinda gemiler igin en iyi emisyon azaltma alternatif teknolojilerinden biri
oldugu bir gergektir. AMP alternatifi sunun bu tip limanlar, gemilerinde fosil yakitla ¢alisan motorlari
kullanan ve limanlardaki emisyon sinirlama gereksinimlerini karsilayamayan bircok gemi operatorii
i¢in zorunlu bir se¢im olacaktir. Ayrica bu limanlar da ¢evre korumaya katkida bulunacaktir.

Bu calismada, Kusadasi'ndaki Ege Limanlari i¢in rihtimdaki gemiler icin emisyon azaltict teknoloji
olarak AMP uygulamasi incelenecektir. Calismanin amaci, AMP sistemi bir limana uygulandiginda
emisyon ve dis maliyetlerin miktarini hesaplamak ve deniz yakiti (MGO) karsilastirmaktir. AMP
teknolojisinin MGO ile karsilastirilmasina gore (% 0,1 S); Toplam hava kirliligi% 94 azalirken SO2% 23,
NOx% 97, PM% 88, CO% 99, VOC% 64 azaltilmistir. Ote yandan, toplam salinan sera gazlarinin% 41
azalarak C02% 41, N20% 85 ve CH4% 81 oraninda azaldigi tahmin edilmektedir. Son olarak, toplam
emisyon azaltimi yaklasik% 43 olmustur. Ayrica liman i¢ bélgelerine ve iilkesine ekonomik ve cevresel
faydalar, maliyet dist maliyetler kullanilarak tahmin edilmistir. MGO'nun insan sagligi, ekosistem
kalitesi ve iklim degisikligi icin toplam dissallik maliyeti yaklasik 3 milyon Euro, AMP'den 0,4 milyon

Euro olarak gerceklesmistir.

Anahtar Kelimeler: Kruvaziyer Limani, Emisyon Azaltimi, Alternatif Teknoloji, AMP.

1. Introduction

Shipsatberth need electricity for routine
operations such as communications,
lighting, heating or cooling, ventilation,
and using onboard devices. This electricity
is produced generally from generators
(auxiliary engines) by the combustion of
marine fuels. Required electricity power
depends on the ship’s type, size, and
berthing time. Especially the cruise ship
needs a considerable amount of electricity
at berth because of its hotel concept
which suggest that all rooms in every deck
should be heated or cooled immediately
after each client’s order. It means giant air
conditioners always have to work. For this
reason, cruise ships cause much emission
than other ships while staying at the port.
During the berthing period, the ship turns
off the main engine but she has to sustain
runing its auxiliary engines and boilers
to produce electricity. Unfortunately,
combustion of marine fuel causes air
emissions which damage the environment,
air quality, human health, and cultural
heritage. Thus, cruise ports can be called
“bad neighbors” in terms of air quality and
human health [1].

Because of increasing air pollution
from ships worldwide, major actors (as

International Maritime Organization (IMO),
the European Union Council and the US
government) in maritime sector have taken
some measures through international
conventions and national legislations to
minimize and limit ship-based emissions.
Therefore, ships have to use clean fuel or
technology in order to continue marine
trade. Many options for emission reduction
target are offered to ship owners or port
operators such as cleaner fuel, water-
based fuel treatment, or clean engine after
combustion treatment while the ship is at
berthing mode. Also one of the emission
reduction alternatives for ships is using
alternative maritime power (AMP), which
means having electricity from the national
grid in place of producing it by ship auxiliary
engines.

Hence, AMP is a beneficial solution for
cruise ports to considerably reduce ship-
caused emissions. Ege Ports is one of the
most important ports in Turkey for cruise
tourism. Clean and beautiful sandbanks
with many historical places in Kusadasi
attract the tourists and this port has been
preferred by the cruise ship operators. As a
result, it was estimated that the amount of
emissions (SOZ, NO, PM, CO, VOC, COZ' N.O,
CH,) was roughly 13,000 tons from the 506
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ships that visited Kusadasi port in 2015,
[2]. We analyzed how effective this solution
is to reduce ship-based emissions at this
cruise port.

1.1. Literature Review

Chang and Wang (2012), who studied
on Kaohsiung port, have deduced that if
AMP were used instead of fuel at berth
period, CO, and Particulate Matter (PM)
emissions could be reduced by 57% and
39%, respectively [3].

Andria et al. (2013) found that using
AMP could reduce ship-based emissions at
berth 94% for NO_ 42% for CO, and 90%
for PM emissions [4]

Ballini (2013) calculated emissions
amount for the Port of Copenhagen. The
total SO, NO_ PM emissions from the 70
cruise vessels (308 calls) in the summer
season of 2012 were approximately 9 tons,
408 tons, 4 tons respectively. If all the ships
used AMP instead of MGO, the difference of
emissions of SO,, NO_ PM and CO, release
would be less than 65%, 98%, 0%, 34%
respectively, and also the differences of
external costs would be same rates [5].

According to Zis et al. (2014), the
provision of AMP for ships at berth can
lead to reductions of CO, SO, NO_and BC
emissions. The rate ofreductlon is 48 70%,
3-60%, 40-60%, and 57-70% respectively
[6].

Yustiano (2014) analyzed the Port of
Tanjung Perak. As a result, the total amount
of emission from passenger vessels were
4,785 tons, which included 122.27 tons
(NO,), 37.83 tons (SO,), 2.6 tons (PM10),
2.1 tons (PM 2.5), 9.7 tons (CO), 4,601
tons (COZ), 3.5 Ton (HC), 7 tons (VOC).
The externality cost of the total amount of
passenger ship emissions was $ 700,465
[7].

The result of study of Tseng and
Pilcher (2015) is that if the 60% of the
total visiting ships at the Kaohsiung Port
used the AMP, reduction of NO_ and Co,

emissions would be 428 ton/y, 25,391
ton/y respectively and reduction of NO,
environmental cost 2,136,148 (US$/year),
of CO, environmental cost 660,166 (US$/
year) [8].

According to Environ Final Report
(2015), the emissions reduction of HC, CO,
NO, PM and SO_ are respectively about
76%,61%,80%,79% and 80% for the Port
of San Francisco for cruise ships [9].

1.2. Alternative Maritime Power
Ships can shutdown the auxiliary engine

at berths and use the required power

from national grid to reduce air emissions
for meeting EU and IMO sulphur limits.

This technology is known as ‘alternative

maritime power’, ‘cold ironing’, ‘shore-side

power’, ‘high-voltage shore connections

(HVSC) [10]. AMP technology has been

used for a long time in the military fields

so it is not a new technology. Nowadays it
is very popular because of new regulations

regarding emission from ships [1].

Pros and cons:

e AMP can decrease S0, NO_, PM, CO, VOC,
€O, N,O, CH, emissions considerably.
Their amounts depend on sources of
electricity power.

e This system eliminates noise and
vibration from ships at the port area.

e Because of less emissions and noise,
AMP affect air quality and human health
positively [1].

e Itrequires a high capital cost.

e There is no standardized voltage,
frequency and electric demands. Ships
use different voltages (6.6 kV or 11.0
kV) and ports in the world use different
frequencies (50 or 60 Hz).

e AMP only affects emissions amount
while at berth not at voyage.

e Power requirements are various by
ships type

e AMP needs spaces for on-board
transformer. It may affect the weight
restrictions of the ship [12].
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Figure 2. Alternative maritime power system [10]

Figure 1 summarizes the benefits and
effects of AMP to air quality, citizens’ health,
and clean environment.

AMP system consists of three basic
components:

1. Shore-side electrical system and
infrastructure; a land-based power
source, substation, transmission
system, conduits, shore-side electrical
vault, connectors and other components
supply electricity to ship at berth.

2. Cable management system; in which
cables, reel and connectors carry shore-
side electric power to the ship.

3. Ship-side electrical system; retrofit of
onboard electrical system is required
for existing ship while the required
system can be added when new ships
are built. The ship using AMP needs a
socket, transformer and distribution
system [12].

N
AN

happy

Gain aesthetic credit citizen

Cable Reel System

ENTEC has summarized the above-
mentioned system comprehensively as
seen Figure 2;

According to Figure 2, positions mean
that;

1. The system needs a link to the national
grid for carrying 20-100 kV power from
a local substation.

2. Cables conduct the 6-20kV power that is
converted in the substation to the port
terminal.

3. Poweris converted to 50 or 60 Hz which
is required for ships

4. Electricity is distributed to the terminal.

5. The cable reel tower that is built on
the berth with a cable reel, davit and
frame can be used to prevent handling
of high voltage cables. The davit and
frame would be used to raise and lower
the cables to the vessel by electro-
mechanically powered and controlled.
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6. The ship needs a socket for connecting
cable.

7. The ship needs an onboard transformer
for transforming the high voltage
electricity to 400 V.

8. The electricity is then distributed
around the ship, and the auxiliary
engines are switched off [10].

2. Material and Methods
2.1. Case Study and Data

Ege Ports is located in Aegean Sea,
western Turkey and is also a substantial
cruise port for both Turkey and East
Mediterranean Region.

Cruise ship operators prefer to visit this
portbecause of the city’slocation, historical
importance and beautiful coast, especially
in the summer season. Table 1 summarized
that how many ships and passengers have
visited to 3 most important cruise ports
in Turkey for last three years. Number
of cruise ships reduced dramatically in
2016 in Turkey, especially in Istanbul.
The security issue is the main reason of
that. Hence, many cruise operators have
removed Turkey’s cruise ports from their
port call list, especially after some terror
attack in Istanbul. On the other hand,
such adverse events have not impressed
Kusadas1 Ege Ports as much as the other
Turkish ports. Factors that make Kusadasi
so attractive for tourists are historical and
sacred places such as Ephesus, Artemis
Temple, Virgin Mary's House, St John's
Basilica, Priene, Miletus, Didim, Claros,
as well as the region’s soft climate, virgin
beaches, transparent seas and natural
beauties. In addition, cruise operators
prefer this city because of its high standard
port with its infrastructure and service
concept [14,15]. According to survey
reports, especially American, British,
Canadian, German, Spanish, French, Italian,
Greek, South Korean and Dutch prefer to
travel to this city [16].

In this study, ships visited Ege Ports

Table 1. The Number of Ships and Passengers of
Turkey’s Most Important Cruise Ports [13]

Cruise Year 2014 2015 2016

Port
Number of | 448 506 271
ships

Kusadasi
Number of | 556,745 | 567,315 | 349,781
passengers
Number of | 317 345 56

) ships

Istanbul
Number of | 518,935 | 595,880 | 43,543
passengers
Number of | 124 114 24
ships

[zmir Number of | 257,233 | 241,716 | 27,619
passengers

Table 2. Information of ships berthing to Kusadasi
Port between April and September 2015

Ship Information

Total number of 62
different ships
Total number of 385 (76%)
berthing
Total berthing 4,190 hours
hours
Average berthing 10.8 hours
hours
Dimension
Max Min Average
GRT 125,366 | 1,206 | 45,094
Passenger capacity | 3,782 49 1,268

between April and September (summer
season) in 2015 are analyzed as seen in
Table 2. The average number of ships
arriving in the summer is 76% of the total
number of ships. The data about ships
information regarding berthing time and
GT were taken from the website of Kusadasi
District Governorship, other information
about ships and passenger capacity were
taken from the website of marinetraffic.
com and from their operators' websites
[17,18].
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2.2. Estimation of Fuel Consumption
Simonsen (2014) calculated the amount
of fuel consumption of cruise ships to
produce electric energy at berth. This fuel
consumption was measured from cruise
ships which visited Skagwey berth in 2008
and proportioned the number of passenger
on board. By this rate, Simonsen found ‘K’
constant that states diesel oil consumption
per passenger per GT per hour [19].
Formula;

FCui= GT*k*Pa*ty*0.84 (D
FCu=Y, FChi (2)

FC,: fuel consumption at berth (kg)

GT: Gross Tonnage (GT)

t,;: 1. voyage’s berthing time (hr)

k: 0.0000106 (diesel oil consumption per
passenger per GT per hour)
(It/Pa*GT*hr)

Pa: number of passenger

i: voyage number

n: number of voyage

*11t DO = 0.84 kg DO

2.3. Estimation of Required Electric
Energy

After the calculation of fuel consumption
by means of above formulas, required
electric energy can be estimated with
the assumption of ENTEC. Specific Fuel
Consumption of Auxiliary Engine (SFC,,);
[10]

MCR,.> 800 kW — 220 g/kWh

MCR,,<800 kW - 230 g/kWh

Cruise ships’ auxiliary engine power
is more than 800 kW in general so it is
assumed that;

220 g MGO =1 kWh 3)

2.4. Estimation of Emission Amount

The emission factor varies by fuel type,
ship type, engine type and phase of cruising,
maneuvering and berthing. According to
EU Directive 2005/33/EC, the ships that
approach to EU ports are required to use
only marine fuel with a sulphur content

not exceeding 0.1% by mass. This provision
entered into force on 1 January 2010 with
some exemptions in which the 0.1% sulphur
cap if ships are berthed less than two hours.
Therefore, as the emission factors, as shown
in Table 3, emission factors of MGO fuel
by 0.1% sulphur were used in this study.
Table 3 presents average values of selected
emission factors which also acquired from
four different studies [20].

These emission factors in Table 4 were
calculated by using data from Table 5-6.
Table 5 indicates emission factors (g/kWh)
that are caused by fuel type which are
used for generating electricity by Argonne
National Laboratory in 2012 for the US
Department of Energy. 73,146.8 MW total
installed power was produced in Turkey
in 2015 by fuel type of which the rates are
shown in Table 6. According to the rate of
fuel type in 2015 and emission factors of
these fuel types, average emission factors
for 2015 were calculated as shown in Table
4.

2.5. Estimation of External Cost of Ship
Emission

Emission effects are causing expenditure
to countries affected by ship emissions. “A
New Environmental Accounting Framework
Using Externality Data and Input - Output
Tools for Policy Analysis” (EXIOPOL) that
was built up by European Union (EU) aims
to define theoretical-mathematical concepts
of linking environmental extensions (EE)
to the framework Supply-and Use-Tables
(SUT) for 43 countries (including Turkey)
[23]. Table 7 shows that external cost
of human health, ecosystem quality and
climate change external for transport for
Turkey.

Calculated emission from MGO and
electricity obtained by above formulas will
be used to estimate external cost for Turkey
by the help of data of EXIOPOL project as
shown in Table 7.
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Table 3. Emission Factors of 0.1% MGO While Ship is Berthing [20]

Polluting Types
Factor
co, CH, N,0 S0, NO, PM co voc
g/kg fuel |3213.429 | 0.166 0.134 2.741 63.019 1.521 8.007 1.984
Table 4. Emission Factors of Electricity Generation per kWh in Turkey for 2015
Polluting Types

Factor

co, CH, N,0 S0, NO, PM,, PM,, co voC
g/kWh 415 0.00700 | 0.00430 | 0.46186 | 0.40998 | 0.03392 | 0.04688 | 0.01218 | 0.15600

Table 5. Emission Factors of Fuels in Generation of Electricity [21]
Emission Coal Natural Gas | Geothermal | Fuel Oil Diesel
Factors Lignite bituminous | sub Nuclear
(g/kWh) g o Hydraulic
bituminous .
Wind

CO, 901.8 829.1 864.2 631.2 0 791.1 1179.3
CH, 0.01161 0.01078 0.01148 0.01253 0 0.03058 0.05075
N,0 0.01723 0.01583 0.01711 0.00143 0 0.0059 0.01018
NO_ 0.75184 0.839622 0.77258 0.83724 0 1.35301 1.79151
SO, 1.88299 2.43893 1.48558 0.00449 0 3.29910 4.81600
PM 0.13151 0.11939 0.03684 0.03528 0 0.13979 0.11794
PM, 0.23652 0.17863 0.02596 0.03528 0 0.11591 0.07948
voC 0.01447 0.00878 0.010205 0.02714 0 0.02555 0.03897
Cco 0.125635 0.10018 0.112125 0.40760 0 0.02557 0.25638

Table 6. Distribution of Total Installed Power by Type of Energy Source for Turkey in 2015 [22]

Year Coal Natural | Geo Fuel | Diesel | Sun | Other | Biogas- | Hydraulic | Wind | MW
Gas thermal | Oil Waste
lignite | Bitu- subbitu
Minous | minous
2015 | 9330.5 | 755 6064 24906 624 440 1 249 | 43.6 362.4 25867.8 4503 | 73147
Table 7. External Cost Factors per ton for Transport (Euro/ton) [23]
Pollutant Human Ecosystem Climate Total
Health Quality Change
SO, 6,300 200 0 6,500
NO_ 5,700 1,000 0 6,700
PM 350,000 0 0 350,000
Co 29 0 33 62
vVoC 940 -70 0 870
Co, 0 0 21 21
N,0 0 0 6,200 6,200
CH, 0.51 0 480 480.51
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3. Result and Discussion

The total amount of MGO consumed by
all cruise ships approached Ege Ports in 2015
was calculated 3,076.642 tons with formula 1
and 2, summarized in Table 8 [2]. Assuming
that auxiliary engine of cruise ships was
bigger than the 800 kW, the fuel consumption
has converted to 13,984,738.11 kWh by using
equation 3, and that figure shows required
electric energy amount. In addition, emission
amounts caused by producing this electric
energy were calculated in Table 8, and the

according to MGO (0.1%).

The ship emission reduction potential of
AMP technology is clearly visible in Table 8
and Figure 3.Itis seen that total air pollutantis
reduced by 94% by decreasing SO, 23%, NO_
97%, PM 88%, CO 99%, VOC 64%. On the other
hand, it is estimated that total greenhouse gas
decreased by 41% by decreasing by CO, 41%,
N,0 85% and CH, 81%. Finally, total emission
reduction is about 43%.

Figure 3 shows that emission amount of
MGO and AMP, and clearly seen that using

emission reduction rates were calculated AMP is better than MGO.
Table 8. Comparisons of Emission Amount
Emission amount | SO, NO_ PM co voC COo, N,0 CH, Total
(kg) Emission
MGO 8432 193888 | 4680 | 24634 | 6104 9886571 | 412 509 10,125,230
AMP 6459 5733 565 170 2182 5803666 | 60 98 5,818,934
Reduction (%) 0,23 0,97 0,88 0,99 0,64 0,41 0,85 0,81 0,43
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7000 [ 200000 + 23000
ssisdl] 150000 20000
5000 T
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Figure 3. Compari&ons of Emission Amdunt of MGO and AMP
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Table 9. Comparison of External Cost (Euro)

Emission | MGO AMP
Type
Human Ecosystem | Climate Total Human Ecosystem | Climate Total
Health Quality Change Health Quality Change
S02 53,120 1,686 0 54,806 40,692 1,292 0 41,983
NOx 1,105,163 | 193,888 0 1,299,051 | 3,2681 5,733 0 38,414
PM 1,638,120 |0 0 1,638,120 | 197,744 0 0 197,744
co 714 0 813 1,527 5 0 6 11
vocC 5,738 -427 0 5311 2,051 -153 0 1,898
Cco2 0 0 207,618 207,618 0 0 121,877 121,877
N20 0 0 2,553 2,553 0 0 373 373
CH4 0 0 244 245 0 0 47 47
Total 2,802,855 | 195,147 211,228 3,209,230 | 273,172 | 6,873 122,302 | 402,347
250000 - 250000 - 3000000 +——
200000 - 200000 - 2500000
150000 150000 - 2000000 -
= MGO | MGO . = MGO
100000 100000 - omm
mAMP u AMP 1000000 - uAMP
50000 - 50000 -
500000 -
0 0 -
climate ecosystem 0 4
change quality human health

Figure 4. Comparisons of External Cost of MGO and AMP (Euro)

The external cost on human health,
ecosystem quality and climate change in
Table 9 is calculated by multiplying data in
Table 7 and by using MGO emission amount
and total required electric energy amount
as above. AMP also reduces PM and NO_
emission remarkably and also affect human
health positively.

As it is known well, NO_gases damage
ecosystem quality too. The effect of AMP on
NOx emissions of berthed ships is to stop
negative impacts on ecosystem quality by
resetting a great amount of NOx emissions.
In addition to NO,, CO, also affects climate
change considerably and AMP even reduces
this emission about 40% and its bad impact
on climate change. In conclusion; external

cost of AMP has been estimated about Euro
402,347 whereas external cost of MGO has
been found about Euro 3,209,230. Figure 4
summarizes that external costs of MGO and
AMP for climate change, ecosystem quality
and human health. The difference is so high
on ecosystem quality and human health.

Table 10 shows that emission reduction
rates between different ports through the
world if the vessel uses the alternative
maritime power at berth instead of MGO.
One of the important issue is that electric
power is produced from different sources.
If the electric power is obtained from a
cleaner source, the emission reduction rate
will be higher.
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Table 10. Comparison of Emission Reduction Rates

Port

Emission Types €0, M NO, 50, €0
Port of Kaohsiung 57% 39% [3]
Port of Taranto 42% 90% 94% [4]
Port of Copenhagen (cruise ships) 34% 90% 98% 65% [5]
Port of San Francisco (cruise ships) 79% 80% 80% 62% [9]
Port of Ege Ports (cruise ships) 41% 88% 97% 23% 99% Authors

4. Conclusion

Limitations on the amount of emissions
have encouraged port operators as well
as shipowners should find solutions.
After the implementation of the max
0.1% S restriction implemented at the
ports after 2012, all ships are required to
pass to clean fuel or alternative emission
abatement technology when they arrive
ports. The only alternative technology for
port operators is seen as AMP. Innovative
pursuits in the increasing competitive
environment of the port industry have
led some ports to use AMP. If the vessels
arriving at these ports are not equipped
with the suitable technologies or having
fuel of unsuitable contents or the price
of clean fuel is more expensive than the
electricity, the port offers this service
option to customer.

Since cruise ships consume high volume
of MGO to meet to necessary energy power
while at ports, such ports hosting cruise
ships have a serious negative impact
on the quality of the country because
of released emissions in their area, and
they are known as bad neighbour. Use of
cleaner fuels or technologies in such ports
may in some cases lead to more costs for
the shipowner, but will be indisputable
method for human health and a cleaner
environment in the future. When looking
at the results for the Ege Ports, it is clear
that there can be a significant decrease in
emission reduction with AMP technology,
these numbers can be further reduced

compared to the source of electrical
energy. If electricity is produced with
cleaner sources, it is now possible to
define eco-friendly ports for ships.

Moreover, the decline in the amount
of these emissions is also beneficial
to the environment, human health
and ecosystem quality according to
externality cost calculation and also
proves to be beneficial to the country in
terms of the economic outcome. Finally,
AMP's most important difference from
other alternative technologies and fuels
is to reduce noise. It is especially very
important for the touristic cities that have
dense population.

Result of this study may guide to future
studies on the installiton and running cost
of AMP technology and how ship owners
can decide to select a suitable alternative
technology for their ships.
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Abstract

In this study, the empty container problem is evaluated by quantification of factors related to empty
container accumulation as well as alternative ways that can be followed for solutions. The study is
mainly constructed as two parts; the first part is on identifying involving factors by using DEMATEL
and the second part deals with alternative solutions by applying TOPSIS method. The main causes
affecting empty containers were found as trading imbalance, irregular distribution, delivery time,
unbalanced freight charges and inadequate port management. Finally, based on applied Multi Criteria
Decision Making approach, this study suggests that empty container problem can be solved by sharing
infrastructures and equipment among logistic companies, allocating storage areas for empty containers
outside the ports and following robust fast custom regulations.

Keywords: Empty Container, Container Ports, Fuzzy DEMATEL, Fuzzy TOPSIS.

Konteyner Limanlarina Yonelik Bos Konteyner Yigilmasi Probleminin Analizi

Oz

Bu calisma ile limanlarda bos konteyner yigilmasina neden olan etkenler tespit edilmis ve bu soruna
iliskin uygulanabilir, pratik ¢éziim énerileri sunulmaya calisilmistir. Calisma iki asamadan olusmakta
olup ilk asamada konteyner limanlarinda yasanan bogs konteyner yigilmasina neden olan kriterler tespit
edilmis ve bu kriterlerin birbirleri ile olan iliskileri, 6nem dereceleri bulantk DEMATEL (The Decision
Making Trial and Evaluation Laboratory) yontemi ile degerlendirilmistir. Ikinci asamada ise bu soruna
coziim getirebilecek olan alternatifler belirlenerek bulanik TOPSIS (Technique for Order Performance by
Similarity to Ideal Solution) yéntemi yardimi ile alternatifler arasinda siralama yapilmistir. Calismanin
sonuglarina gére konteyner limanlarinda bos konteyner yigilmasina neden olan en 6nemli faktérlerden
bazilar1 sirasiyla; ticari dengesizlik, diizensiz sevkiyat ve teslimat stireleri, navlun fiyatlarindaki
dengesizlikler ve yetersiz liman yénetimleri olarak tespit edilmistir. Bu soruna ¢6ziim getirebilecek en
onemli alternatiflerden bazilari ise; ortak ekipman kullanimi / firmalar arast konteyner havuzu, liman
dis1 konteyner depolama alanlarinin olusturulmasi ve gtimriik diizenlemeleri olarak tespit edilmistir.

Anahtar Kelimeler: Bos Konteyner, Konteyner Limanlari, Bulantk DEMATEL, Bulanik TOPSIS.
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1. Introduction

International maritime trade shows
a sharp trend towards containerization
and multi- modal logistics. The total
volume of international cargo transferred
by containers is constantly rising. A new
era in maritime logistics started after
commencement of the container box in to
the international logistics. Containers are
much more preferable in logistics compared
to classic boxes, bales and packs as they
ease the handling operations on shipboard
and ports as well as being suitable for multi-
modal cargo transfers. Moreover, container
usage can diminish port time, handling
costs, loss of cargo and time needed for
paperwork [1, 2, 3, 4].

The volume of total container traffic
steadily increases as global maritime trade
market shows growing trends that can be
accounted of billions of dollars each year.
According to authorities, the total number of
containers circulated in the global maritime
logistic chain will continue rising for the
next five or ten years. Therefore, capacity
increase is needed both for the ports and
for the oceangoing merchant ships [5, 6, 7,
8]. Another forcing factor for expanding the
port capacities is the rising number of the
empty containers that should be stored and
wait until next shipment [9, 10].

Empty container problem became an
issue of high priority in maritime industry.
Moreover, the volume of cargo shipped
with the containers is also increasing in
accordance withrelated portinfrastructures
and newly built very large container ships.
This problem is also triggered by recently
well-received multi-modal transportation
model in maritime logistics. Therefore,
maritime logistic sector, port authorities
and companies seek for a solution in
order to overcome the empty container
management problem [3, 4, 8, 11, 12, 13,
14, 15, 16,17, 18, 19].

In terms of container traffic, there
should be a balance between imported

and exported container counts but
unfortunately this balance is not
accomplished in every geographic location
of the world. Therefore, empty containers
needed to be transferred from one node to
another in different logistic hubs. The root
cause of the empty container accumulation
can only be explained by imbalance between
importing and exporting countries in world
wide scale. For example, in the central
regions of the world production markets
such as China, a need for empty container
is very high and sometimes logistic
companies suffer from empty container
shortage whereas in some countries empty
container become a demanding problem
due to imbalance between imported and
exported manufactured products [3, 8, 18,
20,21, 22, 23, 24, 25, 26].

From the managerial perspective, the
empty container issue can cause some
extra problems stemmed from rising costs
and delivery which is potentially harmful
for the prestige of the companies and
the open market conditions. Therefore,
simulating global container traffic and
estimation of empty container hot spots is
highly important for smooth and effective
container logistics [1, 14, 17, 26, 27, 28, 29].
Moreover, the freight charges of the goods
transported to some geographic regions
with luxury and high living standards is
always high then the opposite route which
makes difficult to transfer the empty
container to their origins. Besides that, the
cost of a new container is relatively low
thus many logistic companies prefer to buy
new containers instead of using the empty
ones [11, 12,19, 22, 29, 30, 31, 32].

Effective and efficient management
of the empty containers is one of the
major problems in the field of maritime
logistics. Deciding on forwarding an empty
container from one node to another is
a critical strategic approach in terms of
maritime operations. The root cause of
empty container problem is the imbalance
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of the wealth and prosperity among
different geographic regions of the world.
Furthermore, some geographic regions
such as America and Northern Europe are
generally covered by importing countries
whereas some others such as Far East
countries are exporting much more goods
than their total imported volume. Therefore,
the port efficiency of the former countries is
negatively affected by the accumulation of
the empty containers [2, 4, 8, 12, 27, 29, 31,
32, 33]. The authorities estimate that these
types of ports are not likely to continue
their service after introducing a fully
equipped and well founded new container
ports to the industry because, speed and
efficiency are the major two factors that are
sought by the customers of the container
ports. Thus, for a long term customer
satisfaction renovation or rehabilitation of
those ports are inevitable to enhance the
physical conditions of the ports and extend
the container storage area [3, 21, 34].
Undoubtly, the empty container problem
is very well recognized by the actors of the
maritime logistics and port authorities [13,
23, 35].

Therefore, the issue of the empty
container is regarded as a multicriteria
decision making problem as there are
many factors involved in accumulation
of the empty containers and also
many alternatives that can be ranked
according to expert judgements. It is
deterministically correct way to seek the
inner relations between involved factors
in empty container problem by using fuzzy
quantitative evaluations. This is one of the
best alternative methodologies to reach a
realistic solution in case of multicriteria
problems [36, 37, 38, 39, 40].

In this study, the empty container
problem is investigated by analyzing
involved criteria and alternative solutions
based on expert evaluations. Fuzzy
DEMATEL and Fuzzy TOPSIS techniques
were used in a step wise manner for

determination of the criteria and ranking
the alternative solutions.

2. Methodology

Empty container accumulation
problem is very well recognized by the
port managers, authorities and logistic
companies but availability of many criteria
that potentially influence the container
storage stays an issue of high priority.
Empty container accumulation problem in
seaport companies has become an issue of
high priority and needs to be evaluated by
analytical techniques. Therefore, a MCDM
approach can be one of the best solutions
for deciding and quantitatively evaluating
the empty container problem and such
problems are successfully eliminated using
Fuzyy MCDM techniques in literature [38,
39,40, 41, 42]. Ideal solution of the problem
should take in to account the complex inner
relationships among various criteria and
finally simplify the problem. Therefore, the
reasons of empty container accumulation
in ports were determined with the help of
available literature and personal interviews
carried in different ports. After defining
the criteria set, expert evaluations were
received to find the relative weights of
each criterion. The weight and relations
of the criteria were calculated using Fuzzy
DEMATEL technique. Finally, ranking of the
alternatives was completed by applying
Fuzzy TOPSIS (Chen, 2000)[43]. The
applied techniques were briefly described
in the next sub-sections.

2.1. Fuzzy DEMATEL Technique

The term “DEMATEL’ is an abbreviation
of “The Decision Making Trial and
Evaluation Laboratory” which is first
introduced to the literature from Battelle
Memorial Institute in Geneva The aim
was to solve complex problems following
a hierarchical structure. The technique is
based on graph theory. The inter relations
among factors are also modeled by using

321



© UCTEA The Chamber of Marine Engineers

Journal of ETA Maritime Science

pairwise comparisons and dividing the
criteria set to cause and effect groups.

The DEMATEL technique is different
from other decision analysis techniques
in terms of its several capabilities such
as priority determination of the involved
factors according to relation type, inter-
relations among criteria and the impact of
each factor on another one. [42, 44, 45, 46].

Fuzzy DEMATEL technique was first
applied by Lotfi A. Zadeh who is accepted
as a father of the fuzzy mathematics. Fusing
DEMATEL with Fuzzy sets may help to
better describe and model the real world
problems. The Fuzzy DEMATEL technique
is briefly described as follow [42, 46, 47,
48];

A membership function for the Fuzzy set
A can be represented by triangular fuzzy
numbers as (1, y, z) and written as,

0, vt
& ;:r reS sy
Ax)={ 27
HA(X) I pd g 7

z=Yy

0, x>z

Step 1. Definition of the criteria and
deciding on Fuzzy Linguistic Scale:

The first step of the technique requires
designing of the fuzzy linguistic scale that is
necessary to convert pair wise comparison
statements to triangular fuzzy numbers.
The values shown in Table 1 can be used as
a reference scale;

Table 1. Linguistic terms and corresponding
linguistic values [42, 43, 49]

Linguistic Terms Linguistic Values
No influence (0) (0;0;0.25)

Little influence (1) (0;0,25;0.50)
Low influence (2) (0.25;0,50;0.75)
High influence (3) (0,50;0.75;1)
Strongly influence (4) | (0.75;1;1)

Step 2. In this step, direct-relation matrix

is obtained by using pair wise comparisons

provided by experts’

evaluations.

This

(nxn) dimension matrix can be written as K
= [Ku]mm where K is the weight effect of the
criterion “i” on criterion “j".

Step 3. The normalized fuzzy direct-
relation matrix A4 = [avl.j]m is computed
according to Eq.1 and Eq.2 in this step.
R_(ryryzy
5 B ( 5 = 5 i )

d;j= (1)
s= max1<z<n(2n] 1 rl]) S= maxlsisn(z:njzl yij)
s=max,__ (3" z) (2)

Step 4. Fuzzy total-relation matrix is
defined as “T” and can be separated to
three sub-matrices (Ar , Ay , AZ) and written
according to Eq.3 as follow,

T = A+Z4dB+.=32, A=A (1-A)7 (3)

Where “I” an identity matrix and T =
[fU]m is total-relation matrix, f = (fw by’
f ,) are the weights attributed by an expert
for each criteria, this step is repeated for
all sub-matrices separately and finally the
results are combined in one matrix.

Step 5. Sending and receiving group
criteria are defined in this step. Assuming,
the sum of the row “i "1sD Xt and sum of
th~e column “j” is R Z“ tU The component
“D"is direct and mdlrect sending function
of criterion “i” on other criteria whereas
“I?iz is a receiving function. Therefore, (D
+ R) is the impact level of criterion “i” on
both receiving and sending factors and (D
- R) is the net effect of criterion “i” on the
decision network. The value of (D -R)is
used to decide if the criterion is sending
or receiving considering the all involved
criteria.

Step 6. Defuzzification processes has
to be applied in order to obtain practical
absolute values of the decision problem.
There are many defuzzification techniques
in literature. In this study arithmetic mean
is used as shown in Eq.4 and Eq.5.

[51' + R'i}:m (4)
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(D; + R)=2= (5)

According to  results of the
defuzzification process, a threshold value
should be decided and used to choose
which criteria will be included in the cause
and effect diagram.

Step 7. The final step is on calculating
the criteria weights normalized between
[0,1] by using Eq.6 and Eq.7.

wi= J [(ﬁi + R )]2 + [(ﬁi - R, )]2 (6)
Wit @

2.2. Fuzzy TOPSIS Technique

The second technique used for ranking
the alternatives of empty container
accumulation problem of container
ports selection is based on FuzzyTOPSIS
methodology [43, 50, 51]. The FuzzyTOPSIS
technique has a flexible structure that can
deal with both quantitative and qualitative
criteria loads. Different from classical
TOPSIS, the fuzzy version of the technique is
capable of converting verbal variables to the
numbers to make a quantitative ranking of
the alternatives. This technique was proved
to be very successful in group decision
making where the intercomparions of the
alternatives are necessary [37, 50, 51].

There are many techniques in literature
that suggest using of TOPSIS method. In
this study the Chen (2000)[43] triangular
fuzzy numbers based on vertex range
scaling was used. This technique is widely
used to ranking the alternatives of fuzzy
decision making problems. Application of
the technique was explained below.

Fuzzy TOPSIS technique introduced by
Chen (2000)[43] is followed in this study.
This technique is applied in five steps [42,
50, 51].

Step 1. Fuzzy decision matrix is
normalized to [0,1] interval by applying
Eq.8 and Eq.9.

5 = [&;]mxn and a‘;__; = (%;%-%) (8)
b (T 7o (LA
D= [du]mxn and dU = (C(‘j,b”'a(';) (9)

In Eq.8 and Eq.9, if "j" is the benefit
criterion, then c].* =max, c,; and if it is cost
criterion then a =mina,

Step 2. As a second step, Criteria weights
and normalized fuzzy decision matrix is
multiplied to obtain the weighted fuzzy
decision matrix as presented in Eq.10.

K= [k i=12 ..m j=1,2..n ise k;, = d,.%, (10)

Step 3. This step involves calculating the
distances, the distance from fuzzy positive
ideal solution (A*) of each criterion is (m*)
and from fuzzy negative ideal solution (A’
is (m). Then, the positive and negative
distances can be calculated as shown in
Eq.11 and Eq.12.
mi=Xjm (ky, k)

i=1,2,..,m (11)

mr=YXr m(k, k) i=1,2,...m (12)
For the “benefit” criteria, A* and A are
calculated by applying Eq.13 and Eq.14

A+ = (k‘]-f—J k;; ney k;) and k}+: (11 1: 1)!(13)
A = (ki, k3,...k;) and k= (0,0,0),(14)

For the “cost” criteria “A*” ve "A™" are
calculated as shown in Eq.15 and Eq.16

= (kf, ki ki) and kF=(0,0,0) (15)
A= (i, kg, ki) and k7= (1,1,1) (16)

Step 4. At this step, proximity coefficient
is calculated. The calculation of the
coefficient “CC” is based on positive and
negative distances among criteria and given
in Eq.17.

Cciz__mi__

+ =
m; +mi

;  where i=1,2,...,m (17)

Step 5. Finally, ranking of the alternatives
is carried out according to calculated
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proximity coefficient beginning from the
most effective one.

3. Case Study

Application of the case study on
empty container accumulation problem
was carried out in four stages. At first
stage, criteria, alternatives, fuzzy
number type, related fuzzy scales and
pairwise comparison matrix results were
obtained. Furthermore, the hypotheses
on the solution of these problems were
determined to identify the alternatives. In
the second stage, expert group views were
obtained and datasets that included paired
comparison matrices were produced. And
then third section involved with application
of the proposed techniques and completion
of calculations. Therefore, obtained data
were analyzed with the proposed models
and methods. Finally, fourth section, results
of the study were analysed and suggestions

on labor turnover in seaport companies
were made and included the interpretation
of the analysis results and the findings
and the presentation of the solution
recommendations. The flow diagram of the
study is depicted on Figure 1.

3.1. Determine Selection Criteria and
Alternatives

In accordance with research model
in this study, criteria were decided by
reviewing the available literature on
empty container accumulation problem. In
order to determine the study criteria and
alternatives, a detailed literature review
(on scientific articles, reports and statistics,
current information resources, theses,
etc.) was conducted. It was decided that a
further field study should be conducted
to obtain applicable study results that are
adequate to empty container accumulation
problem due to the lack of a detailed study

Phase I. Initial Phase

Step 1. Determining of Criteria and Alternatives
Step 2. Determining of Linguistic Terms

Step 3. Collecting of Expert Preferences

Step 4. Transformation of data into

U

7~

Phase Il. Evaluation Phase

I Fuzzv DEMATEL For Criteria Weights

Fuzzy TOPSIS For Ranking Alternatives

| Step 6. Aggregation of the Experts’ Opinions

Step 6. Aggregation of the Experts’ Opinions

£13

£13

| Step 7. Calculatin of the Criteria Weights

£83

| Step 8. Calculation of F-;erformances |

Step 8.1. Normalizal:ior;|

i

N

Step 8.2. Construction of Weighted Decision
Matrix

R43

| Step 8.3. Calculation of Distances |

1

Step 8.4. Calculation of Closeness Coefficient |/

7

-

Phase lll. Output ‘

Figure 1. Flow Diagram of the Case Study
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on the subject. The field study was carried
out in two stages. In the first stage, a
questionnaire that included open-ended
and multiple-choice questions was applied
to 37 seaport management officer managers
who includes 17 port managers, 13 port
operations chiefs and 7 port authorities,
in different container ports of large cargo
scale in Turkey. In the second stage of
the field study, the views of the 24 faculty
members in the maritime and logistic
department who conducted several studies
on the fields of transportation, maritime
management and port management were
obtained. Collection of data lasted about 3
months. Finally, in order to determine the
related criteria and alternatives and 24
faculty members were interviewed. As a
result, the large number of data and views
obtained in the literature review and field
study were organized and the criteria and
alternatives presented in Figure 2.

3.2. Determination of Expert Group
A digital questionnaire was designed in
order to carry out the pairwise comparisons

evaluations with corresponding expert
group that included 17 individuals was
selected to determine and evaluate the
paired comparison matrices for the
study data. The expert group consisted
of 9 persons from port managers and 8
persons faculty members from the different
maritime faculties departments which are
focused on port management research area.
Totally 17 experts' opinions were acquired
for determining the most effective criteria
and sort out the possible alternatives for
the empty container accumulation problem
in seaports.

3.3. Analysis

Electronic survey forms were designed
in order to compare the data presented in
Figure 2 and to obtain paired comparison
matrices and presented for the scrutiny of
the expert group. Each expert was properly
completed the pairwise comparison matrix
using the linguistic scale. As a step forward,
the verbal replies were converted to the
triangular fuzzy numbers by previously
determined linguistic scale given in Table 1

Root Cause of Empty Container Problems

1) New Container Prices (K1)

2) Seasonal and Environmental Impacts (K2)

3) Trade Imbalance (K3)

4) Freight Rates Imbalance (K4)

5) High storage fees in areas of where demand 1s excessive (K3)

6) Irrecular shivvine and deliverv times (K6)

7) Insufficient Port Management (K7)

Alternative Solution Proposals

1) Upsizig the Inner Port Storage Area (Al)

2} Improving the Port Workine Cavacitv and Efficiency (A2)

3) Commeon User Equipment (Company from contamer pool) (A3)

4) Restriction of Customs Regulations and Containers Waiting Period (A4)

5) Construct of External Port Container Storage Area(AS)

Figure 2, Criteria and Alternatives Determined for the Study.
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and Table 2. MCDM literature was used to
compile the necessary linguistic scales used
in this study [43, 51]. Weighted average
mean was used to combine all matrices in
to a single matrix. Then, a common matrix
was obtained by taking the arithmetic mean
of 17 matrices in total and the normalized
fuzzy direct correlation matrix was
calculated with the Equations 1 and 2 and
shown in Table 3.

Table 2. Linguistic Terms and Corresponding
Linguistic Values for Alternatives [43, 42, 51]

Linguistic Terms Fuzzy Numbers Values
Very Low influence (0,0,3)

Low influence (0,2.5,5)

Medium influence (2.5,5,7.5)

High influence (5,7.5,10)

Very High influence (7,10,10)

Table 3. Normalized Fuzzy Direct Relation Matrix

Normalized direct relation matrix
fuzzy numbers (A4 , A, A, ) were joint by
applying Eq.3 to compute the total fuzzy
relation matrix "7T". To decide on sending
and receiving criteria weights, (D + R) and
(D - R) values were calculated. As a step
forward, defuzzification was achieved by
applying Eq.4 and Eq.5. Finally, criteria
weights were defined according to Eq.6
and Eq.7, the weights were shown in Table
4. A digraph showing causal relations is
depicted in Figure 3.

According to Figure 3, factors affecting
the empty container accumulation are
trade imbalance, irregular logistic and
delivery times, freight charge fluctuations
and inadequate port management whereas
affected factors are new container prices,
seasonal and environmental conditions and
high storage prices for empty containers.

In order to complete the ranking, the
previously determined alternatives, Fuzzy
TOPSIS technique was applied. Combined

K1 K2 K3 K4 K5 K6 K7
K1 | 0;0;0 0,03;0,08;0,11 | 0,09;0,11;0,14 | 0,20;0,19;0,18 | 0,06;0,09;0,12 | 0,03;0,08;0,11 | 0,09;0,09;0,12
K2 | 0,20;0,19;0,17 | 0;0;0 0,09;0,11;0,14 | 0;0;0,5 0,03;0,08;0,11 | 0;0,06;0,11 0,14;0,15;0,17
K3 | 0,23;0,21;0,18 | 0,26;0,23;0,18 | 0;0;0 0,14;0,15;0,17 | 0,26;0,23;0,18 | 0,14;0,15;0,17 | 0;0,04;0,08
K4 | 0,09;0,09;0,14 | 0,26;0,23;0,18 | 0,14;0,15;0,17 | 0;0;0 0,23;0,21;0,18 | 0,20;0,19;0,17 | 0,06;0,09;0,12
K5 | 0;0;0,5 0,20;0,19;0,17 | 0,26;0,23;0,18 | 0;0;0,06 0;0;0 0,14;0,15;0,17 | 0,03;0,08;0,11
K6 | 0,17;0,17;0,16 | 0;0;0 0,17;0,17;0,16 | 0,17;0,17;0,18 | 0,09;0,11;0,14 | 0;0;0 0,06;0,09;0,12
K7 | 0;0,06;0,09 0,20;0,19;0,18 | 0,09;0,11;0,14 | 0,23;0,21;0,18 | 0;0;0,5 0,09;0,11;0,14 | 0;0;0
Table 4. Sum of Influences Given and Received on Each Criterion
D+R D-R (D.+R) (D.-R) w,
K1 8,00; 10,02; 14,31 | -0,21;-0,63;-0,28 | 8,45 -0,89 0,165
K2 3,62;6,30; 11,12 0,43; 0,44; 0,24 12,34 -0,74 0,158
K3 9,60; 11,64; 15,60 | -1,13;-0,77;-0,59 | 10,23 2,11 0,192
K4 5,58;7,70; 12,30 2,80; 2,62; 2,00 11,29 0,87 0,175
K5 3,62;6,30; 11,12 -1,76;-1,56; -1,16 | 9,67 -1,74 0,152
K6 6,69; 9,11, 14,18 0,43; 0,44; 0,24 9,13 1,12 0,184
K7 6,54;9,09; 13,38 -1,13;-0,77;-0,59 | 8,12 0,42 0,171
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Figure 3. A Digraph Showing Causal Relations Among Criteria
Table 5. Normalized Fuzzy Decision Matrix.
Al A2 A3 A4 A5
K1 | 0737 | 0,643 | 0,444 | 0,259 | 0,526 | 0,357 | 0,842 [ 0,786 | 0,667 | 0,067 | 0,017 | 0,159 | 0,046 [ 0,027 | 0,056
K2 | 0895|0857 | 0,778 | 0,517 | 0,526 | 0,357 | 0,579 [ 0,429 | 0,111 | 0,052 | 0,013 | 0,098 | 0,136 [ 0,136 | 0,129
K3 | 0579 | 0429 | 0,111 | 0,690 [ 0,579 | 0,429 | 0,789 [ 0,714 | 0,556 | 0,075 | 0,042 | 0,105 | 0,076 [ 0,076 | 0,076
K4 | 0947 | 0,929 | 0,889 | 0,517 | 0,842 | 0,786 | 0,684 | 0,571 | 0,333 | 0,037 | 0,021 | 0,069 | 0,154 | 0,040 | 0,324
K5 | 0684|0571 | 0333|0345 [ 0,789 | 0,714 | 0,842 [ 0,786 | 0,667 | 0,103 | 0,099 [ 0,110 | 0,025 [ 0,000 | 0,086
K6 | 0842|0786 | 0,667 | 0,603 | 0,632 | 0,500 | 0,895 | 0,857 | 0,778 | 0,133 | 0,114 | 0,114 | 0,057 [ 0,049 | 0,075
K7 | 0895|0857 | 0,778 | 0,259 | 0,737 | 0,643 | 0,947 | 0,929 | 0,889 | 0,193 | 0,158 | 0,171 | 0,062 [ 0,016 | 0,123

decision matrix of expert opinions was
calculated according to Eq.20 and Eq.21.
Table 2. was used to convert linguistic
values to triangular fuzzy numbers.

=/ e D. e
=(1/N)Q (d}; ®d} ® .. B dY

& (20)
Dy; (21)

To obtain weighted decision matrix,
normalized fuzzy decision matrix and
criteria weights given in Table 4 must be
multiplied by applying Eq.10.

Distances (m*; m;~ )from ideal positive
(A*) and ideal negative (A7) solution for
each alternative was computed according to
Eq.11, Eq.12 and Eq.13 and the results were
given in Table 6. and Table 7. The similarity
of each alternative to ideal solution was
defined by applying Eq.14, the results
shown in Table 8.

Table 6. Total Distance of Each Alternative from A*,

Al 4,387
A2 4,654
A3 4,257
A4 4,857
A5 4,562

Table 7. Total Distance of Each Alternative from A

Al 2,603
A2 2,435
A3 2,687
A4 2,801
A5 2,731
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Table 8. The Ideal Solution to The Similarity of Each
Alternative.

Al 0,319
A2 0,332
A3 0,375
A4 0,351
A5 0,364

4. Results and Discussion

Empty container accumulation problem
has some negative impacts on international
trade and logistic flow of the goods and
services. This study pinpoints the cause and
effects of empty container accumulation
and suggests alternative solutions by
following an analytical approach based on
multicriteria decision making. As inferred
from findings of the study, international
trade imbalances, irregular logistics and
delivery, freight charge fluctuations and
inadequate port management are main
factors causing accumulation of the empty
containers.

According to Zhang et al. (2017) [8]
the global trade fluctuations are the main
causes of the accumulation problem of
empty containers. The same study suggests
that the problem can be solved by better
policy of international trade management
and establishing a shared container pool.
Similarly, Akyiiz and Lee (2016) [18] stated
that empty container problem is one of
the most complex problems facing the
global maritime trade and may limit the
international container transport logistics
in future as there is no stable solution that
widely acceptable for the problem. In order
to avoid empty container accumulation,
the international liner logistic which is
mostly causing the problem should be more
effective in repositioning and management
their containers [4, 29]. Zheng, Sun and Gao
(2015)[26] and Belayachi et al. (2017) [29]
also suggested better management of the
empty container problem by stressing its

importance in terms of international trade
logistics.

In accordance with available literature
and management of empty container
problem recommendations, the current
study suggests equipment sharing and
establishing empty container pool among
logistic companies can be an alternative
solution to overcome the problem.
Moreover, allocation of additional
container storage areas inside and outside
of the ports, automatized and enhanced
custom services, increasing port handling
capacity and productivity would be some
other alternatives that can be followed by
governing bodies or stakeholders related to
empty container accumulation problem.

It can be very difficult and unrealistic to
say that proposed alternatives can totally
solve the empty container accumulation but
raising the awareness among related figures
may help to trigger of optimization process
by focusing on the problem. Because, the
current international trade flow seems to
continue in near future. Technologic tools
and multicriteria decision making can
facilitate the problem by applying analytical
techniques or simulations.

It is known that empty container is not
only causing high logistic freight charges
but also affecting the overall productivity
of a port. Therefore, an empty container
management plan for every container port
is a necessity that can be used in emergency
situations for transferring and storage of
the empty containers.

Finally, the current study can potentially
help to port authorities, port managers
and logistic companies when they face
with empty container problem as it serves
an analytical approach based on fuzzy
multicriteria decision making. It is believed
that the proposed stepwise approach can
be easily followed by related bodies and
may guide to container port management
strategies by providing a reliable approach
to the maritime logistics community.
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Therefore, it is proved that Fuzzy DEMATEL
and Fuzzy TOPSIS methods can produce
reliable solutions in problems that need to
evaluate many criteria such as container
ports management procedure. Finally, the
container port management procedure for
empty container accumulation problem is
presented in detail to improve the available
literature and provide a guide for the
maritime logistic sector.

5. Conclusion

In the present study, multi-criteria
decision-making methods were used to
scrutinize the problems experienced by
empty container accumulation problem in
the maritime industry in Turkey and their
alternative solutions. The objective as to
provide decision makers with an ideal,
flexible and uncomplicated analysis method
using MCDM techniques. In conclusion, it is
considered that analytic approaches based
on MCDM methods in occupation oriented
port management would contribute to an
increase in productivity in the long term.
Furthermore, the fact that the utilized
techniques are effective, realistic and
reliable would contribute to the literature
by application to different problems in
field that require expert opinion, similar
to the present study, especially in the
maritime industry. It is believed that, the
maritime sector could benefit from the
quantitative evaluations presented in the
current study, which is kept as simple as
possible to be understood and applied by
all stakeholders involved in the sector. The
proposed methodology can be also applied
to some other major problems of the
maritime sector due to its simplicity and
quantification capability. It is considered
that the present study would guide future
studies by filling the gap in the literature.
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Ozet

Durumsal farkindalik, genel anlamda; hayatin her asamasinda etrafinda neler olup bittiginin farkinda
olup, algilanan bilgilerin o anda ve yakin gelecege yansitmak seklinde tanimlanmaktadir. Cikis alant
ilk olarak askeri havacilikta olmusg, son 10 yil icinde ise sivil havacilik, hava ve deniz trafik operatdérleri,
niikleer santraller, agik deniz sondaj calisanlari gibi operator / kullanict temel merkezli; bilgisayar - yari
bilgisayar kaynakli ve / veya amaca yénelik yardimci sistemlerin kullanildigi, karar vermenin on planda
oldugu alanlarda uygulanmistir. Bu calismada, denizcilik endiistrisinin igcinde bulunan liman kilavuzluk
hizmetlerinde gemi kaptanlari ve kilavuz kaptanlarin durumsal farkindalik analizi SAGAT yéntemiyle
simiilator ortaminda analiz edilmeye calisilmis ve sonuclar elde edilmigstir. Sonuglar dogrultusunda
durumsal farkindalik kavraminin teknik seyir hizmetleri kalitesini arttiran éneriler de sunulmustur.

Anahtar Kelimeler: Durumsal Farkindalik, Kilavuzluk, Teknik Seyir Hizmetleri, SAGAT, Liman Manevrasi.

Situational Awareness Analysis of Port Pilotage Services

Abstract

Situational Awareness (SA) is generally described as the perception of the elements in the environment
within a volume of time and space, the comprehension of their meaning and the projection of their
status in the near future. SA has emerged in the military aviation for improving safety and prevention
of accidents. In the last decade, it was also used in user-focused areas like civil aviation sector, air
and sea traffic operations, nuclear plant facilities, offshore oil platforms etc. In this study, maritime
pilots and shipmasters situational awareness levels have been analyzed with the SAGAT method using
bridge simulator system and the results have been obtained. The importance of the study is to examine
the concept of situational awareness for port pilotage services, which is extremely important for the
maritime safety. Some of the key findings are positive effects of experience on situational awareness and
those who pay attention to factors such as speed and distance in maneuver possess highest situational
awareness. In addition, some improvements are proposed in accordance with the conclusions of this
study, to increase the quality of the techno nautical services used by pilots and masters.

Keywords: Situational Awareness, Marine Pilotage, Techno-Nautical Services, SAGAT, Port Maneuvering.
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1. Giris

Denizcilik, ilk insandan bugiine kesifler,
ticaret, savaslar ve ulastirma gibi bir¢ok
etkenle gelismis ve degismistir. Gemilerin
dar suyollari, bogazlar, kanallardan ge¢mesi
ve limanlara yanasip ayrilmasi ciddi bir
operasyondur ve “gemi manevras1” olarak
adlandirilmaktadir.  Emniyet kavraminin
birincil seviyede oldugu gemi kullanma,
gemiyi etkileyen tim etmenlerin etkilerini,
sonucta  gemiye istenilen  hareketi
yaptiracak bileskeyi ortaya c¢ikaracak
bicimde yonetmektir [1]. Kilavuzluk ise
seyir esnasinda akinti, riizgar ve diger
etkenlerle tehlike ve yiiksek risk iceren
bogaz, gecit, kanal, korfez ve liman gibi
suyollarinda tasitlarin  emniyetle yol
almasini saglamak tizere bu tehlike ve
riskleri taniyip ona gore davranma bilgi
ve deneyimine sahip kisilerce verilen ve
tavsiye niteligindeki bir hizmettir. Geminin
kilavuz kaptan esligindeki seyrine de
kilavuzlamak denilmektedir [2].

Kilavuzluk hizmeti gemi trafiginin
yogun oldugu tiim dar suyollari, bogazlar,
liman yaklasimlari, yanasma/kalkis ile 6zel
kanallarda (Siiveys Kanali, Panama Kanali,
Kiel vb.) 6ne ¢ikan bir hizmettir. Kilavuzluk
hizmeti ilkelerin ulusal mevzuatina gore
degisiklikler gosterse de uluslararasi
standarda sahiptir. Bu standartlar disinda
gemi kaptanmnin veya kilavuz kaptanin,
gorevini ifa ederken gerekli bilgiyi almasi,
her an degisen sartlara gore karar vermesi,
acil durumlara gore zincirleme plani olmasi
gerekir.

flk ve en genis olarak havacilik
sektoriinde yer alan durumsal
farkindallk (DF) ise yinelenen durum
degerlendirmelerinden elde edilen
bilginin entegrasyonuna dayanan bilissel
bir aktivitedir [3]. Artan trafik, biiyiiyen
gemiler ve dar suyollarinda her tiirlii hava
ve deniz kosullarindaki gemi manevralari
icin emniyetin kaginilmaz oldugu ve gemi
manevrasinin dogru zamanda ve dogru

karar vermeye dayali olmasi nedeniyle
de DE kilavuzluk ve emniyet iliskisi bu
calismada' ele alinmaktadir. Bu makale,
Durumsal Farkindalik (DF) ile denizcilik-
kilavuzluk icin Tirkce kaynak olmasi
bakimindan 6nem arz etmektedir.

2. Durumsal Farkindahlk Kavrami,
Modelleri ve Ol¢iim Teknikleri

Durumsal farkindalik (DF)ileilgili olarak
literatiirde ti¢ 6Gnemli tanim bulunmaktadir.

1. Algisal Dongii [4]: DF belli bir
cevre faktoriindeki anlk bilgi tretimi ve
belirlenen hedeflere ulasmak igin talep
edilen davranistir.

Giincel Dunya
{Potansiyel Uygun Bilgi)

Dinya ve Olasiiklann
Biligsel Haritas:

Hareket
ve Eylem

Sekil 1. Algisal Déngii
Kaynak: Smith ve Hancock,
uyarlanmigtir.

1995:141°dan

2. Etkinlik Teorisi (Bedny and Meister,
1999): DF, bireyin icinde bulundugu
durumla ilgili dinamik yansima bilincidir.
Sadece ge¢misi, su an1 ve gelecegi yansitma
firsati saglamakla kalmaz, o durumun
potansiyel gelecegini de etkiler [5].

3. 3’1 Seviye - Endsley: DE, karar verme
aktivitelerini yiirtitmek icin gerekli bir zihin
durumudur. Bu durum, ¢evresel elemanlari
algilamak, bu elemanlarin ne anlama
geldigini kavramak ve statiilerini yakin
gelecege yansitma isidir [6]. Karakteristigi

ise algilama, anlama ve projeksiyon
(yordama) olarak bilinir.
DF  kavrami  askeri  havacilikla

kavramsallasmasi ile birlikte giiniimiizde
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kritik 6neme sahip (operasyonel) islerde
ozel hedef ve amaclar icin kullanilmaktadir
[7]. Stirekli devam eden cevresel bilginin
ayiklanarak, bilgininin tutarli bir zihinsel
resim haline getirilip 6n bilgi halinde
biitiinlesmesi saglanarak gelecek algisinin
yonlendirilmesi ve gelecekteki olaylar
tahmin islemidir (Dominguez’den aktaran
[8])-Sekil 2'de gosterildigitizere, Endsley [7]
belirli bir zaman ve mekanda ¢evremizdeki
unsurlart algilayip, anlamlarini kavrayip,
yakin gelecege izdlsiimiini yapip, hedefe
yonelik gelecekteki olaylarin 6nemini
vurgulamaktadir [9].

GoreviSistem Etmenleri

algilanmasi): DF icin ilk adim durumun
ozelliklerini ve Ozniteliklerini kavrayarak
degiskenlerin dinamigini anlamaktir. Her
is tiird icin DF gereksinimleri ¢ok farklidir.
Bir insan yanlishkla ya da algilayamadigi
icin gorevle veya amaciyla ilgili bilgiyi idrak
edemeyebilir [7].

DF Seviye 2-Anlama (Mevcut durumu
anlama): Ulasilacak hedef ve amaglarla
ilgili veri ve ipuglarin1 anlamaktir. Seviye
1’deki unsurlarin hedeflerle ilgili bilgilerle
karsilastirlmasina  dayanmaktadir.  Bu
yapilirken  bircok  bilgi  pargaciginin
biitiinlesmesi ve bilgi akisinin 6nceligi

« Sistem Yetenegi

—
[ DURUMSAL FARKINDALIK \
Gevrenin MeT.: Ourumu | Meveut Dururm | Yakon Gelecede Karar Eylemlerin

ama Anlama ‘Yordama Performa
Durumu Seviye 1 Saviye 2 Seviye 3 Verme nst

=

Bireysel Etmenler

« Hedefler&Amaclar
» Onyargilar (Beklentiler)

Bilgi Isleme Dazenedi
Uzun Erimii Bellek
Depolan

» Yetenekler
» Tecribe
« Egitim

Sekil 2. Durumsal Farkindalik Dinamik Karar Verme Modeli
Kaynak: [6] Endsley, M.R., Human Factors, 1995a: 35’den uyarlanmistir.

Sekil 2’de gosterildigi tizere DF dinamik
bir sistemde insan aktivitesinin bilissel
modeli icinde gomiiliidiir. ki kisiden
farkli  sonuglarin  ¢ikmasi, insanlarin
farkli yetenekleri, tecriibesi ve egitiminin
farkli olmasi ve gorevlerdeki tepkilerinin
sonucudur. Model, genel bilissel siireglere
dayali, bir¢ok uygulama alaninda genis bir
teorik yapi1 sunar [6].

Endsley’e [6] gore DF ii¢ seviyedir;

DF Seviye 1-Algilama (Degiskenlerin

onemlidir. Bir seyi okurken sadece
kelimeleri okumak yerine yiiksek derecede
anlayarak okumak 6rnek gosterilebilir [7].

DF Seviye 3-Yansitma (Gelecekteki
durumu yansitma): Hedef icin gerekli
elemanlar1 ve ne anlama geldiklerini bilen
kisinin gelecegi tahmin yetenegidir. Ancak
gelecekteki durum yanlis oOngoriilebilir.
Ornek olarak ondeki aragla aym anda
serit degistiren ve arkasinda yogun trafik
varken sol seritte yavas giden siirtciiler
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gosterilebilir [7].

Zaman, zaman algis1 ve olaylarla iliskili
dinamikler, DF’1 formalize etmede 6nemli
bir rol oynar ve DF2 ile DF3 i¢in ¢ok 6nemli
bir kavramdir [10]. Diisiinmeden hareket,
kararsizlik ve riskli davranislar gibi bireysel
ozellikler, zayif karar verme egilimini arttirir.
Ancak ucak kazalarinda yeterli DF’a ragmen
zayif karar vermenin sebep oldugu da tespit
edilmistir [11]. Literatirde yer alan DF
tespit teknikleri Tablo 1’de gosterilmistir.

Durumsal Farkindalik Kiiresel
Degerlendirme Teknigi (SAGAT-Situation
Awareness Global Assessment Technique)
ise 1980°li yillarda Endsley’nin ortaya

koydugu, askeri havacilikla baslayip
yayginlasan, giivenilirligi ytiksek bir
Olciimdiir.  Gergeklesen olayla bireyin

algiladigr durum Kkarsilastirilarak objektif

tarafindan DF gereksinimleri incelenerek
hazirlanmis senaryo temelinde simiilatdrde
ve similasyonun rastlantisal olarak
durduruldugu, o anki cevreyle ilgili bireyin
bilgisinin soru seti ile sorgulandig1 bir
tekniktir. Bu bilgi insan biligsel sisteminin
farkli  seviyelerinden birine  karsilik
gelmektedir. Denegin davranisini/
eylemlerini ve 6ziinde DF’1 etkileyen sahip
oldugu bilgi seviyesi yaninda baska faktorler
de mevcuttur [7].

Gereksinimler DF kavraminda
belirtildigi lizere ¢ ayr1 seviyeye
bolinmiisti. SAGAT, birinci seviyede
verilerin  algilanmasi, ikinci seviyede
anlamlarmin kavranmasi, tctinci

seviyedeyse yakin gelecege projeksiyon
yapilmasiyla, sahip olunan dogru ve
kapsamli bilginin DF'in dogru orantili

bir 6lgim sunar [14]. SAGAT, uzmanlar oldugu varsaylimina dayanarak,
Tablo 1. Durumsal Farkindalik Olgiim Teknikleri
Teknik
Durumsal 5 5
Farkindalik Ol¢iim E g & E’ s Yazar / Kaynak
Teknigi E E a S S
o S
SAGAT X Endsley (1995a)
SART X X Taylor (1989)
SA-SWORD X X Vidulich (1989)
SALSA X Hauss ve Eyferth (2003)
SACRI X Hoog ve digerleri (1995)
SARS X X Waag ve Hauck (1994)
SPAM Durso ve Dattel (2004)
SASHA X Jeannot ve digerleri (2003)
SABARS X Neal, Griffin, Paterson and Bordia (1998)
MARS X X Matthews ve digerleri (2002)
CARS X McGuinness ve Foy (2000)
C-SAS X X X Dennehy (1997)
PSAQ X Matthews, Pleban, Endsley ve Strater (2000)
CAST X X Gorman, Cooke & Winner (2006)
SAVANT X Willems and Heiney (2002)
SAPS X Deighton (1997) ve Jensen (1999)
QUASA X McGuiness (2004)

Kaynak: [12] ve [13]’ten uyarlanmigtir.
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Tablo 2. SAGAT Ozellikleri

Avantajlar

Dezavantajlari

Uygulama Esaslari

-Genel DF belirlenmesi igin kabul
edilmistir.

-Gegmis hatirlamadan kaginilir

-DF dnyargist minimumdur

-Iyi psikometrik kalite

-Gergek olayin iginde ve dinamik bir
cevreye sahiptir

-Takim DF’i i¢in uygundur

-Senaryo i¢inde
durdurulmasi

-Senaryo hizi ve gercek
zamanli akis etkilenebilir

-DF i¢in detayl analiz ister
-Gorevle ilgili sorular kullanilir
-Takim i¢in ¢oklu bilgi gerekir
-Dondurma 2-3 dakika stirmelidir
-Dondurma zamani 6ngorilebilir
olmamaldir

-Dondurma, saha operasyonlarinda
sorunlu olabilir

Kaynak: [7]’den uyarlanmigtir.

operatoriin sahip oldugu DF hakkinda
nesnel bir degerlendirmedir.  Gergek
bir olay tizerine kurgulanan senaryo ve
uygulanan similasyon sonucunda SAGAT,
davranislarin, eylemlerin DF disindaki
faktorlerden etkilenebilecegi, dolayisiyla
6lctimin salt bilgi tizerinden yapilmasinin
uygun olacagl esasmma dayanir [12-16].
Bilgi tabanl 6l¢ctim bakis acisiyla, SAGAT’1n
DF gereksinim analizi, senaryo hazirhgi
ve sorularin belirlemesi boliimlerinde
alan uzmanlarini kullanmasi, teknigin
hassasligini da saglamaktadir [12].

SAGAT yontemi kullanilarak
gerceklestirilen 6l¢ctimlerin temelde bireysel
Olciimler oldugu ancak gruplarin toplam
skorlarina da bakilarak genel kabul gorecek
kavramsal yaklasimlar elde edilebilir [13].

Yapilan literatiir arastirmasi sonucunda
cikis ve gelismesi havacilik sektoriiyle
baslayip (askeri havacilik, sivil havacilik,
hava trafik operatorleri), niikleer enerji
giic yonetim sistemleri, kontrol odasi
operatorleri, siber alanlar ve bilisim
sektortd, kompleks sistemler, giivenlik
yonetimi, sistem giivenligi, kimyasal tesisler,
bilgi giivenligi, soforler, otomasyon ve yari
otomatik tarim araglar1 operatorleri, saghk
sektorii (hasta bakimi ve hemsirelik),
egitim, endiistriyel operatorleri ve bilissel
alanlarda durumsal farkindalik ¢alismalari
tespit edilmistir.

Deniz ulastirmas1 alaminda DF
uygulama alanlar::
¢ Fransa'da son sinifta okuyan denizcilik

ogrencilerine yapilan gemi manevra

kabiliyetlerini gelistirmek icin karar
vermeyle baglantil durumsal farkindalik
manevra egitimi yapilmistir [18].

Tokyo Universitesi’nde yapilan
arastirmada gemi gecis esnasinda
gemi kullanicillarin daha o6nce SAGAT
yontemi kullanilarak yapilmis calisma
sonuglarina gore durumsal farkindahigi
arttirici tespitler belirlenmistir [17].
Agik deniz sondaj c¢alisanlari igin
yapilmis olan SAGAT temel prensibiyle
“Work Situation Awareness-WSA bilissel
bosluklarin neler oldugu amaciyla oz-
bildirim o6l¢egi kullanilarak off-shore
platformlarinda ¢alisan 185 kisiye 6zel
bir DF teknigi gelistirilerek 6l¢tilmiistiir
[19].

Yine acik deniz sondaj calisanlarina
Norveg’'te 166 gemiadamina Endsley’in
licli modeli esas alinarak o6l¢iilmiis bir
¢alisma vardir [20].

Denizcilik ve acik deniz sondaj
endiistrisinde calisan Dinamik
Pozisyonlama (DP) operatorlerinin
(kaptan-zabit) icinde oldugu 24 kaza
arastirilarak DF ve karar verme iliskisi
tespit edilmeye calisiimistir [21].

Diger bir c¢alismada, 39 geminin
karistigt 27 adet denizde c¢atismanin
“HFCS (Human Factor Analysis and
Classificaiton System) ile durumsal
farkindahk, dikkat acig1 ve iletisim
eksikleri arastirilmistir [22].

Gemi trafik hizmetleri operatori (VTS -
Vessel Traffic Services) olmasi beklenen
134 Cadiz Denizcilik Okulu 6grencisini
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degerlendirmek i¢in yapilan SAGAT
temelli “Situation Awareness Test for
Vessel Traffic Services (SAT-VTS)” [23]
yapildigr gorilmekle birlikte bunun
disindaki deniz ulastirma alanlarinda
benzer c¢alismalara rastlanilmamistir.
Dolayisiyla emniyet kavraminin
ulastirma sektoriindeki o©nemi goz
oniine alindiginda kilavuzluk gibi liman
manevralarina iliskin hizmetlerde de
durumsal farkindalik kavramlarinin
oOlciilmesinin 6nemi biiyiiktir.

3. Liman Kilavuzluk Hizmetleri ve
Durumsal Farkindahk

Bir geminin kilavuzlanmasi dinamik bir
istirveherseferindedegisengemitipi, rihtim,
hava, deniz ve goriis sartlarinda yapilir. Tipki
havaciliktaki gibi gemi manevrasi da dogru
zamanda ve dogru karar verme {izerine
kurulmustur. Gemi Kaptani/Kilavuz Kaptan;
geminin anlik hizini, pozisyonu, ana makine,
diimen, bas/ki¢ iter ve diger manevrayl
etkileyecek techizatin arizasim fark edip
algilayabilme, anlayabilme, durma/donis
zaman ve mevkiini dogru ongoriip hem
geminin tepkilerini hem de cevresinde neler
olup bittigiyle ilgili degisimleri yordamak
zorundadir.

Son arastirmalarda, teknolojinin de
gelismesi ile yapilan ol¢limlerle kisinin
bilissel  dilizeyinin  6nem  kazandigl
gorilmektedir [6]. Mesleki bilgi ve
tecriibenin yaninda olaylara hakim olmak,
yasanillan ortamin sartlarim kavrayip,
bir sonraki adimi tim bunlara gore
yorumlayabilmek kisinin mesleki ve hatta
sosyal yasamini etkilemektedir.

Endsley’in tli¢li modeline gore rutin
bir yanagsma manevrasinda yasanabilecek
DF asamalarini; icinde bulundugu hava
ve deniz sartlar1 bilgisine sahip kilavuz

kaptanin manevra senaryosunu gemi
kaptanina aktarmasi (DF Seviye 1);
manevraya yardimci romorkorlerle,

yanasma sirasinda ve sonrasinda gemiyi
rihtimda tutacak halatlarin baglanmasina

yardimc1 olan dok kaptani ve palamar ile
irtibata ge¢cmesi (DF Seviye 2) manevra
sirasinda verecegi komutlar1 bir sonraki
an1 degerlendirerek yapmasi (DF Seviye
3) seklinde drneklemek miimkiindiir. Tim
bu olaylarin akigi sirasinda acil durumlar
haricinde kaptan/kilavuz kaptanin dikkatini
dagitacak, algisini etkileyecek dis etkiler
coktur. Telsiz konusmalari, kopriiiistiindeki
diger ekip Tyeleri, liman otoritelerinin
uyart ve sorulari, romorkoérin yaklasimi
ve baglanmasi, yerel deniz trafigi, art arda
yapilan manevralardaki zaman kaygis1 bu
duruma 6rnek olarak belirtilebilir.

4. Arastirmanin Konusu ve Amaci

Arastirmanin konusunu liman
kilavuzluk hizmetlerinde emniyetli
liman manevralarinin DF c¢ercevesinde
incelenmesi olusturmaktadir. Arastirmanin
temelini ise, c¢evresel faktorlerin gemi
tizerindeki etkileriyle gelisen kosullar
kullanicinin  algilamasi  dogrultusunda
DF'nin tespiti olusturmaktadir. Calismanin
amaci ise DF kavraminin liman kilavuzluk
hizmetlerindeki 6nemini ortaya koymak,
aktif calisan kaptan ve kilavuz kaptanlar
arasinda DF seviyeleri acisindan farklhilik
olup olmadigini ve varsa hangi agilardan DF
farklilig1 oldugunu tespit etmektir.

5. Arastirmanin Onemi

Yapilan literatiir taramasinda yukarida
da belirtildigi tlizere acik deniz sondaj
calisanlarinda, denizde meydana gelen
catismalarda insan faktori  icindeki
durumsal farkindaligin tespitinde, deniz
trafik  kontrolérlerinde ve DP Sistem
kullanicis1  zabitlerde  yapilmis  sinirh
sayida c¢alismaya rastlanilmistir  Ancak
dogrudan gemi kaptanlar1 ve / veya liman
kilavuz kaptanlarini iceren herhangi bir
calismaya rastlanilmamistiz  Dolayisiyla
emniyetli liman manevralari agisindan
kilavuz kaptanlarin ve gemi kaptanlarinin
durumsal farkindaliklari son derece 6nem
arz etmektedir.
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6. Arastirmanin Kisitlari
Arastirmada temel kisit orneklemdir.

Gorev yapmakta olan tim kilavuz
kaptanlara  ulasilamamasi,  Tirkiye'de
calismakta olan Kilavuz Kaptanlar'in

neredeyse tamaminin erkek olmasi, sadece
Tirk Kaptanlar i¢in yapilmis olmasi gibi
kisitlar  belirtilmelidir. ~ Simiilasyonun
fiziksel Kkosullar ac¢isindan sirhliklar
gostermesi de (riizgarin hissedilememesi
gibi), ayn1 anda hem sancak hem de iskele
bordasi gibi alanlarin gozle taranamamasi,
vb. bir kisit olarak gortalmiistir.

7. Arastirmanin Modeli

Arastirmanin modeli asagida Sekil 3'te
gosterilmistir.

Kilavuz Kaptan

altinda olanlar arasinda DF seviyelerinde
fark vardir (H,,,), Birden fazla ehliyete
sahip Kilavuz Kaptanlarin DF seviyesi
daha ytiksektir (H,,,) alt hipotezleri de
degerlendirilmistir.

2A3

8. Arastirmanin Yontemi

Bu c¢alismada literatiirde de yaygin
kabul goren Endsley’in ti¢cli DF modeli esas
alinmis ve SAGAT yontemi kullanilmistir.

SAGAT  yonteminde  deneklerin  DF
seviyelerinin dl¢limii amaciyla gergek
gemi yerine NTPro 5000 Kopriisti
Simiilatérii  kullanmilmistir.  Arastirmada

kullanilan simiilasyon sistemi, DEU-BAP
destekli 2013.KB.FE.001 numarali “Liman

Demografik Olgiimler

Gemi Kaptan

Modelleme Simiilatérd”dir.  Simtlasyon
Hes DF1 ALGILAMA
Hos DURUMSAL
FARKINDALIK
SEVIVESI DF2 ANLAMA
- DF3 YORDAMA

Sekil 3. Arastirmanin Modeli

Calismanin temel hipotezleri ise; H,:
Kilavuz kaptanlarin DF seviyesi ile gemi
kaptanlar1 DF seviyesi arasinda fark yoktur.
(H,,: Kilavuz kaptanlarin DF seviyesi ile
gemi kaptanlar1 DF seviyesi arasinda fark

vardir) H;: Kilavuz kaptanlar ile gemi
kaptanlarinin DF  seviyeleri arasinda
demografik o6zelliklerine gore farklilik

yoktur. (H,,: Kilavuz kaptanlar ile gemi
kaptanlarinin DF  seviyeleri arasinda
demografik o6zelliklerine gore farklilik
vardir) seklindedir. Temel hipotezlere
baglh olarak Bolgede c¢alisan Kilavuz
Kaptanlar ile diger Kilavuz Kaptanlar ve
gemi kaptanlarinin DF seviyesi arasinda
fark vardir (H,, ), 40 yasin altinda olanlar
ile 40 yasin ustlinde olanlar arasinda DF
seviyesinde fark vardir (H,,,), Deniz hayati
10 yil ve tustiinde olanlar ile 10 yil ve

yazilimi ise her tirli cevresel etkilerle
manevralarin gercekeci ortamlarda test
edilmesine olanak saglamakta olan Transas
Marine International AB, Isvec tarafindan
iretilmis, DNV (Det Norske Veritas)
tarafindan 2012 Aralik ayinda NTPro 5000
lisansiyla IMO/STCW sozlesmesi [/12 sayili
yonetmelige uygun A Sinifi Simiilator olarak
sertifikalandirilmistir.

Simiilasyon dncesinde form yardimiyla
on bilgilendirme yapilmistir ve o6zellikle
“bireyin mesleki, teknik yeteneklerini
ve/veya  oOzelliklerini  6lcecek  higbir
degerlendirmesi yoktur ve olmayacaktir”
bilgisine yer verilmistir. Katilimcinin gérev
tanimi DF bilesenleri biitiiniinde;

Cografi DF: mevki, diger gemiler, liman
ve trafik durumu, acil durum demir yerleri,
donis noktalarsi,
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KOPRUUSTU 1

Gasterge Paneli (AL
makine ve bow thruster, heading)

Bow anda kolu
B Ana makine kananda kelu

Soyir Yardumelan (Dirbon,
farlamgyctan, bagtan, kigtan gériintil)

Sekil 4. NTPro 5000 Kopriiiistii Simiilatérti

Konumsal/Gegici DF: Geminin teknik
bilgileri (Pilot karti, makine tipi, diimen tipi,
bas pervane), rota, hiz, 6ngdrtilen yanasma
yeri

Sistem DF: Sistem durumu, fonksiyonlar
ve similator kullanici ayarlari

Cevresel DF: Riizgar, deniz, goris ve
beklenen durum bilgisi,

Taktiksel DF: Tanimlama, gemi tip,
yetenekler, diger gemilerin / romorkorlerin
bolgesel dinamikleri senaryoya uygun
sekilde agiklanmistir.

Simiilasyonun baglatilmasinin ardindan
rasgele olarak simiilasyon durdurulmus,
once 1. Grup, en fazla 2 dakikalik
durdurma siiresinin ardindan yeniden
baslatilarak yine rasgele durdurularak 2.
Grup sorular sorulmustur. Verilerin elde
edilmesine miiteakip simiilasyon deneyi
tamamlanmistir. SAGAT yontemine uygun
olarak 1. ve 2. grup sorular altisar adet olup
her bir grup ikiser adet DF 1, 2 ve 3 sorular1
icermektedir.

9. Arastirmanin Siireci
Kullanilan yo6ntemler detayli olarak
arastirilmis ve Tablo 2’de de gosterildigi

lizere hem zaman hem de maliyet
acilarindan uygun olmasi nedenleri ile
SAGAT yonteminde karar kilinmistin Bu
dogrultuda yukarida detaylar1 belirtilmis
olan kopriitistli simiilator sisteminde 6nce
uygulama alani simiilasyonu hazirlanmis
sonra da bu alan tizerinde kullanilacak
senaryo gelistirilmistir.

Senaryo hazirlanirken izmir Limani
liman manevralar1 goz oniinde tutularak
Endsley’in tii¢cli modeli esasina uygun

ve durumsal farkindaligin daha net
belirlenmesini  saglayacagi tasarlanan
Alsancak 20 No'lu rihtima yanasma

manevrasl tercih edilmistir. Bu manevrada
yaklasim, gemi tipi, hava sartlar1 ve liman
trafigi anlaminda zorluk derecesi olarak
orta zorlukta bir senaryo olusturulmustur.
Olusturulan senaryoda katilimcilarin
mesleki bilgi ve becerileri 61¢iilmemis ancak
basarisiz olarak degerlendirilen deneyler de
SAGAT prensipleri geregi degerlendirmeye
alinmamistir. Senaryo deneylerinde
katihmcilarin Tiirkiye kiyilarinda gorev
yapan kilavuz kaptanlardan ve gemilerde
kaptanlik yapmis uzakyol yeterliligine
sahip kaptanlardan olusmasi planlanmistir.
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Sekil 5. Arastirma Siireci

Senaryo hazirlandiktan sonra Izmir
limanindan 2015 Kasim ayinda emekli
olmus iki kilavuz kaptana ve daha once
[zmir'de senaryoya uygun manevra
yapmis bir uzakyol kaptanina denetilerek
test edilmistir. Testler sonrasinda SAGAT
yontemine de uygun olarak gelistirilen ve
sorular1 olusturulan calisma uygulamaya
hazir hale getirilmistir Bu asamada,
Ortadogu Teknik Universitesi Biligsel
Bilimler Boliimii'nde “Calismabellegi, dikkat
ve deneyimin pilot durumsal farkindalig
lizerinde etkileri” (Haziran 2011) adh
doktora tezini hazirlayanlar ile Ankara’da
bir araya gelinerek wucgak pilotlarina
uyguladiklar1 SAGAT yontemi, modellemesi
ve Ol¢iilmesi hakkinda goriisme yapilmistir.
Ayrica hazirlanan simiilasyon senaryosu
hakkinda bilgi verilmis uzman goriisi
alinarak fikir alisverisinde bulunulmustur.

SAGAT yonteminde kullanilacak
sorularin se¢iminde ilk ©6nce taslak
sorular hazirlanmis ve sorular DF 1, 2
ve 3 seviyelerine gore siniflandirilmistir.
Yine sorular belirlenirken katilimcinin
adaptasyonu ve motivasyonunu
engelleyici olmamas1 ve gerceklestirilen
gorevden katilimciy1 uzaklastirmayacak
sekilde cevaplara sahip olmasina 06zen
gosterilmistir.

Arastirmanin bu safhasinda senaryo
uygulamalarina baslanmis ve uygulamalar
9 Subat 2016 tarihi ile 1 Mart 2016 tarihleri
arasinda gergeklestirilmistir. Uygulamalara
3’0 test, 2’si kontrol grubu olarak
katilanlarda dahil olmak iizere toplam 35
kisi katilmis, 28’1 DF degerlendirmesine
alinmistir.

Sekil 6. Simiilasyonda Izmir Limani Portolon ve
Manevra Gértintiisti

Senaryo uygulamalar1 sonrasi elde
edilen bulgular hem SAGAT yontemine
uygun olarak matematiksel yontemlerle
hem de arastirma sorusu kapsaminda SPSS
22 programi kullanilarak analiz edilmistir.

10. Evren ve Orneklem

Arastirmanin  evrenini  Ulastirma,
Denizcilik ve Haberlesme Bakanligi
verilerine gore Turkiye’de faal olarak calisan
toplam 388 Kilavuz Kaptan (Eyliil 2016) ile
Tirk Siciline kayith 3593 (son bes yilda
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yeterlik belgesini yenileyen-Eylil 2016)
Uzakyol Gemi Kaptanlari olusturmaktadir.
Evrenin tamamina ulasmak s6z Kkonusu
olmadigindan “amagsal (kasti-kararsal)
orneklem” metodu kullanilarak {zmir
limaninda gorev yapmakta olan 9 kilavuz
kaptana ilave olarak Tirkiye'de degisik
bolgelerde kilavuzluk yapmakta olan
9 kilavuz kaptan daha calismaya dahil
edilmistir. Katilimc sayisi, 6rneklem sayisi
gbz online alindiginda bu tip bir arastirma
icin oldukea yeterlidir.

Amagsal (Kasti-Kararsal) Orneklem,
evrenin Ozellikleri hakkindaki bilgiye
dayanilarak ve arastirma problemlerine
cevap bulacagina inanilan kisilerden
secilen Orneklemdir [15]. Arastirmacinin
evren hakkinda bilgili oldugu durumlarda
kullanilir ve arastirmanin amacina hizmet
edecek Kisileri se¢meyi tercih ederler [16].

Calismalara katilan 5(3+2) Kkisilik test
ve kontrol grubu hari¢ 18 kilavuz kaptanin
yan1 sira uzakyol kaptan yeterliligine sahip
14 Kaptan'in sonuglar1 degerlendirmeye
alinmistir. Calisma 6ncesi tiim katilimcilara
“Gonilld Katilm Formu” doldurtularak
izinleri alinmistir. Calismaya katilan uzakyol
kaptanlarindan 2 kisininki senaryoyu
tamamlayamadig icin degerlendirme disi
birakilmistir. Kaptan sayisi belirlenirken
hem Izmir Kilavuz Kaptanlarinin sayisi [9]
hem de diger bolgelerden gelen Kilavuz
Kaptanlarin sayis1 goz oniline alinmistir.
Diger bolgelerden gelen kilavuz kaptanlar
ise Canakkale Bogazi (1), Istanbul Bogazi
(1), izmit Korfezi Dekas (1), Ceyhan Botas
(1), Nemrut Liman Uzmar (1), Aliaga

Petkim (2), Aliaga Tiipras (1) ve Cesme
(1) Kilavuz kaptani olmak tizere toplam 9
Kilavuz Kaptandir.

11. Bulgular ve Degerlendirme

Hazirlanmis olan 12 soru
senaryo  uygulamasinda  katihmcilara
yonlendirilerek cevaplar toplanmus,
yanitlara  baghh  olarak DF  seviyesi

Olciilmustir. Katilmcilarin DF seviyelerine
iliskin tespitlerin standartlastirilabilmesi
amaciyla cevaplarla simiilasyon verileri
hazirlanan  Excel dosyasi yardimiyla
¢oziimlenmistir. Katilimcilara ait elde
edilen DF degerleri Sekil 6’da verilmis
olup bu degerler ayrica SPSS programinda
bireylerin demografik verileriyle de
karsilastirilmistir. Bu veriler yas, mezuniyet,
toplam deniz hayati (kariyer), kaptanlk
tecriibesi, kilavuz kaptanlik stiresi ve sahip
oldugu ehliyet sayisi seklindedir.
Katilimcilarin  DF  degerleri  Sekil
7'de Dbelirtilmis olup 11., 29. ve 30.
katilimc1 verileri yukarida agiklandigl
iizere  degerlendirmeye  alinmamistir.
Arastirmaya katilanlarin DF seviyeleri ayri
ayr1 degerlendirilmis ve buna goére DF1,
DF2 ve DF3 degerleri tespit edilmistir. Tablo
3’te gortilecegi tizere DF2 seviyesi ile DF3
arasinda 0,05 anlamlhlik seviyesinde 0,516
degerinde iliski oldugu goriilmektedir.
Bir baska ifade ile DF2 ve DF3 seviyeleri
arasinda pozitif yonde anlamlh bir iliski
oldugu goriilmistiir. Daha agik bir ifade
ile anlama seviyesi yiiksek olanlarin
projeksiyon seviyesi de ytiksektir.

Katilimci DF Degerleri

10,0000

5,0000
0,0000

7 8910111213

Sekil 7. Katilimci Toplam DF Degerleri

4 / 3242 7282

1415161718192021 2223
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Tablo 3. Katilimcilarin Durumsal Farkindalik Seviyeleri Arasindaki Korelasyonlar

DF1 DF2 DF3

Pearson korelasyonu 1 ,036 ,170
DF1

Anlamhlik cift-kuyruk ,854 ,388

Pearson korelasyonu ,036 1 ,516%*
DF2

Anlamhilik ¢ift-kuyruk ,854 ,005

Pearson korelasyonu ,170 ,516%* 1
DF3

Anlamhlik cift-kuyruk ,388 ,005

a. Katilimclarin 14’tniin 40 yasin
altinda diger 14 kisinin 40 yas {Usti
oldugu goriilerek dagilimin yar1 yariya
oldugu gorilmistir. Bu dagilima gore
en ge¢ katillmcinin 32 yasinda ve en
yash katilimcinin ise 64 yasinda oldugu,
katilimcilarin deniz hayatinin en az 7 yil
oldugu, 10 y1l ve tstii deniz hayatina sahip
katilimcilarin % 78,7 oldugu, katilimcilarin
daha ¢ok 4 ve 5 yillik kaptanlik tecriibesine
sahip oldugu, meslege yeni baslayanlarin
yani sira, meslekte 25 yilini tamamlayan
kilavuz kaptanlar da oldugu ve 6 bolgeye
ait ehliyete sahip % 28,6'lik oranla 8 kisi
oldugu tespit edilmistir.

b. H,, hipotezine yonelik “Bagimsiz
degiskenli t-testi"ne gore %95 seviyesinde
anlamhilik aranmis ve Kilavuz Kaptanlar ile
Gemi Kaptanlar1 arasinda anlaml seviyede
DF farki olmadig1 (anlamlilik > 0,05), buna
bagh olarak H, , : Bolgede calisan Kilavuz
Kaptanlar ile diger Kilavuz Kaptanlar ve
gemi kaptanlarinin DF seviyesi arasinda
fark vardir “hipotezi i¢cin de anlaml bir fark
bulunmadigi (anlamlilik > 0,05),

c. H,: Kilavuz kaptanlar ile gemi
kaptanlarimin DF  seviyeleri arasinda

d. Benzer sekilde (H,,,) 40 yagin altinda
olanlarile 40 yasin tistiinde olanlar arasinda
DF seviyesinde fark vardir alt hipotezinin
de reddedildigi (anlamlilik > 0,05),

e. “H,,; Kilavuz Kaptan ve gemi
kaptanlarinin deniz hayat1 10 y1l ve iistiinde
olanlar ile altinda olanlar arasinda DF
seviyelerinde fark vardir” alt hipotezinin
desteklendigi ve bes baglik icin anlaml
farklilik oldugu (anlamhlik 0,038<0,05),

Tablo 4. 10 Yillik Hizmet Stiresine Gére DF Seviyesi
“Bagimsiz degiskenli t-test” Sonuglart

Anlamliik

Ortalama F T e a—
DF | 10yil< | 2.175400 | 1,520 | 2,182 ,038
10y1l> | 1.573806 1,967 ,069

f. “H,,,: Kilavuz Kaptanlardan birden

fazla ehliyete sahip olanlarin DF seviyesi
daha ytksektir” i¢in ise riizgar yoniinii fark
etme ve ekipman arizasini fark etme alt
basliklarinda anlamh bir farklhilik oldugu
gorilmistiir. Tablo 5'te goriilecegi tlizere
rizgdr yoni farkindahiginin anlamlilik
degeri 0,019 ve riizgar yoni degisim

demografik 06zelliklerine goére farkhilik farkindahginin anlamhlik degeri 0,013
olmadigi (anlamhlik>0,05), olmustur.
Tablo 5. Kilavuz Ehliyet Sayisina Gére DF Seviyesi “Bagimsiz Degiskenli T-Test” Sonugclari
Ortalama B T éllgilr;l;;l:li
RUZGAR YONU | Tek ehliyet 1,000000 40,000 1,405 ,179
Birden fazla ,642857 2,687 ,019
EKiPMAN Tek ehliyet ,000000 16,211 -1,494 ,155
Birden fazla ,L160714 -2,857 ,013

343



© UCTEA The Chamber of Marine Engineers

Journal of ETA Maritime Science

Katiimcilara ait DF sonuclar1 igin
birbirleri arasinda korelasyon sonuglari
da arastirllmistir. Buna gore Tablo 6’da
goriilecegi iizere; helikopter gecisinin
farkindaligi ile riizgar farkindahgi arasinda
pozitif yonde anlamh bir iliski (Pearson:
0,442 Sig:0,19), Pozisyon farkindahg: ile
Riizgar farkindaligi arasinda pozitif yonde
anlaml bir iliski (Pearson: 0,399 Sig:0,35)
ve Riizgar degisimi farkindaligi ile mesafe
farkindaligi arasinda pozitif yonde anlaml
bir iliski (Pearson: 0,469 Sig:0,12) tespit
edilmistir.

e Katilimcilarin deniz hayati 10 yil ve
iistiinde olan 18 kisi ile deniz hayat1 10 yil
ve alt1 olan 10 kisi arasinda DF2 (anlama)
seviyesinde bes ayri kriter icin anlaml
fark oldugu bulunmustur. Tecriibenin
durumsal farkindalik acisindan oOnemli
bir faktér oldugu literatiire uygun olarak
bu calismada da desteklenmistir. Birden
fazla bolgeye ait kilavuzluk ehliyetine
sahip olanlarin DF seviyelerinin daha
yuksek oldugu bunun nedeninin de farkh
bolgelerdeki degisik etkileri algillama
ve anlama konusunda tecriibeye sahip

Tablo 6. Katilimcilara Ait Cikan DF Sonuglarinin Digerleri ile Korelasyonu

Helikopter Pozisyon Mesafe
Riizgar farkindaligi
Pearson korelasyonu 0,442 0,399
Anlamlilik ¢ift-kuyruk 0,19 0,35
Riizgar yonii degisim farkindaligi
Pearson korelasyonu 0,469
Anlamllik ¢ift-kuyruk 0,12

Sonug¢ ve Tartisma

Gemi kaptanlar1 ve kilavuz kaptanlarin
durumsal farkindaligi SAGAT yontemi
kullanilarak 6l¢iilmiis ve sonuglar asagida
siralanmistir.

e Gemi kaptanlar ile kilavuz kaptanlar
arasinda DF diizeylerinde bir fark olmadigi
tespit edilmistir. Amacin emniyetli manevra
olmasi iki gérev grubunu da ortak paydada
bulusturmaktadir. ~ Katiimcilardan en
yashh ve en ge¢ arasinda bir farkhilik
tespit edilmemis ve c¢ikan sonucun da
bu 0Ongoriyii destekledigi goriilmiistiir.
Izmir Liman1 kilavuz kaptam olarak
calisanlar (9 kisi) ile gemi kaptani ve diger
bolge kilavuzlart (10+9 toplam 19 Kkisi)
arasinda DF diizeylerinde anlamli bir fark
bulunmadig tespit edilmistir. Ayni bélgede
stirekli calisan kilavuz kaptanlarin diger
bolgedeki kilavuz kaptanlar ile ve kilavuz
kaptanlik yapmayan gemi kaptanlar
arasinda DF farkliligi olmamasi dikkat
¢ekici bir sonuctur.

olmalari olarak yorumlanmistir.

e Farkindalik tiirleri arasinda yapilan
korelasyonda DF2 yiiksek olanlarin DF3
seviyelerinin de yiiksek oldugu gorilmistir.
Bu da literatiirdeki ¢alismalarla benzerdir.
Dolayisiylatoplam DF seviyelerininarasinda
yapilan iliskiye gore DF temel yaklasimi
geregi algilama ve anlama seviyesi ytliksek
olanlarin yordama seviyesi ylksektir. DF
dinamik karar verme modiiliine gore bir
sistemde insan aktivitesinin bilissel modeli
icinde gémiilii olmasi nedeniyle durumsal
farkindahigin bireysel bir o6zellik oldugu
yukaridaki sonuglarla da desteklenmistir.

o Deniz  ulastirilmasi  alaninda
Fransa'da besinci sinifta okuyan denizcilik
Ogrencilerine yapilan gemi manevra
kabiliyetlerini  gelistirmek i¢in karar

vermeyle baglantili durumsal farkindalik
manevra egitimi yapilmistir [18]. Tokyo
Universitesi'nde yapilan arastirmada gemi
gecis esnasinda gemi kullanicilarin daha
once SAGAT yontemi kullanilarak yapilmis
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calisma  sonuclarina  gdore  durumsal
farkindaligi arttirici tespitler belirlenmistir.
[17] Agik deniz sondaj ¢alisanlart icin WSA
(Work Situation Awareness) teknigiyle
yapilan c¢alisma sonucunda [19] ytksek
stres ve yorgunlugun durumsal farkindaligi
disiik seviyelere indirdigi dolayisiyla
emniyetli olmayan calisma davranislari
ve kaza riskini arttirdig1 tespit edilmistir.
Acik deniz sondaj calisanlarina Norveg'te
166 gemiadamina Endsley’in ti¢li modeli
esas alinarak ol¢lilmiis bir ¢alismanin
[20] sonucunda durumsal farkindahgi
etkileyen faktorlerin on ¢ maddelik
bir envanteri cikarilmis, DF'nin Kisisel
bir bilissel o6zellik oldugu ve g¢alisma
sirasindaki durumsal farkindahigin stres,
yorgunluk ve uyku kalitesiyle iliskili oldugu
goriilmiistii. Denizcilik ve acgik deniz
sondaj endiistrisinde ¢alisan Dinamik
Pozisyonlama (DP) operatorlerinin (kaptan-
zabit) DF ve karar verme iliskisi icin yapilan
calismada [21]; dogru karar vermek icin
DF’nin gerekli oldugu ancak herhangi bir
acil durum nedeniyle operatorlerin dikkat
kaynaklarinin ve bilgi toplama yerlerinin
farklilagsmasiyla farkindalik siralamasinin
degistigi ve kazay1 dnleme adina prosedir
disina gikildigr anlasilmistir. 39 geminin
karistig1 27 adet denizde ¢atismanin “HFCS
(Human Factor Analysis and Classificaiton
System) ile, durumsal farkindalik, dikkat
acig1 ve iletisim eksikleri arastirilmis [22],
emniyetli olmayan eylemlerin %85’inin
yanlis karar vermeye bagh oldugu, durumsal
farkindahgi kaybetmedeki faktorler
belirlenmis ve bunlarin etkisiz gozculik,
kopriiistii kaynak yonetimi zayifligi, eksik
haberlesme ve iletisim, yetersiz liderlik
ve yanlis bilgilerin alinmasi gibi sonuglar
cikmistir. Gemi trafik hizmetleri operatori
olmak isteyenler SAGAT temelli “Situation
Awareness Test for Vessel Traffic Services
(SAT-VTS)” [23] ¢alismanin sonucunda
denizcilik emniyeti icin gerekli olan “Gemi
Trafik Hizmetleri-Durumsal Farkindalik”
iliskisi belirlenmistir.

Bu c¢alismada da deniz ulastirmasi
sektoriinde yapilmis olan diger ¢alismalar
ile benzer sonuglara ulasilmistir. Kilavuz
kaptanlarin her zaman ayni bolgede farkl
gemilerle ve farkli meteorolojik sartlarda
daha ¢ok manevra yapmasinin farkindalik
seviyelerinin gemi kaptanlarina gore daha
yuksek olmasi beklenirken, literatiirde
belirtildigi tizere Endsley (1995a) DF
dinamik karar verme modiiliine gore bir
sistemde insan aktivitesinin bilissel modeli
icinde gomiili olmasi nedeniyle durumsal
farkindaligin bireysel bir 6zellik oldugu
yukaridaki sonuglarla da desteklenmistir.
Her iki gorevde olanlarin DF 6l¢iimi
icin gemi kullanici olarak kabul edilmesi
gerektigi ve ortalama ayni tepkileri verdigi
goriilmistiir Bununla birlikte kilavuz
kaptanlarin da mesleki altyapi sebebiyle
daha dnce gemi kaptanligi yapmis olmasi
da bir etken olabilir Gemi manevrasini
etkileyen sert hava sartlarinin ister gemi
kaptani olsun ister kilavuz kaptan olsun
dikkat seviyesini, yaklasimini ve stres
yukiini etkiledigi gorilmustir. Etkin bilgi
akisinin saglanmasi halinde c¢abuk ve
kolay karar verildigi, dogru adaptasyon ve
anlama ile emniyetli yanasma manevrasi
hedefiyle yola c¢ikan gemi kullanicisinin
basarili sekilde manevray1 tamamlamistir.

e Kilavuzluk hizmetlerinde DF dikkate
alinmasi, Olgiilmesi, degerlendirilmesi,
gelistirilmesi ~ ve  belirli  araliklarla
yeniden test edilmesi gereken 6nemli bir
faktor oldugu anlasilmis olup, denizcilik
sirketleri icin gemi kaptanlarina ve ayni
zamanda Kkilavuzluk tegkilatlarinin kilavuz
kaptanlara ilk ise aliminda ve meslek ici
egitimlerinde “DF testi” yapilmasinda fayda
olacagi degerlendirmesi de yapilmistir.

Gelecekte bu calismanin daha ¢ok
katilimci ile ve/veya diger 6l¢iim teknikleri
(SPAM, SART vb.) ile karsilastirilmasi,
benzer bir calismanin farkli liman veya
bolgede tekrarlanmasi bilimsel agidan
onemlidir. Rutin seyirlerde, bogaz-kanal
gecislerinde, gemi kaptanlarina ve zabitlere
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yonelik DF tespiti i¢in dl¢timler yapilarak,
denizcilik alaninda DF’yi en c¢ok etkileyen
faktorler arastirilabilir. Ayrica, romorkor
kaptanlar1 i¢cin yaklasimlar planlanabilir.
Ozellikle insansiz (un-manned) makineye
sahip otomasyon temelli gemilerde
basmiihendis ve makine zabitleri icin de DF
arastirilabilir.
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Ozet

Bu ¢alismanin temel amaci, gemi adamlarinin is tatminin, is performansinin boyutlari olan gérev ve
baglamsal performans lizerindeki etkisini ortaya cikartmaktir. Ayrica, gemi adamlarinin gorev ve
baglamsal performans diizeyleri arasinda anlaml farkliliklar olup olmadigi belirlemek calismanin
diger bir amacidir. Calismanin amaglar: dogrultusunda, tankerlerde ¢alisan 416 gemi adamindan
anket yéntemiyle elde edilen veriler, SPSS 21 ve AMOS 21 istatistiksel paket programlarinin yardimiyla
analiz edilmistir. Yapisal egitlik modellemesi ile yapilan yol analizlerinde, gemi adamlarinin is tatmin
diizeylerinin hem gérev hem de baglamsal performanslarini, pozitif yénde anlamli etkiledigi tespit
edilmistir. Bunlarin yaninda aralarinda dogrusal iliski bulunan gemi adamlarinin gérev ve baglamsal
performanslari arasinda, istatistiksel acidan anlamli farkliliklar oldugu belirlenmistir. Calismanin
sonunda, gemi adamlarinin is tatmin diizeylerinin, gérev ve baglamsal performanslarindaki degisimi
olumlu yénde etkiledigi ve gemi adamlarinin gorev performansi algilarinin, baglamsal performans
algisina gére daha yiiksek oldugu bilgisine ulasiimistir.

Anahtar Kelimeler: Gemi Adamlari, Is Tatmini, Gérev Performansi, Baglamsal Performans.

The Relationships Between Seafarers’' Job Satisfaction, Task and Contextual
Performance

Abstract

The main purpose of this study is to reveal the effect of seafarers'job satisfaction on the task and contextual
performance which are dimension of job performance. It is also another purpose of the study to determine
whether there are significant differences between the level of task and contextual performance of
seafarers. For the purposes of the study, the data obtained by questionnaire from 416 seafarers working
on the tankers were analysed with the help of SPSS 21 and AMOS 21 statistical package programs. It
has been determined that both task and contextual performances of job satisfaction levels of seafarers
affect the positive direction significantly in the path analysis made by structural equation modelling.
In addition, there were statistically significant differences in the task and contextual performances of
seafarers with linear relationships. At the end of the study, it was learned that seafarers’ job satisfaction
levels positively affected the change in their task and contextual performance, and seafarers' perception
of task performance was higher than perceptual of contextual performance.
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1. Giris

Orgiitlerin sahip oldugu maddi olmayan
sermayelerinin basinda yer alan insan
sermayesini, orgitiin belirledigi amaclari
gerceklestirmek tlizere etkili yonetebilmek
icin calisanlarin is performanslarini 6l¢gmek
ve performanslarini olumlu veya olumsuz
etkileyebilecek  unsurlar1  belirlemek
orgiitin basaris1 ve devami agisindan
onemlidir.  Clinkii glniimiiz orgiitleri
icin verimliligin saglanabilmesinin ve
stirdiiriilebilmesinin yolunun insan
kaynagindan etkili faydalanabilmekten
gectigi  ortaya c¢lkmistir  Yoneticiler,
calisanlarimin orgiite, calisma arkadaslarina
ve kendilerine yonelik tutumlarini bilmek
durumundadirlar. ~ Calisanlarin  orgiit
icerisindeki tutumlarimin bilinmesi,
yoneticilere c¢alisanlarinin davranislarini
tahmin ve  kontrol edebilme ve
yonlendirebilme imkani verebilmektedir.
Calhsanlarin  orgitteki  tutumlari, is
davranislarini etkileyecegi icin bu tutumlar
ve sonuclarindaki davranislar orgiitsel
amaglara ulasmak i¢in 6nemli olmaktadir.
Calisanlarin is tutumlarindan biri is
tatmini, is davranislarindan biri de ¢alisma
performansidir.

Performans hem orgiit bazinda hem
de birey bazinda degerlendirilmektedir.
Birey bazinda artan calisma performansi,
takim performansini, takim performansi
boliim performansini, bélim performansi
da orgit performansini artirmaktadir.
Dolayisiyla bireysel calisma performansi,
orgiit performansinin artmasi i¢in dnemli
bir unsurdur. Bu nedenle de bireysel
calisma performansinin ol¢iilmesi ve
nelerden etkilendiginin belirlenmesi de
onemli olmaktadir. Bu noktadan hareketle
bu c¢alismanin temel amaci, bireysel
calisma performansinin boyutlar1 olan
gorev ve baglamsal performansinin
lizerinde, gemiadamlarinin is tatmininin
etkisini ortaya cikartmaktir ~ Ayrica,
gemiadamlarinin goérev ve baglamsal
performans diizeyleri arasinda anlaml

farklar ~ olup  olmadigini  belirlemek
calismanin bir diger amacidir. Calismanin
amagclarina ulasmak gin ticaret gemilerinde
calisan 416 gemi adamindan anket
yontemiyle veriler toplanmistir. Elde edilen
verilerle onerilen hipotezler ve arastirma
modeli, SPSS 21 ve AMOS 21 istatistik paket
programlar1 yardimiyla test edilmistir.
Arastirmada Olgiim araglarimin yapisal
gecerliligini test etmek icin aciklayict ve
dogrulayici faktér analizleri, giivenilirligini
6lcmek icin giivenilirlik analizi, degiskenler
arasindakiiliskiyibelirlemekicin korelasyon
analizi, gorev ve baglamsal performans
ortalamalari arasindaki farkin anlamhiligini
test etmek icin bagimli 6rneklem t-testi, is
tatmininin, gérev ve baglamsal performans
iizerindeki etkisini ortaya ¢cikartmak icin de
yapisal esitlik modellemesi ile yol analizleri
yapilmistir.

Gemi adamlar1 c¢alisma ortamlar:
nedeniyle, en fazla tecrit edilen gruplar
olarak kabul edilmektedir. Ciinkii denizde
aylarca c¢alisma arkadaslar1  disinda
baskalariyla temas kurmadan c¢ahsirlar
[1] ve ¢alisma ortamlari olan gemilerde
yasamlarini stirdiiriirler. Gemi adamlarinin
uzun siire ailelerinden uzak kalmalar1 ve
onlarla simirl iletisim Kkurabilmeleri, is
tatminsizliginin 6nemli nedenleri arasinda
kabul edilmektedir [2]. Is tatminsizliginin
en onemli sonug¢larindan biri de c¢alisma
performansinin diismesidir [3]. Diinya
mal ticaretinin biliylikk ¢ogunlugunun
gemilerle yapilmasi, bu gemilerde calisan
gemi adamlarinin is tatmin diizeylerinin
ve performanslarinin oOl¢lilmesi ve bu
iki onemli orgiitsel degisken arasindaki

iliskilerin ~ ortaya ¢ikartilmasi, deniz
ulastirma faaliyetleri acisindan 6nemlidir.
Ancak ilgili literatiir incelendiginde,

denizcilik sektoriinde is tatmini ve ¢calisma
performansi ile ilgili calismalarin smirh
saylda oldugu goriilmektedir.

Denizcilik sektoriinde c¢alisanlarin is
tatmini ile ilgili olarak; gemiadamlarinin
is tatmininin, is glicii devrine olan etkisini
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[4], denizcilik isletmelerinde c¢alisanlarin
is tatmini ile orgiitsel iletisimi [5], is
karakteristigi [6] ve orgiitsel baghlik [7],
orgiitsel motivasyon ve orgiitsel performans
[8] arasindaki  iligkileri  inceleyen
calismalar, gemi acente calisanlarinin is
tatmin diizeylerinin 6lciilmesi [9] ve i¢sel
pazarlama faaliyetlerinin is tatminine
olan etkisinin belirlenmesi [10], liman
calisanlarmin is tatmini ile misteri tatmini
arasindaki iliskiyi [11], gemiadamlarinin
is tatmini ile stres [12], is birakma [13] ve
otantik liderlik ile iliskisini [14] inceleyen
ve gemiadamlar1 ile antrendrlerin is
tatmini ve orgiitsel baghlik diizeylerinin
karsilastirildigi [15] calismalar yapilmistir.

Denizcilik  sektoriinde  c¢alisanlarin
bireysel c¢alisma performans: ile ilgili
olarak; gemi adamlarinin  ¢alisma
performanslarinin  belirleyicileri  [16],
gemiadamlarinin  ¢alisma  performansi
ile duygusal zeka [17], orgiitsel baghlik
[18] ve tersane c¢alisanlarinin c¢alisma
performansi ile duygusal baghlik [19] ve is
tatmini iliskisini [20], konteyner terminal
operatorlerinin gorev performansi ile coklu
gorev yetenekleri ve Kkisilik 6zelliklerinin

iliskisini  inceleyen = [21] ¢alismalar
yapilmistir.
Uluslararas1  ve  ulusal literatiir

incelendiginde, bircok sektdrde is tatmini
ve ¢alisma performansi arasindaki iliskileri
inceleyen ¢ok sayida c¢alisma olmasina
ragmen, denizcilik sektoriinde o6zellikle
de gemi adamlar1 acisindan s6z konusu
kavramlar1 inceleyen ¢alismalarin simnirh
saylda olmasi ve arastirmanin konusu
olan gemi adamlarinin is tatmini ile gérev
ve baglamsal performanslar1 arasindaki
iliskiyi inceleyen bir ¢alismanin olmamasi,
bu calismanin 6nemini gostermektedir.

2. Literatiir incelemesi
2.1. is Tatmini

[s tatmini Dbircok farkl sekilde
tanimlanmustir [22]. Clinki kisilerin yasam
kalitesini de etkileyen is tatmini, ¢alisanin

isine kars1 gelistirdigi degerler ve isinden
elde ettiklerinin etkilesimi sonucu ortaya
cikan duygusal bir tutumdur [23]. s tatmini,
calisanin isinden hoslanma diizeyini [24]
ve isine yonelik duygularimi gosterir [25].
Bu duygular olumlu, olumsuz veya notr
olabilir. Luthans’a [26] gore, is tatmininin
ti¢ 6nemli boyutu vardir. Bunlar:

« [s tatmini, ise kars1 gelistirilen duygusal
bir durumdur. Bu nedenle de goriilmez ve
sadece calisan tarafindan yansitilabilir.

e Is tatmini, calisanin beklentileri ile
elde ettiklerinin farklari ile ifade edilebilir.

o Is tatmini birbirleriyle iligkili; isin
yapisy, licret, is arkadaslari, fiziki ortam ve
yonetim anlayis1 gibi farkli degiskenlerle
ilgilidir.

Is tatmin diizeyi sadece calisanin mutlu
olmasi veya mutsuz olmasi gibi bireysel
sonuglar dogurmasi degil, ayni zamanda
orgiitsel acidan ortaya c¢ikan sonuglar da
onemli olmaktadir. Is tatmin diizeyinin
ylksek olmasi, drgiit agisindan is giicliniin,
performansin, verimin ve is devamliligin
aratmasi, is tatmin dizeyinin distk
olmast durumunda ise, isi yavaslatma,
disiplinsizlik, isi birakma ve is kazalari
gibi  orgiitsel agidan  olumsuzluklar
goriilmektedir.  Dolayisiyla is tatmin
diizeyinin diisiik olmasi, calisan ile orgiit
arasinda sorun yaganmasina neden olmakta
ve oOrgilitii mali agidan zarar ugratmaktadir
[27]. Bu nedenlerden dolay1 yoneticiler,
calisanlarinin is tatmin diizeylerini 6l¢mek
ve is tatminine veya tatminsizligine yol acan
faktorleri belirlemek durumundadirlar.

2.2. Gorev ve Baglamsal Performans
Calisanlarin mesleki bilgi, beceri ve
yetenekleri ile is motivasyonlarinin bir
sonucu olan calisma performansi, Kisilerin
elinde olan ve orgiitiin amaclarina katki
saglayan faaliyet ve davramslardir [28].
Calisanin, orgiitin amaclarina belirli bir
zaman kesitinde yaptigi katkilar olumlu
sonuglanmis ise bireysel performansinin
yuksek, olumsuz sonug¢lanmis ise disiik
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oldugu ifade edilmektedir [29]. Orgiitiin
sundugu  hizmetlerde = miikemmellige
ulagsmanin ve siirdiirmenin temel Kkosulu,
ylksek performans sergileyen calisanlari

istihdam etmektir [30].  Arastirmalar,
orgiitsel  basariy1  etkileyen = dnemli
unsurlarin arasinda c¢alisanlarin bireysel
calisma performansinin oldugunu

gostermektedir [31]. Orgiitler icin bu
denli 6nemli olan calisma performansinin
¢ok boyutlu bir kavram oldugu kabul [32]
gorse de genel olarak gorev ve baglamsal
performans olarak ikiye ayrilmaktadir [33;
34; 35].

Gorev performansi (task performance),
calisanin gérev taniminda yer alan islerin
basarilmast [36] érgiitiin ¢alisanindan
bekledigi ve daha dnceden belirlenmis
gérevlerin  yerine getirilmesi ile ilgili
performanstir [37]. Roliciperformansiolarak
da adlandirilan gérev performansi, her bir is
icin farkli olan ve bir isin tamamlanmasini
saglayan temel  sorumluluklar  ve
davranislardir. Gérev performansi, ¢calisanin
iradesinde olan, resmi olarak islerin geregi
icin tanimlanmis ve ustalik gerektiren
faaliyetlerin  yiirtitiilmesidir ~ [33]. Bu
faaliyetler genel anlamda; ham maddenin
lirine veya hizmete dontstirilmesi gibi
isin teknik yoniiniin icra edilmesi ve isin
teknik yoniiniin icra edilmesine destek
olunmasi seklinde iki grupta toplanabilir
[38] [39]. Ozetle gorev performansi,
calisanin gorev taniminda yer alan isleri
yapmadaki basarisidir. Bu basarisinin diger
bir ifade ile gdorev performansinin temel
belirleyicisi, ¢calisanin sahip oldugu mesleki
bilgi, beceri ve tecriibedir.

Baglamsal  performans  (contextual
performance), calisanin yapmakla ytikiimlii
oldugu asli gérevinin yerine getirilmesi ile
dogrudan ilgili olmayan, fakat ©6rgiitiin
sosyal ve psikolojik ortamini etkiledigi
icin degerli kabul edilen gérev, faaliyet ve
stireclerin katalizérii olan kisisel cabalar
olarak tamimlanmaktadir [33]. Calisanlar,
is arkadaslariyla iyi iliskiler kurdugunda,

isleri icin onlara yardimci olduklarinda
ve isi zamaninda tamamlamak igin
fazladan caba sarf ettiklerinde baglamsal
performans gerceklestirmis olurlar [40].
Rol dis1 performans olarak da ifade edilen
baglamsal performans, orgiitsel amaglara
ulasmada sosyal ve psikolojik faktdrleri
kapsamaktadir. Baglamsal performansin bu
ozellikleri nedeniyle, gérev performansinin
olumlu bicimde gergeklesebilmesi icin
gerekli olan orgiit ikliminin olusmasina
katki sagladigi soylenebilir.

Gorev ve baglamsal performans
arasinda baz1 farkhiliklar vardir. Goérev
performansi ise ait faaliyetleri kapsamakta,
baglamsal performans ise Orgiitteki
tim islerin yuritilmesi adma ortak
birtakim faaliyetlerle orgiit iklimine katki
saglamaktadir [41]. Gorev performansina
yonelik faaliyetler bir isten diger bir
ise degisiklik gosterirken, baglamsal
performans faaliyetleri de farkli islerde
de ayn1 olma ozelligindedir [33]. Gorev
performansi olarak degerlendirilen ¢alisan
davranislari, belirlenmis rol tanimlamasi
icerisinde ~ yer  alirken,  baglamsal
performans olarak degerlendirilen ¢alisan
davranislari, orgiitte deger yaratan rol
taniminin disindaki davranislardir.

Calisma performansinin boyutlar1 olan
gorev ve baglamsal performansi belirleyen
ozellikler, birlikte c¢alisma performansini
ortaya c¢ikartan 6zelliklerdir. Ornegin,
seyir yontemlerini ve denizde emniyet
ilkelerini iyi bilen tecriibeli bir vardiya
zabitinin goérev performansinin yiiksek
olmasi beklenir. Ancak, vardiya zabitinin
baglamsal performansinin  gostergeleri
arasinda yer alabilecek olan denizcilik
meslegini ne kadar sevdigi, denizcilik orf
ve adetlerine olan baghlhgi, tistlerine karsi
saygily, astlari ile uyumlu ve takim bilincinin
olup olmadigini, sorumluluk duygusu,
duristligi, giivenilirligi, kurallara uyma
ve isini yapmadaki ciddiyeti ve hassasiyeti
de  Dbiitiinciil calisma  performansini
etkileyen unsurlardir. Buna gore mesleki
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bilgi, beceri ve tecriibeleri yeterli olan
bir vardiya zabitinin goérev performansi
ylksekken, diger gemiadamlar1 ile
uyumlu ¢alismamasi, gemide huzursuzluk
yaratmasi, orgilitiine sadik olmamasi ve
orgiitin amaclarini géz ardi etmek gibi
olumsuz  davranislarda  bulunmasiyla,
vardiya zabitinin baglamsal performansi
diisiik olabilir. Dolayisiyla biitiinciil calisma
performansinin degerlendirilmesinde hem
gorev hem de baglamsal performans ayri
ayr1 degerlendirilmelidir.

2.3. Is Tatmini, Gérev ve Baglamsal
Performans Arasindaki iliskiler

Gorev ve baglamsal performanslar bazi
acilardan farkhiliklar gosterse de aralarinda
kavramsal ve mantiksal bir iliski vardir
[33; 42]. Asagida bu iliskiyi inceleyen bazi
calismalara yer verilmistir.

Ozdevecioglu ve Kanigiir [43] yaptiklar1
calismada, 267 otel calisaninin liderlik
algilarmin gorev ve baglamsal performansa
olan etkisini incelemislerdir. Korelasyon
analizi sonuglarina gore, gérev ve baglamsal
performans arasinda pozitif yonli anlaml
(r=0,544; p<0,01) bir iliski bulunmustur.

Dogan ve Ozdevecioglu [44] calisanlarin
duygusalliklarinin, goérev ve baglamsal
performanslar1 lizerindeki etkisini ortaya
cikartmak icin 392 hemsire {iizerinde
yaptiklar1 arastirmada, korelasyon analiz
sonuglarina gore gorev ve baglamsal
performans arasinda pozitif yonlii (r=0,343;
p<0,01) anlamli bir iliski tespit etmislerdir.

Onay [45] 72 hemsireye anket
uygulayarak yaptigl calismasinda,
korelasyon analizi ile gorev ve baglamsal
performans arasinda pozitif yonlii (r=0,425;
p<0,01) anlamli bir iliski oldugunu rapor
etmistir.

Conway [41] tarafindan yapilan
ve 14 arastirmanin incelendigi meta-
analizi ¢alismasinda, gorev ve baglamsal
performanslarin  birbirlerinden  farkl
performanslar oldugu ve aralarinda
pozitif yonlii anlaml iliskilerin bulundugu

rapor  edilmistir.  Literatirdeki  bu
bulgulardan hareketle asagidaki hipotezler
gelistirilmistir:

Hipotez 1: Gemi adamlarinin gérev
performanslari ile baglamsal performanslari
arasinda anlaml ve pozitif yénde bir iliski
vardir.

Hipotez 2: Gemi adamlarinin gorev ve
baglamsal performans diizeyleri arasinda
anlamh farkhliklar vardir.

Onemli oérgiitsel ciktilar olan gérev
ve baglamsal performansi etkileyen
faktorlerin  belirlenmesi de  6nemli
olmaktadir. Calisanlarin gorev ve baglamsal
performanslarinin  orgiite  sagladiklari
katkilarinin yaninda, SOz konusu
performanslari dolayisiyla  biitiinciil
calisma performansini etkileyen birgok
faktor bulunmaktadir. Arastirmanin
amacina yonelik olarak bu ¢alismada, gérev
ve baglamsal performansi iizerinde sadece
is tatmin diizeyinin etkisi ele alinmistir.
Buna gore ¢alisma performansi ve boyutlari
olan gorev ve baglamsal performans ile is
tatmini arasindaki iliskiyi inceleyen bazi
calismalar asagida verilmistir.

Bagc1 [46] degisik faaliyet alani olan
isletmelerde c¢alisan 217 Kisi {izerinde
yaptigi  arastirmada, c¢alisanlarin s
tatmininin hem goérev hem de baglamsal
performanslarini pozitif ve anlamli yonde
etkiledigini tespit etmistir. Basit dogrusal

regresyon analizi kullanilarak yapilan
arastirmada, calisanlarin is tatmininin,
baglamsal performansinin gorev

performansina gore daha fazla etkiledigi
rapor edilmistir.

Scotter [40] yaptig1 arastirmada, Hava
Kuvvetlerinde mekanikei olarak ¢alisanlarin
gorev ve baglamsal performanslar ile is
tatmini, isten ayrilma ve duygusal baglilk
diizeyleri arasindaki iliskiler 1992 (n=414)
ve 1993(n=919) yillar1 olmak iizere iki
farkli 6rneklem iizerinde incelenmistir. Her
iki orneklemde de yoneticiler tarafindan
degerlendirilen ¢alisanlarin hem gérev hem
de baglamsal performanslari ile is tatmini
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ve duygusal baghliklar1 arasinda pozitif
yonde anlaml iligkiler oldugu ve ayrica
gorev ile baglamsal performans arasinda
anlaml farkliliklar oldugu belirlenmistir. Bu
arastirmada, baglamsal performansi yiiksek
olan calisanlarin is tatmin diizeylerinin ve
orgiitsel baghlik diizeylerinin de yiiksek
oldugu vurgulanmistir.

Perera vd. [47] giyim sektoriinde
faaliyet gosteren 17 isletmenin 322 ¢alisani
ile yaptiklar1 anket calismasinda, yapisal
esitlik modellemesi analiz edilmistir.
Arastirmada c¢alisanlarin is tatmininin, is
performanslarini pozitif ve anlamh yonde
etkiledigini ve calisma performansindaki
degisimin %76,8'ni acikladigin1  tespit
etmislerdir.

Peng [48] Tayvan’da 80 iiniversite
kitiiphanesinde gorev yapan 554 ¢alisanin
is tatmin diizeylerinin, gorev ve baglamsal
performanslari iizerindeki etkisini
incelemislerdir. Anket yodntemiyle elde
edilen verilerle yapisal esitlik modellemesi
kullanmustir. Is tatminin, icsel ve dissal
is tatmini olarak iki boyutta ele alindig
calismada, her iki is tatmini boyutunun hem
gorev hem de baglamsal performansi pozitif
yonde anlamh etkiledigi ortaya ¢ikmistir.
Calismada, icsel is tatmininin, dissal is
tatminine gore baglamsal performans
lizerinde, gorev performansindan daha
fazla etkili oldugu tespit edilmistir.

Zoghbi-Manrique-de-Lara ve Ting-
Ding [49] 215 otel ¢alisan1 6rnekleminde,
gorev ve baglamsal performans: ile
prosediirel adalet algisinin arasindaki
iliskide is tatmininin ara degisken
etkisini incelemislerdir. Anket yontemiyle
toplanan verilerle yapilan yapisal esitlik
modellemesi yol analizlerinde, ¢alisanlarin
is tatmin dizeylerinin hem gorev hem de
baglamsal performanslarini pozitif yonde
etkiledigi ayrica prosediirel adalet algisi
ile performanslar arasindaki iliskide, is
tatmininin tam ara degisken etkisinin
oldugunu tespit edilmistir. Is tatminin
tam ara degisken etkisine sahip olmasi, is

tatmininin prosediirel adalet algisina gore
gorevve baglamsal performanslariiizerinde
daha baskin oldugunu ve prosediirel adalet
algisinin, calisanlarin  performanslarini
artirabilmesi icin 6ncelikle tatmin olmalari
gerektigini gostermektedir.

Yuen vd. [50] zabitan sinifi 116 gemi
adaminin katildigi anket calismalarinda,
gemi adamlarinin is tatminini ve ¢alisma
performansini belirleyen unsurlari
incelemistir. Odiil, is stresi, isin ézellikleri
ve ruhsal durumlarin gemi adamlarinin
is tatmini etkileyen unsurlar olarak
belirlendigi  ¢alismada, gemideki is
stresinin yogunlugu ve ddiiliin cazibesi ve
is tasarimi ¢ekiciliginin, is tatmini {izerinde
onemli bir etkisinin oldugu ortaya cikmistir.
Ayrica is tatmini ve c¢alisma performansi
arasinda giiclii bir iliski oldugu ve yapisal
esitik modellemesi ile yapilan yol
analizlerinde, gemi adamlarinin is tatmini
performanslarini pozitif yonde anlamlh
olarak etkiledigi ve gemi adamlarinin is
tatmin dlzeyinin, performanslarindaki
degisiminin  %20’sini agikladig1 tespit
edilmistir. Literatiirdeki bu bulgulardan
hareketle asagidaki hipotezler ve arastirma
modeli gelistirilmistir:

Gorev Performans

Iy

I5 Tatmini

Baglamsal Performans

Sekil 1. Arastirmanin Teorik Modeli

Hipotez 3: Gemi adamlarinin is tatmini,
gorev performanslarini anlamli ve pozitif
yénde etkiler.

Hipotez 4: Gemi adamlarinin is tatmini,
baglamsal performanslarint anlamli  ve
pozitif yonde etkiler.
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Sekil 1'deki arastirma modelinde,
bagimsiz degisken olan gemi adamlarinin
is tatmininin, bagimli degiskenler olan ve
aralarinda dogrusal iliski bulunan gorev
ve baglamsal performans iizerindeki etkisi
gosterilmektedir.

3. Yontem
3.1. Orneklem

Arastirma, Tiirkiye’de faaliyette bulunan
ve tanker isletmeciligi yapan ii¢ firmanin
gemi adamlar1 iizerinde yapilmistir.
Biinyesindeki gemilerinde aktif olarak
calisan veya izinde olan ve arastirmaya
gonilli olarak katilmak isteyen 416 gemi
adamindan, isletmelerin insan kaynaklari
bolimlerinin aracihigiyla Subat-Temmuz
2018 tarihleri arasinda elektronik ortamda
veya yuz yiize anket yontemiyle elde edilen
veriler analiz edilmistir Arastirmada
orneklem sayisi acisindan 416 kisilik bir
orneklemin, 1.000.000’den fazla Kisilik bir
evreni temsil edebilmesi ve dlgeklerde yer
alan soru sayisinin 5 veya 10 kati kadar
orneklem sayisinin yeterli olacagim ifade
eden arastirmacilardan [51] hareketle
toplam 20 soruluk bir 6l¢ek icin 416 kisilik
bir drneklem biiytikligiiniin yeterli olacagi
diistintilmektedir.

3.2. Veri Toplama Araglari

Arastirmada kullanilan anket formu iki
boliimden olusmaktadir. Birinci boliimde,
gemi adamlarmin yas, cinsiyet, egitim
durumu, ¢alistig1 béliime ve yeterliliklerine
yonelik sorular bulunmaktadir. ikinci
bolimde ise, gemi adamlarinin is tatmini
ile gorev ve baglamsal performans dl¢ekleri
bulunmaktadir. Is tatmini 6lcegi (IT),
Brown ve Peterson [52] tarafindan yapilan
calismada kullanilan, tek boyutlu ve bes
ifadeden olusmaktadir. Gorev performansi
(GP) Goodman ve Syvantek [53] tarafindan
kullanilmis ve dokuz ifadeden, baglamsal
performans (BP) ise Jawahar ve Carr [35]
tarafindan kullanilmis ve alt1 ifadeden
olusmaktadir. Tim ol¢clim aracglarindaki

ifadeler 5'li Likert dlgegi esas alinarak (1=
Kesinlikle katilmiyorum, 5= Kesinlikle
katiliyorum seklinde) olusturulmustur.

3.3. Arastirmanin Kisitlari

Calismanin sadece tankerlerde calisan
gemiadamlar1 tizerinde yapilmis olmasi
ve verilerin bu 6rneklemle sinirli olmasi,
arastirmanin kisitlarini géstermektedir.

4. Bulgular
4.1. Betimsel Analizler

Arastirmaya katilan gemi adamlarinin
%97,4'ti erkek (405) %2,6’s1 kadindir
(11), gemi adamlarinin yas dagilimi ise
%35,4'0 (147) 35-45 yas araliginda,
%6,5'1 (27) 18-25 arasi yaslarindadir.
Egitim durumlarma bakildiginda %44,5’i
(185) lise mezunu, %3,6’s1 (15) ilkokul
mezunudur. Katilimcilarin %45,7’si (190)
giiverte, %40,1'i makine (167) ve %14,2’si
yardima smif (59), %59,8'i tayfa (248) ve
40,2’si (168) zabitan sinifi gemi adamidir.
is deneyimleri agisindan %32,5"iiniin (135)
4-7 yil, %19,2’sinin (80) 3 yil ve daha az
tecriibeye sahip oldugu anlasilmaktadir.

4.2. Olgeklerin Gegerliligi ve Giivenilirligi

Olceklerin yapisal gecerliliini tespit
etmek icin once aciklayici faktor analizi
(AFA) sonra da dogrulayici faktor analizi
(DFA) yapilmistir. Verilerin AFA'ya uygun
olup olmadigim1 saptamak igin Barlet
Kiiresellik Testi (BKT) ile Kaiser Meyer
Olkin (KMO) degerleri incelenmistir. Is
tatmini (KMO: 0,799; BKT: 1060,370;
p<0,01), ile gorev ve baglamsal performans
(KMO: 0,841; BKT: 1454,067; p<0,01)
6lceklerinin AFA yapmak i¢in uygun oldugu
anlasilmaktadir [51]. Temel bilesenler ve
Varimax eksen dondiirme teknigi kullanilan
AFA'da, faktor yiikleri 0,50'den ve 0z
degerleri 1'den biiylik olan degiskenler
analize alinmis ve elde edilen faktor yiikleri
ile ankette yer alan ifadeler Tablo 1 ve 2’de
verilmistir. Tablo 1’de is tatmini 6lcegine
ait degiskenlerin faktor yiiklerinin 0,770
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ve 0,884 arasinda degistigi ve toplam

AFA'dan sonra elde edilen faktor yapisin

varyansin ~ %64,804’tintin  agiklandigi  dogrulamak i¢in DFA yapilmis ve uyum
gortilmektedir. degerleri Tablo 3’de verilmistir. Tablo 3’den
Tablo 1. [s Tatmini Faktor Analizi
Faktorler Sorular Faktor Yiikleri
Cogunlukla yaptigim isleri heyecanl bulurum. 0,854
Bu sirkette calismak i¢in zaman ayirmak degerlidir. 0,840
[s Tatmini Bu sirkette tekrar ¢alismayi tercih ederim. 0,800
Genel anlamda isimden memnunum. 0,777
Calismak i¢in bu sirketi baskalarina tavsiye ederim. 0,770
Aciklanan Varyans 64,804
ifade Sayisi 5

Tablo 2’deki gorev performansina ait
degiskenlerin faktor yiiklerinin 0,524 ile
0,779 arasinda, baglamsal performansina
ait degiskenlerin faktor yiiklerinin 0,552
ile 0,782 arasinda degistigi ve birlikte
toplam varyansin %68,694'nilin agikladigi
gorilmektedir. GoOrev performansina ait
lic anket sorusu bosta kaldig1 icin analiz
disinda birakilmistir.

6lceklere ait uyum indeksleri degerlerinin
kabul edilebilir smirlar iginde oldugu
anlasilmaktadir [54].

AFA ve DFA ile yapisal gecerlilikleri

belirlenen  &lgeklerin  giivenilirliklerini
O0lgmek icin de Cronbach Alfa (CA)
katsayilar1 incelenmis ve Tablo 4’de

verilmistir. Tablo 4’den goruldigi gibi tim
degiskenlerin CA Kkatsayilar1 esik deger

Tablo 2. Gorev ve Baglamsal Performansi Faktér Analizi

Faktorler Sorular Faktor Yiikleri
isime iliskin hedefleri bagariyla tamamlarim. 0,779
Isimdeki tiim gorevlerde uzmanligimi kullanirim. 0,759
Gorev [simin geregi olan performans kriterlerini karsilarim. 0,730
Performansi Isimle ilgili tiim faaliyetlerde yeterliyim. 0,646
Gorevlerimi benden beklendigi sekilde yaparim. 0,543
Isleri istenilen tarihte bitirmek i¢in planh galigirim. 0,524
Baskalari sirketimi elestirdiginde, ben savunurum. 0,782
Sirketimi toplum i¢inde temsil etmek hosuma gider. 0,761
Mesai arkadaslarim elestirdiginde, ben savunurum. 0,749
Baglamsal
Performans Belirli bir tarihte bitirilllinesi istenen isimi genellikle 0652
zamaninda ya da daha 6nce tamamlarim. !
isimi olabildigince en az hatayla yerine getiririm. 0,557
Gegerli bir mazeretim olsa bile isimi aksatmam. 0,552
Agiklanan Var. 34,969 33,725
Top. Agik. Var. 68,694
ifade Sayisi 6 6
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olan 0,6’dan [51] buytktir. Bunlara géore normal dagilim gosterdigi [55] kabul
tlim olgeklerin gecerli ve giivenilir oldugu  edilmistir.

sonucuna varilmistir. Degiskenler arasindaki iligkileri
Tablo 3. Dogrulayici Faktdr Analizi Uyum Degerleri

Degiskenler x%/sd GFI CFI IFI RMSEA

iT 0,812 0,995 0,997 0,997 0,008

GP ve BP 2,619 0,952 0,942 0,941 0,062

AFA ve DFA ile yapisal gecerlilikleri

belirlenen  6lgeklerin  giivenilirliklerini
O0lecmek icin de Cronbach Alfa (CA)
katsayilar1 incelenmis ve Tablo 4’de

verilmistir. Tablo 4’den goriildiigi gibi tim
degiskenlerin CA Kkatsayilar1 esik deger
olan 0,6’dan [51] biiytktir. Bunlara gore
tlim odlgeklerin gecerli ve glvenilir oldugu
sonucuna varilmigtir.

4.3. Hipotezlerin Testi

Arastirmada kullanilan analiz
yontemlerinden parametrik testlerin ve
yapisal esitlikmodellemesininyapilabilmesi
icin verilerin normal dagilim gostermesi
onemli bir 6n kosuldur. Verilerin normal
dagilim gosterip gostermedigini anlamak
icin ¢arpiklik ve basiklik katsayilar:
incelenmis ve Tablo 4'de Kkatsayilar
verilmistir. Tablo 4’den goriildigi gibi
carpiklik ve basiklik katsayilarimin -2 ile
+2 araliginda olmasi nedeniyle, verilerin

belirlemek i¢in korelasyon analizi yapilmis
ve sonuglart Tablo 4’de verilmistir. Tablo
4’den Pearson korelasyon katsayilarindan,
degiskenler arasinda orta diizeyde ve
pozitif yonli anlamh iliskiler oldugu
anlasilmaktadir. Bu bulgulara gore Hipotez
1 kabul edilmistir.

Aralarinda pozitif yonli anlaml iliski
bulunan gemi adamlarinin gorev ve
baglamsal performanslarinin ortalamalari
arasindaki farkin anlamh olup olmadigini
tespit etmek icin bagimli drneklem t-testi
yapilmistir.

Tablo 5’'deki bagimh 6érneklem t-testi
bulgularindan, gemi adamlarinin goérev
performans1 ve baglamsal performansi
ortalamalarindaki  farkin  istatistiksel
acidan anlamli (t:5,023; p<0,01) oldugu

anlasilmaktadir. Diger bir ifade ile
gemi adamlarinin gdorev performans
ortalamasinin (X:4,226), baglamsal

performans ortalamasina (X:4,068) gore

Tablo 4. Korelasyon, Carpiklik-Basiklik ve Giivenilirlik Tablosu

Degiskenler Ort. SS CA Carpiklik | Basikhik 1 2 3

iT 4,099 0,795 0,864 -1,003 0,728 1

GP 4,226 0,569 0,779 -0,817 0,811 0,430%* 1

BP 4,068 0,665 0,777 -541 591 0,448** 0,478** 1
**p<0,01
Tablo 5. Bagimli Orneklem t-Testi

- Ort. SS
Degiskenler Ort. Farki Farki t df p
GP 4,226
0,158 0,641 5,023 415 0,00
BP 4,068
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daha yiiksek olmasi istatistiksel acidan
anlamhdir. Bu bulgulara gore Hipotez 2
kabul edilmistir.

Gemi adamlarinin is tatmininin (IT),
gorev (GP) ve baglamsal (BP) performansi
tizerindeki etkisini ortaya ¢ikarmak icin
yapilan yol analizleri Sekil 2’de verilmistir.

*/sd:4,463
GF1:0,876
CFI:0,904
IF1:0,905
RMSEA:0,072

?

IT1
iT2
13 f«——

iT4

| e
/
I

h 4

00
/

%
“‘\ !

Sekil 2. Arastirmanin Yapisal Esitlik Modeli

Sekil 2’den gorildiagi gibi arastirmanin
yapisal esitlik modeline ait uyum
indekslerinin (x?/sd: 4,463; GFI: 0,876; CFI:
0,904; IFI: 0,905; RMSEA: 0,072) yeterli
ve kabul edilebilir degerler arasinda [54]
[55] oldugu anlasilmaktadir. Bu bulgular
arastirma modelinin, veri yapisina uygun
olarak dogrulandigina isaret etmektedir. Is
tatmini ile gérev ve baglamsal performans
arasindaki standardize edilmis regresyon

Tablo 6’dan gemi adamlarinin is
tatmininin, goérev performansi {izerinde
pozitif yonli anlaml bir etkisinin (f =
0,460; p <0,001) oldugu, ayni tablodan
gemi adamlarinin baglamsal performansi
izerinde de pozitif yonli anlamh bir
etkisinin (B = 0,570; p <0,001) oldugu

anlasilmaktadir. Ayrica gemi adamlarinin is
tatmini, gorev performansindaki degisimin
%22,7’sini ve baglamsal performansindaki
degisimin  %32,4’tinii  agiklamaktadir.
Bu bulgulara gore Hipotez 3 ve 4 kabul
edilmistir.

5. Sonug ve Degerlendirme
Yiksek is performans gdsteren
calisanlara sahip orgiitler, amaclarina ve

degerleri (f), anlamlilik seviyeleri (p) hedeflerine daha kolay ulasabilmektedirler.
ve belirlilik Kkatsayillarinin (R?) tahmin Bu nedenle de yoneticiler, ¢alisma
degerleri Tablo 6’'de gosterilmistir. performansi yiiksek calisanlar1 orgiite
Tablo 6. Arastirma Modelinin Tahmin Degerleri
- Standardize Edilmis .
MR DN Regresyon Katsayilari (8) R P
ir < GP 0,46 0,227 ,000
< BP 0,57 0,324 ,000

358



Yorulmaz / JEMS, 2018; 6(4): 349-363

kazandirmak  veya  calisanlarin = is
performanslarin1  yiikseltecek  yonetsel
faaliyetler icerisinde olmaktadirlar. Ayrica
¢alisma performansi ytliksek olan ¢alisanlar
da orgitleri tarafindan cesitli sekillerde
odillendirilmekte ya da orgiitte istihdam
edilmeye devam edebilmektedirler.
Dolayisiyla hem orgiitlerin  hem de
calisanlarin amaclarina ulasabilmesinin
yolu c¢alisanlarin is performanslarinin
diizeyi ile iliskili olmaktadir. Bu nedenle
de gemiadamlarinin  performanslarini
artirmaya yonelik cabalarin, isletmelerde
ve gemilerde siirekli olarak ortaya ¢ikmasi
dogal bir siirectir. Gemi kaptani ve orgiit
yoneticileri tarafindan dogal olan bu siirecin
stirekli olarak izlenmesi, takip edilmesi
ve analiz edilmesi, orgiitiin amaclarina
ulasabilmesi icin 6nemli bir gercektir. Bu
gercekten yola c¢ikarak ve literatiirdeki
onemli bir boslugu doldurmak amaciyla,
bu c¢alismada bireysel performansinin
boyutlar1 olan gorev ve baglamsal
performans {zerinde, gemi adamlarinin
is tatmin diizeyinin etkisi o6lciilmis ve
gemi adamlarinin goérev ve baglamsal
performans ortalamalar1 Karsilastirilmistir.
Arastirmada, gemi adamlarindan anket
yontemiyle toplanan veriler kullanilarak,
gelistirilen dort hipotez; korelasyon analizi,
bagimli 6rneklem t-testi ve yapisal esitlik
modellemesiyle test edilmistir.
Arastirmada oncelikle veri toplama
araglar1 olarak secgilen O6lgiim araglarinin
yapisal  gecerliligini  belirlemek i¢in
AFA ve sonrasinda DFA yapilmisti.
Gecerliligi tespit edilen 6l¢lim araglarinin
giivenilirliklerini ~ belirlemek i¢cin de
Cronbach Alfa katsayilart incelenmis
ve tim degiskenlerin olukca giivenilir
oldugu sonucuna varilmistir. Degiskenler
arasindaki dogrusal iligkileri belirlemek
icin yapilan korelasyon analizi sonucunda,
gemi adamlarinin goérev ve baglamsal
performanslar1 arasinda orta dilizeyde
pozitif yonli anlaml bir iliski oldugu ortaya
¢ikmis ve buna gore bu iliskiyi test etmek

icin oOnerilen Hipotez 1 kabul edilmistir.
Bu bulgu farklh sektorlerde yapilan bazi
calismalarla benzerlik gostermektedir [33;
45; 49; 43; 44]. Aralarinda dogrusal iliski
bulunan bireysel performans boyutlarinin
ortalamalarini karsilastirmak i¢in yapilan

bagimli 6rneklem t-testi sonucunda,
gemi adamlarinin gdorev performans
ortalamasinin, baglamsal performans
ortalamasindan daha yiliksek oldugu

tespit edilmis ve bulguya goére Hipotez
2 kabul edilmistir. Bu bulgu [41] ve [40]
calismalarinin sonuglariyla tutarhdir. Gemi
adamlarinin gorev performans algisinin,
baglamsal performans algisina gore daha
yuksek ¢ikmasi, gemidekiis yapisiyla, islerin
tanimhi ve standardize edilmis olmasiyla
aciklanabilir  Baska bir deyisle, gemi
adamlarinin gorev ve sorumluluklarinin
belirlenmis ve islerin belirli bir prosediire
baglanmis  olmasi  nedeniyle, gemi
adamlarindan bu is yapisina uymalari
beklendigi icin gemi adamlar1 gérev odakli
performans sergilemektedirler. Dolayisiyla
gemi adamlarmin  yapmak zorunda
olduklar1 gorevlerine iliskin ve mesleki
bilgi, tecriibe ve becerilerine gore ortaya
cikan gorev performans diizeyi, gorev
tanimlamasinda yer almayan isleri yapmak
ve fazladan ¢aba gostermek seklinde ifade
edilen baglamsal performans diizeyinden
daha ytiksek ¢ikmistir:

Yapisal esitlik modellemesi ile yapilan
yol analizlerinde, gemi adamlarinin
is tatmininin hem gorev hem de
performanslar1 tlizerinde pozitif ydnde
anlamli bir etkisinin oldugu ortaya
cikmistir. Bu bulgulara gore Hipotez 3 ve 4
kabul edilmistir. Ayrica gemi adamlarinin is
tatmininin, baglamsal performans {izerinde
daha fazla etkili oldugu ve baglamsal
performanstaki degisimi daha fazla
acikladigr (B = 0,570; R%: 32,4; p<0,001)
tespit edilmistir  Gemiadamlarimin is
tatmininin gorev ve baglamsal performans
iizerinde pozitif yonlii anlaml bir etkisinin
olmas1 literatiirdeki farkli sektdrler icin
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yapilan bazi1 c¢alismalarla benzerlik
gostermektedir [40; 46; 49; 48; 48].
Bu bulgu, isinden mutlu ve memnun
olan gemi adamlarinin, genel anlamda
daha  fazla calisma performansi
sergileyecegini, boyutlar1 bazinda ise
her iki performans tiriniin de yiiksek
olacagli ve ayrica gemi adamlarinin
baglamsal performanslarinin, gorev
performanslarina goére daha yiiksek
olacagin1 gostermektedir. Dolayisiyla
gemi adamlarinin hem goérev hem de
baglamsal performanslarini  artirmak
isteyen oOrgiit yoneticileri ve gemi
kaptanlari, gemi adamlarinin is tatmin
diizeylerini artirici yonetsel faaliyetler
uygulamak durumundadirlar. ileride
yapilacak arastirmalar igin, arastirma
modelinin farkl orneklemlerde
sinanmast 6rnegin kuru yik, Ro/Ro ve
konteyner gemilerinde c¢alisan gemi
adamlarina uygulanmasi veya arastirma
modelinin gelistirilmesi adina, is tatmini
ile gorev ve baglamsal performans
arasindaki iliskide etkili olabilecek baska

orgiitsel degiskenlerin modele ilave
edilmesi oOnerilebilir. Bu arastirmanin
sonuglarindan yola ¢ikarak, deniz

ulastirma isletmelerindeki yoneticilere
gemi adamlarinin is tatminini artiric
yonetsel faaliyetler icerisinde olmalari
onerilebilir. Zira tatmin diizeyi yiiksek
olan gemiadamlarinin, gérevve baglamsal
performanslari da yiiksek olacaktir.
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Abstract

The rising importance of port-port user relations is a result of widening roles that ports play within
the global supply chains and the increasing impact of these relations on the overall performance of
the supply chains. In the governance of these relations, both contractual governance and relational
governance play the role and the balance between these two governance mechanisms shapes the
characteristics and the quality of the relationship. Focusing on the container terminal-liner shipping
agency relations in Aliaga as multiple cases, this study aims to investigate how governance mechanisms
are handled in the port industry and how the interplay between these two mechanisms occurs. In
accordance with this purpose, interviews are conducted with both representatives of the container
terminals and representatives of liner shipping agencies in order to reveal the governance dynamics of
said relations. The results reveal that relational governance plays an important role in constituting trust
and commitment in between parties. On the other hand, the tendency to rely on contractual governance
is found out to be mainly related to the organizational culture of the parties, but relatively limited
because of the intense competition in the region.

Keywords: Contractual Governance, Relational Governance, Relational Norms, Port, Container Terminal

Aliaga Liman Boélgesinde iliskisel ve Kontrata Dayali Yonetisim Mekanizmalarina
Yonelik Bir Nitel inceleme

Oz

Liman-liman kullanicilart iliskilerinin artan 6énemi, limanlarin gelinen noktada kiiresel tedarik
zincirlerindeki roliiniin genislemesive dolayisiyla bu iliskilerin tedarik zincirinin toplam performansinda
belirleyiciliginin artmasindan kaynaklanmaktadir. Bu iligkilerin yodnetilmesinde hem kontrata
dayali yonetisim hem de iliskisel yonetisim mekanizmalari rol almakta ve bu iki yénetisim yaklasimi
arasindaki denge iliskinin karakteristigini ve kalitesini ortaya koymaktadir. Bu calismanin amaci, Aliaga
bélgesindeki konteyner terminalleri ve diizenli hat acenteleri arasindaki iliskiye odaklanan bir ¢oklu
vaka ¢alismast lizerinden, limancilik endiistrisinde yonetisim mekanizmalarinin nasil ele alindigini ve
bu mekanizmalar arasindaki etkilesimi ortaya koymaktir. Bu amag dogrultusunda, séz konusu iliskilerin
yénetisim dinamiklerini ortaya ¢ikarmak adina diizenli hat acente temsilcileri ve konteyner terminali
temsilcileriyle miilakatlar gerceklestirilmistir. Arastirmanin bulgulari iliskisel yénetisimin taraflar
arasindaki giiven ve baghligin saglanmasinda énemli bir rol oynadigini ortaya koymaktadir. Diger
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taraftan, kontrata dayali yénetisime olan egilimin taraflarin temelde érgiit kiiltiiriine bagh olarak
sekillendigi ancak bélgedeki yogun rekabet kosullart dolayisiyla daha kisitli oldugu tespit edilmistir..

Anahtar Kelimeler: Kontrata Dayali Yénetisim, [liskisel Yonetisim, Iliskisel Normlar, Liman, Konteyner Terminali.

1. Introduction

Today, ports are prominent as the
most important logistics infrastructures
embedded in the global supply chains
that shape the international trade. As they
are now able to meet the many different
logistics needs of supply chain stakeholders,
ports play a role beyond its basic functions
which is creating the link between sea and
land transportation [1, 2]. Considering
that the changing role of the ports cover
wider functions and greater capabilities,
their performance has become even more
critical for the success of the overall supply
chain performances. Due to the high levels
of competition boosted by the inclusion
of private ports in industry, there are
also visible changes in port management
philosophy [3].

Within this point of view, the
relationship between ports and port users
have become more than a basic buyer-
supplier relationship and evolved through
the principles of supply chain management
by putting a greater emphasis on joint
value creation [4, 5]. Now that it has a
strategic significance, governance of the
relationships with the major port users
including liner shipping companies, freight
forwarders, cargo owners and customs
brokers have gained new aspects to work
on such as cooperation and integration [6]
[7]. Among all these relations, container
terminal-liner shipping company relation
has a particular importance with its’
sophisticated nature covering many
different facets namely operational,
financial and contractual relations. Other
than that, unlike the relations that the
rest of mentioned maritime supply chain
actors have with container terminals, the
container terminal-liner shipping company
relation is direct in all facets and resembles

more of a partnership rather than a simpler
buyer-seller relation. With all these aspects,
successful governance of this relation plays
a key role in maritime supply chains and
impacts the satisfaction of rest of maritime
supply chain actors [8].

There are two main governance
mechanisms that form the relationship

management which creates the
fundamental differentiation in  port
management, namely contractual
governance and relational governance.

While contractual governance determines
both the financial and operational liabilities
of the parties, relational governance works
as a mechanism that shapes the informal
side of the relationship with the role of
relational norms developed throughout
the process. Although the related literature
on port network relations partially covers
the role of relational norms such as
information sharing [9] and flexibility [10],
the motive of this study is derived from the
need of a theory based qualitative research
that would enlighten both facets of the
governance mechanisms. In this context,
the aim of this study is to carry out an
investigation on how these two governance
mechanisms function together within the
port-port user relationships and how their
balance determines the success of the
relationship as a whole.

The study is designed as a case study
which focuses on Aliaga port cluster
where three container terminals with
differing managerial structures and
technical capabilities are located. Semi-
structured interviews were conducted with
the representatives of all three terminal
operators and five liner shipping companies
that works with at least one of the terminals
in Aliaga port cluster.

In this framework, the second section is
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designed in order to provide the theoretical
background on the subject of governance
mechanisms. Latter sections respectively
give information on the qualitative
methodology employed and the results
gained from the interviews.

2. Theoretical Background

Interorganizational governance
mechanismsare organizational or structural
arrangements aiming to determine the
behaviors of the parties involved, in a way
that would strengthen the relationship and
restrain possible exchange hazards [11,
12]. Although there are many theoretical
perspectives that are helpful to provide
insights on interorganizational exchanges,
integration of relational exchange theory
(RET) within transactional cost economics
(TCE) have proved its’ effectuality in terms
of explaining the complex and changing
nature of the subject [13].

Rooted in institutional economics,
TCE suggests that these exchanges can
be governed by two different kinds of
governance mechanisms, namely “markets”
governance through price mechanism and
“hierarchies”, governance through unified
authority structure [14]. The general
proposition of TCE is that organizations
specify their governance structures by
selecting between these two types in
order to deal with the exchange hazards
that are related with specialized asset
investments, difficulties in monitoring
and uncertainty [15]. To cope with these
hazards, firms may choose to craft formal
contracts that are designed to minimize the
transactional costs which might occur in
any kind of contingency. However, in some
cases crafting such contracts might not
be as functional or even more costly and
would result in firms’ decision to vertically
integrate [16]. Although this framework
has provided valuable information on
how firms should design their governance
structures appropriately in terms of

safeguarding against unexpected relational
outcomes such as opportunistic behavior,
it has received criticism for deemphasizing
relational and social aspects of
interorganizational exchanges [17, 18].

At this point MacNeil [19]’s contribution
has widened the scope of the subject and
relational governance has been put into
focus. Relational governance can be defined
as the extent to which exchange partners
use relational norms as governance
mechanisms with the aim of reaching to
a relationship quality level that would
enable joint planning and coordination
[20, 21]. Unlike the TCE framework, RET
perspective focuses on the role of relational
norms on mitigating opportunism and
seeking mutual interest [22]. In addition to
that, this perspective suggests that social
structures are more powerful than the
institutional ones in terms of explaining
the economic behavior of the exchange
participants. According to Macauley [23],
formal contracts are unnecessary to use in
many problems related to the governance
of interorganizational relations (IOR), and
if they are used, the negative consequences
and costs can be high. Thus, governance of
the interorganizational relations through
social contracting is considered as more
effective than formal contracting because of
the pragmatic limits of contracting law [19].

Relational norms, being the core
constructs that shape the relational
governance of interorganizational

relations, can be defined as expectations
of behaviors that are set by the parties
involved in a relationship with the aim of
reaching to the collective goals [24, 25].
As they determine the limits of acceptable
behavior, relational norms are considered
to be critical social constructs that shapes
the governance of interorganizational
exchanges [26]. Being based on mutuality
of interest, norms enhance stewardship
behavior and function as a facilitator of
the relationships’ wellbeing. In other
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words, the relational norms framework
aims to create a social environment in
which the unilateral interests that could
harm the relationship as a whole are
discouraged and the mutual benefit seeking
is appreciated [27]. Although the literature
on relational norms is quite broad and
steady, still a general agreement on the
number and the content of the norms are
considered to be problematic. Considering
that interorganizational relations may
vary in nature due to the type of the
relationship (eg. alliance relations, buyer-
supplier relations, franchise relations etc.)
and also the industrial characteristics,
many researchers prefer to eliminate less
functional norms in their studies [28].

Similarly, focusing on the terminal
operator and liner shipping agency
relations in the port industry, this paper
takes four of the major relational norms
into consideration namely solidarity,
flexibility, information sharing and conflict
resolution. This selection is carried out with
the participants of the interview process by
making a comparison between norms in
terms of their importance within the port
supply chain relations. Table 1 presents the
brief explanations of the selected relational
norms.

Table 1. Brief Definitions of Selected Relational
Norms

Formal and informal sharing
Information of meaningful and timely
Sharing information between

organizations.

Maintenance of the IOR by
Solidarity putting the joint benefits of the

parties as the forefront.

A bilateral expectation of
Flexibility willingness to make adaptations

as circumstances change.
Conflict Application of ﬂexible., informal
Resolution and per.sonal mec}_lamsm to the

resolution of conflicts.

Source: Compiled from [20] [29] [30]

Although  recent port literature
considerably addresses the significance of
well managed interorganizational relations
within the port network, the main interest
was on the issue of port supply chain
integration [7, 8, 31]. Major contribution
of this stream of literature has been on re-
defining the role that ports play in today’s
competitive environment. Therefore, the
managerial suggestions to the ports have
been on pointing out the significance of
agility [3] and dynamism in IORS [8]. From
our point of view, governance mechanisms
adopted by the port network actors are
also linked with the re-defined role of ports
and impacts the change in managerial
paradigm. It is expected that the study will
be contributive to the port literature by
revealing how contracts on one side and the
relational norms on the other influence the
desired performance outcomes of maritime
supply chains.

3. Methodology

Based on the need of carrying out a
preliminary study on how relational and
contractual mechanisms in port industry
work and how they are interrelated,
this study adopts a qualitative approach
with an explorative nature. With this
qualitative framework, the study focuses
on a specific port cluster, Aliaga. Container
transportation in Aliaga has started in 2009
together with establishment of Nemport as
a local terminal operator and TCE Ege as
a global terminal operator. In 2017, APM
Terminals izmir, another global actor, has
started its’ operations and the competition
in the region became even denser. Due
to the increase of logistics capabilities in
the region, the cargo volume that the port
cluster aggregately handles have reached
to 749.327 TEUs (9,5% of sum of TEUs
handled in Turkish container terminals) in
2017 [32]. Beside these increasing shares of
the terminals and the competitive structure
of the region, another reason that makes
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the region suitable for our research is the
differences in port governance models of
the terminals. As mentioned above, two
of the terminals in the cluster, TCE Ege
and APM Terminals izmir, are owned and
operated by global terminal operators and
Nemport is a local one. Thus, we believe
that selecting Aliaga as the research domain
fits the requirements of carrying out
multiple case study approach as terminals’
differences in management and ownership
structures is predicted to impact the way
they thread relational and contractual
governance mechanisms [33].

In accordance with the dyadic nature
interorganizational governance, beside
the container terminals our research also
focused on the liner shipping agencies
that work with at least one of the three
terminals in Aliaga in order to gain a
deeper understanding of these reciprocal
relations. In sum, along with the five
representatives from the three terminals,
five representatives from five different liner
shipping agencies have participated to the
interview process of the research. For the

Table 2. Information on The Interviews

participants from the container terminals,
sampling consists of total population as
it covers representatives from all three
terminals in the cluster [34]. However, for
the participants from the liner shipping
agencies, maximum variation, a kind of
purposeful sampling, was employed [35].
In this line, the effort was on involving
participants from various company profiles
taking their cargo volume, company size,
pointoforigin and alliance membership into
consideration. Details of the interviewees
and the interview process are presented
on Table 2. Upon the request of the
participants, the names of their companies
and themselves are kept confidential and
coded as seen on the table.

In between the dates 05.12.2017 and
25.01.2018 ten semi-structured interviews
were carried out with their durations
varying from 31 minutes to 1 hour 45
minutes due to the time availability of
the participants. The reason behind
conducting semi-structured interviews
was allowing participants to wander off
whenever predetermined questions seem

TE Cont:ainer CT-A1 Commercial Manager 05.12.2017 | 1 h. 6 min.
Z Terminal A CT-A2 | Operations Manager 05.12.2017 | 32 min.
S
& Container CT-B1 Marketing Assistant 12.12.2017 | 1 h. 25 min.
—
£ Terminal B CT-B2 Payment Coordinator 12.12.2017 | 1 h.25 min.
T
% Container CT-C Deputy General Manager 12.12.2017 | 31 min.
© Terminal C
Liner Shipping LSA-A Agency Manager 18.01.2018 | 47 min.
Agency A
1%}
S Liner Shipping LSA-B Agency Manager 20.01.2018 | 1 h.36 min.
E" Agency B
o Liner Shipping LSA-C Manager of _ _ 23.01.2018 | 56 min.
= Agency C Documentation, Operation
.E* and Customer Services
E Liner Shipping LSA-D District Representative 23.01.2018 | 1 h.45 min.
E Agency D
Liner Shipping LSA-E Agency Manager 25.01.2018 | 1h.
Agency E
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to disfunction in terms of exploring more
about the phenomenon [36]. All interviews
were recorded with the permissions of the
participants. Later on, the recordings were
transcribed and translated into English.
Coding of the interviews were carried out
separately by the authors with the aim of
comparing the coding structures to ensure
the credibility of the process. In order to
achieve trustworthiness of the qualitative
research, protocol of Wallendorf and Belk
[37] was adapted. Actions taken in order to
follow this protocol were; (i) selecting the
participants purposively with the aim of
achieving transferability, (ii) maintaining
the data collection till the data saturation
is achieved considering the dependability
concerns and (iii) all personal knowledge
on the research topic was documented right
before eachinterview so that possible biases
would be clarified and the confirmability of
the study would be achieved.

4. Findings
4.1. Findings on Contractual Governance
Mechanism

In order to figure out how liner shipping
companies differ in their contractual
governance mechanisms with the terminal
operators in Aliaga port cluster, the first
section of the interviews was focused on
finding out whether there are differences
in the content of the contracts or not.
It is revealed that main function of the
contracts is to set the port tariffs. Other
than the tariffs, liabilities of the parties and
the procedures on the joint processes is
considered as more optional and thus stand
as the factor that causes the differences in
the content. When it comes to the tariffs
it is detected that the differences are
resulted from the cargo volumes of the
liner shipping companies besides the range
of the services that they demand from the
terminal operator. However, in terms of
inclusion of the liabilities and procedures in
details, the contracts have greater diversity.

This diversity in the application is stated to
be related with the organizational culture
of both of the companies and again with
the cargo volume of the liner shipping
company. Focusing on both of these factors,
the following statement of the terminal
operator representative reveal how they
are linked with the content diversity of the
contracts.

CT-A1: With some of the shipping lines even
a 2 pages long contract can be alright,
but in contrast you can also see contracts
that are 50 pages long. This might be
related with the need of elaboration or the
corporate cultures. As an example for the
first case, it wouldn’t be necessary to have
a very detailed contract with a shipping
line that would only use your terminal for
a very limited handling volume -e.g.5000
TEU. So the volume can be determining.
But there might be some shipping lines
or container terminals which would
always stick on detailed contracts without
taking the work volume into account. Our
preference is, for instance, to have detailed
contracts that would cover all the clauses
related to working conditions, insurance
issues and the payment terms.

Another terminal operator
representative also indicates that, the
contracts that they prefer are detailed in
content, covering both sides’ liabilities
especially on the topic of productivity
undertakings.

CT-B1: Contracts cover the undertakings of
both sides. For instance, in the contracts
with the shipping lines our undertaking
on productivity takes place. It includes
the details of moves per hour and how
much is needed to be paid if we perform
below or over that level. Contracts also
may cover some details on berthing. For
instance, we can determine a specific
time that one of our berths will be
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assigned solely on this shipping line. If
the vessel arrives out of that time period,
then we can charge them. But if the vessel
arrives at time and we have a problem in
terms of berth availability, then it is us to
be charged.

Similar to the above statements, one of
the liner shipping agency representative
states that having detailed contracts is also
preferred by their side and links it with
the organizational culture by making a
comparison with the relatively smaller liner
shipping companies in the industry.

LSA-B: Our company uses the same contract
format in all of its relations with the
terminal operators. It's a very detailed
contract form. It’s a result of being a big
company. Every time an undesirable
situation arises, our company adds new
clauses on that particular issue so the
contract gets updated and more detailed
over time. Different from the contracts
that our competitors have, probably ours
have more pages on standard operating
procedures. Probably most of the smaller
companies only have a contract that is
used as a price list for the port services.
In our way of doing business, contract is
the most appropriate place in order to
enlighten the liabilities of both sides and
how joint procedures should be handled.
We see and use it more like a manual.

Unlike the above examples, statements of
the liner shipping company representatives
that do not feel the need of having such
detailed contracts are presented below.

LSA-C: Our contracts involve the tariffs only. In
terms of the liabilities, both of the parties
well know their duties as all the processes
are standardized. For instance, “damaged
containers” is an issue that might be
involved in many contracts. However,
our contract doesn't need to involve any

statement on that issue as it is now a fixed
procedure and each party knows what is
expected from their side.

LSA-A: Apart from the tariffs, contracts may
involve some operational liabilities of the
both sides (e.g. berthing procedures, quay
cranes’ move per hour). We do not need
such details to be included in our contracts.
But of course we demand information on
the technical capacity and the operation
procedures of the terminal operator and
make an evaluation before accepting the
tariffs that are proposed by their side. In
the end, if any problem occurs shifting to
another terminal is always an option.

In the light of these statements, it can
be said that the reasons behind not having
detailed contracts may also vary as it can be a
result of the trust between the parties and/or
aresult of not feeling dependent considering
there are other terminal options. Especially
the second reason is more related with the
competitive environment of the Aliaga port
cluster which also increase the bargaining
power of the liner shipping companies
against the terminal operators. Below
comment of the liner shipping company
representative also provides insight on how
power based on low dependence shapes
the contractual governance from the side of
liner shipping agencies.

LSA-D: In Turkey, generally agencies may be
willingly reject having detailed contracts
as any negative outcome caused by the
grey zones in the contract is more likely to
be advantageous for their side. Thus, we
see that many of the contracts include only
the tariffs to be applied and a really few
statements on the liabilities of the parties’

4.2. Findings on the Interplay between
Contractual and Relational Governance
Mechanisms

With the aim of understanding how
relational governance influence the
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contractual relationship between terminal
operators and the liner shipping agencies,
the final section of the interviews was
focused on getting comments on the
interplay between the two governance
mechanisms. Although the findings on
the previous section revealed that the
scope of the contractual governance
varies widely based on companies’ way of
doing business, their viewpoints are more
common on the interplay between two
governance mechanisms as they all expect
the subsidiary role of relational governance
in their contractual relationships. In other
words, rather than solely focusing on the
contractual governance it is found out that
both parties see relational governance
more functional in terms of determining
the nature of their relationships. The
following statements of the representatives
from CT-A reveal how social elements play
a role in their relationships with the liner
shipping agencies.

CT-A2: If the relationship between the parties
is considered as a good relationship,
then any problem can be solved through
ironing out. If the other party always rely
on the contracts, it means that they have
already given up on finding out a solution
through communication.

CT-A1: Of course you can always rely on
the contract but [ think in any kind of
problem the first attempt should be
jointly finding out a solution without
damaging the relationship. If you buy a
sweater from a store and then see that
there is a problem about it, you can easily
decide to never shop from that store
again. But maritime business is different
from many other businesses as it involves
very limited number of actors. Even right
after you shifted to another terminal, you
might have to work with that terminal
again, for instance in a case that you take
slots from another shipping line.

When the role of relational norms
is considered, the situational examples
provided by the interviewees have
demonstrated how each norm functions
in establishing relational governance. For
instance, the below example underlines
how behaviors based on solidarity helps
to keep relationship quality at high levels
and hinders the possible harms to the
relationship that would result from the
application of contract clauses.

LSA-E: In our contracts, we request
productivity undertakings from the
terminal  operators. However, an
operation might have a hitch due to the
compelling reasons. In such cases, we
do not give utterance to the contract
statements at first. Because, in another
operation it might be our vessel that
makes the operation problematic, and
thus we might be the party that is making
terminal waste their time. In our point of
view, developing mutual comprehension
should be considered essential and
opportunistic  behaviors should be
eliminated.

On the other hand, flexibility is
considered as another important relational
norm that shapes relational governance.
Due to the high level of competition between
terminal operators in Aliaga port cluster,
it is believed to be a crucial determinant
of the satisfaction from the relationship
in the eyes of the liner shipping agencies.
Representative from CT-C underlines this
matter as follows:

CT-C:  Importance of flexibility in our
relations with port users is obvious.
Especially in Turkish business life, the
actors don’t tend to accept the tough
rules. In my opinion, flexibility is even
more important than the service quality
to be considered as successful in the port
users’ point of view.
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However, as the definition of the term
flexibility in port industry is broad and
covers making necessary adjustments both
in operational and financial manners, it is
better to discuss this issue by making the
separation between these two aspects. The
following quotations demonstrate examples
on flexibility in operational manner that
would eliminate the related contract
clausesin order to maintain the relationship
without causing dissatisfaction.

LSA-C: Terminal operator demands us to
inform them one day before for our
stuffing requests. But from time to time,
we may forget to inform. This is where
the bilateral relations play the role. Ifyou
have a good relation, no matter what is
written on the contract, the other party
would do their best to help you with that
operation.

CT-C: For the berthing operations, we
have this rule called berthing window.
However, from time to time the vessel
may arrive outside the berthing window
that we have declared to the shipping
line. In such situations, the shipping lines
generally demand us to be flexible and we
do our best to help them.

Nevertheless, limits of flexibility
demands coming from the liner shipping
companiesisunderlined to be the factor that
determines whether it will have positive or
negative impacts to the relationship overall.

CT-A2: Being flexible is necessary but it is
important to keep it in a level below
impossible. Operational limits should
always be considered and the range of
flexibility mustn’t surpass these limits.
Otherwise, the results would be negative
for all the parties.

Unlike operational flexibility, financial
flexibility is stated to be problematic.
Considering that contracts determine the

financial aspects of the relationship at least
for a period of one year, it is believed that
demanding such adjustments before the
expiration may not always be welcomed
and might even be harmful for the wellbeing
of the relationship. However, again linked
with the competitive environment that the
terminals in Aliaga are facing with, terminal
operators stated that such demands are
occasionally voiced by the shipping lines.
The following statement of LSA-D provides
insight on financial flexibility demands of
the liner shipping companies.

LSA-D: Let’s be realistic. In the business
life, none of the parties have to play
by the rules. Even though the duration
of the contract is not over, in many
cases liner agencies may recommend
revisions especially in the tariffs. This
is mostly because of the rapid changes
in the economy. Considering that costs
resulted from the port operations have
an important share in the overall costs of
a liner shipping company, such demands
for flexibility in contracts are natural.
The question is whether the terminal
operator company has the power to
reject such demands or no. Considering
the competition, it wouldn’t always be
easy to say no.

Apart from the competitive
environment, one of the liner shipping
company representative mentioned that
meeting the flexibility demands is also
related with the organizational structure
of the terminal. It is stated that the degree
of flexibility provided by the terminals in
Aliaga port cluster differs due to differences
in their organizational structures.

LSA-A: The reaction of the terminal
operators to the demands for change
varies due to their corporate structure
and management style. In Aliaga two
of the terminals are a branch of global
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terminal operator company and one
of the terminals is a local one. Global
companies may consider many of the
demands odd and meeting such demands
may be hard for them. They would have
harder and longer demand approval
procedures. While the local terminal
easily makes the decision on whether
saying yes or no to our demand, the
global ones need more time to evaluate.
Although their personnel would like to
help you, it might not be possible at the
end.

When it comes to the norm of
information sharing, all the participants
agree on the importance of this norm,
stating that the performance of the
container terminal-liner shipping agency
relationships are underlined on correct
and timely information exchange. Although
contracts partially cover the procedures of
information sharing and the scope of the
information to be shared, the impact of
relational governance on these processes
is found out to be more determinative.
Especially, sharing information on events
or changes that may affect the other party is
expected by both sides and considered to be
a sign of putting value on the relationship.
The following example provided by LSA-D
demonstrates how such an attempt by the
container terminal is evaluated from the
point of views of the liner shipping agencies.

LSA-D: For example, from time to time
the terminal may warn us about our
cargo when there is a potential problem
about the customs. By the side of the
terminal, such information sharing is
not compulsory and even the problem
that we face with customs may make
them earn more storage fee from us. But
still, sharing that information shows
how much they value our relationship’s
wellbeing and how trustworthy they are.

On the norm of conflict resolution,
participants state that facing with conflicts
is common and mainly occurs because
of the operational factors (e.g. damaged
cargo, berth availability, congestions at
the terminal area). Although many of the
contracts involve clauses on the liabilities of
the parties at the times such conflicts arise,
resolution of the majority of the operational
conflicts are informally standardized
and carried out without referring to the
contracts. Thus, both terminal operators
and liner shipping agencies underline
that rather than the frequency of the
conflicts it is the attitude of the other
party that constitutes the wellbeing of the
relationship. In this manner, maintaining
the two-way communication and creating
the atmosphere of joint problem solving
are considered to be key success factors in
eliminating the conflicts.

5. Discussion and Conclusion

The conclusion of this study is that
relational governance of port-liner
shipping agency relations play a more
significant role in determining the quality
of the relationship when it is compared to
the contractual governance. Even though
the role of contracts is considered to be
important for the monetary aspect of the
relationships, it is found out that not many
companies attach great importance to
having a detailed contract which wouldn’t
leave any grey zones on the liabilities. In
the case of Aliaga, one explanation for this
might be that the high competition between
the terminals decrease the dependency of
the liner shipping companies to a particular
terminal. Thus, liner shipping agencies do
not feel the need of securing themselves
through the contractual governance
mechanism knowing that the terminals
are already aware of damaging their
relation will be more costly for them. On
the other hand, it is found out that, rather
than the imbalance on dependence, in
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some cases trust between the parties play
a role in trivialization of the contractual
governance. In fact, trust is seen not only as
the antecedent of relational governance but
also the consequence of it, because handling
the conflicts through communication rather
than relying on the contract is considered to
be a sign of value placed to the relationship.
As argued by Macauley [23], our
case also demonstrate that relational
governance is at highest importance in
managing interorganizational relations
and strictness of the formal contracts is
considered as a sign of distrust. Also, it is
safe to state that terminals’ tendency to
rely on relational governance is even a
selection criterion for many liner shipping
agencies. In this sense, development of
relational norms within the terminal-liner
shipping agency relationships make the
terminals more competitive as it makes the
liner shipping agencies more satisfied and
committed to the relationship. Especially
the development of the norm of flexibility
is found to be crucial considering that
nature of the many logistics activities
request related parties to be able to make
necessary adjustments whenever needed.
On the other hand, the other three norms
that this study covers (information sharing,
solidarity and conflict resolution) are
considered to be significant in creating an
atmosphere in the relationship that helps
to build trust and commitment. Thus, both
sides of the relationship see these norms as
facilitators of the future of the relations.
When all these findings on the roles that
norms play are aggregated, MacNeil’s [19]
criticism to TCE framework on overlooking
the relational constructs in economic
exchanges prove to be right. Our findings
also demonstrate that both container
terminals and liner shipping agencies
expect more than a simple buyer-seller
relation and demand to experience bilateral
favors. Therefore, RET perspective, as it
underlines the significance of the positive

exchange atmosphere and the incapability
of the formal contracts in safeguarding
opportunism, explains more of the general
characteristics of container terminal-liner
shipping agency relations in our cases. In
this respect, our findings are in line with
the findings presented in the literature on
the issue of interplay between governance
mechanisms [17] [22].

Although our findings reveal that
relational governance appears to be at
great importance in Aliaga port cluster, not
every container terminal-liner shipping
agency relation within this cluster are
governed exactly with the same degree of
rationalism. Especially, cargo volume of
the liner shipping agency (as it determines
the bargaining power) and the fit between
organizational cultures of both companies
is considered as important determinants
that shape the tendency on relationships’
positioning in between relational and
contractual governance mechanisms. For
instance, it is observed that two global
terminal operators and the liner shipping
companies with strict monitoring from
the headquarters are relatively less able to
satisfy the opposite parties when they ask
for favors. Still, even though the bureaucratic
difficulties exist, all of the said organizations
point out that they are well aware of the
role that the norms play in Aliaga port
cluster and that they do their best in order
not to fall back from competition. On the
contrary, the local container terminal and
the liner shipping agencies with higher
independence in terms of managing their
IORs without headquarter interventions,
appear to be willing to develop trust based
exchanges. Thus, the contracts that these
organizations craft are apparently more
fine-tuned.

Due to the qualitative nature of this
study, findings are only at an exploratory
level. By -carrying out a quantitative
research on the very same research
questions, more generalizable findings can
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be achieved. For this purpose, it is believed
that developing industry specific scales for
measuring relational norms could also be
very contributive to the field. Besides that,
a broader sampling involving other port
industryactorssuchasfreightforwardersand
cargo owner companies could also deepen
our understanding of interorganizational
relations and governance mechanisms in the
context of maritime transport chains.
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Ozet

Viskoz yalpa sontimiiniin dogru olarak hesaplanmasi gemilerin yalpa hareketinin analizi icin 6nemlidir.
Zorlanmis yalpa testi veya serbest birakma testi uygulanarak gemilerin viskoz yalpa séniimti deneysel
ve sayisal olarak hesaplanabilir. Ayrica deneysel veriler kullanilarak gelistirilen yart ampirik formiiller
de viskoz yalpa séniimii tahmininde kullanilabilir. Bu calismada bir gemi orta kesiti icin yalpa merkezi
konumunun yalpa séniimiine etkisi deneysel, sayisal ve Ikeda yari ampirik metoduyla incelenmisgtir.
Yalpa merkezinin dikine konumu kaide hatti ve giiverte hatti arasinda degistirilmistir. Yalpa séniim
katsayilari yalpa omurgaya sahip bir gemi orta kesitine zorlanmis yalpa testi uygulanarak deneysel ve
sayisal (HAD yéntemi) olarak hesaplanmigstir. Ayrica Ikeda tarafindan énerilen yart ampirik formiil ile
de sonuglar karsilastirilmistir. Sayisal sonuclarin deneyler ile uyum iginde oldugu ve Ikeda metodundan
daha yaklasik sonuglar verdigi goriilmiistiir.

Anahtar Kelimeler: Viskoz Yalpa Séntimii, Yalpa Merkezi, Ikeda Metodu, HAD.

Effect of the Roll Center Position on the Roll Damping of a Ship Section

Abstract

The accurate calculation of the viscous roll damping is important for the estimation of the ship roll
motion. Viscous roll damping can be calculated experimentally or numerically using forced roll oscillation
or free roll decay tests. Semi-empirical formulae derived from experiment data can also be used for the
prediction of viscous roll damping. In this study, the effect of the roll center position on the roll damping
of a ship midsection was investigated experimentally, numerically and by using Ikeda’s semi-empirical
method. The vertical position of the roll center were shifted from near-bottom to main deck level of
the ship section. The roll damping coefficients were obtained experimentally and numerically (CFD) by
applying forced oscillation tests to the ship midsection with bilge keels. Semi-empirical Ikeda method
was also used for the comparison of the results. It was observed that the numerical results are in good
agreement with experimental results and the estimation of roll damping with numerical method is
better than Ikeda method.

Keywords: Viscous Roll Damping, Roll Center, Ikeda Method, CFD.
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1. Giris

Dizayn asamasinda gemi hareketlerinin
dogru bir sekilde hesaplanmasi ileride
geminin karsilasabilecegi olas1 tehlikeli
durumlarin 6nlenmesi agisindan biytk
onem tasimaktadir. Gemi hareketlerinin
hesaplanmasinda kullanilan potansiyel
teoriye dayali yontemler yalpa hareketi
disindaki gemi hareketlerini dogru bir
sekilde tahmin edebilmektedir. Potansiyel
teorinin  yalpa hareketi tahmininde
yetersiz  kalmasi  viskoz  etkilerden
kaynaklanmaktadir. Yalpa hareketi
disindaki diger gemi hareketlerinde
ortaya cikan viskoz etkiler ihmal edilebilir
ancak yalpa hareketinde bu etkiler hesaba
katilmadan dogru bir hesaplama yapilamaz.
Bu sebeple yalpa hareketini dogru olarak
belirlemek icin viskoz yalpa soniimini
hesaba katmak gerekir.

Viskoz  yalpa soniimii  hesabina
yonelik ilk calismalar deneysel olarak
yapilmistir ve daha sonradan deneysel
veriler kullanilarak yar1 ampirik formiiller
gelistirilmistir. Ikeda tarafindan gelistirilen
yar1 ampirik hesap yontemi giinlimtizde en
yaygin olarak kullanilan ve en dogru sonug
veren olarak bilinir ve ITTC [1] tarafindan
da onerilmistir. Ayrica 6ntimiizdeki yillarda
yurirlige girmesi planlanan ikinci nesil
hasarsiz stabilite kriterlerinin hesabinda da
yalpa soniimi tahmini i¢in Ikeda metoduna
yer verilmistir [2]. Deneyler ve formiiller
Ikeda ve Himeno tarafindan agik literatiirde
detayl olarak yayinlanmistir [3-5]. Ikeda
tarafindan yapilan deneylerde eski tip klasik
tekne formlar1 kullanildigindan dolay,
onerilen yontem gliniimiizdeki modern
tekne formlarinin yalpa séniimii hesabi i¢in
elverisli degildir. Ornek olarak Kawahara,
vd. [6] tarafindan yapilan ¢alismada lkeda
metodunun yiiksek agirlik merkezine sahip
olan gemilere uygun olmadigi gosterilmistir.
Deneylerin zaman ve maliyet bakimindan
dezavantajli olmasi1 ve lkeda metodunun
yeni nesil forma sahip gemilerde elverissiz
olmasi arastirmacilari viskoz yalpa sénimii

hesabinda yeni yontemler aramaya
yoneltmistir. Son yillarda Hesaplamali
Akiskanlar Dinamigi (HAD) programlarinin
gemi direng ve hareketleri problemlerinde
kullanilmas1 ve basarili sonuglar elde
edilmesi arastirmacilar1 viskoz yalpa
soniminid HAD programlar1 yardimiyla
sayisal olarak hesaplamaya yoneltmistir.
Yapilan ¢alismalarda iki boyutlu ve
¢ boyutlu modeller icin yalpa sonim
katsayilar1 sayisal olarak hesaplanmis ve
deneyler ile dogrulugu gosterilmistir [7-
14]. Yalpa soniimiiniin HAD yodntemi ile
sayisal olarak hesabi deneysel yontemlere
iyi bir alternatiftir ve zaman ve maliyet
bakimindan daha avantajhidir. Ancak yine
de Ikeda metodu gibi kisa siirede sonug
alabilecek kadar pratik degildir. Son
yillarda sayisal hesaplamalar kullanilarak
Ikeda metodunun gelistirilmesine yonelik
calismalar yapilmistir. Yildiz, vd. [15-16]
tarafindan yapilan c¢alismada diisik su
cekimine sahip gemiler icin yalpa séniim
katsayilar1 HAD yo6ntemi ile sayisal olarak

hesaplanmis ve deneysel sonuglarla
dogrulanmisti. Ayrica sonuglar Ikeda
metodu ile Kkarsilastirilmistir.  Yapilan

calismada Ikeda metodunun diisiik su
cekimlerinde yalpa soniim Kkatsayisini
fazla hesapladigi gosterilmistir ve bu
hatanin kaynagi sayisal ¢oziicii yardimiyla
detaylli olarak arastirilmistir ~ Sonug
olarak lkeda metodunun yalpa sénim
katsayis1 hesabinda tekne etrafindaki
basing dagilimini disiik su ¢ekimlerinde
yanlis hesapladigi ve bunun gelistirilmesi
gerektigi Onerilmistir Kampen [17] ise
yaptig1 calismada iki boyutlu FPSO kesiti
icin zorlanmis yalpa hareketi uygulayarak,
yalpa sontim katsayilarint HAD yontemi ile
sayisal olarak ve Ikeda metodunu kullanarak
hesaplamis ve ayrica sayisal sonuglari
deneylerle dogrulamistir. Ikeda metoduyla
olan farkliliklar1 gostererek, farkliliklarin
neden kaynaklandigin1 gostermis ve lkeda
tarafindan onerilen yontemi gelistirmistir.
Soder, vd [18] ise yaptig1 calismada Ikeda
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metodunu modern forma sahip gemilere
uygulamistir ve kaldirma ve yalpa
omurgast sonim bilesenlerini detayh
olarak incelemistir. Ikeda metodunun
yalpa omurgasi kaldirma kuvvetini ve
kaldirma kaynakli soniim bilesenini
hatali olarak hesapladigini gostermis ve
HAD yontemine dayali sayisal ¢oziici
kullanarak kaldirma katsayisi hesabi i¢in
yeni bir formiil 6nermistir. Sonu¢ olarak
revize edilen Ikeda metodu ile Klasik tipte
olmayan modern forma sahip gemiler i¢in

yalpa soniim katsayilarini hesaplamis
ve model testleri ile dogrulugunu
gostermistir.  Yalpa soniim katsayisi

geminin formuna (yuvarlak veya keskin
kenarli olmasi gibi), takintilara (yalpa
omurgasl, fin, diimen), gemi su ¢ekimine,
yalpa merkezine gore degisiklik gosterir
ve yalpa soniim katsayisi tahmini i¢in yeni
bir formiil gelistirirken her bir parametre
icin incelenmesi gerekmektedir.

Bu calismada yalpa omurgasina sahip
bir gemi kesiti icin yalpa merkezinin dikey
konumunun yalpa soniimiine olan etkisi
incelenmistir. Yalpa omurgasina sahip bir
gemi orta kesit modeli icin ii¢ farkl yalpa
merkezi konumunda zorlanmis yalpa
testleri yapilarak viskoz yalpa sonim
katsayilar1 deneysel ve HAD yontemi ile
sayisal olarak elde edilmistir. Yalpa soniim
katsayilar1 lkeda metodu kullanilarak
da hesaplanmistir. Ikeda metodu yalpa
merkezinin diisiik ve orta seviyede oldugu
durumlarda deneyler ile uyumlu ancak
ylksek yalpa merkezi konumu igin farkh
sonuclar goéstermistir.  Sayisal sonugclar

(,b'
[der] 7 g

bj+2

AW NDNF I

ise biitiin yalpa merkezi konumlar igin
deneyler ile uyumlu sonuglar géstermistir.

2.ViskozYalpaSoniimiiniin Hesaplanmasi
2.1. Deneysel Yontemler

Deneysel olarak  viskoz  yalpa
sonliimiinin hesaplanmasinda iki farkl
yontem vardir. Bunlar serbest birakma testi
ve zorlanmis yalpa testi olarak adlandirilir.
Serbest birakma testi diger teste gore
uygulamasi daha basit ve daha ucuz bir
yontemdir. Serbest birakma testinde model
sakin suda sifir hizda veya ileri bir hizda
ilerlerken belli bir agiya kadar getirilip
serbest birakilir. Model dogal frekansinda
salinim yapar ve yalpa genligi azalarak
hareketeder (Sekil 1). Buhareketi yaparken
yan Oteleme ve savrulma gibi yatay
hareketler Kkisitlanir, dalip-¢ikma ve bas-kig
vurma hareketleri serbest birakilir. Yalpa
genliklerindeki azalma miktarlarindan
viskoz yalpa soniimii hesaplanir.

Zorlanmis yalpa testi serbest birakma
testine gore daha karmasik bir yapiya
sahiptir. Model sabit bir eksende yalpa
hareketine maruz birakili. Bu ydntemde
yalpa hareketi haricindeki diger hareketler
kisitlanir. Dolayisiyla tek serbestlik dereceli
bir hareket uygulanir (Sekil 2). Modele
sakin suda, sifir hizda veya ileri bir hizda
istenilen ac1 ve istenilen frekansta hareket
edecek sekilde kuvvet uygulanir. Hareket
stabil konuma gelene kadar modele
zorlanmis kuvvet uygulanmaya devam
edilir Modele uygulanan hidrodinamik
moment hesaplanir ve bu moment
yardimiyla viskoz yalpa soniimii hesaplanir.

s
e

Dj+3

V.

j+1

Sekil 1. Serbest Birakma Testi

Y
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Sekil 2. Zorlanmis Yalpa Testi

2.2.Ikeda Metodu

Viskoz yalpa soniimiiniin pratik olarak
hesaplanmasi i¢in arastirmacilar tarafindan
deney sonuglar1 kullanilarak yar1 ampirik
formiiller gelistirilmistir. Bu formiillerden
en bilineni ve gliniimiizde de en yaygin
olarak  kullanmilam1  Ikeda tarafindan
gelistirilmistir. Ikeda yalpa so6nimiini
bes ayr1 bilesene ayirarak her bir bilesen
icin formil Onermistir ve viskoz yalpa
sonimiini hesaplamistir Bu bilesenler
dalga, kaldirma, siirtiinme, girdap ve yalpa
omurgasli soniim bilesenleridir.

B€=8W+BL+BF+BE+BBK (1)

Bu bilesenler yalpa genligi, yalpa
frekansmna ve ileri hiza bagh olarak
degisebilirler ve bu etkiler Ikeda

tarafindan detayll olarak incelenmistir.
Bu bilesenlerden sadece dalga kaynaklh
olan soniim viskozite kaynakl degildir ve
potansiyel teori kullanilarak hesaplanabilir.
Himeno [5] ayrica gemi ileri hizindan
kaynaklanan kaldirma bilesenini de dalga
bileseni ile birlikte viskoz olmayan sénim
bileseni olarak ayirabilecegimizi ve geriye
kalan diger ti¢ bilesenin de viskoz bilesen
olarak simiflandirabilecegimizi 6nermistir.

2.3. Sayisal Yontemler

Gemi hareketleri hesabinda kullanilan
potansiyel teoriye dayali yontemler
glinimiizde de en pratik ¢oziim olarak
kullanilirlar. Ancak potansiyel teoride viskoz
etkiler hesaba katilmamaktadir ve sadece
dalga kaynakli soniim hesaplanabilir. Viskoz
soniimiin hesaplanmamasindan dolay1 da

AR

g

potansiyel teori gemi yalpa hareketinin
gercege yeterince yakin hesaplanmasinda
yetersiz kalmaktadir. Viskoz etkilerin
hesaba katildig1 yontemlerin kullanilmasi
gemi yalpa hareketinin tahmininde
daha dogru sonuglar almamiza olanak
saglayacaktir  Son yillarda bilgisayar
hesaplama giiciindeki artis ile birlikte HAD
alaninda yasanan gelismeler arastirmacilari
viskoz yalpa soniimii hesabinda sayisal
coziiciler kullanmasina yoneltmistir. Bu
yontemle yalpa hareketi esnasinda tekne
etrafindaki akis sayisal olarak c¢oziiliir
Sonlu hacimler yontemi kullanilarak tekne
etrafindaki hiz, basing ve tiirbiilans gibi
degiskenler Reynolds Averaged Navier-
Stokes denklemlerinin sayisal olarak
¢oziilmesiyle elde edilir. Sonug olarak tekne
yalpa hareketi esnasinda tekneye etkiyen
hidrodinamik moment sayisal olarak
hesaplanir ve bu moment kullanilarak yalpa
soniim katsayisi elde edilir.

3.Yalpa Soniim Katsayisinin Hesaplanmasi

Bu calismada yalpa sontim Kkatsayilar
zorlanmis yalpa testi uygulanarak deneysel
ve sayisal olarak hesaplanmistir. Zorlanmis
yalpa testinde modele uygulanan kuvvet
ile teknenin harmonik bir sekilde hareket
etmesi saglanir. Uygulanan zorlayici kuvvet
sonucu tekne yalpa hareketi asagidaki gibi
ifade edilir.

@(t) = ¢gsin (wt) (2)

Burada ¢(t) yalpa agisiny, ¢, yalpa genligini,
w ise yalpa frekansini gosterir. Zorlayici
yalpa momenti sonucu olusan yalpa
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hareketi denklemi;
(ss + As)d + 344(95) + Cag(@) = Myu(t) (3)

seklinde yazilir Burada (144+A44)c'|') ile
gosterilen terim gemi kiitle atalet momenti
ve ek su kiitlesi atalet momentinin toplamini,
B44[d)) yalpa soniim momentini, C,,(¢)
dogrultma momentini ve M, (t) ise zorlayic
momenti gosterir. Bilinen terimler esitligin
sag tarafina alindiktan sonra denklem;

Aemfﬁ + 344‘16 = M4, (t) (4)

seklini ali. Burada M',,(t) hidrodinamik
yalpa momentini ifade eder. Hidrodinamik
yalpa momentine Fourier doniisimi
uygulanmasi sonucu ek kiitle ve yalpa soniim
katsayilar1 asagidaki sekilde elde edilir.

T ' .
Ay = ﬁ Jy M ysin(wt) dt (5)

- T '
By, = ﬁ Jo M’ sacos(wt) dt (6)

Elde edilen ek kiitle ve soniim katsayilari ise;

Ay = ::;z (7)
& B. B
By = .GA% 2 (8)

seklinde boyutsuz hale getirilir. Burada B
gemi genisligini, A gemi orta kesit alanini,
p su yogunlugunu ve g yercekimi ivmesini
ifade eder. Bu calismada ek kiitle katsayilar:
hesaplanmamistir, sadece boyutsuz yalpa
soniim katsayilari sonuglari verilmistir.

&)
Tl

i strenges
—
valpa hareketi | L/

I valpa_‘mml:ui

o —

Sekil 3. Zorlayict Yalpa Mekanizmasi

4. Deneysel Hesaplamalar

Bu calismada deneysel hesaplamalar
icin Seri 60 formunun iki boyutlu modeli
kullanilmistir. Model Sekil 3’te gosterildigi
gibi Seri 60 formunun orta Kesitini 0.80m
uzatarak hazirlanmustir. iki boyut etkisinin
yaratilmasi i¢in modelin basina ve sonuna
levhalar konulmustur ve bu sekilde
uc¢ etkiler onlenmistir (Sekil 4). Yalpa
soniim katsayilar1 zorlanmis yalpa testleri
uygulanarak elde edilmistir. Testler Osaka
Prefecture Universitesi Cekme tankinda
bulunan zorlayici yalpa mekanizmasi ile
yapilmistir (Sekil 5). yapilmistir. Cekme
tanki 70m uzunluk, 3.0m genislik ve 1.55m
su derinligine sahiptir. Sekil 3 zorlayic
yalpa mekanizmasina baglanmis Seri 60
orta kesit modelini gostermektedir. Modele
ait ozellikler Tablo 1'de gdsterilmistir.
Zorlayici1yalpa mekanizmasina baglimodele
sifir hizda istenilen yalpa acis1 ve yalpa
frekansinda zorlayic1 kuvvet uygulanmistir.
Deneylerde model sadece yalpa hareketine
maruz birakilmistir ve diger bes serbestlik
dereceli hareketler kisitlanmistir.

Deneylerde yalpa merkezinin dikey
konumu modeli mekanizmaya baglayan
kollar sayesinde degistirilmistir.
Deneylerde ti¢ farkli yalpa merkezi konumu
icin hesaplamalar yapilmistir. Ayrica her
yalpa merkezi konumu icin deneyler farkh
su ¢ekimlerinde tekrarlanmistir. Boylelikle
farkli su c¢ekimlerinde yalpa merkezi
konumunun yalpa soniimiine etkisi
incelenmistir. Deney kosullarina ait bilgiler
Tablo 2’de detayli olarak gosterilmistir.
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Sekil 4. [ki Boyutlu S60 Orta Kesit Modeli

Sekil 5. Cekme Tanki ve Zorlayici Yalpa Deney Mekanizmasi

Tablo 1. Model Ana Boyutlari

(yalpa omurgasi)

Uzunluk: L 0.80m
Genislik: B 0.237m
Derinlik: D 0.145m

Blok katsayisi: CB 0.80

Uzunluk X Genislik 0.80mx 0.01m

Tablo 2. Deney Kosullari

konumu, KG(m)

Gemi Hizi, Fn 0.0

Yalpa acisy, ¢ (der) 8.59

Yalpa frekansi, w 5.24

(rad/sn)

Yalpa merkezi dikey 0.096,0.072, 0.057

Su ¢ekimi, d (m)

0.023-0.080

Tekneye uygulanan zorlayic yalpa kuvvet
yardimi ile teknenin diizenli yalpa hareketi
yapmasl saglanmisti. Uygulanan bu yalpa
kuvveti zamana bagl olarak ol¢tilmiistiir (Sekil
6) ve bu kuvvet yardimiyla tekneye uygulanan
hidrodinamik yalpa momenti hesaplanmistir:
Son olarak da olgiilen hidrodinamik yalpa
momentleri kullanilarak boyutsuz yalpa
sonliim katsayilart hesaplanmistir. Deneylerin
guvenirligi acisindan secilen durumlar
icin tekrar testleri yiriitilmis ve testlerde
kullanilan 6l¢tim cihazlar1 icin hassashk
analizleri yapilmistir  Kullanilan  o6lgiim
cihazinin hassasligl %1 olarak belirlenmistir.
Bu da demek oluyor ki deneyde 6l¢tilen kuvvet
degerinin %1 alt1 veya Uistiinde bir sapma s6z
konusu olabilir. Deneyde kullanilan kuvvet
6lciim cihaz ile ilgili detaylar [16] numarali
kaynakta gosterilmistir.
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Flkn)

t (sn)

Sekil 6. Farkh Yalpa Merkezi Dikey Konumlar Icin Tekneye Uygulanan Yalpa Kuvveti

5. Sayisal Hesaplamalar

Sayisal hesaplamalar Ansys-Fluent [19]
ticari HAD paket programi kullanilarak
yapilmistir. Deneylerde oldugu gibi modele
zorlanmis yalpa hareketi uygulanmistir
ve tekne etrafindaki akis sayisal olarak
¢cozilmistir.

5.1. Hesaplama Hacmi, Ag Yapisi ve Sinir
Kosullar

Sayisal  hesaplamalarda Seri 60
formuna ait orta kesit iki boyutlu olarak
modellenmistir.  Deneylerde  kullanilan
modelde oldugu gibi modelin 0.80m
uzatilmasina gerek yoktur c¢linkii bu sekilde
daha az ag elemani kullanilarak daha hizli
bir ¢6ziim saglanmistir. Bu tez kapsaminda

0.7

kullanilan model i¢in olusturulan ag yapisi
Sekil 7‘de gosterilmistir. Gorildigi tzere
olusturulan modelde iki farkli bélge vardir.
Birinci bolge donme hareketinin verildigi
ic bolge ve ikinci bolge ise sabit kalan
dis bélgedir. I¢c bélge tekne ile birlikte
hareket ettirilerek oradaki ag yapisinin
bozulmamasi saglanmistir. Dis bolge ise
akis hareketlerini ve yayilan dalgalarin
soniimlenmesini saglamaktadir. Sekil 8’de
tekne ile birlikte hareket eden i¢ bolgede
tekne orta kesiti etrafindaki ag yapisi
ve tekne yalpa omurgasi etrafindaki ag
yapisini gostermektedir. Buradaki eleman
sayis1 dis bolgeye oranla daha siktir
clinkii tekne ve yalpa omurgasi etrafinda
olusan akim ayrilmalarinin ve girdaplarin

-3.0 0.7

Sekil 7. Hesaplama Hacmi ve Ag Yapisi

L 0.7 30
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Sekil 8. Hareketli I¢ Bélge Ag Yapist

dogru bir sekilde gozlemlenebilmesi icin
buradaki eleman sayisi artirilmistir. Bu
bolgedeki eleman sayis1 100000 iken dis
bolgedeki eleman sayisi ise 70000 olarak

belirlenmistir.

Analizlerde  kullanilan  hesaplama
modeline ait smir sartlart  Sekil
9’da  gosterilmistir.  Sinir  sartlarinin

belirlenmesinde literatiirdeki calismalardan
[20-21] yararlanimistir. Goriildagi tlizere
tekne ve yalpa omurga duvar olarak
secilmistir yani bu noktalar iizerindeki
normal ve tegetsel hizlar sifirdir Ayni
sekilde dis bolgeye ait iist ve alt kisimlarda
duvar olarak secilmistir. Dis bolgeye ait
sag ve sol kisimlar ise agik kanal basing

cikisi olarak belirlenmistir ve bu sekilde
tekne serbest yiizeyi istenilen konuma
ayarlanmistir. Tekne hareketli bolge ve
sabit bolgesini ayiran silindir ise arayiiz
olarak belirlenmistir. Hareketli bolge kismi
icin sayisal ¢oziiciideki “dynamic mesh”
sekmesi aktif konuma getirilmistir ve bu
bolge icinde yer alan tekne, yalpa omurgasi
ve ag yapisi secilerek bu bolgeye hareket
verilmistir.

Kullanilan sayisal ¢o6zlicii hesaplama
hacmini olusturan her bir eleman i¢in hiz
ve basing degerlerini RANS denklemlerini
cozerek hesaplar ve tekneye etki eden
hidrodinamik yalpa momentini zamana
bagliolarakelde eder. Biitiin hesaplamalarda

{Jeavor ot

: & hoaisad araylz [interface) voi el
agik kanal
bas s basing gika
{npu:nna;lf;mt! 0 duvar (well) (open eh‘unni:l
pressure outlet) pressure outlet)

serbest yizey
(free surface)

ﬂduunr (wall)

Sekil 9. Sayisal Hesaplamalarda Kullanilan Sinir Sartlari
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k-¢ tiirblilans modeli kullanilmistir. ITTC
salinim hareketi analizlerinde zaman
adimi i¢in en az At = 0.01sn kullanilmasini
Onermistir. At=0.01, 0.005,0.002, 0.001sn
icin analizler yapilmis ve sonucun 0.005sn
zaman adimindan Kkii¢ciik zaman adimlari
icin yakinsamaya basladigi gorilmistir.
Bu calismada sayisal analizlerde At
= 0.002sn zaman adimi ig¢in sonuclar
verilmistir. Ayn1 sekilde ag eleman sayisi
icin de hassaslik analizleri yapilmistir ve
toplam eleman say1s1 170000 i¢in analizler
gerceklestirilmistir. Sekil 10 farkli zaman
adimi ve ag eleman sayisi icin sonuglari
gostermektedir.

.__.-/

Zaman adimu (sn)

yalpa sonlim katsayilarini gostermektedir.
Sekillerde y ekseni boyutsuz yalpa soniim
katsayisin1 gosterirken, x ekseni ise su
cekimini gostermektedir.

Sekil 11-12-13’ten de gortldiagi tizere
biitiin yalpa merkezi konumlarinda sayisal
olarak hesaplanan boyutsuz yalpa soniim
katsayis1 sonuclar1 deneysel sonuglar ile
uyum icerisindedir. Sayisal sonuglar Ikeda
metoduna gore daha yaklasik sonuglar
gostermistir. Sekil 11 ve 12’de gorildigi
gibi Ikeda metodu ile hesaplanan yalpa
soniim katsayist sonuglart su ¢ekiminin
¢ok diisik oldugu durumlar haricinde
deneysel ve sayisal sonuglar ile ayni

Ag Eleman Sayis

Sekil 10. Zaman Adimi ve Ag Yapisit Hassaslik Analizleri

6.Boyutsuz Yalpa Soniim Katsayisi Sonuclari
Zorlanmis yalpa hareketine maruz
birakilan modele uygulanan yalpa
momenti zamana bagh olarak deneysel
ve sayisal olarak elde edilmistir. Elde
edilen yalpa momenti yardimiyla yalpa
sonliim katsayilar1 Denklem 6’daki esitlik
kullanilarak hesaplanmistir. Ayrica ayni
kosullar icin yalpa soniim Kkatsayilari
Ikeda metodu ile de hesaplanmistir.
Farkli yontemlerle hesaplanan yalpa
soniim  katsayilarinin  karsilastirilmasi
icin Denklem 8 yardimiyla boyutsuz yalpa
soniim katsayilari elde edilmistir.
Boyutsuz yalpa soniim Kkatsayilari
farkli yalpa merkezi konumlarina gore
hesaplanmigtir. Sekil 11-12-13 sirasiyla
yalpa merkezinin dikey konumunun
(KG) kaide hattindan 0.057m-0.072m-
0.096m uzaklikta oldugu durumlardaki

egilimi gostermistir. Ancak Sekil 13’e
bakildiginda  yalpa  merkezi dikey
konumunun en yiliksek oldugu durumda
Ikeda metodu deneysel ve sayisal
sonuglardan farkl bir egilim gostermistir.
Ayrica sekillerden de anlasildig1 tizere
Ikeda metodu ile hesaplanan yalpa séniim
katsayilar1 su c¢ekimi azaldikga, biiylik
bir artis géstermistir ve deney ve sayisal
sonuglar ile arasindaki fark artmistir.
Bu artis Ikeda metodunun serbest
ylzey etkisini hesaba katmamasindan
kaynaklanmaktadir. Sayisal analizlerde
serbest yiizey etkisi hesaba katildigindan
diisiik su cekimlerinde de yalpa soniim
katsayis1 sonuclar1 dogru bir sekilde
hesaplanmisti.  Su  ¢ekiminin yalpa
sonlimiine olan etkisi yazar tarafindan
bir 6nceki calismasinda [15] sayisal ve
deneysel olarak incelenmistir.
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Sekil 13. KG=0.096m Icin Boyutsuz Yalpa Séniim Katsayis: Sonuglari
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Sekil 15 yalpa merkezi dikey
konumunun yalpa s6niimiine olan etkisini
gostermektedir. Burada sadece sayisal
olarak hesaplanan yalpa soniim katsayisi
sonuglart  gosterilmistir.  Grafikten de
goriildiigi tizere biitin su ¢ekimleri igin
yalpa merkezinin dikey konumu arttikca
yalpa soniim katsayisi artis gostermistir.
Yalpa merkezinin arttirilmasiyla yalpa
omurgasl ve yalpa merkezi arasindaki
mesafe artmaktadir ve bu artis yalpa
capmin artmasina (r,,) sebep olur ($ekil
14). Artan yalpa capiyla beraber sintine
doniimi ve yalpa omurgasi etrafindaki
hiz vektorlerinin hizinda bir miktar artis
meydana gelir Hiz vektorlerinin hizinin
artmas1 daha giicli akim ayrilmalarina
ve girdap sacilmalarina neden olur. Bu
sebeplerden dolay1 da yalpa merkezinin
arttirllmasiyla beraber yalpa soniimiinde
bir artis gozlenir. Bu artis Sekil 15’te sayisal
olarak hesaplanan boyutsuz yalpa séniim
katsayilari ile gosterilmistir.

0.096m ii'\

0.072m ¥
0.057m 4

d=0.080m

d=0.023m —-

. . B

Sekil 14. Yalpa Capindaki Artisin Gemi Kesiti
Uzerinde Gésterimi

7. Sonuglar ve Oneriler

Yalpa soniimiinin dogru tahmini
yalpa hareketinin analizi i¢in 6nemlidir.
Yalpa sOniimiiniin  deneysel olarak
hesaplanmasi zaman ve maliyet
bakimindan dezavantajli oldugu icin
Ikeda metodu gibi pratik yontemler
gelistirilmistir. Ancak Ikeda metodunun
yeni nesil gemilere uygulanamiyor
olmas1 arastirmacilari sayisal ¢6ztimlere
yoneltmistir. Bu calismada yalpa merkezi
dikey konumunun yalpa s6niimiine olan
etkisi deneysel ve HAD yontemi ile sayisal
olarak incelenmis, sonuclar Ikeda metodu
ile de karsilastirilmistir. Soniim katsayilari
zorlanmis yalpa testi uygulanarak elde
edilmistir.

Ug farkh yalpa merkezi dikey konumu
icin yalpa sonim katsayilar1 farkli su

cekimleri icin elde edilmistir. Yapilan
deneysel ve sayisal analizlerde yalpa
merkezi dikey konumun artmasiyla

beraber yalpa soniim katsayisi artmistir.
Yalpa sontim katsayisindaki bu artis yalpa
¢apinin artmasiyla beraber yalpa omurgasi
etrafindaki akisin hizlanmasindan
kaynaklanmistir.  Artan akis hiziyla
beraber yalpa omurgasi etrafinda daha
kuvvetli akim ayrilmalar1 ve girdaplar
meydana gelmis ve bu da daha yiiksek
yalpa soniimiine neden olmustur. HAD
yontemi ile elde edilen sayisal yalpa soniim
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katsayis1 sonuclar1 farkli yalpa merkezi
konumu icin deneyler ile uyumlu sonuglar
gostermistir. Kullanilan HAD ydnteminin
yalpa so6niimii hesabinda deneylere iyi
bir alternatif olabilecegi gorilmistir.
Sonuglar ayrica Ikeda yar1 ampirik metodu
ile de karsilastirilmistir. Yalpa merkezi
konumunun diisiik oldugu durumlarda
deneyler ile uyumlu sonuglar veren lkeda
metodu, yalpa merkezinin yiiksek oldugu
durumda deneylerden farkli bir egilim
gostermistir. Boylelikle yiliksek yalpa
merkezi dikey konumu icin yalpa soniimii
hesabinda Ikeda metodunun elverissiz
oldugu belirlenmistir.

Gemi dizayn asamasinda geminin
yalpa hareketinin analiz edilebilmesi i¢in
Ikeda metodu gibi yalpa soniimiinii hizh
bir sekilde hesaplayacagimiz bir yonteme
ihtiyacimiz vardir. Bu ihtiya¢ IMO’nun
ikinci nesil stabile kriterlerini belirleme
calismalarinda da vurgulanmistir. Deney
ve HAD ile yalpa soniimii hesabi her ne
kadar daha dogru sonuglar verse de zaman
ve maliyet bakimindan dezavantajlidir. Bu
sebeple arastirmacilara deneysel veya
HAD yontemleri ile elde edilen sonuglari
kullanip Ikeda metodu gibi yontemleri
elverissiz kaldig1 kosullar icin gelistirmesi
lizerine ¢alismasi onerilmistir.
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12 point-size. Initially 6nk and after
6nk space should be left before the
main title.

The firstletter of the primary headings
in the article should be capital letter,
and all headings and sub-headings
should be designed 10 pt, bold and
located to the left with numbering, and
also navy blue color should be used for
sub-headings.

1. OrcaFlex Program
1.1. Axis Team

The table heading should be placed
above the table and the figure heading
should be placed below the figure. 2

nk spaces should be added before the
table heading and figure heading and
also 3 nk space should be added after.
The “table” and the “figure” should be
written as bold and left aligned. First
letters of table, figure and equation
headings should be written with capital
letters. The heading and the content
should be written with “cambria” font
and 10 point size. If tables, figures
and equations in the study are cited,
their references should be stated. 2
nk spaces should be added before
references and 3 nk spaces should be
added after. If tables and figures don’t
fit into a single column, they should
be designed to include two columns.
Tables and figures which include two
columns should be stated at the top or
bottom of the page. Total number of
figures and tables should not exceed 10.
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Table 1. Sample Table

Turkish Male Seafarers BMI < 25,0 BMI 25 - 30 BMI > 30 Number of
(n=131.152) Participants
16-24 Ages Group 74,1% 22,5% 3,4% 34.421
25-44 Ages Group 44,1% 43,3% 12,6% 68.038
45-66 Ages Group 25,6% 51,1% 23,4% 28.693
All Turkish Male Seafarers 47,9 % 39,6 % 12,5% 131.152
Turkish Male Population*1 47,3 % 39,0 % 13,7 % -

10.

11.

12.

13.

In the article, decimal fractions should
be separated with comma and numbers
should be separated with dots.

Average age: 28,624
Number of participants: 1.044 people

Page numbers, headers and footers
should not be added to the study. These
adjustments will be made by the journal
administration.

Authors are deemed to have accepted
that they have transferred the copyright
of their studies to the journal by
submitting their studies to our journal.
Submitting a study to two different
journals simultaneously is not suitable
within the frame of academic ethics.

Itisrequired that the studies are original
and have not been published elsewhere
before. If conference and symposium
papers were published in a booklet,
in this case they shall be published by
JEMS on the condition that the copyright
has not been transferred to the first
publishing place. Information must be
given to the journal editorship about the
place where these kinds of papers were
published before.

Citations in the study should be
designed in brackets by numbering [1].
References also should be numbered in
brackets as well. References should be
prepared according to the APA format.
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YAZARLARA ACIKLAMA

1.

JEMS Tiirkce ve ingilizce calismalar
yayimlamaktadir.

Hazirlanan  metinler; iki  yana
yaslanmis, paragraf baslarinda girinti
yapmadan, “cambria” formatinda,
10 punto biiyiikliigiinde ve 1,0 satir
aralikli yazilmalidir. Yeni baslanan
paragraflar ile bir o6nceki paragraf
arasinda once 6nk sonra 3nk satir
araligl olmalidir Tam metin toplam
sayfa sayis1 12 sayfay1 gecmemelidir.

Calisma sayfalar1 A4 kagit boyutunda
ve Ust 4 cm, alt 4 cm, sol 4 cm, sag 3,5
cm olacak sekilde kenar bosluklari
birakilmahdir.

‘ 4,0 cm
| T | 13,5 cm
h —_— |
40cm| !
i - h
4,0 cm 1

Oz béliimiinde calisma ile ilgili kisa
bilgilere ve temel bulgulara yer
verilmelidir. Bu boliim iki tarafa dayals,
italik ve 10 pt ile yazilmali ve ayrica
150 Kkelimeyi geg¢memelidir. Bunun
yaninda anahtar kelimelerin sayisi ise
3-5 arasinda olmalidir.

Cahsmalar derginin web adresinden
(http://wwwjemsjournal.org)  online
olarak gonderilmelidir. Basili ya da CD
icerisinde veya posta, faks vb. yollarla
gonderilen yazilar kabul edilmemektedir:

6.

Makalenin ana  bashg, Tirkce
calismalarda sirasiyla Tiirkce
ve Ingilizce, Ingilizce yazilmis
makalelerde ise Ingilizce olarak

yazilmali ve 12 punto biytkliginde
ortalanmis olarak ayarlanmalidir. Ana
basliktan 6nce 6nk sonra 6nk bosluk
birakilmalidir.

Makalede yer alan birincil basliklarin
ilk harfleri biiyiik olacak sekilde sola
dayali ve numara verilerek 10 punto ile
kalin yazilmalidir. Alt basliklar ise ayni
sekilde 10 punto ile kalin yazilmahdir.
Biitiin basliklarda ve alt basliklarda
lacivert renk kullanilmalhdir.

1. OrcaFlex Program
1.1. Axis Team

Tablo bashigi tablonun istiinde sekil
bashgl seklin altinda yer almalidir
Tablo basligi ve sekil bashigindan dnce 2
nk sonra 3 nk bosluk birakilmali ve sola
dayali olarak sadece “tablo” ve “sekil”
yazisi kalin olacak sekilde yazilmalidir.
Tablo, sekil ve denklem basliklarindaki
kelimelerin ~ ilk  harfleri  biyiik
yazilmalidir. Baslik ve igerik “cambria”
formatinda, 9 punto buyikliginde
yazilmalidir. Calisma i¢inde yer alan
tablo, sekil ve denklemler alinti
yapilmis ise kaynaklar1 belirtilmelidir.
Kaynaklardan oénce 2 nk sonra 3 nk
bosluk birakilmahdir. Tablo ve sekiller
tek siituna (burada ki siitun ifadesi
makale yazimindakini ifade etmektedir)
sigmayacak biiyiikliikte ise iki siitunu
da kapsayacak sekilde verilmelidir. iki
siitunu da kapsayan sekil ve tablolara
sayfanin en iistiinde veya en altinda
verilmelidir. Toplam sekil ve tablo sayisi
10 adeti gegmemelidir
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Tablo 1. Ornek Tablo

(n=131.152)

Turkish Male Seafarers BMI < 25,0

BMI 25 - 30

BMI = 30

Number of
Participants

16-24 Ages Group 74,1%

22,5%

3,4%

34.421

25-44 Ages Group 44,1%

43,3%

12,6%

68.038

45-66 Ages Group 25,6%

51,1%

23,4%

28.693

All Turkish Male Seafarers 47,9 %

39,6 %

12,5%

131.152

Turkish Male Population*1 47,3 %

39,0 %

13,7 %

10.

11.

12.

13.

Makaleigerisinde ondalik kesirler virgtl
ile sayilar ise nokta ile ayrilmalidir.

Ornek:
Ortalama yas: 28,624
Katilimci sayisi: 1.044 kisi

Calismaya sayfa numaralar, alt
bilgi ve iist bilgi eklenmemelidir. Bu
dizenlemeler dergi yonetimi tarafindan
yapilacaktir.

Yazarlar calismalarini dergimize
gondererek calismalarina ait  telif
hakkin1 dergiye devrettiklerini kabul
etmis sayilirlar Bir c¢alismanin ayni
anda iki yere birden degerlendirme
amagli gonderilmesi akademik etik
cercevesinde uygun degildir.

Calismalarin orijinal olmasi, daha énce
bagka bir yerde yayimlanmamis olmasi
gerekmektedir. Kongre ve sempozyum
bildirileri bir kitap¢ikta yayinlanmis ise,
bu durumda, telif hakk ilk yayinlanan
yere devredilmemis olmasi kayd ile,
JEMS tarafindan yaymlanir. Bu tip
bildirilerin daha 6nce yayinlandigi yer ile
ilgili dergi editorliigiine bilgi verilmelidir

Calisma icinde yer alan atiflar parantez
icinde numara verilerek yapimaldir
[1]. Atiflarda oldugu gibi kaynaklar da
parantez i¢cinde numaralandirilmalidir:
Kaynaklar APA formatinda
gosterilmelidir.
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the ethical behavior of the publisher, the
editor, the reviewers and the authors.
The ethics statement for JEMS is based on
COPE Code of Conduct and Best Practice
Guidelines for Journal Editors and COPE
Best Practice Guidelines for Journal Editors
available at www.publicationethics.org.

A. DUTIES OF PUBLISHER:

Editorial Autonomy

JEMS is committed to ensure the
autonomy of editorial decisions without
influence from anyone or commercial
partners.

Intellectual Property and Copyright

JEMS protects property and copyright
of the articles published in the Journal and
maintains each article’s published version
of record. JEMS provides the integrity and
transparency of each published articles.

Scientific Misconduct

JEMS always takes all appropriate
measures in respect to fraudulent
publication or plagiarism the publisher.

B. DUTIES OF EDITORS:

Decision on Publication and Responsibility

The editor of JEMS keeps under control
everything in the journal and strives to
meet the needs of readers and authors.
The editor also is responsible for deciding
which articles submitted to journal ought
to be published in the journal, and may be
guided by the policies subjected to legal
requirements regarding libel, copyright
infringement and plagiarism. The editor
might discuss with reviewers while making
publication decision. Editor is responsible

for the contents and overall quality of the
publication. Editor ought to provide a fair
and appropriate peer-review process.

Objectivity
Articles that submitted to journal are
always evaluated without any prejudice.

Confidentiality

Any information about a submitted
article must not be disclosed by editor
to anyone other than editorial stuff,
reviewers, and publisher.

Conflicts of Interest and Disclosure

The Editor of JEMS does not allow any
conflicts of interest between the parties
such as authors, reviewers and editors.
Unpublished materials in a submitted
article must not be used by anyone without
the express written assent of the author.

C. DUTIES OF REVIEWERS:

Evaluation

Reviewers evaluate manuscripts
without origin, gender, sexual orientation
or political philosophy of the authors.
Reviewers also ensure a fair blind peer
review of the submitted manuscripts for
evaluation.

Confidentiality

All the information relative to submitted
articles is kept confidential. The reviewers
must not be discussed with others except if
authorized by the editor.

Disclosure and Conflict of Interest

The reviewers have no conflict of
interest with regard to parties such as
authors, funders, editors and etc.

|4



© UCTEA The Chamber of Marine Engineers

Journal of ETA Maritime Science

Contribution to editor

Reviewers give helps the editor in
making decisions and may also assist the
author in improving the manuscript.

Objectivity

The objective judgment evaluation
is always done by them. The reviewers
express their views clearly with
appropriate supporting arguments.

Acknowledgement of Sources

Reviewers ought to identify relevant
published study that has not been cited
by the authors. Reviewers also call to the
editor’s attention any substantial similarity
or overlap between the manuscript and
any other published paper of which they
have personal knowledge.

D. DUTIES OF AUTHORS:

Reporting Standards

A submitted manuscript should be
original and the authors ensure that the
manuscript has never been published
previously in any journal. Data of the
research ought to be represented literally
in the article. A manuscript ought to
include adequate detail and references to
allow others to replicate the study.

Originality

The authors who want to submit their
study to the journal must ensure that their
study entirely original and the words and
sentences getting from literature should be
appropriately cited.

Multiple Publications

Authors should not submit the same
study for publishing any other journals.
Simultaneous submission of the same study
to more than one journal is unacceptable
and constitutes unethical behavior.

Acknowledgment of Sources

Convenient acknowledgment of the
study of others has to be given. Authors

ought to cite publications that have been
efficient in determining the study. All of
the sources that used process of the study
should be remarked.

Authorship of a Paper

Authorship of a paper ought to be
limited to those who have made a
noteworthy contribution to study. If
there are others who have participated
process of the research, they should be
listed as contributors. Authorship also
includes a corresponding author who
is in communication with editor of a
journal. The corresponding author should
ensure that all appropriate co-authors are
included on a paper.

Disclosure and Conflict of Interest

All sources of financial support should
be disclosed. All authors ought to disclose
a meaningful conflict of interest in the
process of forming their study.

Fundamental Errors in Published Works

If authors find out a remarkable error
in their submitted study, they have to
instantly inform it. Authors have a liability
to cooperate with editor to provide
corrections of errors.

VI



JEMS YAYIN ETIGI VE AYKIRI EYLEM BEYANI

ETA Denizcilik Bilimi Dergisi, bilimsel
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JEMS’in etik beyani, COPE Code of
Conduct and Best Practice Guidelines for
Journal Editors ve COPE Best Practice
Guidelines for Journal Editors esaslarina
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Fikri Miilkiyet ve Telif Hakki
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Bilimsel Suiistimal
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ile ilgili olarak daima uygun tedbirleri
almaktadir.

B. EDITORUN SORUMLULUKLARI:

Yayin ve Sorumluluk Karari

JEMS editori, dergideki her seyi kontrol
altinda tutmaktadir ve okuyucularin ile
yazarlarin ihtiyaclarina cevap vermek igin
caba gostermektedir. Editor ayrica,

dergiye gonderilen makalelerden
hangilerinin dergide yayinlanacaginin ve

hangilerinin onur kirici yayin, telif hakki
ihlali ve intihal ile ilgili yasal gerekliliklere
tabi politikalarla karar verilmesinden
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hakemler ile miizakere edebilir. Editor,
icerik ve genel olarak yayin kalitesinden
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siireci saglamalidir.

Tarafsizlik

Dergiye gonderilen makaleler
daima, herhangi bir 6nyargi olmaksizin
degerlendirilmektedir.
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siireci saglamaktadirlar.

Gizlilik

Dergiye gonderilen makalelere iliskin
tlim bilgiler gizli tutulmaktadir. Hakemler,
editor tarafindan yetkilendirilmis olanlar
disinda baskalar1 miizakere etmemelidir.
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ifsa Etme ve Cikar Catismasi
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D. YAZARLARIN SORUMLULUKLARI:

Bildirme Standartlari

Dergiye gonderilen bir metin 6zgiin
olmalidir ve yazarlar, metnin daha dnce
herhangi bir dergide yaymlanmamis
olmasini saglamalidirlar.  Arastirmanin
verileri,makaledetamolarakbelirtilmelidir.
Dergiye gonderilen bir metin, baskalarinin
calismay1 tliretmesine izin vermek iizere
yeterli detay ve referanslari icermelidir.

Ozgiinliik

Calismalarin1  dergiye  gondermek
isteyen yazarlar, ¢alismalarinin tamamen
6zgln olmasini saglamalidir ve literatiirden
elde edilen kelimeler ile ciimleler uygun
bir sekilde alintilanmalidir.

Birden Fazla Yerde Yayin
Yazarlar, ayni calismay1 herhangi bir
baska dergide yayinlanmak iizere

gondermemelidirler. Ayni  ¢alismanin
birden fazla dergiye es zamanl
gonderilmesi etik olmayan bir davranis
teskil etmektedir ve kabul edilemez.

Kaynaklarin Referansi

Baskalarinin ¢alismalariyla ilgili olarak
uygun referanslar verilmelidir. Yazarlar,
calismalarinin  belirlenmesinde  etkili
olmus yayinlara referans vermelidirler.
Calisma stirecinde kullanilan kaynaklarin
tlmii belirtilmelidir.

Makale Yazarhig1

Makale yazarligl, c¢alismaya kayda
deger katkida bulunan kisilerle smirh
olmalidir. Arastirma slrecine Kkatilan
baskalar1 var ise, bu Kkisiler katkida
bulunanlar olanlar listelenmelidir. Yazarlk
ayrica, derginin editord ile iletisim halinde
olan yazismadan sorumlu olan bir yazar
icermelidir. Yazismadan sorumlu yazar,
tim yardimci yazarlarin makaleye dabhil
olmasini saglamalidir.

ifsa Etme ve Cikar Catismasi

Finansal destek ile ilgili tim
kaynaklar agiklanmalidir. Tim yazarlar,
calismalarinin olusturulmasi siirecinde yer
alan ¢ikar ¢atismasini ortaya koymalidirlar.

Yayinlanmis Calismalardaki Temel Hatalar
Yazarlar gondermis olduklari
calismalarinda dikkat cekici bir
hata bulduklarinda, bu hata ile ilgili
olarak derhal dergiyi bilgilendirmek
zorundadirlar. Yazarlarin, hatalarin
diizeltilmesini saglamak tizere editor ile
birlikte ¢alisma ytikiimliiliikleri vardir.
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