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Abstract

This work aims to introduce the concept of microcomputer aided port design simulation methodology
including the analysis of the mathematical models to be implemented and apply it to the Third Stage Bu-
san Port Development Project. In the Busan case study, the size of the proposed turning basin of the new
terminal, together with the operational strategies of berthing and unberthing, was examined. In addition,
the safety on ships’ entry and exit through the projected new breakwaters was ascertained.

From the application of simulation to the Busan project, it was found that the proposed dredging area
was not sufficiently wide enough for the modelled container ship to perform A type unberthing (in which
the ship turns to port as she manoeuvres away from No.1 berth with the assistance of tugs), especially
in a strong easterly wind. It is, therefore, recommended that Busan pilots should be advised to use B type
unberthing strategy, in which the ship goes astern from No.1 berth to the turning area in front of No.2
berth(where the ship turns 180 degrees clockwise), especially when the wind is very strong. It is also reco-
mmended that a sea buoy be placed outside the new breakwaters, as this was found to improve the safety
of ship manoeuvres through the breakwaters significantly. Another recommendation is that the Korean Hy-
drodynamic Office carry out a detailed survey of the currents in the water area near the new breakwaters
once they have been constructed. In addition, it is to be recommended that a current meter be placed
at the recommended sea buoy to improve the safety of ship manoeuvres which could otherwise be jeopar-

dised by erroneous current information.
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K, K/
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m;, Mg

N
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Meaning

lift coefficient

drag coefficient

surge acceleration, hull hydrody-
namics

sway acceleration, hull hydrody-
namics

yaw acceleration, hull hydrodyna-
mics

total surge acceleration

total sway acceleration

total yaw acceleration

degrees of freedom

helm angle

drag force

rudder hydrodynamic drag force
shallow water depth factor
moment of inertia of the ship
about z, axis

new coeff. values for shallow wa-
ter

length between perpendiculars
hull lift force

rudder hydrodynamic lift force
mass of the ship

total mass(actual plus
mass)

added

propeller rotating speed

total moment of the ship about z
axis

shaft speed

desired shaft speed

viscous damping torque about z
axis

yaw rate

current induced yaw rate
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Units

m/s

m/s

rad/s

m/s
m/s
rad/s*

kg
kg

rad/s
kegm

rpm

kgm

rad/s
rad/s
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ship’s behaviour in conjunction with the environ-
ment and makes decisions, thereby simulating the
real world situation. These decisions are transfer-
red to the main computer through the bridge ins-
truments ; steering wheel, engine telegraphs and
bow thrusters. The main computer, which has a
mathematical model of the vessel on which the
simulation is taking place, is at the heart of the
simulator.

Mathematical models for computer application
generally take the form of a set of differential
equations. These equations, when fed with inputs
which represent the ship’s status ; rudder angle,
engine setting, and the environmental conditions
such as wind, wave and currents, produce a nu-
merical response which is similar to the response
of the real vessel. A feedback loop operates be-
tween the working environment and the main
computer. The main computer presents calculated
output information, which is the response to the
input, on the displays thorugh which ship opera-
tors monitor the ship’s behaviour. The ship ope-
rator varies the input in response to the displa-
yed information, thereby changing the subsequent
feedback.

To present the visual scene as it is seen th-
rough the windows of the ship’s bridge, the image
projection system is connected to the main com-
puter. This projection system accepts signals of
the observer’s position in space and heading to
the image projection system regarding the ma-
noeuvring status of the vessel from the main co-
mputer. The visual scene is projected to the sc-
reen or monitor by the projection system with re-
spect to the own vessel’s position and angle of
view. This presentation moves in accordance with
the change of the above input from the main co-
mputer.

Input variables with regard to the own ship,
other ships, instrumentation, or the simulated en-
vironment is fed in and controlled from the in-

structior’s station. In addition to the instrument
tion required to control a simulation, hard col
plotting facilities are used to record the results
each simulation run. Plan view plots record t
visual database outline and tracks of the ves:
simulated. This information becomes an integ
part of the simulation analysis after the exerc:
is completed.

The concept of the microcomputer aided p
design simulator, especially with respect to 1
mathematical model constructed on modular lin

is described in figure 2. 1. !
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Figure 2.1 Concept of Microcomputer Aided F
Design Simulator
—Modular Mathematical Model —
(Source : Reference (12))

2.2 Mathematical Models for Simulation

In the simulator the real time scale respc
of the ship on commands from the wheelhous
calculated by a computer and made visible
rough CGI screens.

Among different types of ship mathema:
models developed for marine simulation, the fi
type model of McCallum (13), which is est:
shed under the assumption that the hydrod:
mic behaviour of a ship’s hull at a drift angl
is directly analogous to the behaviour of a cor



surface inclined at an angle of attack to the inco-
ming water stream, is discussed and analysed in
this section. In addition, heuristic type mathema-
tical model is also introduced. This model con-

tains speed, sway and engine response equations.

2.2.1 Basic Theory of the Force Type Mathe-
matical Model

The movements of a ship on real time in the
horizontal plane are described by Newtonian
equations.

The forces acting on a foil set at an angle of
incidence to the incoming flow can be resolved
into two components, the lift L and drag D, which
are normal to and along the line of incident flow
respectively, as shown in figure 2.2. The angle
between the face of the section and the incoming
flow is the angle of incidence a. The forces are
usually expressed in the form of non-dimensional

coefficients as follows (15) 5

L
Lift Coefficient =Cp=
- 1pAV?
D Coefficient=Cp= 2.1
rag Coefficient=Cp VpAV? 2D

where, p—mass density of fluid
A=area of plan form of section
= (chordXspan) for rectangular
shape

V=velocity of incident flow

dD

i LIFT FORCE dL
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TOTAL FORCE '

ON SECTION
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Figure 2.2 Forces on a Hydo~—Foil
(Source : Reference (14))
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The lift and drag characteristics are shown in
figure 2.3, which was reproduced from figure 84
in chapter 7 of reference (14).
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Figure 2.3 Characteristics of Lift and Drag

Forces
(Source : Reference (14))

If we consider the hull form as a hydrodynamic
foil inclined at an angle of attack a to the in-
coming fluid, we may consider hydrodynamic lift
and drag forces to be acting on it in directions
perpendicular and parallel to the direction of un-
disturbed water flow, as indicated in figure 2.4.
The velocity of the undisturbed fluid acting on
the hull in figure 2.4. is the vector sum of the

surge and sway velocities.

52=u2+v2 2.2)

By definition, the drift angle a is related to the
surge and sway velocities by the expression ;

a=tan"'— @.3)

u

As it is not possible to determine, from the
standard works on the forces acting on control
surfaces, what the precise nature of the lift and
drag forces will be on a hull of a particular shape,
the model is written under the assumption that
the lift and drag forces acting on the ship’s hull
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where, T, is the value of the equilibrium thrust,
developed during equilibrium straight ahead mo-
tion, the amount of which is just sufficient to ba-
lance the hull and rudder drag forces.

When a linear thrust/throttle characteristic is

assumed, the thrust equation becomes ;

T=K5Tw(1+K6S.) (2.18)
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Figure 2.5 Typical Curves of Thrust, Torque and
Efficiency for Propeller in Open Wa-
ter
(Source : Reference (14))

2.2.1.5. Equations of the Ship’s Movements

To describe the three degrees of freedom of a
ship moving in the flat plane an equilibrium of
the two forces and the moment acting on the
ship’s body will be sufficient.

A starting point is the description of Newton’s
laws of motions in two orthogonal translations
and one rotation direction. In terms of three axes
fixed in the earth, the Newtonian equations of the
ship are expressed as follows (14])(15) ;

Xo = mx, ,
Yo = my, 2.19)
N = Iz\TIo

where %, and ¥, denote the second derivatives
of those values with respect to time t, which indi-

cates accelerations of the ship in those directior

In the equations(2.19),

Xo and Yo are total forces in the x, and y, ¢
rections respectively
%, and y, are the coordinates of the centre
gravity of the ship
m is the mass of the ship
N is total moment about an axis thrt
ugh centre of gravity of ship a
parallel to z, axis.
I, is the moment of inertia of t
ship about z, axis
vy is yaw angle which is the ang
between the centreline of the sl

and the x, axis

In spite of the apparent simplicity of equatic
(2.19), it is simpler to describe the movements
the ship in a system of axes fixed to the st
The moving axes the origin of which is the cen
of gravity of the ship, like the fixed axes x, ¢
Yo, form a right-hand orthogonal system, but w
the difference that the origin, O, stays at the ¢
tre of gravity of the ship all the time.

As shown in figure 2.6, the orientation of
moving axes with respect to the X,, y. axes is
angle of yaw y. In the particular case showr
figure 2.6, the angle of yaw v is positive. If
convert equations(2.19) from axes fixed in
earth to axes fixed in the moving ship, the for
X and Y in the x and y directions, respectiv

are expressed in terms of Xo and Yo as follow

X=Xocosy + Yosiny

2.20
Y=Yocosy — Xosiny ¢ )
The velocities are 5
Xo=ucosy — vsin
vveiny @.21

o= usiny + vcosy

where u and v denote the components of sl

speed along x and y direction respectively.
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Differentiation of (2.21) with respect to the
time gives »
X, = ucosy — vsiny — (usiny + vcosy)

.. . . (2.22)
V.= usiny + vcosy + (ucosy — vsiny)

Yo

e
1
Figure 2.6. Relations Between Axes Fixed in the
Earth and Axes Fixed in the Moving
Ship
(Source : Reference (14))

" If we substiture equation (2. 22) in equation (2.
19) and insert the resulting values of X, and Yo
n equation (2.20) we obtain ;
X=m(a—vy)

‘ . W (2.23)
1 Y=m(u+tvy)
1

These two equations and the third member of
:quation (2. 19) comprise the equations of motion
n the horizontal plane with zero roll, pitch, and
ieave. The equations of motion are, therefore,

xpressed as follows ;

X=m@— N) surge equation
Y=m(v+ u\i/) sway equation
N=Ly yaw  equation

2.14)

. Each member in the above equations (2. 24) re-
yresents surge, sway, and yaw movements of the
1;hip respectively.

The equations of motion established in equa-
ions(2.24) for a ship with a three degrees of

FArE 39A R A R 4ol FH A7
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freedom using axis fixed in the ship may be exp-
ressed as follows, the added mass effect being in-
cluded (13)(16) ;

X= lTl1l:l - sz\iI
Y=m2i1+m,uﬁl (2 25)

N=Ly

The added masses in the x and y directions
and the added inertia for rotation about the z axis
are assumed to remain constant in magnitude.

The forces in x and y directions and moment
about z axis are the sum of the external forces
acting on the ship, which are made up of propel-
ler, rudder and hydrodynamic forces. Figure 2.3
shows the forces and moments acting on the ma-
noeuvring ship. If we resolve the forces acting on
the ship into those parallel to the ship’s centre-
line, the surge equation(2.26) is obtained as fol-

lows 5

mu— mevy =T+ Lysina — Dycosa — Lgsina.
— Dgcosa,

therefore,
) 1 . .
u= — (T+ Lusina —Ducosa — Lgsina. —
m;
Drcosa. + myvy)
§ ’ (2. 26)
The sway equation is obtained similarly by re-
solving the forces into those perpendicular to the
ship’s centreline as follows ;

m,v + myuy = — Lycosa — Dysina + Lrcosa.

— Drsina.

therefore,

1 _
v= — (— Lucosa — Dysina.+ Lrcoso. —
mg

Disina. — myuy) 2.27)

It is assumed in the above equations that the
ship is quasistatic at all times during manoeuvres.
The conditions necessary for this assumption to
be valid is hardly achieved during normal ma-
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B. denotes bow thruster control

The control B, is the adjustable variable which
is under the control of the operator while the si-

mulation is being carried out.

2.2.2.2 Representation of Steady States of
Hydrodynamic Variables
The method of calculating the key variables of
surge velocity (u), sway velocity (v) and yaw rate
(r) is to establish a steady state value for each,
depending on the state of the inputs, and to
create a first order differential equation for each
varible to obtain the new values. The steady state
values are obtained as follows.

(1) Steady State Surge Velocity (Us)

The steady state surge velocity of the ship (Us,)
is proportional to the actual shaft speed of the
ship’s engine. Additionally, the ship slows while
she is making a turn, the proportionate loss of
speed depending on the square of the yaw rate.
When the ship is going astern, its speed is slower
for a given shaft speed, because the hull drag is
greater in case she is going astern, but the loss
of speed in turn may be assumed to be the same

proportion.

therefore, we may write ;

U, =k(4)N;—k(5)ur* when u > 0
(2.38)

U =k(8)k(4)N, — k(5)ur’ when u <0
(2.39)

(2) Steady State Sway Velocity (V)

When there is no environment and thruster ef-
fects, sway is only induced by the turning effect
of the ship. At zero speed, with the ship turning,
there is no sway. It may therefore be written ;

Vi=k(7) * r * w(w) (2.40)

where, w(u) is weighting term to be ex-
plained in the following section.

(3) Steday State Yaw Rate (R.)

The steady state yaw rate (R,,) is directly ¢
fected by the rudder angle. For most ships, th
relationship is known to be heavily non-line
(18). For the present equation, a exponential r
lationship is used to give the appropriate degr
of non-linearity for each ship. Thus,

R.=k(2)55®+ 8 (2.41)

The exponent, k(27), is expected to vary be
ween 0.3 to 0.7 for most merchant ships (1€
The relevant normalised steady state steerii
characteristics are shown in figure 2. 9.

The steady state yaw rate (R,) is also influer
ed by the ship’s speed. At zero speed the rudd
is ineffective. A weighting term w(u) which giv.
the rudder a reasonable effectiveness at Ic
speeds, increasing at higher speeds, is therefo
used, such that (18) ;

lul
k(9)

w(u) = (2.42)
The turning effect of the screws also affects tl
steady state yaw rate. For right handed single s
rewed ships, the propeller sideforce tends to tu:
the ship to port when the screw is turning rig
hand. This turning effect may be expressed as

R

-i.0 -9 -8 - -

-t.0 L

Figure 2.9 Steady State Steering Characteristi
(Source : Reference (18))
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B=k(3) (u—k(4)N,) (2.43)
The steady state yaw rate is therefore ;

R.=k(2)§*w(u) +k(3) (u—k(@)N,) (2.44)

2.2.2.3. Hydrodynamic Equations
The basic form of the equations stated in the
previous section is now followed, whereby the
time constants associated with each velocity is
evaluated, and the first order equations developed
for each degree of freedom.

(1) Surge Equation

The time constant for surge velocity is k(6).
This time constant needs to be modified for dif-
ferent conditions in a number of ways. When the
ship is being decelerated, most ships have a
longer time constant. In these equations, a multi-
plier k(10) is introduced for astern movement.
When a ship is making a turn, a greater profile
s presented to the water with increasing drift
ingle. The ship will therefore slow faster. A term
[c is introduced to reduce the time constant in
1 as a function of the drift angle.

It may therefore be written ;

Te=1-k(1D lal) (2.45)
subject to the limit that Tc) 0.4

di= U~ YD)/ (k(6)Tc)
when Y(1) =< U, (2. 46)

di=(Us—Y(1))/ (k(10)k(6) T0)
when Y(1) > Ui 2.47)

where, d; denotes surge acceleration
Y(1) denotes surge velocity which
equals u
(2) Sway Equation
A simple first order equation is written, rela-
ng the steady state value to the actual value ;

do= (V.- Y(2))/k(19) (2.48)

where, d. denotes sway acceleration

AR 39A ML A Yo dig S8 FH AT 15

Y(2) denotes sway velocity which
equals v
(3) Yaw Equation
The response of the ship to the rudder varies
according to the ship’s direction of motion and
the shaft’s direction of rotation. This is reflected
in the multiplier for Ry in the first order equa-

tions given below ;

ds=R—YR)/k(D)
when Y(1) 20, N, = 0

(2.49)
ds= (—Ry/2—Y(3))/k(1)
when Y(1) < 0, N, < 0

(2.50)
ds= Re/2—Y3))/k(1) otherwise

(2.51)

2.3 Accuracy and Validity of the Mathematical
Models

The movement of the ship is predicted by solv-
ing the equations for surge, sway and yaw, which
were developed in the previous section. The ve-
locities of surge and sway, and the yaw rate are
calculated from their respective acceleration
equations, by the Euler method.

The model, equations for those three ship’s
movements, imbedded in the main computer, ac-
cepts commands from the instruments on the si-
mulator’s bridge, and produces outputs represent-
ing the dynamic behaviour of the vessel in respo-
nse to those commands and to the various envi-
ronmental influences present within the database.
A heavier stress is placed on the mathematical
model in port design work than in most other si-
mulation activities, as the mathematical model
should be able to represent the behaviour of the
ship in all operational conditions to answer the
critical questions asked by port designers.

When we condider mathematical model re-
quirements for port design work, a port approach
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As for the aids to navigation, there is no plan to
place additional navigational aids except for three
obstruction lights ; one at the eastern end of the
western breakwater and two at both ends of the

eastern breakwater.
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Figure 3.1 Third Stage Development Plan of
Busan Harbour
(Source : Reference (30))

As the port has a relatively wide water area,
there have not been serious problems in the ma-
noeuvring of lagre container ships. It is anticipa-
ted, however, that after the development of the
new container terminal, the container ships using
the terminal will face some difficulties in their
manoeuvres. Outlined below are the design and
operational aspects which need to be examined
and assessed, with reagrd to the safety of the
ship, in the newly designed port.

(1) It needs to be examined whether the tur
ing basin near the pier, planned by the Kor
Maritime and Port Administration(KMPA),
wide enough for the container ships expected
use the new terminal, to unberth safely in tl
worst environmental conditions.

(2) As the construction of two new breakwate
are proposed, it is expected that strong curren
exist outside the breakwaters flowing paralls
while there are no such currents inside the bre:
waters. When a channel end is affected by cro
currents, and a vessel enters into a calm wat
area, the width of the channel needs to be wi
enough to take into account the conditions
which the vessel is subjected, that is, the bc
being no longer subjected to the action of the ¢
rrent, while the stern is still affected. The wid
between two breakwaters, therefore, must be ex
mined whether it is wide enough for the vessé
to transit.

(3) The safety of berthing manoeuvres in t
worst enviromental conditions needs to be exan
ned.

(4) Chimneys behind the new terminal and t.
big oil storage tanks around could be used by t
pilot of a ship approaching and levaing the tern
nal. There is no plan to place additional aids
navigation in the existing project. It should, th
refore, be examined whether or not it would i
safe for the container ships to manoeuvre with
the small manoeuvring area with those existi
navigational marks, or whether new additior
aids to navigation are required.

(5) The safety of departure manoeuvres, frc
the pier to the pilot station through the ne
breakwaters, needs to be examined.

3.2 Modelling for Simulation |

When we make a hydrodynamic force matt
matical model of a ship’s manoeuvring behaviot
we need to measure the force produced by t,




gross registered tons and 290 metres LOA with
a capacity of up to 3,000 TEUs (29). These ships
are approximately Panamax in size. Ship owners
building larger ships than these ships will have
fo give away an important element of flexibility
in terms of the routes where such a ship could
be employed, instead of gaining some economies
pf scale. The maximum sized container ships
which will call regularly at Busan port in the fu-
jure are, therefore, unlikely to be larger than the
argest ships calling now. Accordingly, a container
ship of Panamax size with 297 metres LOA and
30,000 gross tonnage was chosen as the model
ship to be simulated. The ship’s particulars are

shown in table 3. 1.

Table 3.1 Particulars of the Modelled Ship for

Simulation

GT .......................................... 60 , 0 0 Ot on
Lpp coverveereeresrnmeneninn 274m
Draft ................................................ 1 1m
Rotation Direction «rw=rreeeserreseeeeneees righthand
Max Speed .................................... 26kts
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propeller and the hydrodynamic forces and mo- Max. Speed astern --s-seeesseessssenenn: 15kts
ments acting on the ship due to sideslip and tur- Maximum Rudder Angle --esrsessesessins 35
ning. Additionally, combinations of these forces Bow  TRrUSter «--es-seseesersesresessesens 1000HP
and moments must also be measured, as the su- Acceleration H(2/3) «++-reeseereesseseseenens 190sec
mmation of all the various forces and moments AQVANCE +++eeeeesemsssmsmmimmmmisnnsasinnaas 1040m
acting on the ship enable a complete mathemati- Steady State Speed -+ersseesreeseereeees 11.8kts
cal model to be formed (24](25)]. LOA +eeeereereesererersmnensenseesscssneneines 297m

However, neither the physical model of the con- Beam -+ eeereesenrereesereoneienaseinsneannnens 32.2m
tainer ship to call at Busan, by which it will be No. of Shaft 1
0. Of Shaft +eoveereersresremsreereessrenseanseannon,
possible to get measurements required, nor the M Shaft RPM 95
ax. Shaft RPM reeeerreerreesuremiremnenannes
measurements data of a similar ship was avail- Max. RPM ast 60
ax. ASEELI +++errreeerreerireneernreneeas
able. It has, therfeore, been decided to use the
. . . NO. of Rudder ....................................... 1
heuristic type mathematical model developed by Rudder Response Time 6sec
. : udder Resp JME +eeesseeerersnnenns
McCallum (18], the validity of which has already Inertia €(1/3) 380
nertia  t(1/3) +eeereereesnsernmesremeenrennens sec
been proved in many studies (26)(27)(28). . .
) ) Turning  Circle -ereeeresermeeremnnmeeees 1100m
The largest ships regularly calling at Busan
] ) Transfer .......................................... 570m
Container Terminal at present are about 55,000

Note . GT ; Gross Tonnage
LOA ; Length Overall
Lpp : Length between Perpendicular
Max. ; Maximum

(Source : Reference (31))

3.2.1. Modelling Environmental Parameters

Mathematical models which simulate the forces
imparted to a ship by environmental parameters
such as currents, winds and waves are essential
to ensure the fidelity of the simulation. Among
these environmental parameters, wave effect is
not included in the environmental model, as
Busan harbour is surrounded by land and two
breakwaters in which the influence of the wave
is assumed negligible.

The method of modelling the wind and current
inputs is similar to that employed for the hydro-
dynamic forces. A steady state value is obtained
for the velocity, which would be attained by the
ship, and that value is added to the hydrodynamic
steady state value, being suitably scaled. As the
structure of the equations is essentially unaltered
by the additions of further steady state terms, the
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therefore, were chosen for the simulation, being
regarded as the strongest wind under which the
ship should operate. In addition, 30 knots of wind
speeds were added to the simulation to take into
account the worst case of manoeuvring conditions.

In addition to the dominant wind directions of
NW and SW, as the ship under the berthing and

unberthing operation gets the maximum sidefor-
ces by the wind blowing perpendicularly to the
pier, two more wind directions of 88 degrees and
268 degrees were chosen for the simulation.
The velocity induced by the wind is assumed
to be proportional to the square of the wind stre-
ngth [18]. The wind vector is resolved into ship
axes, and the resulting speeds on O, and Oy, eva-
luated. The turning effect of the wind depends
upon the size and location of the ship’s super-
structure. Ships with after accommodation will
tend to turn to windward, while those with mid-
ship accommodation, or with high deck cargo, will
tend not to turn, but to drift downwind [33]. Fi-
gure 3.6 shows the variables associated with the
wind calculations. The relevant equations are (re-

fer to figure 3.6) :

YA . Uw

7 x

Figure 3.6. Wind Transformation Nomenclature
(Source : Reference [18])

Us=—k(20) W cos(W./Ra—Y(4))
V.= —k21) W sin(W,/Ria— Y(4)) 3.2)
R.= k(22) W cos(W./Ruc—Y(4))

The resulting terms, U,, V,, R,, are then usec

in the main system equations.

(3) Depth

The necessary size of the gaming area has tc
be decided before simulation, and the depth data-
base of the water area must be prepared before-
hand. As the water area being developed is to be
dredged, the depth database is constructed accor-
ding to the planned depth. The gaming area and
the depths of the adjacent area after dredging is

shown in figure 3.7.

\ g

Figure 3.7. Depth of the Gaming Area after Dre
dging
(Sources : Reference [30J], [35])
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The main shallow water effects experienced by
hips are that the approach of the ship’s bottom
0 the sea bed increases the drag, or resistance
'o motion of the hull. In straight line movement,
his will result in [18]5 1) the ship steady state
]peed being slower for given engine rpm., 2) the
hip accelerating slower, as the engine has to
‘vercome a higher resistance, 3) the ship decele-
lating faster, as the increased resistance is
‘o longer being overcome by the engine.

' The shallow water effects of a ship in turn are
ither more com;ilex, but may be summarised
55 1) the turning circle diameter will in general
2 increased, 2) the propeller sideforce is increa-
:d, as the bottom blades of the propeller are
oser to the bottom, 3) the drift angle in turn is
sually reduced, although the enhanced sideforce
ay in some circumstances offset this effect, 4)
e loss of speed in turn is reduced [18].

"The basic method of approach for the shallow
‘ater algorithm is to evaluate the depth under
‘e keel first, and then to draw the appropriate
.odel coefficients which vary as a function of this
flderkeel clearance.

"The underkeel chearance is calculated from ;
1

) Dwm:(DW_k(15))/k(15) ............... 3.3

-where, k(15) denotes draught of the model
Llp

The model coefficients which should be altered
¢ determined by reference to the features
hich will need to be seen as a result of a dec-
-ase in the water depth. In straight line move-
ent, the effects are; 1) the ship steady state
‘eed is slowed, therefore, k(4) should be reduc-
), 2) the ship accelerates slower, therefore, k(6)
'ould be increased, 3) the ship decelerates fas-
r, therefore, k(6) should be decreased. In tur-
ng, the effects are ; 1) the turning circle dia-
eter becomes larger, therefore, the yaw rate for
‘given rudder angle is reduced, and so k(2) is
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reduced. 2) the drift angle is reduced, therefore
k(7) should be reduced. 3) there is smaller loss
of speed in turn, therefore k(5) is reduced.

The slallow water effects are very small when
the depth of water exceeds twice the mean drau-
ght of the ship, and get larger as the depth of
water approaches the ship’s draught. The effects
are at their maximum when the ship is about to
run aground.

Appropriate expressions for these effects are
suggested by McCallum [18] ;

For increasing k

Ki=1+aaD,.) 3.4
For decreasing k ;
u 1
T e @9

K: is a multiplying ratio for each individual k
valus. The value of aa for each individual para-
meter is taken from the ship’s trial data, or from
empirical considerations. New coefficients for
those affected by shallow water are introduced by
omitting the brackets denoting the coefficient
number. k2, therefore, represents the shallow wa-
ter coefficient equivalent of k(2). Where D.. is
under 0.1, it is assumed to be equal to 0.1.

Threrefore, the coefficients under the shallow
water effects are written as follows [18] ;

k2 =k(2)/(1+0.083Dym ')
k4 =k(4)/(1+0.025D,. ")
k5 =k(5)/(1+0.060Dyn '?)
k6A=k(6) X (1+0.036D,,, "'
k6D =k(6)/(1+0.048D,., 2
k7 =k(7)/(1+0.170D,."'?)

3.6

4) Tug
In port development it is necessary for econo-
mic and safety reasons to ensure tug escort and
assistance for large vessels in transit through the
harbour [36]. In addition, tugs will be needed for
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changes in direction take place. The program
then fills in the area between the points to the
height specified in metres, making curtains which
represent the coastline or piers. The mountains
were made in such a way that they consist of cu-
rtains with different heights, the heights of which
change to give the effect of mountains to the
viewer’s eyes.

The database for the radar picture, which is
treated by the radar scene generating program,
uses the same data as the visual scene in X, Y
coordinates, but is simpler in form, as the three
dimensional and height effects are not required.

3.3.2 Run Schedule

Four types of manoeuvres: unberthing, enter-
ing through breakwaters, berthing, and departure,
were scheduled to be examined. Unberthing ma-
noeuvres were divided into two types. Unberthing
and berthing manoeuvres were examined in flood
tide only, as the difference between flood and ebb
current will be of negligible magnitude in front of
the container pier. Other manoeuvres were exa-
mined in both ebb and flood current. Entering
manoeuvres through the new breakwaters were
divided into two types : one without a sea buoy
and the other with a sea buoy.

Eight groups of simulated runs were perfor-
med, and each group was followed by 6 familiari-
sation runs. In total, 116 runs were performed, of
which 68 runs were for actual examination and 48
were familiarisation runs. The simulated runs
were performed by a former Cardiff pilot employ-
ed by Maritime Dynamics Ltd., and a navigator
with five years’ sea experience. Both the pilot and
the mariner were selected from those who had
been involved in port design simulation for more
than 6 months. Detailed run schedule is shown in
table 3.3.

Table 3.3. Run Schedule

Maoeuvre Run Number Current ng Wind
Numbers | of Runs Direction | Speed
unberthing flood SW, W | 27 kts
(A type) | B1-BI3 9 |(predicted)] NW, E | 30 kis
unberthing flood SW, W | 27 kts
(B type) [B30k—B37) 10 |(predicted)| NW, E | 30 kts
entering ebb
through flood 30 kts ;
breakwaters | B41—B49 8 |(predicted)| SW, NW | 35 kts
(with
sea buoy) | B50—B57 8 ” ” 4
entering 7
through (maximum
breakwaters | B58—B66 9 24 kts) ” ”
flood SW, W | 27 kis
berthing | B67—B74 8 |(predicted)| NW, E | 30 kts
flood
departure | B14—B21 8 |(predicted) ” v
ebb
departure | B22—B29 8 |(predicted) 4 ”
(Source - Depicted by the Author)

3.4 Analysis of the Simulation Results

The results of each run are explained and ana-
lysed group by group. Among 68 simulated runs,
the plots of the significant runs are shown in this

section and appendix.

3.4.1 Unberthing Simulation in the Turning

Basin

19 unberthing runs were performed to examine
whether the turning basin planned by KMPA is
sufficiently wide for the modelled container ship
which is expected to use the new terminal.

The worst cases of unberthing manoeuvres are
considered to be those with the vessel starboard
side to No. 1 berth. Accordingly, unberthing ma-
noeuvres from No. 1 berth only were examined.
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Since the currents near the pier are of negligible
magnitude, the manoeuvres were performed in a
flood current only, ignoring the difference bet-
ween ebb and flood. In addition to the dominant
wind directions of NW and SW of the Busan, east-
erly and westerly winds were also tested, as
those winds blowing perpendicular to the pier are
considered to be the most influential to a ber-
thing ship: wind speeds of 27 knots and 30
knots were given.
' In the first place, nine A type unberthing ma-
noeuvres(run B1— run B13), in which the ship
‘turns to port directly, as she gets out from No.l
iberth, were examined.
¢ From the nine different unberthing manoeuvres
isimulated, it was concluded that the proposed
dredging area was not wide enough for the mo-
delled container ship to perform unberthing ma-
noeuvres safely, especially when the wind blew
from the east on the vessel's beam. It is neces-
sary, therefore, to adjust the dredging area unless
another safe unberthing strategy is found.

* For this reason, a different type(B type) of un-
serthing manoeuvre suggested by the pilot was
»xamined, in which the ship goes astern from the
berth to the turning area in front of No. 2 berth,
Where the ship makes 180 degrees starboard turn
‘o get out of the turning basin. 10 runs had been
derformed in the winds blowing from four diffe-
ent directions.

' From the above 19 runs, it was found that the
tredging area planned by KMPA was not wide
‘nough, for the modelled container ship to unbe-
th in such a way that the ship turns to port as
he gets out from No. 1 berth, especially in the
asterly wind.

I The alternative manoeuvring strategy, in which
‘e ship goes astern from No. 1 berth to the tumn-
g area in front of No. 2 berth (where the ship
arns 180 degrees to starboard), was found to be
ifer than the former method for the following

al
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three reasons ;

1) The closest point of the ship’s path to the
12.5 metres dredging line is far greater than the
previous case.

2) As the ship’s stern is usually more vulnera-
ble to collisions with the quay structures than the
ship’s bow, it is more. desirable to get her stern
out first from the berth for the ship’s safety.

3) Fewer tugs are needed than for the provious
case.

It is, therefore, recommended that pilots should
take the second unberthing strategy, in which the
ship goes astern from the berth and turns 180
degrees to starboard, right after the ship’s bow is
abeam to the middle of No. 2 berth.

3.4.2 Entering Manoeuvres Through the new

Breakwaters

A total of 25 runs, which start from the pilot
station to be completed before No. 3 buoy, have
been carried out to examine the following ;

1) the safety of the ship’s entering through the
new breakwaters under the worst current and
wind conditions,

2) the necessity of placing a sea buoy outside
the new breakwaters,

3) other navigational problems in connection
with the construction of the new breakwaters.

Since southwesterly and northeasterly winds
blow almost parallel to the predicted currents
near the breakwaters, those winds are expected
to affect entering manoeuvres the most. There-
fore, entering manoeuvres through the new break-
waters were examined in a southwesterly and
northeasterly wind. Different from the berthing
and unberthing, which can be delayed when the
weather is very rough, ships have to enter the
harbour even when it is a gale. 30 knots wind,
therefore, was regarded as the strongest wind
under which ships should enter the harbour. In
addition, a gale wind of 35 knots was added to

the simulation to take into account the worst
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manoeuvring of a ship through the breakwaters.
The result of run B60 is shown in figure 3.12.
This result coincides with the work of Maquet
[39], in which ship manoeuvres were found to be
more precise when pilots knew in advance the
directions and speeds of currents. It is, therefore,
strongly recommended that the Korean Hydro-
graphic Office carry out a detailed survey of the
currents near the new breakwaters once they

have been constructed.
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Figure 3.12. The Result of Run B60

3. 4.3 Berthing Manoeuvres

Eight arrival manoeuvres (run B67—run B74)
were performed to examine the safety of the ber-
thing manoeuvres in the worst possible environ-
mental conditions to ascertain whether it is nece-
ssary to place additional navigational marks near
the pier. The berthing manoeuvres onto No. 1 be-

rth were examined. Each manoeuvre started from

No. 3 buoy at a speed of about 7 knots.

As the currents near the pier are of negligible
magnitude, the manoeuvres were only carried out
in the flood tide, ignoring any differences bet-
ween ebb and flood tide. Easterly and westerly
winds were introduced into the test runs in addi-
tion to the dominant wind directions of the NW
and SW of the Busan, as those winds blowing per-
pendicular to the pier are considered to give the
biggest adverse effect to the ship’s berthing. The
wind speeds of 27 knots and 30 knots were
used.

There were no problems experienced in ber-
thing the ship on the terminal. Two tugs were re-
quired for berthing except when the wind was
blowing from the east, in which case four tugs
were required to manoeuvre the ship against the
wind blowing abeam of the ship. Chimneys
around KOMMATRI were found to be good lead-
ing marks for berthing ships. No additional navi-
gational marks were seen to be required.

3.4.4 Departure Manoeuvres from the Pier to
the Pilot Station

To examine the safety of departure manoeuv-
res, 16 runs, from No. 1 berth to the pilot station
were performed under different environmenta,
conditions. To begin with, eight runs (run B14—
run B21) were performed in a flood tide.

In the same manner as the unberthing ma
noeuvres, in addition to the dominant wind direc
tions of NW and SW of the Busan, easterly anc
the
speeds of 27 knots and 30 knots were used. Un

westerly winds were also tested ; winc
like the entering manoeuvres through the break
waters, a wind speed of 30 knots was regardec
as the worst case, since ships are not allowed t«
unberth under the gale conditions normally.
Another eight runs (ren B22—run B29) wer
performed in an ebb tide. As the currents are al
most parallel to the channel and the current
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near the pier are of negligible magnitude, there
were no significant differences between departure
manoeuvres in the flood current and those in the
ebb current.

It was found that there were no difficulties for
the modelled container ship to leave the terminal
through the new breakwaters, even in the worst
wind and current combinations.

4. CONCLUSIONS

t Factors which influence the port and waterway
lesign are divided into four groups which are ;
thip’s inherent factors such as the size and ma-
euvrability of the vessel ; environmental fac-
ors such as winds, waves and currents; human
actors and aids to navigation factors. These fac-
ors should be dealt with simultaneously when
esigning a port or waterway. The human ele-
Jent within the ship control system requires ma-
oeuvring experiments for port and waterway de-
ign to be conducted on a real time scale. Accord-
1igly, dynamic ship simulation, in which human
hip operators are involved, is regarded as one of
le most useful methods within the current state
" knowledge. The concept of the microcomputer
ded port design simulation together with the
1alysis of the ship mathematical models was int-
duced in this paper.
The Third Stage Development Plan of Busan
ort for a new container terminal was investiga-
d by the simulation after the port design simu-
tion methodology was introduced.
A container ship of Panamax size with 297 me-
s LOA and 60,000 gross tonnage was chosen as
.e model ship to be simulated. Eight groups of
nulated runs were performed by an experienc-
l former Cardiff pilot and a navigator, both of
2om had been involved in port design simula-
on for at least 6 months.
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Among 68 actual runs, nineteen runs were per-
formed to examine whether the turning basin
planned by the Korea Maritime and Port Admini-
stration is sufficient for the container ships which
are expected to use the terminal. A total of 25
runs, from the pilot station to No. 3 buoy, were
performed to examine ; the safety of the ente-
ring manoeuvres through the new breakwaters
under the worst possible current and wind condi-
tions 5 the need to place a sea buoy outside the
new breakwaters and the other navigational prob-
lems related to the construction of the new break-
waters. Eight arrival runs, from No. 3 buoy to No.
1 berth, were performed to examine the safety of
berthing manoeuvres in the worst possible envi-
ronmental conditions and to ascertain whether
additional navigational marks are required. Six-
teen runs, from No. 1 berth to the pilot station,
were performed to examine the safety of depar-
ture manoeuvres.

The findings from the simulation study are as
follows 3

1) It was found that the proposed dredging
area was not sufficientty wide enough for the con-
tainer ship to perform A type unberthing (in
which the ship turns to port as she manoeuvres
away from No. 1 berth with the assistance of
tugs), especially in the strong Ely wind. The alter-
native manoeuvring strategy of B type, in which
the ship goes astern from No. 1 berth to the turn-
ing area in front of No. 2 berth (where the ship
turns 180 degrees clockwise), was found to be sa-
fer than the A type).

2) There are no serious problems for the mo-
delled container ship to enter through the break-
waters even in the worst expected combination of
wind and current. Nevertheless, the lack of accu-
racy in the estimation of the ship’s position du-
ring the initial stagy of the manoeuvres caused

manoeuvring difficulties in that the ship drifted
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