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Synopsis

Japan Institute of Navigation and Port Division in National Institute for Land and Infrastructure Management (at the
beginning, Planning and Design Standard Division in Ports and Harbors Research Institute, Ministry of Transport) have studied
jointly on ‘The new generation fairway design standard’ since fiscal year 1999. In this note the results obtained so far are to be
introduced as an interim report.
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Introduction

The depth, width and alignment of fairway should be designéd considering the various elements including
particulars of design ship and weather and sea conditions around fairway.

However in the existing Japanese design standard for fairway, such kind of elements are not taken into
consideration and also no design standard considering various elements has been adopted in the world. |

In this circumstance the new design standard [Approach Channels A Guide for Design] depending on classified
elements and quantitative analysis was proposed in 1997 by PIANC and IAPH.

Before starting this project, the above design standard was analyzed by checking up with the result of naval
architectural study, especially with the result of manoeuvability study.

As the result it was proved that calculated values according to this standard were unfounded and had some
problems to output the discontinuous value by small difference of calculation condition because the each value for
each element was simply added. And also it is hard to apply this standard to the design of port water fac111t1es in
Japan because this [A Guide for Design] is the design standard for long channels in European port.

The other hand, the proposal of more reasonable Japanese standard will be expected by applying the study result
of naval architecture and navigation. '

Considering the above situation, the study on new design standard for fairway that is able to design the depth,
width and alignment of fairway depending on the particulars of design ship and weather and sea condition has been
carried out jointly by Japan Institute of Navigation and National Institute for Land and Infrastructure Management.

Now, this report shows the study result up to now as [Design standard for fairway in next generation (Interim
report, Version-2]. However the contents of this report are not so enough, therefore further study shall be continued
and the final report shall be proposed later.

I'would like to deeply thank personals concerned for participating in this project and request further cooperation.

April 2003

Japan Institute of Navigation, Standard committee
Chairman Dr. Kohei Otsu
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1. Concept of fairway and objective items for fairway design

Some useful routes are shown on navigation charts for use of navigators as reference. Ships navigate all most on he
straight course line without altering course in ocean. In terminal water such as waiting anchorage and port, the depth
of water becomes shallow and there are narrow channels that require often change course line in heavy traffic. And
also ships have to pass through some traffic lanes to arrive the passage (or approach channel) to berths.

The concept of fairway in this report means passage (or approach channel) and traffic lane designated by light
buoys as navigable water for safe navigation.

Though fairway design contains a lot of items, the depth, width and alignment of fairway are picked up in this
report. And this report shows the method of design for each dimension depending on design ship characteristic and
weather and sea condition.

On the other hand, in case of existing fairway, it is possible to decide the size of ship and navigation criteria by
opposite analysis.
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2. Depth of fairway

First step
‘When the dimension of design shlp is not specified, the depth of fairway is basically decided as bellow.

1) Fairway in a port where wave including swell dose not affect ship motion : D=1.10d
2) Fairway out of a port where wave including swell affects ship motion : D=1.15d
3) Fairway in open water where wave including swell exists : D=1.20d

D : Depth of fairway
d : Max draft of moored design ship at berth in still water under operational weather and sea condition

Second step
When the dimension of design ship is specified, the necessary depth of fairway can be calculated by the following
formula.

D=d+D1+Max (D2, D3)+D4

D : Depth of fairway
d : Max draft of moored design ship at berth in still water under operational weather and sea condition
D1 : Squat(bow sink during underway)

D2 : Bow sink due to heaving and pitching motion (Additional element in case of A >0.45Lpp)

D3 : Bilge keel sinks due to heaving and rolling motion (Addmonal element in case of TR=TE)
D4 : Allowance of depth

A : Length of wave including swell

Lpp : Length between perpendiculars of design ship
TR : Natural rolling period of design ship
TE : Meeting period of design ship and design wave

At the design stage the necessary depth is calculated under the chart datum. In actual operation, the following
elements should be taken into consideration.

1) Tide: Generally tide height is above the chart datum during navigation, this tide height
is considered as additional depth of water in actual operation.

2) Accuracy of depth of water: the error of depth of chart has some risk for navigation, but usually the dredged
bottom is deeper than planned bottom. This additional dredging that is confirmed
by enough depth survey can be considered as the additional depth of water in
actual operation.

3) Others: Air pressure, bottom nature, obstruction in water, the density of seawater, and etc.
should be taken into consideration if necessary.

(Explanation)

1) Length of wave is fixed by the depth of fairway and design wave period.

2) Draft means max draft of moored design ship at berth in still water under operational weather and sea condition
and max value is the full draft of design ship. 4

3) D1 is calculated by the following formula.
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D1=(0.7+1.5d/D) {Cb/(Lpp/B)} * V/g+15d/D * {Cv/(Lpp/B)} * * Vg (Formula by Dr. Yoshimura )
The result of the above calculation should satisfy the following condition.
D-d-D1>0

When the result does not satisfy the above formula, initial condition including ship speed should be
reconsidered.

d : Maxdraftin still water
:  Depth of fairway
p : Length between perpendiculars of design ship

Breadth of design ship
Block coefficient of design ship

Ship speed (m/s)
Acceleration of gravity (9.8m/s?)

Q<Quwg o

* Formula of Dr. Yoshimura “Mathematical model for the manoeuvring ship motion in shallow water”” Journal

of the Kansai society of naval architects, Japan, No.200, March 1986

4) Incaseof A>0.45Lpp, D2 can be calculated according to the value of D2/h0 taken from the figure below.

- D2ho h=0.70 Fr=(. ]

W

Ratio of heaving motion and wave amplitude

Figur2-1 Ratio of heaving motion and wave amplitude
(10 sections regarding VL.CC, VLCC Study Group”)

Note: This figure shows only the case of Cb=0.7.Fn=0.1, but covers the case of deep sea where ship motion is
bigger than one in shallow water. Therefore this figure can apply all cases regardless of Cb and Fn.

h0 : Amplitude of wave (hO=H/ 2)
H : Wave height

5) In case of TR (Natural rolling period) and TE (Meeting period of ship and wave) is nearly equal, D3 can be
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calculated by the following formula.

(Modified formula for irregular wave from the formula for regular wave by Dr. Honda [Outline of ship
handling, Appendix A11}).

D3=0.7 * (Hi3/2)+(B/2) * sin®
O=p 79

i+ v=7 (Analysis by Dr. Takagi)
®=360 - (0.35H;3/A) * sin®)

Here, TR and TE can be calculated by the following‘formula.
TR=0.8B / (GM)** |
TE=A/(A/TW+Vcos )

GM (Distance between the center of gravity of ship and metacentre) is nearly equal to B/25.

In this study, GM=0.5~2.0 (B/ 25) is applied because real value of GM varies depending on ship condition.

GM: Distance between the center of gravity and metacentre

TW: Wave period

Hyz:  Significant wave height

B : Breadth of design ship

® : Max rolling angle of design ship(degree)

& : Ratio of rolling induced by regular wave

T : Effective wave slope coefficient

® : Max wave slope angle

) : Encounter angle between ship’s head and wave direction (degree)

- Dr. Honda [Outline of ship handling (5" edition)] SEIZANDOSHOTEN  (1998)

* Analysis by Dr. Takagi: Ship motion in shallow water No.3 (Figure-20) : Transactions of the west-Japan
society of naval architects No.54 (1977)

6) D4 is given as follows.
d=10m - D0=0.5m

d>10m  D0=5%ofd

D : Depth of fairway
D : Max draft in still water
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d0 :

Lpp:

DT :

hO :

THZ 2R

Full draft of design ship

Length between perpendiculars of design ship
Breadth of design ship

Block coefficient of design ship
Displacement of design ship

Density of sea water

: Ship speed (m/s)

Natural rolling period od design ship
Distance between the center of gravity and metacentre

Length of wave including swell

Wave period

Meeting period of design ship and design wave
Wave height

Significant wave height

Wave amplitude (h0=H/2)

Max rolling angle of design ship (degree)

Encounter angle between ship’s head and wave direction (degree)

Ratio of rolling induced by regular wave
Effective wave slope coefficient

Max wave slope angle (degree)
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Calculation Example-1  Large CTNR ship

In case of the fairway in the port without wave effect

Calculation Example-2  Large CTNR ship

In case of the fairway facing to open sea with wave effect

Kind of ship . Large CTNR Kind of ship . Large CTNR
DWT : (ton) 82275 DWT (tor) 82275
GT : (ton) 76847 GT {ton) 76847
Displacement : (ton) 110715 Displacement (ton) 110,715}
TEU CAPACITY . TEU 6208 TEU CAPACITY . TEU 6,208
Full draft : d0(m) 140 Ful draft : d0(m) 140
Max draft : d(m) 140 Max draft :_d() 140
Breadth ;. B(m) 400 Breadth + B(m) 400
Length between perpendicular . Lpp(m) 287 Length between perpendicular ¢ Lep(m) 287
Dertsity of sea water Doy 1025 Density of sea water L4 1025
Block coeficient . Cb 0671 Block coefficient P & o6
o' s spoed . Voo 100 Ship’ s speed : V(knot) 100
She's I . V(ns) 51 Ship’ s speed : Vims) 5.144)
c i : 4
of fairway . D 154 Wave Period=TW(sec.) 1
Wave Height=H(m) 2]
W: of water=D 18
D1 : Squat underway 055 ave  Depth ()
Wave Length=21 (m) 174
Attack angle of wave=1) ( ) 60|
Reference :Tuck's formuda  (m) 050 angle of wave=1) (degroe
Dt: 05)
D2:Bow sinking due to heaving and pitching(m) 00 Sauat underway
Reference :Tuck’ s formula(m) 042
D3:Bilge sinking due to heaving and roling(m) 00 .
045X Lpp(m) 129
) (Length>045 X Lpp)
D4: Allowance (m) 0.7
Ls7rys 128
D2 /h0:Heave amplitude.”Wave amplitude 21
Depth of fairway :HD1+D24D3D4 (m) 153
h0:H/ 2 10|
D2:Bow sinking due to heaving and pitching(m) 21
Reference :Max draft % 1.1 154 '
GM=05~20% (B /25) 08~32
Natural period=-08B / (GM F*=TR 179~358
TE=A/ (A/ TW+Vcos ) (sec) 116
TR#TE
D3:Bilge sinking due to heaving and rolling (m) 00
D4: Allowance (m) 0.7
Depth of farway :+D1+D2+DID4 (m) 173
Reference :Max draft x12 168]
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3. Width of fairway

First step

When the dimension of design ship is not specified,

1) Fairway with one way should have reasonable width over than 0.5Loa of design ship. In case of the width is
less than 1.0 Loa, it is preferable to apply safety measures such as installation and maintenance of navigation
aids.

2) Fairway with two ways has reasonable width over than 1.0Loa depending on the following condition.

@D Relatively long fairway: W=1.5loa -

@ Fairway where ships meet each other frequently: W=1.5Loa

@ Relatively long fairway where ships meet each other frequently: W=2.0Loa

The special fairway such as fairway with remarkably large traffic volume, fairway crossed by sailing or
fairway for VLCC should have width larger than the above.

Second step , .
When the dimension of design ship is specified, necessary width of fairway can be calculated by the following
formula. :
1) Fairway without ship meeting (One-way fairway)

W = Wm0+ Wb1+Wb2
2) Fairway with ship meeting (Two-way fairway)
W = Wm1 +Wm2+Wc+Wbl-+Wb2

Loa :  Length overall
w : Width of fairway
Wm0 :  Basic manoeuvring lane for one-way fairway

Wb1, Wb2 : Bank clearance (Necessary lane against bank suction)
Wml, Wm2 : Basic manoeuvring lane on two-way fairway (in case of meeting)
Wc . Passing distance (necessary lane for passing ship each other)

¢

—

M
A

\/

\_J
-
LWbl Wm0 WbZl LWbl Wm1 Wc Wm2 WIE_]
k W . L m
Figure 3-2 One-way fairway Figure 3-3 Two-way fairway
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(Explanation)
1)Wmi (Basic manoeuvring lane) is composed of two elements.
@Wm( B,y): Manoeuvring lane against the effect of wind, current and etc.

@Wm( @): Manoeuvring lane for the detection of drift

¢
£
Wn(a)
0.5Wn(8,y)
0. 5Wm

Figure 3-4 Idea of basic manoeuvring lane

2) Wm(B,y) (Necessary manoeuvring lane against the effect of wind, current and etc.) can be calculated by the

following formula.

2-1) Basic idea for calculation

At first, counter rudder angle shall be calculated depending on wind velocity under the limit of 15 degrees max
counter rudder. And in case that calculated angle is over 15 degrees, max wind velocity of the criteria for port
entry should be reconsidered. _

Secondly the drift angle due to cross current shall be calculated. Basic manoeuvring lane against wind and
current shall be calculated by the total drift angle due to wind and current.

Then, the drift sideway due to ship yaw is added to the above basic manoeuvring lane.
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|
|
{ ! 3

ifF'A—Loa sir;TB_ B C(;;SB

Loa sinB+4B cos8

Figure 3-5 Idea for the drift angle due to wind and current

Figure 3-6 Idea for the drift sideway due to yaw

2-2) Calculation method and formula

@ Calculation of the drift angle (81)  due to wind effect

According to the following steps, the drift angle due to wind effect can be calculated.

a: Define the design ship particulars, ship speed and natural condition

b: Calculation of the hydrodynamic derivatives, interaction force coefficient of rudder of design ship
(Formula by Dr. Hirano)

c: Calculation of wind pressure and moment coefficient (Formula by Dr. Yamano) ‘
d: Calculation of necessary counter rudder by ship motion equation
Drift angle due to wind effect (31) = Mini (Drift angle corresponding to necessary counter rudder angle,

drift angle corresponding to counter rudder angle of 15degrees)
(3 1:Drift angle due to wind effect

* Formula by Dr. Hirano: Dr. Hirano, Dr Takashina, Mr. Moriya, Mr. Nakamura: An Experimental Study

on Manoeuvering Hydrodynamic Forces in Shallow Water, Transactions of the west-Japan society of naval

53



architects,No.69, 1985

Formula by Dr. Hirano calculating hydrodynamic derivatives
Y’ 8=(7t/2)ke+1.4Cb * BLL

Y’r=—(7/4)ke

N’ B=ke

N’r =—0.54ke+ke?

Here

ke=k/(dk/2D+((7Td/2D) * cot( 7Td/2D))*

k=2d/7

Y'B:A=23, Y’r,Nr: A=07, N'8: A=17

* Formula by Dr. Yamano, Dr. Yamano, Dr. Saito: A estimation method of wind force acting on ship’s hull,
. Journal of the Kansai society of naval architects, Japan, No.228,1997

Formula by Dr. Yamano.calculating wind force acting on ship’s hull
0 w : attack angle between bow and wind direction

Ax : Transverse area Ay : Longitudinal area * XG : Distance between EP. and center of the area
Rx: Longitudinal wind force Ry : Lateral wind force ~ Na : Wind force moment

U : Wind velocity ~ 0 :Density of air

Rx=(1/2)Cx p AxU*

Ry=(1/2)Cy 0 AyU?

Na=(1/2)Cm o0 LoaU?

Cx=Cx0+Cx100s 8 w+Cx200s2 6 w+Cx3c0s3 @ w+Cxdcosd 0 W+CX50055 Ow
Cy=Cylsin 6 w+Cy2sin2 6 w+Cy3sin3 6 w
Cm=0.1 * (Cm1sin & w+Cm2sin2 6 w+Cm3sin3 6 w)

Each coefficient shall be respectively given as the product and sum of value shown in Table 3-1

Table 3-1 Regression coefficient (L=Lpp) -

O | Const [ Ay2] XGL| LB [Ay/Ax] oy [const | AT XGL T LB TAv/A Om|Const | AvIZ] XGL | LB | AvAx
O | -00358] 0925] 00521

Ot 258] —6.087 01735 Oyl | 0500 4904 002{omi | 2650 4634 5876

o2 | 097 0978] —0.0556 o2 | 00208] 0230] -0075 ove] 0105] 5306 00704
o3| 0149 -00283} 00728/0,3 | -0.357] 0943 00381 o3| 0616 —1474] 00161

C4 | 00851 —0.0254] 00212 .

Cx5 | 00318 0287 —00164]

The calculation result of necessary counter rudder angle and drift angle are shown in Table 3-3 in case of the

parameter of wind velocity/ship velocity ratio (K value) and wind attack angle for ships in Table 3-2.
This table is available for the calculation of rough Wm(#3,y) value (Manoeuvring lane against wind and
current effect)

Wind attack angle (6) means the angle between bow and wind direction.
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Table 3-2 Ship’s Particulars

DWT Loa B d0
CTNR 60,000 288 32.2 13.3
TANKER 280,000 333 60.0 20.4
BULKEHR 172,000 289 45.0 17.8
LNG 70,000 283 448 - 10.8
PCC 18,000 190 32.2 8.2

Table 3-3 Necessary rudder angle and drift angle against K value and wind attack angle (D/d=1.2)

CTNR Counter Rudder Wind direction(degree)
K 0 15 30 45 60 75 90 105 120 135 150 165 180
K=1 0.0 0.1 0.1 0.2 0.3 0.3 0.4 0.4 0.4 0.4 0.3 0.2 0.0
K=2 0.0 0.2 0.5 0.8 1.0 1.3 1.5 1.7 1.7 1.5 1.2 0.6 0.0
K=3 0.0 0.5 1.1 1.7 2.3 2.9 3.4 3.8 3.8 34 2.6 1.4 0.0
K=4 0.0 1.0 2.0 3.0 4.1 5.2 6.1 6.7 6.8 6.1 4.7 2.5 0.0
- |K=5 0.0 1.5 3.1 4.7 6.4 8.1 9.5 10.5 10.6 9.5 1.3 4.0 0.0
K=6 0.0 2.2 44 6.8 9.2 11.6 13.7 *15.1 *15.2 13.7 10.5 5.7 0.1
K=7 0.0 3.0 6.0 9.2 12.6 *15.8] *18.7 *20.6] *20.4 *18.7 14.2 1.8 0.1
CTNR Drift angle Wind direction(degree)
K 0 15 30 45 60 75 90 105 120 135 150 165 180
CIK=1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
K=2 0.0 0.1 0.1 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.0 0.0
K=3 0.0 0.1 0.3 0.3 0.4 0.4 0.4 0.3 0.3 0.2 0.1 0.1 0.0
K=4" 0.0 0.2 0.5 0.6 0.7 0.7 0.6 0.6 0.5 0.4 0.3 0.1 0.0
K=5 0.0 0.4 0.7 0.9 1.1 1.1 1.0 0.9 0.7 0.6 0.4 0.2 0.0
K=6 0.0 0.6 1.0 1.4 1.5 1.6 1.5 1.3 1.1 0.8 0.6 0.3 0.0
K=7 0.0 0.8 1.4 1.9 2.1 2.1 2.0 1.8 1.5 1.1 0.8 0.4 0.0

* Counter rudder angle is over 15 degrees

TANKER |Counter Rudder |Full load Wind direction(degree)

K 0 15 30 45 60 75 90 105 120 135 150 165 180
K=1 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0
K=2 0.0 0.0 0.1 0.2 0.3 0.5 0.6 0.6 0.5 0.4 0.3 0.1 0.0
K=3 0.0 0.1 0.2 0.4 0.8 1.1 1.2 1.3 1.1 0.9 0.6 0.3 0.0
K=4 0.0 0.1 0.4 0.8 1.3 1.9 2.2 2.3 20 1.6 1.1 0.5 0.0
K=5 0.0 0.2 0.6 1.2 2.1 29 3.5 3.5(- 3.2 2.5 1.6 08 0.0
K=6 0.0 0.3 0.8 1.8 3.0 4.2 5.0 5.1 4.6 3.6 24 1.2 0.0
K=17 0.0 0.4 1.1 2.4 4.1 5.7 6.8 6.9 6.2 4.9 3.2 1.6 0.0
TANKER |Drift angle Full load Wind direction(degree)

K 0 15 30 45 60 75 90 105 120 135 150 165 180
K=1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
K=2 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
K=3 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0
K=4 0.0 0.0 0.1 0.1 0.2 0.2 0.2 0.2 0.1 0.1 0.0 0.0 0.0
K=5 0.0 0.1 0.1 0.2 0.3 0.3 0.3 0.3 0.2 0.1 0.1 0.0 0.0
K=6 0.0 0.1 0.2 0.3 04 0.5 0.5 0.4 0.3 0.2 0.1 0.0 0.0
K=17 0.0 0.1 0.2 0.4 0.5 0.6 0.6 0.5 0.4 0.2 0.1 0.0 0.0
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TANKER  |Counter Rudder |Ballast Wind direction(degree)
K 0 15 30 45 60 75 90 105 120 135 150 165 180
K=1 0.0 0.0 0.1 0.2 0.3 0.4 05 0.5 0.5 0.4 0.3 0.2 0.0
K=2 0.0 0.1 0.4 0.8 1.2 1.7 2.1 2.2 2.0 1.7 1.2 0.6 0.0
K=3 0.0 0.3 0.8 1.7 2.8 38 4.6 4.9 4.6 3.8 2.7 1.4 0.0
K=4 0.0 0.6 1.5 3.0 4.9 6.8 8.2 8.7 8.2 6.8 4.8 24 0.0
K=5 0.0 0.9 2.4 4.7 7.7 10.7 12.8 13.6 12.8 10.6 7.4 3.8 0.0
K=6 0.0 1.3 3.4 6.8 111§ *154 | 185 *19.6 | *184 | *152 10.7 5.5 0.1
K=17 0.0 1.7 4.6 9.2 | %151 | *20.9| *25.1 | *26.6 | *25.0 | *20.6 14.6 1.5 0.1
TANKER Drift angle Ballast Wind direction(degree)
K 0 15 30 45 60 75 90 105 120 135 150 165 180
K=1 0.0 0.0 0.1 0.1 0.2 0.2 0.2 0.2 0.1 0.1 0.0 0.0 0.0
K=2 0.0 0.2 0.3 0.5 0.6 0.7 0.7 0.6 0.5 0.3 0.2 0.1 0.0
K=3 0.0 0.4 0.8 1.1 1.4 1.6 1.6 1.4 1.0 0.7 0.4 0.2 0.0
K=4 0.0 0.7 1.4 2.0 2.6 2.9 2.8 2.5 19] 12 0.7 0.3 0.0
K=5§ 0.0 1.1 2.1 3.2 40 45 44 38 29 1.9 10 04 Q.0
K=6 0.0 15 3.1 46 5.8 6.4 6.3 551 . 42 2.7 15 0.6 0.0
K=17 0.0 2.1 4.2 6.2 7.9 8.8 8.6 1.5 5.7 3.7 20 0.8 0.0
* Counter rudder angle is over 15 degrees
BULKER _|Counter Rudder Wind direction(degge)
K 0 15 30 45 60 75 90 105 120 135 150 165 180
K=1 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.2 0.2 0.1 0.1 0.0 0.0
K=2 0.0 01 0.1 0.3 0.4 0.6 0.7 0.7 0.6 0.5 0.3 0.2 0.0
K=3 0.0 01} - 03 0.6 0.9 1.2 1.5 1.5 1.4 1.1 0.8 0.4 0.0
K=4 0.0 0.2 0.5 1.0 1.6 2.2 2.6 2.7 2.5 2.0 1.4 0.7 0.0
K=5 0.0 0.3 0.8 1.6 2.6 3.5 4.1 4.2 3.9 3.1 2.1 1.1 0.0
K=6 0.0 0.5 1.2 23 3.7 5.0 5.9 6.1 5.5 4.5 3.1 1.5 0.0
K=7 0.0 0.6 1.6 3.1 5.0 6.8 8.0 8.3 7.5 6.1 4.2 2.1 0.0
BULKER _ |Drift angle Wind direction(degree)
K 0 15 30 45 60 75 90 105 120 135 150 165 180
K=1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
K=2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
K=3 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0
K=4 0.0 0.0 0.1 0.1 0.2 0.2 0.2 0.2 0.1 0.1 0.0 0.0 0.0
K=5 0.0 0.1 0.1 0.2 0.3 0.3 0.3 0.3 0.2 0.1 0.1 0.0 0.0
K=6 0.0 0.1 0.2 0.3 0.4 0.4 0.4 0.4 0.3 0.2 0.1 0.0 0.0
K=7 0.0 0.1 0.3 0.4 0.5 0.6 0.6 0.5 0.4 0.2 0.1 0.1 0.0
LNG Counter Rudder Wind direction(degree)
K 0 15 30 45 60 75 90 105 120 135 150 165 180
K=1 0.0 0.1 0.2 0.3 0.5 0.7 0.8 0.9 0.8 0.7 0.5 0.3 0.0
K=2 0.0 0.3 0.8 1.3 2.0 261 - 3.2 3.4 34 3.0 2.2 1.2 0.0
K=3 0.0 0.7 1.7 29 4.4 5.9 7.1 7.8 1.6 6.7 4.9 2.6 0.0
K=4 0.0 1.3 3.0 5.2 7.8 10.5 12.6 13.8 13.6 11.9 8.8 4.7 0.0
K=5 0.0 2.1 4.7 8.1 122 *163 | *19.7] =*21.6] *212] *18.6 13.7 7.3 0.1
K=6 0.0 3.0 6.8 11.7| *17.6| *235] *284| +*31.0| *30.6| *26.7| *19.8 10.6 0.1
K=17 0.0 4.1 92| *159 | %239 | *32.0 | *38.7 *422] *416] *364! *26.9 14.4 0.1
LNG Drift angle Wind direction(degree)
K 0 15 30 45 60 15 90 105 120 135 150 165 180
K=1 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 -0.0
K=2 0.0 0.1 0.3 0.4 0.4 04 04 0.4 0.3 0.2 0.1 0.1 0.0
K=3 0.0 0.3 0.6 0.8 0.9 1.0 0.9 0.8 0.7 0.5 0.3 0.1 0.0
K=4 0.0 0.5 1.0 1.4 1.7 1.8 1.7 1.5 1.2 0.8 0.5 0.2 0.0
K=5 0.0 0.8 1.6 2.2 2.6 2.7 2.6 2.3 1.8 1.3 0.8 0.4 0.0
K=6 0.0 1.2 2.3 3.2 3.7 3.9 3.8 3.3 2.6 1.9 1.2 0.5 0.0
K=7 0.0 1.6 3.1 4.3 5.1 5.4 5.1 45 3.6 2.5 1.6 0.7 0.0

* Counter rudder angle is over 15 degrees
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PCC Counter Rudder Wind direction(degree)

K 0 15 30 45 60 75 90 105 120 135 150 165 180
K=1 0.0 0.1 0.2 0.4 0.6 0.7 0.9 1.0 1.0 0.9 0.7 0.4 0.0
K=2 0.0 0.4 0.9 1.5 2.2 2.9 3.5 39 3.9 35 2.6 14 0.0
K=3 0.0 1.0 2.1 34 5.0 6.5 1.9 8.8 8.8 7.9 5.9 3.2 0.0
K=4 0.0 1.7 3.7 6.1 8.8 1167} 141 | *156} =*15.7 14.0 10.5 5.7 0.1
K=5 0.0 2.7 5.7 9.5 138 | *18.2] *22.0] *244 *245] *218] =*16.5 8.9 0.1
K=6 0.0 3.8 8.3 136 | *19.8| *26.2| *31.7] *35.1 *35.2] *31.4 *23.7 12.8 0.1
K=7 0.0 5.2 11.3| *18.6] *27.0] *35.6] *43.1| *47.7 *479| *428 *32.3 *17.4 0.2
PCC Drift angle ‘Wind direction(degree)

K 0 15 30 45 60 75 90 105 120 135 150 165 180
K=1 0.0 0.1 0.1 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.0 0.0 0.0
K=2 0.0 0.2 04 0.5 0.6 0.6 0.6 0.5 0.4 03 0.2 0.1 0.0
K=3 0.0 0.5 0.9 1.2 14 1.4 1.3 1.2 0.9 0.7 04 0.2 0.0
K=4 0.0 0.8 1.6 2.1 24 2.5 2.4 2.1 1.7 1.2 0.8 0.4 0.0
K=5 0.0 1.3 24 3.3 3.8 4.0 3.7 33 2.6 1.9 1.2 0.6 0.0
K=6 0.0 1.9 3.5 4.8 5.5 5.7 5.4 4.7 3.8 2.7 1.8 0.8 0.0
K=7 0.0 2.5 4.8 6.5 1.5 7.8 7.3 6.4 5.1 3.7 24 1.2 0.0

*

Counter rudder angle is over 15 degrees
@ Calculation of drift angle due to current effect

The drift angle due to current effect can be calculated by the following formula with ship speed and cross
current velocity.

B2 = Arctan (Ve / V)

82 : Drift angle due to current effect
'Vc : Cross current velocity V : Ship speed
@ Calculation of drift angle due to wind and current effect
The total drift angle due to wind and current effect can be calculated by the folloWing formula.

B=B1+82

W(B)=Loa *sinf3+B * cos B

W(B) : Drift due to wind and current
Loa : Lengthover all of design ship
B :  Breadth of design ship B : Drift angle due to wind and current effect

@ Calculation for drift sideway due to ship yaw

The drift sideway due to ship yaw can be calculated by the following formula.
W)=V §sindp(tydt  (t=0~Ty/4)

=VTy * sinthy/4
W(y) : Drift sideway due to ship yaw
v :  Ship speed
Ty : Yawingperiod

Yy : Max yawingangle

PE) - Yawingatt.imeof(t) =10 *sin(27t/T)
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® Calculation of necessary basic manoeuvring lane against the effect of wind, current and etc.
Wm(B,y) = W(B)+W(y) ‘ |
=Loa*sinf +B * cos B +VIy * sinho/2
Wm( 8,y) :  Manoeuvring lane against the effect of wind, current and etc.

- W(B) : Drift due to wind and current
W(y) : Diriftsideway due to ship yaw
Loa :

: Length over all of design ship
B :  Breadth of design ship

B . B1+ 82
B1 : Dirift angle due to wind effect
B2  : Diriftangle due to current effect
\% : Ship speed
Ty :~ Yawing period
Yy : Max yawingangle

3)Wm( @) (Manoeuvring lane for detection of drift) can be calculated by the following formula.

3-1) Basic idea for calculation

Ship handlers intend to keep ship on the planed course line except when in emergency, but sometimes a ship
drifts away from the course line due to various reasons. In such a case, the drift that makes ship handlers detect off
course is defined as [manoeuvring lane for detection of drift].

Well-experienced ship handlers in defined water can handle and navigate ships observing land mark, but
generally the following method to detect the drift of ship are adopted.

Fixing position by observing sidewalls like canal

Fixing position by observing leading post or leading light

Fixing position by observing structure such as breakwater

Fixing position by observing light buoys on both sides of fairway
Fixing position by RADAR, GPS

Here, the lane for detection of drift shall be calculated by the method of fixing position by light buoys on both
sides of fairway.
3-2) Practical calculation method and formula to be used
@ Calculation for lane  (unit of angle : degree)
The lane for detection of drift can be calculated by the following formula.
0  =2Arctan(Wbuoy/(2 - LF)) '
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ar
Gmax

| Wm( a)

Wwm(a) :

dmax

Whbuoy

=0.00044 + 824+00002 + 6 +0.55343
=40Qr

=LF * tan( @ max) (Formula by West Japan port operation study group)

Buoy Wbuoy Buoy
H ©

7 g

/

/'/ /
Qu =dar /
LF | A

Wn{a)=LF-tan(ag,)

Figure 3-6 Manoeuvring lane for detection of drift

Angle between ship and two buoys on both sides

Clearance between two buoys forward
Distance from the ship to light buoy forward

Basic lane for detection of drift
Observation error of middle point =0.00044 *+ 624+0.0002 + 6 +0.55343
Max observation error of center point (Max error that ship handlers of 99.8%

can recognize the drift)

* Formula by West Japan port operation study group: West Japan port operation study group, Fairway

design study (Decision method for the width of long fairways) , 1977
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@ Setupof distance between buoy and ship (LF) |
LF can be set up as follows, based on the idea shown in Figure 3-7, according to the present standard ( Wbuoy

=Loa)
Here, in case of two-way fairway, two ships navigate in one-way fairway respectively and meet at middle
point shown in Figure 3-8. '
In case of the existing fairway, the distance between buoys along the fairway should be used.
One-way waterway LF =7Loa
Two-way waterway - LF=3.5L0a
. ¢
Wbuoy=Lloa o
/ Breadth of one way fairway=Loa
-/ Wm( @)=(0.5-0.075-0.016)L=0.265L
Qi max A
A
)4 — (max opposite calculation
AR
LF¥7 Loa / — @ opposite calculation
/ f
/./ — 0 opposite calculation
/ s
/
—LF=7Loa
*Drift angle was set as 10 degrees
\ & that is allowed for mariners

0.58 L Wn () =0. 265L
=0.075L

(L-sin10° +B-cos10° ) X0.5 -
=0.16L

Figure 37 IdeaforLF Loa
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Figure 3-8 Idea of meeting
4)Wmi (Basic manouevring lane) can be calculated by the following formula.
Max. basic manoeuvring lane for one side can be calculated by the following formula.
0.5 * Wmi =Wm( @)+0.5 - Wm(8,y)
Therefore the basic manoeuvring lane can be calculated as follows.

Wmi=2 - Wm(a)+Wm(B,y)

| W(a) Wn(a)
LO- SWa(8,y)
e

0.5%(8,y)]
1

Figure3-9 Idea fdr basic manoeuvring lane
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5)Whi (Bank clearance) can be calculated by the following procedure

5-1) Basic idea for calculation | -
Counter rudder angle for bank suction effect is limited to max 5 degrees. Bank clearance is calculated as the
distance from wall to absorb bank suction effect using the limited amount (Max 5 degrees) of rudder angle.

5-2) Practical calculation method and formula used
@ Calculation of the bank clearance in case of straight bank wall

a : Set up of ship particulars, ship speed , natural condition and etc.

b : Calculation of thrust and moment acting on ship hull due to the bank suction effect of straight bank
wall

c : Calculation of counter rudder angle according to the equation of ship motion

d : Repeat calculations to obtain the counter ruder of 5-degrees to absorb bank suction effect

Whi0 : Repeat calculation of bank clearance to fequire 5-degrees counter rudder against bank suction effect
© Correction based on the shape of bank wall and the ratio of water depth and ship draft

a  :Calculation of correction coefficient based on the ratio of depth of fairway and depth of outer water.
(In case of sloping bank wall, coefficient of straight bank wall shall be applied) (Pro Kijima Figure-1)
b : Calculation of bank clearance depending on the shape of cross section of fairway and the ratio of
- depth of fairway and depth of outer water, that is calculated by applying correction coefficient based
on straight bank wall.

Whi = Wbi0Xhl
hf  =exp(-2(h1/1-h1))

Wbi  : Bank clearance in case of the designed cross-section geometry of fairway and depth /draft ratio
Wbi0 : Bank clearance required allowable counter rudder of 5 degrees in case of steep wall

hl : Correction ratio for the cross-section geometry of fairway

hf : Correction ratio for the cross-section geometry of fairway

Figure of Dr. Kijima: Kijima, Qing; Manoeuvrung Motion of a Ship in the Proximity of Bank Wall(Fig.4)
Journal of The Society of Naval Architects of Japan No.162, 1987

Formula of Dr. Kjjima: Kijima, Nonaka: Ship’s manoeuvrability in restricted water, The Society of Naval
Architects of Japan 3™ Manoeuvrability of ship Symposium, 1981
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The effect of Sp on lateral force and yaw moment acting on a ship in the proximity of bank wall with wedge angle 8=90°

Fig.3-11 Ship manoeuvring navigating along wall (Dr. Kijima Figure-1)

The calculation result of bank clearance for ships shown in Table 3-2 is shown in Table 34. :
This table can be used to obtain rough Wbi0 (Bank clearance required allowable counter rudder angle of 5 degrees

in case of straight wall) . This value is free from ship speed.
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Table 3-4 Wbi0

(Bank clearance required allowable counter rudder angle of 5 degrees in case of straight wal) ~ (D/d=1.2)
LNG CINR TANKER TANKER BULKER PCC.
(Full load) (Ballast)
Whbi0 0.93B 1.52B 0.58B 0.67B 1.01B 0.63B

6) Wc (Width for passing distance) can be calculated by the following formula.

6-1) Basic idea for calculation ,
Max counter rudder for passing distance is assumed as 5 degrees. The width is calculated as the distance to
absorb the effect of meeting ships with 5-degrees counter rudder angle.

6-2) Practical calculation method and used formula
: Set up of the particulars of passing ships and ship speed

|-

b
c
d

: Calculation of side thrust and moment underway in the fairway

: Calculation of counter rudder angle according to the equation of ship motion
: Repeat calculations to obtain counter ruder of S5-degrees to absorb the suction effect due to meeting ships

The ship proceeds obliquely against the centerline of fairway shown in Figure 3-12, but in this case, dangerous

condition drawn with dotted line is taken into consideration.

* Figure of Dr. Kijima: Kijima, Yasukawa Manoeuvrability of Ships in Narrow Waterway, Journal of The Society
of Naval Architects of Japan (Fig.2,3) No.156,1984

We

Figure 3-12  Idea of passing distance
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Figure 3-13 Lateral force and yaw moment acting on ship 1 in meeting (Kijima-2)

The calculation result of meeting distance for ships shown in Table 3-2 is shown in Table 3-5.
This table can be used to obtain rough Wc (Passing distance). This value is free from ship speed.

Table3-5 Wc (Passing distance) (D/d=1.3)

ING CINR TANKER TANKER BULKER PCC
(Full load) (Ballast)
Wc 0.96B 1.95B 0.67B 0.77B 1.27B 0.71B
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7) Repeat calculation for basic manoeuvring lane

On calculation of Wmi (basic manoeuvring lane) that is the basic element for calculation of W (Width of

fairway) ,Wbuoy (distance between buoys forward) is used for initial value. Th;arefore,‘it is necessary to carry

out repeat calculation until initial value of Wbuoy reaches to the same value of W (Width of fairway) that is

calculated by the following formula.

* One-way fairway W =Wm0+Wbl+Wb2

» Two-way fairway W = Wm1+Wm2+Wc-+Wbl+Wb2

Here, in case of existing fairway the distance between buoys forward is set as initial value and repeat calculation
is carried out. It is understood that the existing width of fairway is reasonable if calculate result is smaller than the
distance between buoys. On the contrary, it is desirable to study again operation criteria and the width of fairway if
calculate result is bigger than the distance between buoys :

W
Wm0 e
Wbl, Wb2

Wml, Wm?2 :
We

B1
B2

B1
B2

Ow

Ay
XG

: Width of fairway

Basic manouevring lane for one-way fairway

: Bank clearance (Necessary lane against bank suction)

(Each basic manoeuvring lane when two ships meet)
Basic manoeuvring lane for two-way fairway (in case of meeting)

: Passing distance (necessary lane for passing ship each other)
: Drift angle due to wind effect ' '

: Drift angle due to current effect

: Cross current velocity
: Ship speed

Drift due to the effect of wind, current and etc.

: Length over all of design ship
: Breadth of design ship

: Drift due to wind and current

| : B1+ 82
: Drift angle due to wind effect |
: Drift angle due to current effect

: Wind angle between bow and wind direction
: Transverse wind area

: Longitudinal wind area

: Distance between F.P. and center of wind area
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Rx  : Longitudinal wind force

Ry : Lateral wind force
Na : Wind force moment
U : 'Wind velocity

o : Density of air

W(y) : Drift sideway due to ship yaw
Ty : Yawing period

)0  : Max yawing angle

P(t) : Yawingat time of ()= 0 * sin(2 TYT)
Wm( B,y): Manoeuvring lane against wind and current effect
Wm( @) : Manoeuvring lane for detection of drift

o : Angle between ship and two buoys on both sides
Wbuoy : Clearance between two buoys forward
Ar : Observation error of middle point=0.00044 *+ 62+0.0002 - 8 +0.55343

Amax : Observation error of center pdint (Max error that ship handlers of 99.8%)

LF : Distance from the ship to light buoy forward
Whbi0 : Bank clearance to require d allowable 5-degrees counter rudder in case of steep wall
Whbi : Bank clearance in case of the designed cross-section geometry of fairway

and depth/draft ratio ,
hl : Depth ratio ( = Depth of outside of fairway.” Depth of fairway, Cannel:0, No wall : 1)
Hf + Correction ratio for the cross-section geometry of fairway
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Calculation Example 3-1 ( CTNR ship, Under severe navigation conditions)

kRN K one_way fairway WAk kK
<<ship condition >> A: Basic manoeuvring lane for one-way fairway
IKind of ship Large CTNR ship 1.Manoeuvring lane for detection of drift 0.59]
Loa: ship length(m) 288.0 jar: Observation error of middle point(degree) 4.0
B: ship breadth(m) 32.2] |k: Correction ratio 2.36)
V: ship speed (knot) 1.5] |amax: Max observation error of center point(degre; 83.1
V: ship speed (m/s) 3.9] [Manoeuvring lane for detection of drift(m)
<< Natural condition>> 2.Drift due to wind and current
Wind velocity (m/s) 15.0] |Drift angle due to wind effect(degree) 0.6}
Cross current (knot) 0.5] [Drift angle due to current effect(degree) 3.8
Drift angle due to wind and current effect(degree) 4.4
Drift due to wind and current(m) 27.1
<< Fairway condition>>
W: Width of fairway (m) 315] 13.Drift sideway due to ship yaw
a: Manoeuvring lane for detection of drift (m) 2016] [Max yawing angle(degree) 4
(Distance between buoy and ship in terms of Loa) 1.0] |Ty:Yawing period(second) 120
0:Angle between ship and two buoys on both sides 8.93| |W(y):Drift sideway due to ship yaw(m) 8.1
Half manoeuvring lane for one-way fairway 118]
Basic manoeuvring lane for one-way fairway 237,
**x% Width of one-way fairway (m) **** B: Bank clearance
Basic manoeuvring lane + ( Bank clearance)*2 315.0] |e: Coefficient for bank clearance 1.52
In terms of Loa 1.1] |h1: Correction ratio (Cannel: 0,No wall: 0.999) 0.10,
In terms of B 9.8] |Correction coefficient 0.80
Bank clearance = e x correction coefficient x B(m 39.2
Kokkok gk Rk TWO"way fa“-way *kokokokokk R
<<ship condition >> A: Basic manoeuvring lane for one-way fairway
Kind of ship Large CTNR ship 1.Manoeuvring lane for detection of drift 0.59]
Loa: ship length(m) 288.0] |ar: Observation error of middle point(degree) 4.0]
B: ship breadth(m) 32.2] |k: Correction ratio 2.36
V: ship speed (knot) 7.5] |amax: Max observation error of center point(degre 83.1
V: ship speed (m/s) 3.9] |Manoeuvring lane for detection of drift(m)
<< Natural condition>> 2.Drift due to wind and current
Wind velocity (m/s) 15.0[ |Drift angle due to wind effect(degree) 0.6]
Cross current (knot) 0.5] |Drift angle due to current effect(degree) 3.8
Drift angle due to wind and current effect(degree) 4.4
Drift due to wind and current(m) 27.1
<< Fairway condition>> -
W: Width of fairway (m) 559 [3.Drift sideway due to ship yaw
a: Manoeuvring lane for detection of drift (m) 1008] {Max yawing angle(degree) 4
(Distance between buoy and ship in terms of Loa) 3.5] |Ty:Yawing period(second) 120
6:Angle between ship and two buoys on both sides 31.00] |W(y):Drift sideway due to ship yaw(m) 8.1
Half manoceuvring lane for one-way fairway 118|
Basic manoeuvring lane for one-way fairway 237
**x* Width of two-way frairway (m)**** B: Bank clearance
Basic manoeuvring lane + ( Bank clearance)*2 559.0{ le: Coefficient for bank clearance 1.52|
In terms of Loa 1.9] [h1: Correction ratio (Cannel: 0,No wall: 0.999) . 0.10
In terms of B 17.4] |Correction coefficient 0.80
Bank clearance = e X correction coefficient x B(m 39.2
C:_Passing distance for two-way fairway
f: Rasio for passing distance 1.95
Passing distance = fx B 62.8
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Calculation Example 3-2 ( CTNR ship, Under fair navigation conditions)

Aok kR Rk One_way fairway EEL IS 2 2] )

<<ship condition >> A: Basic manoeuvring lane for one-way fairway

Kind of ship Large CTNR ship 1.Manoeuvring lane for detection of drift 0.57

Loa: ship length(m) 288.0] |ar: Observation error of middle point(degree) 40

B: ship breadth(m) 32.2] |k: Correction ratio 2.28|

V: ship speed (knot) 5.0] |omax: Max observation error of center point(degre; 57.3]

V: ship speed (m/s) 2.6] |Manoeuvring lane for detection of drift(m)

<< Natural condition>> 2.Drift due to wind and current

Wind velocity (m/s) 0.0] |Drift angle due to wind effect(degree) 0.0

Cross current (knot) 0.0] |Drift angle due to current effect(degree) 0.0
Drift angle due to wind and current effect(degree) 0.0
Drift due to wind and current{m) 16.1

<< Fairway condition>>

'W: Width of fairway (m) 147{ 13.Drift sideway due to ship yaw

a: Manoeuvring lane for detection of drift (m) 1440] |Max yawing angle(degree) 0.0

(Distance between buoy and ship in terms of Loa) 5.0] |Ty:Yawing period(second) 120

6:Angle between ship and two buoys on both sides 5.84] | W(y):Drift sideway due to ship yaw(m) 0.0
Half manoeuvring lane for one-way fairway 73]
Basic manoeuvring lane for one-way fairway 147

*+6% Width of one-way fairway (m) **** B: Bank clearance

Basic manoeuvring lane + ( Bank clearance)*2 147.0| |e: Coefficient for bank clearance 1.45

In terms of Loa 0.5] [h1: Correction ratio (Cannel: 0,No wall: 0.999) 0.99]

In terms of B 4.6] |Correction coefficient 0.00
Bank clearance = e x correction coefficient x B(m 0.00

Aok ok kkok TWO'Way fairway EELELEL S

<<ship condition >> A: Basic manoeuvring lane for one-way fairway

Kind of ship Large CTNR ship 1.Manoeuvring lane for detection of drift 0.73]

Loa: ship length(m) 288.0] |ar: Observation error of middle point(degree) 4.0|

B: ship breadth(m) 32.2] k: Correction ratio 2.93|

V: ship speed (knot) 5.0] {amax: Max observation error of center point(degre 44.2

V: ship speed (m/s) 2.6] |Manoeuvring lane for detection of drift(m)

<< Natural condition>> 2.Drift due to wind and current

Wind velocity (m/s) 0.0] |Drift angle due to wind effect(degree) 0.0

Cross current (knot) 0.0] |Drift angle due to current effect(degree) 0.0
Drift angle due to wind and current effect(degree) 0.0
Drift due to wind and current(m) 16.1

<< Fairway condition>>

'W: Width of fairway (m) 304] |3.Drift sideway due to ship yaw

a: Manoeuvring lane for detection of drift (m) 864| |Max yawing angle(degree) 0.0

(Distance between buoy and ship in terms of Loa) 3.0] [Ty:Yawing period(second) 120,

0:Angle between ship and two buoys on both sides 19.96] |W(y):Drift sideway due to ship yaw(m) 0.0
Half manoeuvring lane for one-way fairway 60
Basic manoeuvring lane for one-way fairway 121

**+%% Width of two-way frairway (m)**** B: Bank clearance

Basic manoeuvring lane + ( Bank clearance)*2 304.0] [e: Coefficient for bank clearance 1.52

In terms of Loa 1.1] |h1: Correction ratio (Cannel: 0,No wall: 0.999) 0.99

In terms of B 9.4] |Correction coefficient 0.00,
Bank clearance = e x correction coefficient x B(m 0.0
C: Passing distance for two-way fairway
f: Rasio for passing distance 1.95
Passing distance = fx B 62.8
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Calculation example 4-1 (TANKER: Full load, Under severe navigation conditions)

EET 2212 ] one_way fairway BRERE R RN
<<ship condition >> A: Basic manoeuvring lane for one-way fairway
Kind of ship VLCC 1.Manoeuvring lane for detection of drift 0.59]
Loa: ship length(m) 333.0| [ar: Observation error of middle point(degree) 4.0
B: ship breadth(m) 60.0] |k: Correction ratio 2.35
|V: ship speed (knot) 7.5] |omax: Max observation error of center point(degre 95.6
V: ship speed (m/s) 3.9] [Manoeuvring lane for detection of drift(m)
<< Natural condition>> 2.Drift due to wind and current
Wind velocity (m/s) 15.0] |Drift angle due to wind effect(degree) 0.2
Cross current (knot)* 0.5) |Drift angle due to current effect(degree) 3.8
Drift angle due to wind and current effect(degree) A
Drift due to wind and current(m) 41.6
<< Fairway condition>>
W: Width of fairway (m) 346) 13.Drifl sideway due to ship yaw
a: Manoeuvring lane for detection of drift (m) 2331] [Max yawing angle(degree) 4
(Distance between buoy and ship in terms of Loa) 1.0] | Ty:Yawing period(second) 120
0:Angle between ship and two buoys on both sides 8.49} 1W(y):Drift sideway due to ship yaw(m) 8.1
Half manoeuvring lane for one-way fairway 145
Basic manoeuvring lane for one-way fairway 290
*#%% Width of one-way fairway (m)*#+# B: Bank clearance
Basic manoeuvring lane + ( Bank clearance)*2 346.0[ le: Coefficient for bank clearance 0.58
in terms of Loa 1.0} |h1: Correction ratio {Cannel: 0,No wall: 0.999) 0.10
in terms of B 5.8] |Correction coefficient 0.80,
Bank clearance = e x correction coefficient x B{m 27.9
Aok kK KKK NO‘Way fairway RRERERRR
<<ship condition >> A: Basic manoeuvring lane for one-way fairway
Kind of ship VLCC 1.Manoeuvring Jane for detection of drift 0.92
Loa: ship length(m) 333.0| {ar: Observation error of middle point(degree) 4.0
B: ship breadth(m) 60.0] |k: Correction ratio 3.68
V: ship speed (knot) 7.5} Jamax: Max observation error of center point(degref 74.9
V: ship speed (m/s) 3.9] [Manoeuvring lane for detection of drift(m)
<< Natural condition>> 2.Drift due to wind and current
'Wind velocity (m/s) 15.0] IDrift angle due to wind effect(degree) 0.2
Cross current (knot) 0.5] [Drift angle due to current effect(degree) 3.8]
Drift angle due to wind and current effect(degree) A
Drift due to wind and current(m) 41.6
<< Fairway condition>>
W: Width of fairway (m) 594| (3.Drift sideway due to ship yaw
a: Manoeuvring lane for detection of drift (m) 1166] [Max yawing angle(degree) 4
(Distance between buoy and ship in terms of Loa) 3.5} 1 Ty:Yawing period(second) 120
0:Angle between ship and two buoys on both sides 28.59] {W(y):Drift sideway due to ship yaw(m) 8.1
Half manoeuvring lane for one-way fairway 125)
Basic manoeuvring lane for one-way fairway 249
***+ Width of two-way fairway (m)**** B: Bank clearance
Basic manoeuvring lane + ( Bank clearance)*2 594.0] (e: Coefficient for bank clearance 0.58
In terms of Loa 1.8} [h1: Correction ratio (Cannel: 0,No wall: 0.999) 0.10
In terms of B 9.9} JCorrection coefficient 0.80} -
Bank clearance = e x correction coefficient x B(m 27.9
C: Passing distance for two-way fairway
f:_Rasio for passing distance 0.97
Passing distance = fx B 40.2
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Calculation example 4-2 (TANKER: Full load, Under fair navigation conditions)

Rk one_way fairway R R I

<<ship condition >>

A: Basic manoeuvring lane for one-way fairway

Kind of ship VLCC 1.Manoeuvring lane for detection of drift 0.59
Loa: ship length(m) 333.0] |ox: Observation error of middle point(degree) 40
B: ship breadth(m) 60.0] |k: Correction ratio 2.35
V: ship speed (knot) 5.0] |omax: Max observation error of center point(degre 68.4
V: ship speed (m/s) 2.6] |Manoeuvring lane for detection of drift(m)
<< Natural condition>> 2.Drift due to wind and current
Wind velocity (m/s) 0.0] |Drift angle due to wind effect(degree) 0.0
Cross current (knot) 0.0] {Drift angle due to current effect(degree) 0.0
Drift angle due to wind and current effect(degree) 0.0
Drift due to wind and current(m) 30.0
<< Fairway condition>>
'W: Width of fairway (m) 253] |3.Drift sideway due to ship yaw
a: Manoeuvring lane for detection of drift (m) 1665] [Max yawing angle(degree) 0
(Distance between buoy and ship in terms of Loa) 5.0| |Ty:Yawing period(second) 120
0:Angle between ship and two buoys on both sides 8.69] [W(y):Drift sideway due to ship yaw(m) 0.0
Half manoeuvring lane for one-way fairway 98]
Basic manoeuvring lane for one-way fairway 197
**%% Width of one-way fairway (m)**** B: Bank clearance
Basic manoeuvring lane + ( Bank clearance)*2 253.0] |e: Coefficient for bank clearance ' 0.58]
in terms of Loa 0.8] |hi: Correction ratio (Cannel: 0,No wall: 0.999) 0.10
in terms of B 4.2] |Correction coefficient 0.80
Bank clearance = e x correction coefficient x B(m 27.9
LR R 2 TWO'Way fa".way kR ok ok
<<ship condition >> A: Basic manoeuvring lane for one-way fairway
IKind of ship VLCC 1.Manoeuvring lane for detection of drift 0.75
Loa: ship length(m) 333.0] jar: Observation error of middle point(degree) 4.0
B: ship breadth(m) 60.0] {k: Correction ratio 3.01
V: ship speed (knot) 5.0] jamax: Max observation error of center point(degre; 52.4
V: ship speed (m/s) 2.6] |Manoeuvring lane for detection of drift(m)
<< Natural condition>> 2.Drift due to wind and current
'Wind velocity (m/s) 0.0 |Drift angle due to wind effect(degree) 0.0
Cross current (knot) 0.0} |Drift angle due to current effect(degree) 0.0
Drift angle due to wind and current effect(degree) 0
Drift due to wind and current(m) 30.0
<< Fairway condition>>
'W: Width of fairway (m) 370] 13.Drift sideway due to ship yaw
a: Manoeuvring lane for detection of drift (m) 999] IMax yawing angle(degree) 0.0
(Distance between buoy and ship in terms of Loa) 3.0] |Ty:Yawing period(second) 120
6:Angle between ship and two buoys on both sides 20.98] [W(y):Drift sideway due to ship yaw(m) 0.0
Half manoeuvring lane for one-way fairway 82
Basic manoeuvring lane for one-way fairway 165
*#x¢ Width of two-way fairway (m) **** B: Bank clearance
Basic manoeuvring lane + ( Bank clearance)*2 370.0§ |e: Coefficient for bank clearance 0.58]
In terms of Loa 1.1} [h1: Correction ratio (Cannel: O,No wall: 0.999) 0.99
In terms of B 6.2] [Correction coefficient 0.00
Bank clearance = ¢ x correction coefficient x B(m 0.0
C: Passing distance for two-way fairway
f: Rasio for passing distance 0.67
Passing distance = fx B 40.2
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Calculation example 5-1 ( PCC: Full load, Under severe navigation conditions)

AE Rk RR KK One_way falrway EEZ 222 L LS

<<ship condition >> A: Basic manoeuvring lane for one-way fairway

Kind of ship PCC 1.Manoeuvring lane for detection of drift 0.59

Loa: ship length(m) 180.0} |ar: Observation error of middle point(degree) 4.0

B: ship breadth(m) 32.2] |k: Correction ratio 237

V: ship speed (knot) 7.5) {omax: Max observation error of center point(degre 52.2

V: ship speed (m/s) 3.9] [Manoeuvring lane for detection of drift(m)

<< Natural condition>> 2.Drift due to wind and current

Wind velocity (m/s) 15.0] |Drift angle due to wind effect(degree) 2.4

Cross curmrent (knot) 0.5} [Drift angle due to current effect(degree) 3.8
Drift angle due to wind and current effect(degree) 6.2
Drift due to wind and current(m) 25.7

<< Fairway condition>>

W: Width of fairway (m) 205] {3.Drift sideway due to ship yaw

a: Manoeuvring lane for detection of drift (m) 1260| |Max yawing angle(degree) 4

(Distance between buoy and ship in terms of Loa) 1.0] |Ty:Yawing period(second) 120

0:Angle between ship and two buoys on both sides 9.30] |W(y):Drift sideway due to ship yaw(m) 8.1
Half manoeuvring lane for one-way fairway 86
Basic manoeuvring lane for one-way fairway 172,

*xx* Width of one-way fairway (m)**** B: Bank clearance

Basic manoeuvring lane + ( Bank clearance)*2 205.0] |e: Coefficient for bank clearance 0.63]

In terms of Loa 1.1] {h1: Correction ratio (Cannel: 0,No wall: 0.999) 0.10

In terms of B 6.4} |Correction coefficient 0.80
Bank clearance = e x correction coefficient x B(m 16.2

wdkakkrk Two—way fairway *xkkkkxk

<<ship condition >> A: Basic manoeuvring lane for one-way fairway

Kind of ship PCC 1.Manoeuvring lane for detection of drift 1.04

Loa: ship length(m) 180.0] [or: Observation error of middle point(degree) 4.0

B: ship breadth(m) 32.2} |k: Correction ratio 4.16

V: ship speed (knot) 7.5] |amax: Max observation error of center point(degre 45.9

V: ship speed (m/s) 3.9] |Manoeuvring lane for detection of drift(m)

<< Natural condition>> 2.Drift due to wind and current

Wind velocity (m/s) 15.0 |Drift angle due to wind effect(degree) 2.4

Cross current (knot) 0.5] |Drift angle due to current effect(degree) 3.8]
Drift angle due to wind and current effect(degree) 6.2
Drift due to wind and current(m) ] 25.7

<< Fairway condition>>

W: Width of fairway (m) 374) 13.Drift sideway due to ship yaw

a: Manoeuvring lane for detection of drift (m) 630] |[Max yawing angle(degree) 4

(Distance between buoy and ship in terms of Loa) 3.5] |Ty:Yawing period(second) 120

0:Angle between ship and two buoys on both sides 33.06] |W(y):Drift sideway due to ship yaw(m) 8.1
Half manoeuvring lane for one-way fairway 80
Basic manoeuvring lane for one-way fairway 159

***% Ope-way width (m)**** B: Bank clearance

Basic manoeuvring lane + ( Bank clearance)*2 374.0] |e: Coefficient for bank clearance 0.63

In terms of Loa 2.1] |h1: Correction ratio (Cannel: 0,No wall: 0.999) 0.10

In terms of B 11.6] |Correction coefficient 0.80
Bank clearance = ¢ x correction coefficient x B(m 16.2
C: Passing distance for two-way fairway
f: Rasio for passing distance 0.71
Passing distance = fx B 22.9
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Calculation example 5-2 ( PCC: Full load, Under fair navigation conditions)

HEARERER One-way fairway EEELS 2L

<<ship condition >>

A: Basic manoeuvring lane for one-way fairway

IKind of ship PCC 1.Manoeuvring lane for detection of drift 0.57
Loa: ship length(m) 180.0] |ar: Observation error of middle point(degree) 4.0
B: ship breadth(m) 32.2] |k: Correction ratio 2.30
V: ship speed (knot) 5.0] |amax: Max observation error of center point(degre 36.1
V: ship speed (m/s) 2.6} |Manoeuvring lane for detection of drift(m)
<< Natural condition>> 2.Drift due to wind and current
Wind velocity (m/s) 0.0] |Drift angle due to wind effect(degree) 0.0
Cross current (knot) 0.0] |Drift angle due to current effect(degree) 0.0,

Drift angle due to wind and current effect(degree) 0.0
Drift due to wind and current(m) 16.1
<< Fairway condition>>

'W: Width of fairway (m) 104] |3.Drift sideway due to ship yaw
a: Manoeuvring lane for detection of drift (m) 900 |Max yawing angle(degree) 0.0
(Distance between buoy and ship in terms of Loa) 5.0] |Ty:Yawing period(second) 120
9:Angle between ship and two buoys on both sides 6.61{ | W(y):Drift sideway due to ship yaw(m) 0.0

Half manoeuvring lane for one-way fairway 52
Basic manoeuvring lane for one-way fairway 104,
**%% Width of one-way fairway (m)**** B: Bank clearance
Basic manoeuvring lane + ( Bank clearance)*2 104.0] e: Coefficient for bank clearance 0.63]
In terms of Loa 0.6} h1: Correction ratio (Cannel: 0,No wall: 0.999) 0.99,
In terms of B 3.2} {Correction coefficient 0.00
Bank clearance = e x correction coefficient x B(m 0.0
*ixkrikx Two—way fairway *akkskiok
<<ship condition >> A: Basic manoeuvring lane for one-way fairway

IKind of ship PCC 1.Manoeuvring lane for detection of drift 0.82
Loa: ship length(m) 180.0] |or: Observation error of middle point(degree) 4.0
B: ship breadth(m) 32.2] |k: Correction ratio 3.27
V: ship speed (knot) 5.0] [amax: Max observation error of center point(degre 30.8}
V: ship speed (m/s) 2.6] [Manoeuvring lane for detection of drift(m)
<< Natural condition>> 2.Drift due to wind and current
Wind velocity (m/s) 0.0] |Drift angle due to wind effect(degree) 0.0
Cross current (knot) 0.0} |Drift angle due to current effect(degree) 0.0

Drift angle due to wind and current effect(degree) 0.0
Drift due to wind and current(m) 16.1
<< Fairway condition>>

W: Width of fairway (m) 232] |3.Drift sideway due to ship yaw
a: Manoeuvring lane for detection of drift (m) 540| |Max yawing angle(degree) 4
(Distance between buoy and ship in terms of Loa) 3.0] |Ty:Yawing period(second) 120
6:Angle between ship and two buoys on both sides 24.75] [W(y):Drift sideway due to ship yaw(m) 5.4

Half manoeuvring lane for one-way fairway 52
Basic manoeuvring lane for one-way fairway 105
**** One-way width (m)**** B: Bank clearance
Basic manoeuvring lane + ( Bank clearance)*2 232.0] |e: Coefficient for bank clearance 0.63
In terms of Loa 1.3] |h1: Correction ratio (Cannel: 0,No wall: 0.999) 0.99
In terms of B 1.2| |Correction coefficient 0.00
Barnk clearance = e x correction coefficient x B(m 0.0
C: Passing distance for two-way fairway
f: Rasio for passing distance 0.71
Passing distance = fx B 229
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4 . Alignment (Bend)

First step
The intersection angle of centerlines of fairway at bend ideally should not exceed 30 degrees.
When it exceeds 30 degrees, the centerlines at bend of fairway should be a circular arc with the radius of fore
times or more of ship length between perpendiculars.
Width of fairway at bend should be wider than standard width and it is necessary for the fairway with width to
widen inner corner according to the figure below.

Figure 4-1

Second step
The intersection angle of centerlines of fairway at bent ideally should not exceed 30 degrees.
When cross angle is larger than 30 degrees and design ship is specified, the radius of turning calculating by
manoeuvrability index that indicates the ability of turning. Also width of fairway should be wider than standard.
Other shapes of bend in addition to widening inner comer can be introduced considering installation of light
buoys based on the study with mariners concerned. Especially when the radius of turning is large, the study of
shape of curve is important because it is not effective to widen the inner comner.

(Explanation)
1) Radius of turning circle depending on the manoeuvrability index can be calculated by the following formula.

R=Lpp/(K’* 8)=V/(K" )

R(m) : Radius of turning circle of bend of waterway
K : Manoeuvrability index for turning
K’ : Non dimensional manoeuvrability index of tumning (K’=K/(V/Lpp)]

Lpp(m) : Ship length between perpendiculars
0 (radian) : Rudder angle during underway at bend
V(m/s) : Shipspeed during underway at bend

74



2) The following value of K’ can be referred. This value is obtained by the result of mathematical simulation

under no wind condition. In case of PCC and Container ship with large wind area under strong wind condition,
further study is required to get proper K’ value.

Deep sea K’=0.75 (For all types of ship)

Shallow water (D/d=1.2)

VLCC K’=0.70
Container ship K’=0.35
Bulk ship K’=0.55
INGcarier K’=045

3) [Approach Channels A Guide for Design(PIANC, IAPH, IMPA, IALA)] can be referred for design

method of shape of bend. And also the existing channels in overseas (Pot of Tanjung Pelapas and
etc.) can be referred as actual design example.

e

Intersection angle of center line of fairway

Rudder angle during undemay at bend

Ship speed during underway at bend
Depth of fairway

Max. draft

p : Length between perpendicular
: Radius of center line of fairway

:u.g'_o_ O< o

75



Reference:

The result of course changing simulation of various types of ships

1. Outline of the simulation
The simulation of VLCC, large container ship, large bulk ship and LNG ship were carried out under the condition

of calm and wind speed of 15m/s.

2. Ship’s particulars

3. Condition on the simulation

VI.CC CONT.C BULK ING
L (m) 316 273 279 269
B (m) 60 322 45 445
d(m) 204 1325 17.81 108
o) 0.7941 0.6665 0.8042 0.7028
L/B 5267 8478 6.200 6.045
B/d 2941 2430 2527 4.120
Ch*B/d 2336 1.620 2.032 2.8%
AR/Ld 1/5235 1/50 1/6.7 1/44.6
2.00 187 . 1.8462 1.4857
Dp(m) 10.44 820 9.40 831
0.6662 1.0053 0.6503 0.7996
MCR(ps) 36,960 35,100 19,100 40,000
74 90 72 103

1) Mathematical model: MMG Model
2) Cocfficient of hydrodynamic force: Formula obtained by experiments
3) Shallow effect:
Added mass: average experimental data
Hull resistance: modified formula by Dr. Kinoshita
Propulsion: same value as data in deep water

Rudder force: same value as data in deep water

Liner hydrodynamic derivatives: Formula by Dr. Kijima (except Y’r, Y’r is comected by an average
experimental data)
Non-liner hydrodynamic derivatives: same value as data in deep water

Wind force coefficient: Formula by Dr. Yamano

4) Propeller specification: estimated by standard design method

5) Rudder angle: 20 degrees

4. Result of the simulation of 90 degrees change course

==

Transfer

unit: x Lpp
VLCC |CONT.C | BULK LNG

D/d=co

Advance 445 4.54 4.61 4.24
Transfer 2.96 3.28 3.19 2.67
|Average 3.70 3.91 3.90 3.46
{D/d=1.2

{Advance 4.26 8.97 5.71 6.54
Transfer 3.49 7.53 4.70 5.99
|Average 3.88 8.24 5.20 6.26

*The trucks of each ship are shown as follows. Thick lines show the result in calm condition and thin lines shows
the result under strong wind (4 wind directions).

% Wind direction is true wind direction at initial position.
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VLCC
Rudder angle: 20 degrees
90 degrees change course
— (Wind velocity: 15m/s)

270

D/d=00 ]

11

000

/180

-

50|

VLCC

Rudder angle: 20 degrees
90 degrees change course
(Wind velocity: 15m/s)

.
Y

— Did=12
L
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0
1
2 -

CTNR ship

Rudder angle: 20 degrees

90 degrees change
5 | (Wind velocity: 15m/s)

|
D/d=20 L
B ’ Calm
4 . T
0 1 2 3 4 6 8 9 10
0 *‘-‘R.
1
N

2
3
4 H ]

CTNR ship

Rudder angle® 20 degrees 270
5 171 90 degrees change

(Wind velocity: 15m/s)

\

6 | l \
: D/d=1.2 \\
8 | \
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— BULKER
Rudder angle: 20 degrees
90 degrees change

(Wind velocity: 15m/s)

270

1

090/000

180

T

D/d=00

Calm

11

12

13

14

| BULKER
Rudder angle: 20 degrees
'| 90 degrees change

(Wind velocity: 15m/s)

2/U

T

. oox Y

1 1

| D/d=1.2 [ Gam
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LNG | .

Rudder angle: 20 degrees _ ™. 0 |

90 degrees change AN

(Wind velocity: 15m/s) \ \ ,
> 1 Cam [ [/ N

D/d=co 180: Impossible \\\ 270
| | ol
4 | A
0 1 2 3 4 5 6 7 8 9 10 11 12 13

0

R N
N N

2 ) NN\ AN

180: impossible m \ \ 000 \\
[ | ! V)

s_LNGl ’ \\' Calm - \

Rudder angle: 20 degrees : \\ 2704
90 degrees change I N
8 7| (Wind velocity: 15m/s) \/ \“
| D/d=12
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Calculation Example-6  Radius of turning circle in shallow water

Kind of ship - VLCC Kind of ship
Lpp (m) 316 Lpp (m) 273
K 0.7 K 0.35
Rudder angle | Radiusinshallow water | Interms of Lpp Rudder angle | Radius i nshallow water | In terms of Lpp
15 degrees 17243 55 15 degrees 29794 109
20 degrees 12932 4.1 20 degrees 22345 8.2
25 degrees 1034.6 33 25 degrees 1787.6 6.5
30 degrees 862.2 2.7 30 degrees 1489.7 5.5
Kind of ship BULK Kind of ship ING
Lpp (m) 279 Lpp (m) 269
K 0.55 K 0.45
Rudderangle | Radiusinshallow water | Interms of Lpp Rudder angle | Radiusinshallow water | In terms of Lpp
15 degrees 1937.6 69 15 degrees 22833 85
20 degrees 14532 52 20 degrees 17125 64
25 degrees 1162.6 42 25 degrees 1370.0 5.1
30 degrees 968.8 35 30 degrees 11417 4.2
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Mathematical Model for the Manoeuvring
Ship Motion in Shallow Water

By Yasuo YOSHIMURA (Member)

Manoeuvring behaviour significantly changes according to the water depth. It is
indispecsable for the examination of the safety in harvour navigation to clarify the
characteristics of ship motion in shallow water. v

After the full-scale trial of Esso Osaka, many kinds of model tests have been
performed in deep or shallow water, where the characteristics of hydrodynamic
forces acting on hull or rudder have been observed. However, these hydrodynamic
data are not sufficient for the prediction of the manoeuvring motion in shallow
water, and more theoretical approaches as well as experimental data have been desir-
ed.

In this report, the predicting techniques are investigated based on the well
known MMG’s mathematical model. Through the present study, the following con-
clusions are obtained.’

1) MMG’s mathematical model is also avaijlable for the prediction of the manoeu-

vring motion in shallow water. .

2) Predicted ship motions fairly agree with the observed motions in each water
depth.

3) Sinkage and trim in shallow water can be easily predicted by the following
simple forms proposed by Tuck 8) and presented here respectively.

2=1.5(4 )(5%5) 7
T

R B

-50.(£ ) (£7%5) F

k : water depth

1, £AMZX
Ekigic it 5%@%&1&4:@%@ KBS E 5

* [BFn60E11 A158

ER I FERKBELSKE
EWNTHE
TR EE A T D LRI
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O~ TEHE SN, Wk Do, EHsiEDT
WKBLTH ZOKRMOBEREAH S DIT/S>TEI L
DU, EE) RN OB 2 BN B Ik %
i EBRLERTEBBESC L0, EI77—42F
BT, SACOHBIZL 5 PHBIROVIRIEEE -
TEETLL, ‘

FRTIEC ) UIIBRR 28 E 2, B/KROGRHHED)
DORBUCEKER CERBD b BMMG €5 /L DiEif 23
%, ZOBROMBERORE 217-12. £ DR MMG
EF N THRIKECET BIEDER 2RV L C Lick
h, ERNCTDBETHE T2 LDERTE
rofth, BAKBOBEMCEE ML TR (squat) 12>
WTh, BELIHETEARBLOEBLNL, 5,
FRICHOIHEMIEE LT PCC T, 20TER
% Table 1ici2iF3.

Table 1 Principal particulars of
the ship model-

Lee (m)  3.0000 Ax/Ld 1/39.83
B (m) - 0.5367 4 1.177
d (m) 0.1367 . D, 0.095
ze (m) —0.0422 7 0.794
Cb 0.547 P/D;

0.775

2 MRENREBEHSE T

BRI Fig. 1 O, AKBPIT 28m X 15m
DIREZB&T-1, REX4m X lmDaL s Y —
breFIV 105 bR B, ZHTHD/S 2 IZHL |
TLETIEBTAEBTE, £EDOL V% +2mm
KX A TNE,

LT, GREBERPBA LSS OBFEEFTVEE
T3,

4 H

w FERROCONCRETE PANAL

2\ /| m——28n ——

E I

o d

S — &
. w

> —

x 14

I a

Fig. | Arrangement of the false bottom

ORIGIN OF
BODY AXES X __

EARTH FIXED AXES

Fig. 2 Coordinate system

fis OIRHEE) DEEFIER L Fig.2 OEERZA N
TRATEDY,

muc+mugre=Y

mug—mygre= X }
= N-— xGY

lerg

121U, ug, v, 1o IRMDELDER 2, 12X, Y,
N (BERREER) 2RbT
BRI, MMG DB AL VIR, Mtk - Fo
7 - BREZNENDEET 205, Y ENEMEE Fo~
TONNETZCEVRBLDT, che 2aby
T Yup, Npp ELTERT S, 7205

Y=YHP ’ +YR

X=X+ Xpt+ X }
N=NHP +NR

LF, zhxhoieontd~s,
21 MEoNh

%WK@%T%h@&K@&?K%%¢%K6U%
HENTEERSY 4, 0,7 OER TEbT ’

 Xhy=—ml gt Xo+ XppfP+ (Xpe— m)y )pr' )
+ X0+ Xppppht+ Xppp o1
Yip=—my 0+ Y+ (Y= m} )7
+Y pppB°+ Y ppe B Y e fTEHY 1yer 3
Nup= = Joz 75+ Npf+ N7+ Npgpf®
+Npprftr + N7 P+ Nt

12120, p=sin"' (0/U), r'=t(L/U)
- Fig. 3133 HOKE (h/d=18.3,1.5, 1.2,
h:IKEE; d: EAITE 3 CMT DR T, Krhogh
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I ERXOBELTH B, BHIMBELNE Table 2 138
035, COA, FINEE m,, my 12 CAT®icd b,
FIAIEMEE X 2 b J., 13 PMM EBRD> 6K 12.
my i pure swaying S5 18 6 5H5, (EEK
L3513 m, 13 EEBCAT ORBER & IHF—BLTHE,
AR TS D HOEEH § 3 ZAbIA(X 5, ~ m)) )
DR 2R 1CTH, BKGEE)OKX EVWERT

Table 2 Hydrodynamic coefficients of
mathematical quel

h/d 18.3 1.5 1.2
m +mb 0.205 . 0.232 0.301
m’ +m, 0.331 0.413 0.544
Toat o2 0.0211 0.0262 0.0293
Xo ~0.0194 -0.0271  —0.0279
Xsp —0.0368 0.0460 0.3178
Xgr—m)y -0.140 —0.493 —0.663
X 0.0125 —0.0069 0.0038
Xspps 0.469 0.7.8 0.574
Xsppr 0.11 2.49 8.41
Y5 0.263 0.993 2.314
Y 0.0381 - 0.0934 0.2089
Y o8 1.55 5.03 1.70
Y opr ~0.655 1.71 7.88
Y%, 0.738 1.992 3.042
Yo —0.0566 —0.1246  —0.1542
N3 0.0977 0.2043 0.4620
N: —0.0505 —0.0689 —0.1286
Nisgp 0.173 0.308 0.914
Ngr -0.627 —1.874 0.003
Njrr 0.0954 0.0686  —0.0880
Nirr —0.0353 —0.1495 —0.1469
Ap. —0.49 -0.49 —0.49
Iz .. —0.811 —0.740 -0.917
1-wpo (by) 0.640 0.720 0.865
(62) 0. —0.525 —1.940
(b3) 0. 0. 0.
1-t 0.838 0.755 0.671
1-tz 0.792 0.738 0.776
Crs 0. 0. 0.
ay (1) 0.283 0.398 0.900

(e2) 0.263 0.824 0.

(c3) 0. 0. 0.
T —0.467 —-0.341 -0.322
€ 1.170 1.390 1.557
K 0.513 0.366 0.386

Kr=0.3304-0.2299 /~0.1617 J*
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Fig. 8 Shallow water effects on linear hydrodynamic derivatives
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On the Ship Motions in Shallow Water (Part 3)

——Comparison of the Experimental Results with
the Calculated Results of Ship Motions in Waves —

By Mikio TAKAKI

Summary

It has been becoming a great important problem to predict the hydrodyna-
mic forces and ship motiohs in water of finite depth, because of increasing di-
mensions of ships. The studies of ship motions in- water of finite depth, how-
ever, have been limited comparing with those in water of infinite depth. It
is therefore desired that the correlation works between theoretical and experi-
mental investigation should be performed and extended to oblique waves on
water depths smaller than twice the draft of the ship.

In this paper, author measures the amplitudes of motions of tanker ship mo-
del with various heéding angles in waves at a shallow water tank. The experi-
mental results are compared with the results of theoretical calculation obtained
by so-called “New Strip Method”. It becomes clear from the above comparisons
that the theoretical calculations according to New Strip Method agree approxi-
mately with the experimental results in oblique waves, and especially the theo-
retical and the experimental results with zero-advancing speed agree very well
in beam sea condition. .
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1

Summary

This paper presents experimental results on the maneuvering hydrodynamic
forces in shallow water with some theoretical considerations. Force measurement
tests by means of a PMM were performed with use of three kinds of shipv models
at various water depths. The experimental results show general features of the
shallow water effects on the maneuvering hydrodynamic forces including hull
forces and rudder forces. Theoretical studies were also made to examine the
shallow water effects on the hydrodynamic derivatives of hull and on the hydro-
dynamic interaction between hull and rudder. Furthermore, with aid of theoretical
studies, practical formulae for estimating the linear hydrodynamic derivatives in
shallow water were develo‘ped.

1. Introduction

Significance of the navigation safety in restricted water area such as ports and waterways
has greatly increased in recent years because of the growth in ship sizes and the diversification
in ship types. Among many factors, which characterize the ship maneuverability in restricted
water area, the shallow water effects on the hydrodynamic forces may be one of the most im-
portant points because of significant changes in the maneuvering characteristics caused by them.
Many studies have been made on the maneuvering hydrodynamic forces in shallow water from
both theoretical and experimental aspects?~®, but there still remain a great many problems to be
solved or to be clarified.

In this context, the authors recently made an attempt to investigate the shallow water ef-
fects on the maneuvering hydrodynamic forces mainly from experimental aspects. Using three
kinds of ship models (three different hull forms), measurement tests of the maneuvering hydro-
dynamic forces both in deep water and in shallow water were performed. In the model tests,
hull forces together with rudder forces were measured with a PMM test device, and test results
were analyzed as fur_lctions of water depth. In addition, a study from theoretical point of view
was made, that is, experimental results were reviewed with applications of existing theories.
This paper describes results obtained by these investigations for the shallow water effects on

the maneuvering hydrodynamic forces.

2. Model Description

Three kinds of -ship models, namely three typical hull forms of a tanker (ESSO OSAKA), a
LNGC and a PCC, were tested in the present study in order to investigate the shallow water
effects on the maneuvering hydrodynamic forces in connection With ship hull particulars. These
models are 2.5m long and wooden ones, and the principal particulars of hull of these models are

given in Table 1. Moreover the principal particulars of rudder and propeller -are also given in

* Akishima Laboratory, Mitsui Engineering and Shipbuilding Co., Ltd.
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Table 1. Principal Particulars.of Models

TANKER LNGC PCC
L (m) 2.500 2.500 2.500
B (m) 0.408 0.415 0.482
d (m) 0.167 0.100 0.134
vy (m3) 0.141 0.072 0.08U4
Dp (m) 0.070 0.075
P/Dp 0.715 0.600 . ,

Photo 1 PMM Test in Shallow Water

AR/Ld 1/58.5 1/44,5

Table 1 for the tanker and the LNGC models, for which rudder forces were measured together

with hull forces.

3. Contents of Model Experiments

The model experiments of the present study were carried out at the small towing tank of
Akishirha Laboratory, Mitsui Engineering and Shipbuilding Co., Ltd.. Principal dimensions of the
tank are: length x breadth X water depth=100mx5mx2.15~0m. The shallow water was made
by lowering water level of the tank. The force measurement tests were performed with a con-
ventional PMM test device with maximum sway amplitude of 600 mm. In the shallow water test,
the PMM test device was set on the shallow water frame installed on the towing carriage as
shown in Photo 1. .

Contents of the force measurement tests are described in the following.

(1) Hull forces: Static mode tests

Static drift angle tests were performed for the three kinds of ship models at the following

water depth conditions where H/d denotes the ratio of water depth to ship draft.

Tanker: H/d =, 1.5, 1.2

LNGC : H/d =, 3.0, 2.0, 1.5, 1.3, 1.2

PCC t H/d=,3.0, 2.0, 1.5, 1.3, 1.2.

The tests were performed for ship models of bare hull condition without propeller and rud-
der. The ship models were towed with an advance speed of U=0.45m/sec (Fn=0.091), giving
a drift angle in a range of g =0'~15"

(2) Hull forces: Dynamic mode tests
Pure yaw tests were performed for the tanker and the LNGC models at the following water

depth conditions.
Tanker: H/d=0e0, 1.5, 1.2
LNGC : H/d=wo, 2.0, 1.5, 1.2.
In the same manner as the static mode tests, the tests were performed for bare hull condi-

tion with an advance speed of U=0.45m/sec. Yaw rate amplitude was varied in a range of /=
0.2~0.8.

(3) Rudder force tests
Rudder force measurements at behind-hull condition were made for the tanker and the

LNGC models at the following water depth conditions.
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Tanker: H/d =, 1.5, 1.2
LNGC : H/d=co, 1.5, 1.2.

Rudder forces were measured by taking rudder with angle of 6§ =-<20°~20°. In the rudder
force tests at straight towed condition (#=0°) with an advance speed of U=0.45m/sec, propel-
ler load was varied by changing propeller revolution speed. The tests at obliquely towed cbndi-
tion (B =-20"~20") with U=0.45m/sec were made at the model self-propulsion point, and ad-
vance coefficients Js, defined as Js=U/(nD) (n: propeller revolution speed, D: propeller diame-
ter), at the model self-propulsion point are as follows at each water depth‘ conditions of H/d=
oo, 1.5 and 1. 2.

Tanker: Js=0.47, 0.42, 0.40

LNGC : Js=0.59, 0.53, 0.48.

4. Experimental Results

4.1 Hull Forces

Hull force analyses in this paper were made by introducing dimensionless forms of

Yy ,H_ Ny
-1

(U, { S A— o)
7pLdU2 5 oL2dU?

where Yy : hull lateral force
Ny : hull yaw moment about midship
o : water density
L : ship length between perpendiculars
d : ship draft
U : ship speed.

Results of the static drift angle tests were analyzed by employing the following second
order polynomials with respect to dimensionless sway velocity v’(=v/U=—sin .

Yg=Yw+Y v || @)
N‘H=N’,,v’—}jN’,,|,,|v’|v’| . - ’ -

Figs. 1 and 2 show experimental results of the linear static derivatives Y7, and N/, respectively

Y'v N‘v

2.0 ' ) -1.8f
O TANKER O TANKER
A (NGC A LNGC
o pcc o0 PCC .

lfB l..B
. dsH
Fig. 1 Linear Static Derivative Y/, as a Fig: 2 Linear Static Derivative N/, as a
Function of Draft-to-Depth Ratio Function of Draft-to-Depth Ratio
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which were obtained by expressing measured lateral force and yaw moment with Eq. (2), where
the ratio of ship draft to water depth d/H is taken in abscissa. Remarkable shallow water ef-
fects on both Y’» and N’v can be seen for all of the three kinds of ship models.

Results of the pure yaw tests were analyzed with the following second order polynomials

with respect to dimensionless yaw rate »(=rL/U), where the inphase component forces were
considered.

R A T | | ®
N'g = NN || | | '

Figs. 3 and 4 show experimental results of the linear rotary derivatives Y/, and N/, respectively
which are based on the expressions in Eq. (3). In determination of Y/,, appropriate values
of m’; (added inertia force in x-direction) based on the results described in References 5), 6)
and 4) were assumed, because measurement tests for m’, were not performed in the present
study. The shallow water effects on the lin.ear rotary derivatives may be not so Conspiéuous ‘as
those on the linear static derivatives.

'Yp

0.2(

O TANKER

N’p

-8.10

© O TANKER
A LNGC

A LNGC

-0.@ . /f

© d/H d/H

‘Fig. 4 Linear Rotary Derivative N/, as
a Function of Draft-to-Depth
Ratio :

Fig: 3 Linear Rotary Derivative Y7, as
a Function of Draft-to-Depth
Ratio '

4.2 Rudder Forces

In general rudder forces including hydrodynamic force and moment induced on ship hgll by
rudder action can be written in the following form?.

Yr = (1+ag)Fycosd
Np = (xptagx’z LYFy cosé
Yp':
Np :
“F,
é

Xp

4

where rudder lateral force
rudder yaw moment about midship
: rudder normal force '

rudder angle

x-coordinate of rudder position.

In Eq. (4), ag and x/g denote the force and the moment coefficients due to the rudder-to-hull
interaction respectively. The shallow water effects on ay and X’y are examined with results
obtained by the rudder force tests at straight towed condition. Figs. 5 and 6 show results of ay
and x’p respectively at the model self-propulsion point for both the tanker and the LNGC mod-
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an X4
1. ) 1.8
CAL EXP I CAL  EXP
—— O TANKER —— O TANKER'
——= A LNGC A ——== A LNGC
8.8} .
0.6}

2.8 1 L L 1 ) 2.0 L L L $ )
2.8 B.2 B.4 a.8 ‘9.8 1.8 ’ 2.9 9.2 2.4 8.6 2.8 1.0
d/7H : ' dsH

Fig:. 5 Force Coefficient of Rudder-to- Fig. 6 Moment Coefficient of Rudder-
Hull Interaction as a Function to-Hull Interaction as a Func-
of Draft-to-Depth Ratio . tion of Draft-to-Depth Ratio

els. Considerable increase in ag in shallow water
can be seen in Fig. 5. As water depth décreases,
_.x’,, decreases as shown in Fig. 6, This means -‘T TANKER
that the point on which the rudder-to-hull inter-
action force acts moves forward in shallow water.
Effective inflow velocity into rudder, ugz, can
be obtained from rudder normal force measured
at behind-hull condition with a concept of the 1.er
rudder normal force identity on a basis of the
open water performance of rudder, Thé shallow
water effects on the effective rudder inflow veloc-
ity, obtained with this concept from results of
the rudder force tests at straight towed condition, 8.8 ; !

were examined in connection with propeller load Is

effects. Fig. 7 shows results of the tanker model, Fig: 7 Effective Rudder Inflow Veloci-
where dimensionless effective rudder inflow veloc- 'A g’epf&rs Three Different Water
ity up/U is employed in ordinate and advance
coefficient Js is employed in abscissa as an index _
of the propeller load. In the higher propeller load region, no distinct shallow water effects on
uz/U may be seen. However, as propeller load becomes lower (Js becomes larger), difference
in up/U due to water depth change becomes clear. This may be attributed to the fact that the
effective wake fraction at rudder position increases in shallow water®, ‘ '

Effective inflow angle into rudder can be estimated on a basis of the rudder angle of zero
normal force, 6R.i Introvducing a concept of the flow-rectification coefficient 7z, the following
expression can be written with respect to 8 for the condition of obliquely towing.

Up Upp

6R“‘0"‘ =rrf+ 7] )

where the second term in the right-hand side means the offset rudder angle due to asymmetry
of propeller slip-stream. Characteristics of dzuz/U versus were analyzed with results obtained
by the rudder force tests at obliquely towed condition. Fig. 8 shows results at the model self-
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H/d = oo Hsd = 1.5 Hsd = 1.2
Squgq U SpugsU Squp U

.3 8.3’-

O TANKER
A LNGC

Fig. 8 Effective Rudder Inflow Angle for Three Different Water Depths

propulsion point for both the tanker and the LNGC models. Similar tendency regarding the
shallow water effects on the &zuz/U versus g characteristics can be seen for both ship models.
The flow-rectification coefficient rgp, which can be defined as a slope in c?RuAR/U versus g charac-
teristics as is self-evident from Eq. (5), increases in shallow.water. But changes in }R due to
water dgpth decrease may not necessarily be monotonous.

5. Discussions

5.1 Hull Forces

The maneuvering hydrodynamic forces in shallow water can be calculated with making use
of low aspect ratio  wing theories, and some available results' have already been reported®®,
In the present study, a simplified theory for the linear static derivatives was developed first,
détails of which are described in Appendix. Then by utilizing this simplified theory, a study
was made on estimate formulae for the linear derivatives in shallow water. In the present
theory, flow around ship hull is represented with a simple lifting surface model, which consists
of a single horse-shoe vortex starting from the 1/4 chord length behind the leading edge and
its infinite series of images with respect to the free surface and the bottom surface.

According to Appendix, namely from Eq. (A7)

k
Y’v e
- d nd
_2—F1—_k +——2H cot

o : . (6)
2H ' '
Examining values of Y/, in Eq. (6) at two extreme conditions, that is, in deep water (H/d = o)
and at zero under-keel clearance condition (H/d ==1.0), then

Yy=—zk at H/d=oco

(M
Y, = -2z at H/d=1.0.

This suggests that Eq. (6) can be interpreted as an expression in which the aspect ratio of a
ship, k(=2d/L), apparently varies from deep water to shallow water as .
y
nd °* ®

d rd
o1 ¥t om ot o

k—

Then a concept of “effective aspect ratio in shallow water” %, may be introduced, which is de-
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fined with an experimental constant 1 as

' k

ke = , ©
d rd . wd A
3H k+(2‘f1'°°t ‘2‘H)

and this was derived from somewhat intuitive insight.

By utilizing this concept of the effective aspect ratio in shallow water, an attempt was made
to extend applicability of the well-established estimate formulae for the linear derivatives in deep
water®?®, to shallow water region. Estimate formulae for the linear static derivatives in shallow

water may be written in the following form with k, on a basis of those in deep water,

Y'y=—% k1.4 CB/L - | (10)
N, = —k, . 1)

It is needless to say that Eqs. (10) and (11) can cover estimations 6f the deep water deriva-
tives. Experimental results for Y’, and N’, are shown in Figs. 9 and 10 respectively with marks
such as empty circles, where %, is taken in abscissa. Estimated results with Egs. (10) and (11)
are also shown in Figs. 9 and 10 respectively with solid lines, where Cp+B/L=0.10 is supposed
for Y’;, estimation. Experimental constants of A=2.3 and 1.7 are employed in estimations of
Y’, and N’, respectively, which are determined so that the estimations with Eqgs. (10) and (11)
can fit w‘ell the experimental results. The results shown in Figs. 9 and 10 indicate  that, by
employing appropriate experimental constants, the estimate formulae of Egs. (10) and (11) based
on a concept of the effective aspect ratio in shallow water could give fairly good estimation to

the linear static derivatives in shallow water.

Y'v
N‘v
-e.er O TANKER T -B.Bp O TANKER
A LNGC A LNGC
o pcc o ecc
-B.4 [ <
-1.0 g -
-9.2} :
2 1 1 1 1 g 0.0 . . ,
0.8 0.2 .4 0.6 e.8 1.8 25 o W o6
ke ke
Fig. 9 Linear Static Derivative Y/, as Fig. 10 Linear Static Derivative N/, as
a Function of Effective Aspect a Function of Effective Aspect
Ratio ‘ Ratio

In applying the concept of &, to the rotary derivatives, there could arise problems because
it is basically impossible to represent flow around ship hull in turning motion with a single
horse-shoe vortex. However, in this paper, the same attempt as those for the linear static
derivatives was made for the linear rotary derivatives, assuming that Eq. (9) could be a kind of
empirical formula. Then estimate formulae for the linear rotary derivatives in shallow water

can be written in the following form.
, 1 ' _
Y,_an, . (12)

N, = —0,54k+F% . . 13)

Figs. 11 and 12 show experimental results for Y/, and N’, together with estimated ones by
Eqs. (12) and (13) respectively, where experimental constant of 1=0.7 is employed in the esti-
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Yr . N%r
@.2 O TANKER ' : -8. 18 O TANKER
A LNGC O LNGC
[¢]
8.t A ° . -8.@s|- A
o ) A
A as
1 L ] 1
e 3 [} 2.1 e.2 2.3 G'%.a 2.1 a‘2 2'3
ke ke
Fig. 11 Linear Rotary Derivative Y7, Fig. 12 Linear Rotary Derivative N/,
as a Function of Effective as a Function of Effective
Aspect Ratio Aspect Ratio

mations of both Y/, and N’,. It may be seen in Figs. 11 and 12 that, by employing appropriate
experimental constants in the same manner as those for the linear static derivatives, the esti-
mate fomrulae in Eqgs. (12) and.(13) also could give satisfactory estimation to the linear rotary
derivatives. It may be mentioned from the matters discussed above that the estimate formulae
developed on a basis of those in deep water with a concept of the effective aspect ratio in shal-
low water, Egs. (10)~(13), could be very useful for practical estimations of the linear derivatives
in shallow water.

5.2 Rudder-to-Hull Interaction Forces

The hydrodynamic forces induced on ship hull by rudder action can be vcalculated by solving
interaction problems between two wings which are located fore and aft each other. In the pres-
ent study, calculations of ag and x’y were made with a theory for the interaction forces
in shallow water, which was developed for shallow water in the same manner as that in Ref-
erence 10) on a basis of the theory previously developed by the authors for the deep water inter-
action forces!?, Computed results with this theory for @y and x’yz are shown in Figs. 5 and 6
respectively together with experimental results. Computations were made under the following
conditions. |

Number of strips in spanwise : 1 for ship hull and 3 for rudder
Number of terms in Glauert’'s mode function: 9 for both ship hull and rudder
‘Number of images : 40 at H/d=1.2 (as an example).

It may be seen in Figs. 5 and 6 that the computed results explain well the shallow water effects
on both @z and x’z obtained by model experiments in qualitative aspects. o ‘

6. Concluding Remarks

A study on the maneuvering hydrodyhamic forces in shallow water was made mainly from
experimentallaspects. Using three typical hull forms of ship models, hull forces together with
rudder forces were measured both in deep water and in shallow water, and test rusults were
analyzed as functions of water depth. In addition, experimental results were reviewed from
theoretical poiﬁt of view with applications of existing theories. :

The main conclusions of the present study are summarized as follows.

(1) General features of the shallow water effects on the linear hydrodynamic derivatives are
shown on a basis of results obtained by the hull force tests.
(2) General features of the shallow water effects on the rudder-to-hull interaction forces, the

effective rudder inflow velocity and the effective rudder inflow angle are also shown on a

basis of experimental results obtained by the rudder force tests.
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(8) Estimate formulae for the linear derivatives of hull forces in shallow water were devel-
oped for practical use, by introducing a concept of the effective aspect ratio in shallow water,
based on the well-establishe'd estimate formulae for déép water linear derivatives. And its
validity was confirmed by comparing estimated results with experimental ones. V
As stated in Introduction, there are a great many problems to be solved or to be clarified in

the area of the maneuvering hydrodynamic forces in shallow water. It is really expected that
much more efforts will be devoted to this area in future.
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Appendix A Simplified Theory for Linear Static Derivatives in Shallow Water

In the present study, it is assumed that flow around ship hull moving in shallow water with
a small angle of attack can be modeled by bound vortices and trailing vortices on a flat plate
with its infinite series of images with respect to the free surface and the bottom surface as
shown in Fig. A1l. Based on linear approximation of the low aspect ratio wing theory in which
the bound vortex strength r(£) is constant across the span and the trailing vortex is parallel
to the x-axis, the normal induced velocity w(x) at a point P(x,0,0) due to both the bound vorti-
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Fig:. A1 "Coordinate System and Flow Model

ces and the trailing vortices can be expressed by the following equations.

L/2

__ 1 r(&) '
w(x) = ’2TJ ) Kex, ede (A1)
. .=L/2 B .
_ 1 & [ x—&4+v/ ({d—=2nH)* F(x—0)¢ x—f+/(d+2nH)z+(x—e)2)} .
Ko o=4{ 3 ( d—onH + d+onH : (AD)
" The kernel function K(x, £) is transformed into the following form according to Sundstrom?.
. | ) n/2 . .
2 .. _ nd 2 X - zd | nlx—fl)
K(x, &) = 7 (x—&+|x—¢&]|) cot o + ;Ju 40 sin f tan (tan 3 cothm . (A3)

Alternative'expressions of Eqs. (A1) and (A 3) with using nondimensional expressions of
x' =2x/L, & = 2¢/L, k=2d/L and x = =d/2H are given in the form '

X .
_ 1 14¢3P) ! £ r ’ ‘ '
w(x') = Wj_lx'—e' K(x!, ) dt (A4)
t 2 /2 l , e‘/l
N scotu &l YY) a s -1 2 X —
K(x', ¢ )——k xX/—&4+|x 6 DE= z[ 40 sin 6 tan (tan I coth———k SIn b ) . (A5)

0

For simplification, it is suppoéed that a single horse-shoe vortex starting from the 1/4 chord
length behind the leading edge and its images represent the whole vortex system, and that vor-
tex strength I' is determined so that the boundary condition is satisfied at the point of the 3/4
chord length behind the leading edge. ' ‘ ‘

Under this simplified flow model, Eqgs. (A 4) and (A5) result in the fol'lowing' equation deter-
mining the vortex strength I.

n/2

. __ I [2pcotyu _g . -1( u )}
—Usina = 5 {_____k + IL df sin § tan tan”COthk—sinB
-__,__C_(%ﬂ_czf_iJrEu) (for k1) . (A8
2r k T _ . .

Since the lifting force acting on the plate is calculated with oUTI, the following simple ex-

pression for the linear static derivative Y’, can be obtained.

r k
y/"=_.__pg_____=_,;. = - ' (AD

1 . d nd
7p-2~U2Sln04 —z—ﬁ-k'l‘—m(mt‘z?
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An Estimation Method of Wind Forces Acting on Ships

By Tadao YAMANO (Member) and Yasuo SAITO (Member)

Estimation of wind forces has become to be often required in ship design, for example, to check
manoeubrability in strong wind on ships with large above-water surfaces such as PCC and LNGC,
to conduct wind correction to speed trial results, and to estimate sea margin.

The authors have tried to develop a practical estimation method of wind forces by which wind
force coefficients can be estimated more accurately than ever in a short time using a small number
of data which properly represents above-water ship form chara.ctenstlcs and are easily available on

any ship.
This paper describes the development.

" .
Wind Forces, Practical Estimation Method, Above-Water Ship Form Characteristics,
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Wind Force Data base, Fourier Series, Regression Analysis
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Table1l Particulars of sample data

S.M.0. Ship kind & condition L/B Ay/Ax Ax/BL Ax/B? Ay/BL Ay/L? Hy/lx

L-01 CONTAINER e oo FULL 6.993 4.426 0.11% 0.834 0.528 0.075 0.633 0.
L-02 CONTAINER - BALLAST 6.993 3.786 0.139 0.973 0.527 0.07% 541 0.
L-03 CARGO - - FULL 8.029 3.953 0.113 0.906 0.446 0.065 0.492 0.
L-04 CARGO -BALLAST 8.029 4.487 0.133 1.070 0.598 0.075 0.559 0.
L-05 CARGO - FULL 8.028 3.916 6.116 0.930 0.454 0.057 0.438 0.
L-06 CARGO +BALLAST 8.029 4.429 0.137 1.098 0.606 0.07% 0.552 0.
L-07 CARGO - - FULL 8.029 4. 495 0.094 0,755 0.423 0.0%3 0.560 0.
L-08 CARGO -+ « FULL 7.893 4.207 0.099 0.778 0.415 0.053 0.533 0.
L-08 CARGO -~ +BALLAST 7.893 4.760 0.121 0.957 0.577 0.073 0.603 0.
L-18 CARGO - -FULL 7.893 4.301 0.097 0.762 0.415 0.053 0.545 0.
L-11 CARGO ~BALLAST 7.893 4.846 0.119 0.940 0.577 0.073 0.614 0.
L-12 CARGO - - FULL 8.117 4.3186 0.102 0.830 0.441 0.054 0.532 0.
L-13 CARGO - <FULL 7.895 3.503 0.118 0.932 0.413 0.052 0.444 0.
L-14 CARGO -+ -+ - -~ BALLAST 7.895 4.058 0.152 1.200 0.617 0.078 0.514 0.
T-01 TANKER+- =+~ == - FULL 7.240 3.972 0.069 0.497 0.273 0.039 0.549 0.
T-02 TANKER-- -BALLAST 7.240 4.641 0.088 0.637 0.408 0.056 0.641% g.
T-03 TANKER-- -FULL 7.240 3.374 0.081 0.585 6.273 0.038 0. 466 0.
T-04 TANKER-- BALLAST 7.240 4.063 0.101 8.729 0.409 0.057 0.561 0.
T-05 TANKER - FULL 7.661 3.839 0.081 0.617 0.308 0. 040 0.501 0.
T-06 TANKER - - BALLAST 7.661 4.552 0.102 0.781 0.464 0.061 0.594 0.
T-07 TANKER-- - FULL 7.930 4.839 0.102 0.805 0.49} 0.062 0.610 0.
T-08 TANKER- - FULL 6.105 3.118 0.075% 8. 455 0.233 6.038 0.511 0.
T-09 TANKER-- - FULL 6.920 4,316 0.065 0. 446 0.278 0.040 0.624 0.
T-10 TANKER - FULL 6.920 4.162 0.074 0.515 0.310 0. 045 0.601 0.
T-11 TANKER - BALLAST 6.105 3.903 0.093 0. 568 9.363 0. 060 9.639 0.
T-12 TANKER--- - BALLAST 6.920 4.600 0.102 0.707 0.470 0.068 0. 665 0.
T-13 TANKER-+ -« +++ --- BALLAST 6.920 4.810 0.091 0.629 0.437 0.063 0.695 0.
P-01 PASSENGER * 7.698 5.762 0.135 1.042 0.780 0.101 0.749 0.
P-02 PASSENGER * 7.698 5.696 0.128 0.982 0.726 0.094 0.740 0.
P-03 PASSENGER * 8.263 5.328 0.134 1.108 0.715 0.087 0.645 0.
P-04 PASSENGER * 9.028 7.409 0.098 0.884 0.725 0.0380 0.821 0.
P-05 CAR CARRIER.FULL 6.410 5.258 0.127 0.817 0.670 0.105 0.820 0.
P-06 CAR CARRIER.BALLAST 6.410 5.186 0.142 0.912 0.738 0.11% 0.809% 0.
P-07 CAR CARRIER.BALLAST 6.410 5.066 0.141 0.902 0.713 0.111 0.79¢0 0.
P-08 CAR CARRIER.BALLAST 6.410 5.311 0.168 1.080 0.894 0.14¢0 0.829 0.
P-09 FERRY BOAT * 7.697 5.768 0.124 0.952 0.714 0.093 0.749 0.
P-10 FERRY BOAT * 7.142 5.012 0.146 1.042 0.731 0.102 0.702 0.
P-11 FERRY BOAT * 7.142 4. 166 0.133 0.948 0.553 0.077 0.583 0.

Table2 Typical examples of sampled wind force coefficient
(Cx=Rx/%% p Ax¥?)

L-0 L-02 1-03 T-04 T-08 Tt

[ ?-05 P-06 p-07 P-08
0.0 0.0000 0.0000 . 0000 . 0000 000 0.0000 0.00 0.00 0.0000 0.00
10.0 0. 1600 0. 2000 . 2020 3 0.0600 0.3 . 36 0.3750 0.40
20.0 0.3200 0.4008 1380 . 403 10 0. 1400 0.7 . 7100 0.6400 0.1
30.0 0. 3000 0. 4400 , 2570 444l 40 0.2700 1.0 .02 1.1650 1181
4.0 0. 3400 0.3300 . 1650 . 388 504 0.3300 1.4 .21 1.4200 1.57
50.0 0.3700 0. 3800 0070 . 300 70 0.3900 1.510 Al 1.4450 1.38
60.0 0.2700 0.3500 -0, 1300 . 204 -0.050 0.3100 1,225 . 1750 1.2800 L
10.0 0.1100 0.2500 -0.1700 . 150 -0. 230! 0.1600 0.970 . 92 1.0300 9.35!
30.0 -0. 1900 0.0500 -0.2230 . 115 -0. 4201 0.0100 €. 5901 , 62 0.7400 0.56
9.0 4400 -0, 1600 -0.3660 -0.208 -0.230 -0.2500 0.3 .30 0.4000 0.32

100.0 -0.7700 -0. 4500 -0. 4860 -0.479 -0.7101 -0.4200 0.13 . 03 0.0000 -0.07

110.0 0. 8600 -0.6800 -0.6510 -0.722 -0. 250 -0. 4600 -0.37 -0. 34 -0.3700 -0.37

1200 -}.0300 -1.0300 -1.000 -0.945 -0.930 -0. 680! -0. 67 -0.72 -0.6750 -0.6

130.9 =140 -1.3100 -1 1150 -0.994 -1 100 -0.7300 -0.9 -0.98 -0.8400 -0.94

140.0 1.2800 -1.3200 -1.0880 ~1. 016¢ -0. 9201 -0.5400 -0.9 -0.97 -0.8680 0,94l

150.0 -1.0700 -1.1200 -0.9440 -0.929 -0. 650 -0.5700 -0.1 -0. 71 -0.6730 -0.80

160.0 0.8000 -0.8400 . 6660 -0.660 -0. 5400 -0.2800 -0. 4 -0, 6300 -0.5500 -0.61

170.0 ~0.4500 -0. 4800 -0.3310 ~0. 330 -0.210 -0.1100 -0.2 -0.3¢ -0.3050 -0. 38

1804 0000 0.0000 . 0000 . 000 0..000 0.0000 0.0 . 00 0.0000 4. 00

{ Cm=10m/0. 5 p AyLW?)
[ L-01 L-02 T-03 T-04 T-08 T P-05 P-05 p-07 P-08
0.0 0.8100 0.7750 1.0380 0.8280 0600 0.8150 400 . 685 . 100 6300
10.0 0.3060 0.6815 0.3160 06180 ~0708 0.7971 00 757 . 8600 . 750
20.0 0.3959 0.2846 0.9050 0.7170 -0123 0.7702 10 767 . 8150 . 866

30.0 0.9202 0.9017 0.9400 0.6500 9713 0.9356 60 . 130 . 751 . 844
40.0 0.4392 0.8293 0.8780 0. 6530 . 3883 0.8020 50 . 681 6311 682
50.0 0.6990 0.6333 0.7190 0.5210 . 8300 0.7205 . 681 . 686 . 6521
80.0 0.6367 0.5547 0.5050 0. 3560 . 6477 0.4800 00 . 6371 . 618 . 645
0.0 0.4269 0.5345 0.2310 0.1340 . 4240 0.4148 5770 470 4511 . 421
80.0 0.4131 0.4193 0.1010 0.0270 , 1357 0. 1565 1390 . 400 397 . 389,
50.0 0.2414 0.2414 0.0820 0.2180 . 0933 -0.0080 00 . 13 .33 . 3460

100.0 0.0300 0. 1050 0.0160 0.1420 -0. 1470 -0.0400 50 . 271 . 1301 1370

110.0 -0.2580 -0,2090 -0.2020 -0.0520 -0. 6000 -0.1740 00 .00 . 000! . 0000

120.0 -0.4870 -0.3430 -0, 3650 ~0.3070 -0.6590 -0.3910 -0.1850 -0.188 -0. 187 -0.2020

130.0 -0.7080 -0.1300 -0.5400 -0. 4340 -0.9770 -0.5050 -0.3340 -0. 306 <0.298 -0.3690

140.0 -0.8310 -0.6730 -0.7660 -0. 6060 -1.1450 -0.5810 -0.5750 -0.5401 -0.533 -0.621

150.0 -0.9580 0.7970 -0.33%0 -0.6140 -1.3250 -0.6300 -0.7300 -0.721 -0.744 -0, 713

160.0 -0.9660 0.3030 -0.8860 -0.6450 -1.2910 -0.8360 -0.7390 -0.814 -0. 711 -0. 864

170.0 -0.2560 -0.7470 -0.9290 -0.6550 -1.1080 -0.6200 -0.4520 -0.730 -0.989 -0.939

130.0 -0.1810 -0.6610 -0.9020 -0. 6550 -0.4830 -0.5780 ~0.8000 -0.720 -0.750 -0. 710

{Cy=Ry/0.5p 4¥W°)
[ L-01 L-02 T-03 T-04 T-08 ° n P-05 P-06 p-07 P-08
0.0 0.0000 0.0000 0.0000 0000 0.0000 0.0000 0..000¢ . 0000 0.0000 0.0000
10.0 0.1400 0.1450 0.1390 . 1280 0.0500 0.0330 0.173 . 1630 0.1420 0.1740
20.0 0.3220 0.3310 0.2330 2670 0.1400 0.1130 0.381 . 3150 4. 3300 03840
30.0 0.5340 0.5400 0.3690 3930 0.2500 0.2510 0.4 . 6100 0.5950 0.6380
0.0 0.7380 0.7390 0.5080 5320 0. 3660 0.4410 0.926 . 8300 0.7340 0.8600
50.0 0.9490 0.8910 0.6280 . 6300 0.5360 0.5990 09771 9360 9.9830 0.9930
50.0 1.0520 0.9560 0.7230 . 7100 0.6760 0.7480 1.151 .0750 1.0720 1.0650
10.0 1.0670 1.0490 0.7660 17440 0.8420 0.4750 1.257 L1540 1. 1470 1.1330
8.0 1. 1480 1.09%0 0.7830 7630 0.9250 0.9360 L1901 ~20t0 1.2120 1.2710
90.0 11750 1.0950 0.7710 . 8000 0.9530 0.9380 1.3410 12650 1.2630 1.2430

100.0 1.1270 1.0330 0.7730 . 7840 0.4960 0.9330 1,23} 2000 1.2280 1.2280

110.0 1.0370 1.0020 0.7760 . 7620 0.£300 0.3450 1.082 240 1.1330 1.1360

120.0 0.9170 0.9700 0.7940 7130 0.7320 0.6760 1.005 420 1.0580 1.0870

130.0 0.3430 0.8360 0.7320 370 0.5500 0.5500 0.493 690 0.9640 0.9%40

140.0 0.7150 0.7580 0.5080 380 0.4390 0.3930 0.73% 960 0.5000 0. 8400

150.0 0.5480 0.6230 0.4450 220 6.3100 0.2450 4. 58 830 0.6120 0.5710

160.0 0.3740 0.43:0 0.2600 530 0.1730 0.1280 0. 396! 000 9.3860 0. 4350

170.0 0.1740 0.2050 0.0730 . 0830 0.0670 0.0340 0.124 . 1780 0.1640 0.2130

180.0 0.0000 0.0080 0.0000 0000 0.0000 ©  0.0000 0.0000 0.0000 0.0000 0.0000
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C. = ; Cyi cos(if)
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ENRNTA—FELINLORBEDEMEBB LUSE
NG A—F DFAIKEE % Table 3 B & UF Fig4 (278
. Table 3 I, FIHfE - FREE - MHBGRKERT.
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SEOBIRATIE, HBEEHELT L/B, X, /L,
Ay/Az, Ay/L? ZERATH. ZO%E, (Ay/As, Hy/H:)
DEAOFDOVTNEFRVTORERICAENL(, &
7 (Ay/L?, Ay/BL, Az/B?, A /BL) DEEIZBVT
bRAKTHL. RBEBOESOPTIE, A, /L PHRIE
BO7ARZPRHICHELTWABZEZBLT, 20
NG A= kBN D

T, BRMOFEERL L THED 4 BD/T A—

ETEATILERLZVOT, BEEEDNEVDLD
BRERKSSBRET 5.

EEKIERDO—BIE LT, C:DEERFDHEC.q 12
DWTHUTIRY. £0H\EEHKL LT, L/B, A,/L?
BILUA /A, ¥EZLNRE. ITR6IZE H5EIFRIE,
ZOBHPEMREML T EROBICEIT S, %
B, *ENIEEETHLELRT.

(1) EHOBE
Cah =
Ca

1.82 —0.128 (L/B)
1.221 — 5.032 (A, /L?)



Table3 Correlation coefficient, mean value and deviation

i

- Ay/hx

MEAN DEV. L/B Ay/Ax Ax/BL Ax/B? Ay/BL Ay/L? Hy/Mx Xe/L
L/B 7.410 0.690 * 0.300 0.329 0.418 0.129 -0.176 -0.262 -0.265
Ay/Ax 4.615 0.7%9 D. 328 * 0.437 0.511 0.791, 0.667 0.8290 -0.535
Ax/BL 0.109 0.024 6.010 0.437 * 9.909 0.8%0 0.889 0.493 -0.443
Ax/B? 0.808 0.188 0.418 6.511 0.909 * 0.849 0.718 0.318 -0.514
Ay/BL 0.512 0.168 0.129 0.791 0.890 0. 849 * 0.950 0.763 -0.564
Ay/L* 0.069 0.024 -0.176 0.667 0.889 0.718 0.950 * 0.826 -0.466
Hy/Hx 0.625 0.105 ~0.262 0.820 0.493 0.318 0.763 0.826 * -0.403
Xg/L 0.517 0.032 . -0.265 -0.535 -0.443 -0.514 -0.564 -0.466 -0.403 *
Cxo 0.055 0.059 -0.031 0.265 0.251 0.174 0.313 0.;56 0.321 0.124
Cxs 0.871 0.259 -0.333 -0.445 -0.490 -0.575 -0.580 ~0.475 -0.259 0.375
Cxz -0.054 0.064 D.458 -0.117 -0.422 -0.187 -0.360 -0.508 -0.403 0.329
Cxs -0.025 0.081 -0.053 0.633 0.162 0.119 0.473 0.450 0.631 -0.323
Cx« -0.007 0.042 -0.307 0.285 -0.120 -0.232 0.076 0.140 0.418 0.187
Cxs -0.07¢0 0.044 -0.286 0.058 0.102 -0.012 0.126 0.205 0.235 0.239
Cy. 0.948 0.184 -0.116 0.540 0.605 0.484 0.677 0.709 0.638 -0.270
Cy: -0.002 0.022 0.047 0.203 0.311 0.296 0.296 0.292 6.213 -0.225
Cys -0.009 0.052 0.428 0.332 0. 460 0.586 0.477 0.351 0.115 -0.372
Cm, -0.064 0.308 0.268 0.641 0.5990 0.626 0.720 0.650 0.540 -0.778
Coz 0.799 0.210 -0.024 0.676 8.071 0.579 0.788 0.794 0.733 -0. 440
Cms -0.024 0.067 0.323 0.509 0.269 0.375 0.450 0.347 0.348 -0.737
a
: . o @ z *
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Fig.3 Correlation between above-water ship form parameters
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Czl =

1.548 — 0.149 (4,/A;)

(2) 2HOBE

C: 2.58 — 6.087 (4,/L?)
~0.174 (L/B)

C;; = 212-0.089(L/B)
~0.129 (A,/Az)
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—3.236 (Ay/L?)
(3) 3EDHE
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(1) C. 0 3ABERK

20 = —0.0358+4+0.925A4,/L% )
+0.0521 X,/L

3 = 2.58-6.087 A,/L?
—0.1735L/B

T, = —0.9740.978 X,/L
+0.0556 L/B , (5.1)

23 = —0.146 +0.0728 A, /A, ’
—0.0283L/B

s = 0.085140.0212A,/A;
—0.0254L/B
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Table4-(1/2

)

Coeflicients in Fourier series for C,

S.No. Cxo Cxo* Cx, Cxa Cxz Cxz Cxa Cxa*® Cxa Cx4 Cxs Cxs®
L-01 0.046 0. 062 0.986 0.911 -0.108 -0.051 -0.088 -0.021 0. 059 0.001 -0.069 -0.062
L-02 0.104 0.061 0.862 0.911 ~0. 111 ~0.071 -0.059 -0.068 0.021 -0.012 -0.052 -0.062
L-03 0. 064 0.040 0.789 0.853 0.050 -0.053 -0.091 -0.085 -0.088 -0.035 -0.103 -0.084
L-04 0.031 0.058 0.691 0.731 -0.014 -0.068 -0.041 -0.046 -0.015 -0.024 -0.079 -0.079
L-0% 0.037 0.048 0.815 0.840 0.072 0.085 -0.158 -0.088 -0.027 -0.036 -0.061 -0.084
L-06 0.034 0.063 0.767 0.731 0.019 0.027 -0.111 -0.051 -0.014 -0.025 -0.073 -0.079
L-07 0.115 0.040 0.918 0.865 0.011 -0.013 ~0.121 -0.046 -0.048 -0.024 -0.143 -0.085
L-08 0.111 0.039 0.723 0. 888 -0.040 -0.040 -0.025 -0.063 -0.011 -0.026 -0.044 -0.083
L-09 0.093 0. 056 0.595 8.767 -0.073 -0.066 0.030 -0.023 -0.012 -0.015 -0.054 -0.077
L-10 0.065 0.040 0.674 0.883 . -0.007 -0.020 -0.046 -0.056 -0.024 -0.024 -0.025 -0.083
L-11 0.135 0.057 0.571 0. 767 -0.086 -0.060 0.002 -0.016 -0.041 -0.013 -0.021 -0.077
L-12 0.115 0.040 1.102 0.843 -0. 057 -0.029 -0.004 -0.061 -0.008 -0.030 -0.162 -0.086
L-13 -0.106 0.037 1.369 0.834 -0.135 -0.062 -0.271 -0.114 -0.063 -0.041 -0.108 -0.083
L-14 0.052 0. 060 1.038 0.736 -0.168 -0.078 -0.126 -0.074 -0.088 -0.030 -0.067 -0.075
T-01 0.089 0.027 1.205 1.093 -0.027 -0.043 -0.074 -0.062 -0.080 -0.015 -0.129 -0.076
1-02 0.061 0.042 0.821 0.983 -0.019 -0.072 -0.013 -0.013 -0.017 -0.001 -0.167 -0.071
T-03 0.044 0.028 0.955 1.093 -0.035 -0.037 0.014 -0.105 -0.025 -0.027 -0.083 -0.076
T-04 0.042 0.044 0.708 0.977 -0.037 -0. 066 0.027 -0.055 0.035 -0.013 -0.098 -0.071
T-05 0.072 0.032 0.852 1.008 0.012 0.031 -0.119 -0.083 -0.043 -0.028 -0.021 -0.083
T-08 0.126 0.048 0.738 0.830 -0.057 -0.022 ~0.037 -0.031 -0.021 -0.013 ~0.052 -0.076
T-07 0.043 0.047 0.886 0.827 -0.044 -0.041 -0.01% -0.018 0.026 -0.014 -0.109 -0.081
T-08 ~0.063 0.029 1.233 1.290 -0.038 -0.082 -0.095 -0.092 0.064 -0.004 -0. 069 -0.058
T-09 -0.065 0.029 1.420 1.136 -0.084 -0.062 -0.002 -0. 027 0.091 0.001 -0.048 -0.070
T-10 -0.060 0.035 1.455 1.106 -0.031 -0.036 0.010 -0.039 -0.015 -0.003 -0.003 -0. 068
T-11 0.072 0.047 0.842 1.156 -0.002 -0.110 -0.051 -0.034 -0.028 0.013 -0.067 -0.05¢
T-12 0.018 0. 055 1.183 0.966 -0.028 -0.063 -0.038 -0.007 -0.009 0.007 0.008 -0. 062
T-13 -0.003 0.050 1.155 0.996 -0:131 -0.07% -0.040 0.009 0.075 0.011 -0.042 -0. 064
P-02 0.019 0.076 0.244 0.673 -0.005 -0.077 0.148 0.051 -0.021 0.010 -0.025 -0.068
P-03 0.008 0.070 0.455 0.617 0.020 -0.031 0.114 0.008 0.019 -0.012 -0.040 -0.079
P-04 0. 064 0.064 0.801 0.527 -0.040 0.023 0.055 0.138 0.050 0.013 -0.116 -0.093
P-05 0.187 0.087 0.922 0.829 -0.124 -0.127 0.012 0.056 0.013 0.034 -0.039 -0.043
P-06 0.134 0.097 0.798 0.768 -0.183 -0.114 0.008 0.050 0.016 0.032 -0.044 -0. 040
P-07 0.119 0.094 0.830 0.793 -0.173 -0.111 0.038 0.042 0.002 0.9030 -0.004 -0.042
P-08 0.110 0.120 0.842 0.616 -0.175 -0.114 0.013 0.060 0.004 0.03% -0.049 -0.033
P-09 0.021 0.077 0.575 0.679 0.018 -0.047 0.143 ° 0.056 -0.016 0.012 -0.073 -0.068
P-10 0.028 '0.084 0.646 0.720 -0.096 -0.097 0.023 0.019 0.015 0.010 -0.128 -0. 056
P-11 0.021 0.060 0.768 0.873 -0.079 -0.103 0.052 -0.045 -0.042 0.008 -0.133 -0. 063
RMSE 0.055 0.199 0.048 0. 060 0.036 0.041

with * by regression analysis without * from measured result

Table4-(2/2) Coefficients in Fourier series for Cy and Crm,

S.No. Cy. Cys Cy. Cyz* Cya Cya* Cm, €m,* Cma Cmz* Cmsy Cms*
L-01 1.137 0.974 0.024 -0.002 -0.022 -0.019 -0.538 -0.181 0.829 0.814 -0.104 -0.069
L-02 1.121 0.960 -0.016 -0.001 0.018 -0.018 -0.376 -0.063 0.854 0.769 -0.194 -0.039
L-03 0.910 0. 865 0.029 -0.003 0.015 0.001 0.345 0.079 0.716 0.675 0.024 0.036
L-04 0.937 0.975 -0.015 0.003 0.046 0.020 0.256 0.266 0.860 0.819 0.061 0.060
L-05 0.897 0.874 0.013 -0.010 0.019 0.003 -0.382 -0.558 0.737 0.683 -0. 099 -0.126
L-06 0.921 0.974 0.020 -0.004 0.024 0.020 -0.158 -0.304 0.811 0.815 -0.075 -0.083
L-07 0.881 0.867 0.030 -0. 006 0.011 -0.001 -0.114 -0. 165 6. 756 0.703 -0.015 -0.023
L-08 0.683 0.861 0. 009 ~0.005 -0.021 -0. 006 0.071L -0.054 0.500 0.682 0.055 0.003
L-09 0.774 0.971 -0.006 0.002 0.004 0.013 0.222 0.198 0.701 0.827 0.085 0.043
L-10 0.677 0.863 -0.008 -0. 006 -0.004 -0.006 -0.098 -0.171 0.516 0.683 0.002 -0.026
L-11 0.773 0.973 -0.003 0.002 0.003 0.013 0.159 0.162 0.605 0.833 0.089 0.034
L-12 1.143 0.868 -0.028 ~0. 004 -0.040 0.004 0.144 -0.037 0.931 0.695 -0. 007 0.010
T-01 0.814 0.782 0.014 -0.011 0.032 -0.045 -0.216 -0.323 0.529 0.586 -0.062 -0.058
T-02 0.801 0.885 0.016 -0.004 0.017 -0.028 -0.060 -0.063 0.728 0.729 -0.036 -0.013
T-03 0.827 0.769 -0.037 -0.011 0.012 -0.045 -0.526 -0.358 0.595. 0.544 -0.111 -0.066
T-04 0. 306 0.877 -0.004 -0.004 0.005 -0.027 -0.336 -0.094 0.721 0.693 -0.091 -0.022
T-05 0.641 0.789 -0.030 -0.014 -0.012 -0.027 -0.373 -0.513 0.503 0.587 -0.103 -0.126
T-06 0.73% 0.908 ~0.007 -0.005 -0.015 -0.007 -0.048 -0.199 0.702 0.748 -0.043 -0.046
T-07 1. 149 0.919 0.000 -0.002 -0.078 0.004 0.064 0.012 1.137 0.775 0.051 0.010
T-08 0.812 0.763 -0.021 -0.012 -0.138 -0.088 -0.556 -0.464 0.512 0.526 -0.048 -0.111
T-09 0.779 0.800 -0.031 -0.010 -0.061 -0.055 -0.331 -0.302 0.525 0.621 -0.060 -0.060
T-10 0.965 0.821 -0.038 -0.011 -0.048 -0.050 -0.595 -0.437 0.642 0.637 -0.082 -0. 100
T-11 0.828 0.889 0.019 -0.005 -0.160 -0.067 -0.214 -0.198 0.502 0.698 -0.014 -0.070
T-12 0.990 0.943 -0.029 -0.003 -0.027 -0.029 -0.472 -0.166 0.961 0.790 -0.127 -0.058
T-13 0.876 0.923 -0.031 -0.004 -0.063 -0.033 -0.268 0.119 0.95% 0.778 -0.127 -0.041
P-01 0.989 1. 131 0.004 0.010 0.093 0.032 0.359 0.468 1.100 1.046 0. 064 0.075
p-02 0.968 1.095 0.007 0. 007 0.092 0.025 0.328 0.295 1.020 1.005 0.073 0.040
P-03 1.236 1.052 -0.001 0.004 -0.007 0.040 0.011 0.174 0.799 0.942 -0.027 0.027
P-04 1.236 1.064 0.001 0. 002 -0.029 0.063 0.299 0.077 1.017 1.051 0.041 0.023
p-05 1.248 1.139 0.062 0.008 -0.020 -0.013 0.348 0.217 1.103 1.032 0.014 -0.013
P-06 1.225 1.187 0.00% 0. 009 -0.011 -0.004 0.280 0.187 1.091 1.080 -0.044 -0.033
P-07 1.228 1. 164 -0.005 0. 008 -0.021 -0.008 0.376 0.150 1.104 1.051 0.002 -0.037
P-08 1.258 1.312 -0.006 0.015 0.016 0.020 0.297 0.302 1.130 1.222 0.032 -0.033
P-09 0.978 1.091 -0.001 0.004 0.076 0.024 -0.073 0.108 0.956 © 1.004 -0.025 -0. 006
RMSE 0.133 0.021 0.041 0.166 0.122 0.043

with * by regression analysis without * from measured result
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Manoeuvring Motion of a Ship in the Proximity of Bank Wall

by Katsuro Kijima, Member

He Qing, Member

Summary

Some Problems on the information to be included in the manoeuvring booklet and on the
manoeuvring standard have been discussed at the Sub-Committee on Ship Design and Equip-

ment of International Maritime Organization.

At the same time, the development of prediction method for ship manoeuvrability at the

initial stage of design will be expected.

With these points as background, one of the authors has already proposed the calculation
method for hydrodynamic interaction forces between ships in meeting and passing conditions

in narrow waterways.

By using this calculation method, this paper examines hydrodynamic force acting on a ship
in the proximity of non-uniform bank wall such as breakwater and wedge-shaped bank, and
furthermore the manoeuvring motion of ship including the effect of this bank wall is dis-

cussed.

From these discussions, a ship will be significantly affected on hydrodynamic force, especially

by the wedge-shaped bank.

The calculation and simulation methods used in this paper will

be useful for prediction of ship manoeuvrability at the initial stage of design, for automatic
control system of ship in restricted water, for discussion of marine traffic control system and

for construction of harbor or canal.
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Fig.2 Coordinate systems for.
wedge-shaped bank wall
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Manoeuvrability of Ships in Narrow Waterway

by Katsuro Kijima, Member Hironori Yasukawa, Member

Summary

In restricted waters such as harbour, bay or cannal, it is necessary to know the precise
manoeuvring characteristics of ship including the effects of water depth, channel bank or the
another ships from viewpoint of safety of navigation. In narrow waterways, specially, the
effects of channel bank and hydrodynamic interactions between ships are fairly significant.

This paper examines hydrodynamic behavior of ships during meeting and passing in narrow
water channel, by using slender body theory. Furthermore, ship motions with rudder con-

trol during passing in channel by using these hydrodynamic forces are discussed.

concludes as follows.

This paper

(1) During passing, the interaction forces, such as lateral force and yaw moment, between

two ships are affected by
distance between ships.

the differences of ship speed and ship length,

and by lateral

(2) Lateral force and yaw moment acting on the ship are significant when the another

larger ship passes nearby this ship.

noted.
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(3) By simulation study of ship motions, some problems on two way traffic in channel are
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calculation and model experiment

FULL SCALE SHIP MODEL SHIP

LENGTH Lpp {m) 155.0 2,5
BREADTH B ({m) 26.0 0.419
DRAFT a (m) 8.7 0,140

L/B 5,967

L/a 17.857

B/d 2,993
Block Coeff, Cb 0.698
Aspect Ratio K 0,112
Trim T/d 0,0
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Fig. 5 The effect of Sp; on lateral force and yaw moment acting on ship 1 in meeting
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Fig.6 The effect of Sp; on lateral force and yaw moment acting on ship 1 in passing
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= = — | 25
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oG I (Ngids %
T m [wNett:]

forel Im BEHEE EbL, 0, GEHETEZEN
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