





CHAPTER 201

A Numerical Simulation of the Moored Container
Ship Movements Induced by Wind

T Z Cheng * & N K Liang #*%

ABSTRACT

In the past, only the ship motion due to wave is studied. This
study is focused on the ship motion induced by a steady oscillating
wind. The oscillating wind is assumed to be sinusoidal of a constant
frequency. The wind direction 6, number of mooring lines and the wind
frequency are the parameters in simulating an Evergreen's Ever Garden

class container ship. The results show that the worst angle between
the quay and the prevailing wind direction is 45°. Surge and roll are
the most significant motions induced by the oscillating wind. By

changing the number of mooring lines, the natural frequency can be kept
away from the dominant wind frequency, except roll.

INTRODUCTION

The wave affects the ship motion significantly. Hence, in the
past only ship motion due o wave is studied (Lewis, 1929; Korvin-
Kroukovsky, 1961; Salvesen, et al, 1970). However, there are harbours
which are well sheltered by the breakwater from suffering the invasion
of waves but attacked by strong moonson wind. |t is self-understood
that the wind is oscillating. The oscillating wind may induce ship
motion, The purpose of this paper is to understand the characteristics
of the wind-induced ship motion by numerical simulation qualitatively.
The results can be used for the guide line of harbour design.

THEORY

There are two coordinate systems: One is the equilibrium axes
(Fig. 1), which is fixed. C.G. is the center of gravity. 0 is the
mean position of ship motion., The other one is the body axes which is
moved with the ship (Fig. 2). The definition of 6 ship motions is also
shown in Fig. 2. The 3 translation motions are surge x(t), sway y(t)
and heave z(t). The 3 angular motions are roll ¢(t), pitch 6(t) and
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yaw ¥(t). In order to construct the equations of motion, the following
assumptions are made:

. The ship is a rigid body.

. The ship is symmetric and slender.

The ship motion amplitude is small, equations can be linearized.
Except roll, the effect of viscosity is neglected.

The wind direction is fixed.

There is no incident wave.

No coupling between the longitudinal motion— surge, heave and pitch,
and the transverse motion—sway, roll and yaw.
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Fig 1. The definition of equilibrium axes
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For longitudinal motion

1y 1 8 =
M'x + M de = x' + XD + XH + xM + Xw
15 P
M'z —Z|+ZD+ZH+ZM+ZW (1)

. N P
|26 + M ng MI + MD + MH 1M Mw

For transverse motion

- | A=
M'y M'Zgd = Y] + YD + YH + YM + Yw

. iy o
1,6 11341 M Zgy Ky + Ky + Ky + Ky + Ky (2)

|341- I13¢ = NI + ND + NH + NM + Nw

mass -of ship

moment for pitch

moment for roll

moment for yaw

force for surge

force for sway

force for heave

2 13 moment of inerEial with respect to
X< , Y= and Z= axes

| Product of inertial with respect to X% — Z%

axes.

where,

—_N<XZRIX

Z(t), Heave

d) Wt), Yaw

$(t),

Roll I-—]

A\
)S(tE:Z;e -/ (L ° }

0(t), Pitch

Y(t), Sway

Fig. 2 The definition of six ship motions
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the subindex

inertial

damping

hydrostatic restoring
mooring line restoring
wind excitation

le:l:c—

8. Strip theory approximation
The hydrodynamic forces and moments can be integrated along the
g - axis, i.e. the longitudinal axis of the ship.

For longitudinal motion
X, = =fm (E)dE-% + fZs(E)m (£)dE~6

X, = —fnx(i)dg-i( + st(F,)nx(E)dE-e

D

XH =0

2, = -Jm_(£)dE+Z + JEm (£)dg-0

2y = -in_(£)dE-2 + fen_(E)dE+0 3)

Z, = -f o/B(E)dE 2z +. 5 gfEB(E)dE-0

Szs(E)m _(E)dE X + fEm (£)dE+Z - [[g2m (E)

+ 22(E)m (£)1dE+D

My = Zs(E)n ()dewx + fen (£)dg-2 - flg2n (E)
+ 22(E)n (£)1dE-0

M, = §,9/EB(E)dE -z - § gfE2B(E)dE-0

4
it

where

mx(g) sectional added mass per unit length for surge.

mz(g) sectional added mass per unit length for pitch.

nx(g} sectional damping coefficient per unit length for
surge.

nz(g) sgctional damping coefficient per unit length for
pitch.

B(&) sectional width.

Zs(§) distance between water surface to the center of the

sectional added mass.

For transverse motion

Y

If

=fm (95§ - S (£)dE-T - Jm $(£)dE-$

Y

p = ~In (E)dE=y - JEn (E)dE-b- Jn o(E)dE-d
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Y, =0

K, = -fmyé(i)dé‘y"fm¢(€)d€'¢ - fEmy¢(E)dE'¢

KD = -fny¢(g)dg-?-fn¢(€)d£'¢ - finy¢(€)d€'w (4)
‘fN¢'(E)dE'¢
Ky = -ngV°§ﬁ°¢
= - oy - 2 Wl - b
Ny = JEn (€)dzey - Jetn (£)den§ - Sin (£)dz-
= - o - [E2 - od
ND fEny(E)dE y - /& ny(E)dE P fEny¢(E)dE ¢
NH =0
where
v displaced volume of the ship
GM metacentric height
m (E), ny(E) sectional added mass and damping coefficient

per unit length for sway.

m¢(g), n¢(£) sectional added mass and damping coefficient
per unit length for roll.

my¢(£), ny (£) sectional added mass and damping coefficient

¢ per unit length for coupling between roll and
sway.
n, ' (&) sectional damping coefficient due to viscosity
¢ for roll.

9. All unit added mass and damping coefficient are only a function of
frequency.
Eq.(3) and (4) can be rewritten: (The coefficient Aij, Bij and Cij
are calculated according to NSRDC ship-motion and sea-load computer

program) .
Kp= mApx m Agd Vi =Ry T Ay T Ayl
Xp = = Byyx = Byt Yp =7 Ba¥ T By~ Byt (5)
XH =0 YH =0
where
Aij: added mass coefficient
Bij: damping coefficient
Cij: hydrostatic restoring coefficient

10. The tension of the mooring line follows Hooke's Law, the mooring
line is assumed as a straight line.
The static mooring forces & moments and the resistance of fender
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at the equilibrium position are balanced with the average wind force.
Therefore only the dynamic mooring forces or moments are considered.
The dynamic mooring forces and moments are the following:

XM = = k11x - k13z ~ k156
L AR TR B T
ZM = - k33z - k31x - k359 (6)
Ky = 7 kyy® = Rypy = ket
My = = kgg8 = kg x = kgsz

Ny = = kg ¥~ Kgopy = keyt

And the dynamic mooring line force coefficients are:

k11 = Z(Kcos2q)
k13 = k31 = Z(Kcosgicosy)
= = 24 - 2
k]5 k51 Z(KZLcos o KXLcos y)
= 2
k33 % (Kcos2y)
= = - 2
k35 k53 Z(KZLcosoccosy KX, cos Y)
= - 2
k55 Z[K(XLcosy ZLcosoz) ]
= 2
k22 %(Kcos2 §)
= = 5(- 2
kZh kl;z z( KZLcos B)
= = 2
k26 k62 Z(KXLcos g)
k/_m = Z(Kchos B)
= = 5(- 2
kh6 k6’+ z( KXLZLcos 8)
- 200652
k66 Z(KXLcos R)
where
E modulus of elasticity
A sectional area of the rope
K= EA/L spring constant , L length of the rope
(XL, Y, , Z,) coordinates of the end of rope on the ship's
L L deck
(o, B,y) angles between the rope from the land-end and

the X*, Y*, Z* axes (shown in Fig-3)
z summantion over the total ropes.
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Projecting area of the object to the plane
which is perpendicular to the wind direction.

is assumed:

u <<T
° U

AU2 (t) = %.j‘CDAUZ +3f CDA(ZUuO)cosw t

The air is an incompressible viscous fluid. It
wind force is F(t) =18 CD A U2(t)
where

u(t) the wind velocity

J air density

CD drag coefficient

A

U(t) =T + u(t) =T + u, cos wt,

then U2(t) = T2 + 20 u, cosw t

F(t) = 2FC,

=F+ f cosw t
o

where F= %J’CDAUz

fo = $CpATu

As shown in Fig(h), Fx(t) and Fy(t) are the wind force

component in X* and Y* axes, respectively.

Because CD and A are

function of eo, then

Flt; 8) =F (8) + f (8 )coswt
Fy(t; 6 ) ='IE;(60) + fy(eo)cosw t
where

Fo(ey) = £8cy (8) Als) U2

'FT(eo) =1pcy,(6) A(8) U2

f(8,) =§c ,(8)) A(B)) Uu,

£L(0,) =8C(0.) A) Tu
% 7%

£ } [1 (Y7
5 0

Fig.3 The definition of mooring line parameters
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According to the above-mentioned assumptions, 6 second order simul-
taneous partial differential equations with 6 unknowns are as follows:

. . . oy .
(M +A11)x + B11x + k11x + (A]5+M zg)e + 8156 + k156

+ k132 = Xw
(80 )§ + By + keypy + (ApyM'Z)E + Byd + Kyt
FA Y Byt k= Y

. ; . . .
(M +A33)z + B 32 + (C33+k33)z + k3]x + A356 + 8356

+ (C35+k 18 = Zw

W

35
(1A )E+ By + (Cprky, )0+ (A M'Z )Y + 8oy 7

+ quy + (A46-I13)w+ By + kus“’: Kw

(I2+A55)6 + 1?556 + (C55+k55)6 + (A51+M'Zg)x + BSTX

+ k51x + A53z + 853}7_ + (C53+k53)z = Mw

(15¥Agg) W+ Beh + kg + Agy¥ + Bgyy + kgpy + (Agy=1y5)0
+ Bgud + kgyd = N

Fig. 4 The definition of wind direction eo
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The wind force is sinusoidal, it can be represented as follows:

Xw =W1 e e, Yw =—\4T2 g lut Iw =W, e Wt (8)
Kw =W4 e_'wt, Mw = WS e_wut Nw =W6 e_lwt

W] , Wz, ...W6 are the amplitudes of wind forces and moments. At

steady state, the solution will be also sinusoidal, then

-iwt ~iwt -iwt
X =Xx_ e , y=y e , z =1z e
° ° ° (9)
-iwt ~iwt ~iwt
= e 6 =0 e P =
¢ =0 , 5 ) V=1 e

substituding eq(8), (9) into eq(7), a new 6 simultaneous linear
equcations are obtained.

To make the equations dimensionless M', L and JL/g are used as
mass, length and time scale. The index '"\'"' to indicated the
dimensionless symbols is omitted.

It can be written in the matrix form:

{([C1+[K]) ~ w2([MI+[A]) - iw[B]} * [X] = [w] (10)
in which
/ / / N
XOW Wﬂ 1 0 G 0 ZG 0
YO W2 0 1 0 -ZG 0 0
[ ] Zo W3 0 0 1 0 0 0
X] = , Wl = L= i
b W, 0 -Zg 0 1, 0 '13
% Yy Z, 0 0 0 1, 0
Lwol \W() & 0 o0 —|]3 0 13/
A 0 h ‘% h
1 0 0 A15 0 B_” 0 0 0 B]5
0 Ap 0 Ay A6 0 By, 0 By O By
0 0 0
[A] = A3 0 A3 0 5] - 0 B33 0 Byg
0 Ay 0 Ap 0 Ay 0 By O By 0 By
Asp 0 Ag3 0 Agg 0 Bsp 0 Bg3 0 Byg O
(O Ay O Agy O Agg) < Pe2 % % O Pel
/ N /
0 0 0 0 0 0 k_” 0 k]3 0 k]5 0 \
0 0 0 0 0 0 0 22 0 kZL{ 0 k26
=% % G330 G50 ng= M0 K330 kg
0 0 0 cllll 0 0 0 klIZ 0 kqh 0 kll6
0 0 C53 0 C55 0 k51 0 k53 0 k55 0
0 0 0 0 0 0
\ - t’ kg2 O Ky O kgg
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EXAMPLE

Evergreen's Ever Garden class container ship is used as an example
to simulate the ship motion induced by the oscillating wind. The
dimensions of the ship and the arrangement of the mooring lines are
shown in Fig. 5. The other conditions are as follows:

D.W.T. 42,000 ton

T = 60 ft/sec, ug = 30 ft/sec

wind direction 8,= 0°, 45° 90°

number of mooring lines, 0, 2, 4, 6, 8 10

Because the equations are linear, the amplitudes (x, y, z, 6, U,
¢) are proportional to amplitude(W), which is proportional to Tu . |If
Uu_ is changed, the relationship of the various ship motions rema ins
thé same. The results to the wind direction 45° are shown in Fig. (6)

(7, (8), (9, (10), (11).

The results are samarized as follows:

1. Increasing the number of the mooring line increases the natural
frequency, except roll.

2. The natural periods for different number of mooring lines are as
follows:

J1s 72

435 ~——— [35 90—

o bz* [25 93. 42—

0 132.8084 e ~E—
L—-———~—————— 656.168—————————-——l

VAV AN PPN

Fig. 5 Dimension of the container ship



2719

SHIP MOVEMENTS SIMULATION

aaeay 4O @pnil|duy /[ Bi4

pulm Jo Ad>usnbauy sso|uO|sudLlQ

€L 2L

I oL 6 ¢ L 9 S5 4y

3
4

EUm.o—xmuﬁl

doul| Buidoow jo Jaquny

¢

oL ‘9 ‘% ‘C ‘0 :

0
oG = 0

EYN-ETY

sbans jo spnii|duy g -biyg

puim Jo Aduonbady SSI[UOISUBWIQ = O
€Lzl 1L 0L 6 ¢ L 9 & ¥ ¢ Z
4
£0Q°0 10° NOAO

:saul| bBurioow jo saquny

O—.w.w.:nNnO

Sh = 8

:a64ng

¢ 0L/ 4%

0°¢



Aems oy opnijjduy 6 614 yo2311d Jo apniydwy g ‘b4

COASTAL ENGINEERING -- 1986

2720

puim jo >uc®:UmLm ssd[uofsuduig = o puim 30 >uc®:U®.C ssoluolsusuig = @
zi L 0L 6 8 L 9 § % ¢ T | €Lzt irtor 68 L 9 S % ¢ T 1
| N
T~ 6 ™~
Y ¢ 01
N
wd Jr moql 1e Eu_.AMHH
0°¢
0
0°¢
0%
{
0°S
Y
. O— nw aJ nN .O
0°9 :soul| Buiioow jo saquny
0
oL ‘4 ‘0 oG = 6
:saut| Bulioow jo LmnEMz 0/ [4o1 14
om¢ = @
- hem o a1
FAEMS p01/:8 |9
0°8
q-o_\;_




2721

SHIP MOVEMENTS SIMULATION

¢l

meA jo epnitidwy ([ G14

puim jo Adusnbauy sso|uolsuswiqg = , M

L tL o1 6 ¢ 4L 09 9 % € T 1

# A 2
G000 1D"0 AVNN¢

MOg 3B W QH

oL ‘o

tsoutf| Buidoow jo sequny
o}

oG = 0

TMEA

0°¢

¢ 01/:h

€l

L1o4 jo opniy|duy gy B4

purm jo Asuenbouay ssa|uoIsSudwLl(Q =

ZL 1oL 6 g L9

S

Lt

Byl
4

920

D

()
0

3 4
80010 14 0

p

[

pog.te1s 1e wd ON“

€
0

ot ‘o

:s8ul| bulioow jo saquny
0

W9 = 8

RS

_01/¢®

0°¢

0°¢



2722 COASTAL ENGINEERING — 1986

surge 14-28 sec
heave 14-28 sec, 8sec.
pitch 14-28 sec, 8sec.
sway 14-28 sec, 11sec.
roll 11 sec
yaw > 28 sec
3. Surge, pitch, heave, yaw and roll are maximum for 6 = 45°,  However,
sway is maximum for 6 = 90°,

4, The amplitude in the range of natural frequency for different
number of mooring lines and 60 = 45° are as follows:

surge 30-50 cm

sway 5~15 cm

heave very small

yaw 5~15 cm

roll{interpretted as the heave at starboard)
170-220 cm

pitch{interpretted as the heave at bow)
0.7-1.7 cm

5. In the vicinity of natural frequency, the magnitude order of the 6
motions is as follows:

surge > sway >> heave
roll >> yaw > pitch

The only exception is sway (90°) > surge (90°)

CONCLUSIONS

1. The induced ship motions by the oscillating wind are the
greatest, as the angle between the quay and the prevailing wind direc-
tion is 45°, Of course, the 0°-direction quay is the best design.

2. Surge and roll are the most significant motions induced by the
oscillating wind.

3. By changing the number of mooring lines, the natural frequency
can be kept away from the dominant wind frequency, except roll,
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