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ABSTRACT: A numerical model to analyse wave induced oscillatien in the harbor of arbitrary
shape with quay or breakwater of arbitrary reflection coefficient im uneven sea bed, by
means of Boundary Element Method (BEM) with be presented.

Ifi order to examine the numerical model, the results of oscillation of a rectangular
basin presented by Ippen & Goda, and by the present method are shown, good aggrements

are abtained.

1 INTRODUCTION

The water surface oseillation probtem is a
very important factor for designing and
planning in harber engineering. When the
oscillation oceured in harbors the water
surface will oscillate seriously, it will
affect the efficiency of parking and loading
of shipas, even the safety of the harbor
someétimes.

There were many studies concerned about
the harbour oscillation problem, such as,
Miles and Munk used Green function to
analyse harbor oscillation with the radia-
tion effects that expend from harbour entr-
ance to offshore and the phenomencn of
harbor paradox was found, Ippen and Goda
used Fourier Transformation Method to
analyse a rectangular basin, the experments
were done also, good apreements were obtain-
ed. Berkhoff used mild-slope equation to
solve wave diffraction and refraction pro-
blem in uneven sea. Lee used Weber's aolu-
tion to solve Helmhotitz equation to analyse
harbor oscillation of arbitrary shape in
conatant water depth. Chou used three dimen-
gional BEM to analyae harber oscillation of
arbitrary shape with rigid quays. Chou deve-
loped a numerical model by means of twe
dimensional BEM to analyse harbor oscilla-
ticn of arbitrary shape in constant water
depth, but the guays have an arbitrary coe-,
fficient of reflection. Ou used Finite
Element Method to solve this problem under
the consideration of friction of sea beds.

In general, the harbors have a shape of
arbitrary in uneven sea bed and the quays
and breakwaters will have different coef-
ficient of reflection that depending on its
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structures. Howewer there was not such a
numerical model that considered the whole
factors mentioned above yet, in this pa-
per a numerical model that considered the
whole factors that affect the water surface
ascillation in a harbor will be presented
by 3 dimenasional BEM, it is suitable to
similate the water surface oscillations in
a real harbaor.

2 THEORETICAL aANALYSIS

4s shown in Fig. 1, the fluid field is
divided into two regions by the pseudo-
boundary T : the open sea region with con-
atant water depth (region I), and the
region bounded by the pssudo-boundary Ty
and the limits af the harbor{region II).
The pseudo-boundary I}, is sufficient far-
away from the harbor, therefere the scatter-
ing wave in region I induced by the harbor
entrance and breakwater can be neglected.
Assuming the fluid in both regions is
inviscid, incompressible and irretatiocnal.
When a regular incident wave with angular
frequency a(=Z7/T, T is wave periad),
amplitude §; incidence from open sea with
w angle to x axis, the small amplitude wave
maticon in both regions exist velocity pot-
ential #(x,v,2;t) in the following form:
¢{x,3,:;t}=%ﬂ:,:,z}a Wk (1)
where g is acceleration of gravity, ¢ix,v,
z) must be satisfied by following equation

d'¢ 3¢ 3¢
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Fig.2 Respose curve at the center of the backwall of a full-open rectangular basin
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1 Definition sketch

{ h =constant water depth of open sea )

120




2.1 Potential function in region I (const-

ant water depth)

The potential fupgtion ¢y {x,y,z) in region
I with ccnatant water depth h due te the
scattering wave induced by the existence
of harbor entrance and breakwater are ne-
glected, can be expressed as follows.

cosh k(z+h)

cozh kh
where k is the root of c®h/g=kh tamh kh,
(x,y) is the potential function of the
incident wave, and f*(x,y) iz the potential
function of the scattering wave.

If the incident wave is sinucidal and
incidence in an angle @ with x-axis, its
water surface profiles will be expressed
as follaws

bl y,2)= [F(ey)+(xy)] (3}

Liln.yit)=C ccos [kix cosw+y sinw )+ ot],

(z=w=0) (4)
The potential function of incident wave
' (x,y) will be
fo (x,v)=-1vexp[-ik(x cos w+y sinw)] {5

Substituting eq.3 into eqg.2, we obtain
the potential function of scattering wave
f*{x,y} which satisfy the following Helmhotz
equation.

L Gl b
—_—t k=0 (6l
ix? iyt

The boundary of region I is limited by
psuedo-boundary 5, , cocastal line AB, GH and
far field boundary. If we assume that psuedo-
boundary 5, is far away from harbor entr-
ance, where the effects of scattering wave
induced by the existence of harbor entrance
and breakwaters can be neglected, the poten=
tial fumction of scattering wave f*(x,y)
will be zero. At the far field boundary the
radiation condition must be satisfied,
f*(x,¥)} will be zero too. Therefore using
Green function, the potential function
f*(x,y) at any peint inner region I can be
calculated by following equation.

f'{I-J}=J’ ’ [f'(E.r}

i i
(i am)-

i
(=g am)) £°(5. 1) ]ds (N

4
where £#{£ n)is the potential value at the
boundary % , f*(E,n) = 8/av £*(E,n) is the
boundary 5; , Hykr)is Hankel function and R
is a distance between (£,n) and (x,v).

For the purpose of numerfcal analysis,
constant element will be used to discretize
eq.> on boundary 5, by M elements. For the
case ¢ = 1§22, eq.3 can be expressed in
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matrix form as follows

{F*} = [K*] {F"} (&)

{F%} and {F*} are the potential function
and its normal derivative on the boundary
5, respectively, [K*] is a matrix of shape
function.

2.2 Potential functiom in region II (uneven
sea bed)

The boundary of region II ia limited by
psuedo-boundary I , water surface [y, the
quays or breakwater with arbitrary coeffi-
cientof reflection Iyand impermeable uneven
sea bed I,. Using Green function, the pot-
ential function #(x,y,z) inner the repion
IT will be expressed as follows

cdunn)= {E(e. ' ”{1'.%]_

]]dn

where R =+ (x—1)2+ (y—1)2+ (z— )2

For the purpose of numerical calculation,
constant element will be used to discretize
4.9 on each boundary Iy~ by Hy~HN, elements
reapectively. For the case c=1/2, egq.? can
be expressed in matrix form as follows

[ s i
el (92
@ fi,!.{Ja {

v \4x R

{e¢} =[K] (&} (10}

{#} and {#} are the petential function
and its normal derivative on the boundary
Iy~T, respectively, [K] is a matrix of shape
function.

2.3 Boundary conditions on each boundary

Boundary condition on water surface:
Due to the ajir pressure is constant on
water surface and the kinematic condition
on the water surface, following boundary

condition will be obtained

a.!

;=—=—- =10 (11)
iv g
Boundary condition on impermeable sea
bed:

Assuming the sea bed is impermeable, we
have

#tit:ﬂ
v
Boundary condition on psuedo-boundary
at open sea:
According to the mass flux and energy
flux of fluid motion between region I and
region IT at the psuedo=boundary I'ymust be

(12)
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conserved, we have

.t 0=2 (61,0 (13)
-

.6 0D=¢ (LD (14)

Substituting eq.3 into eq.l3, multiply
both sides with cosh k(z+h), and integrate
from -h to 0, the following relation will
be cbtained.

f;{i.r.{) cosh |n:;+h.:m==.[g (f.(6.0)+ 1"
- .~

cosh?k(z+h) .
(t. 1] cosh kh

If we divide psuedo-boundary surface T
into n parts in the direction of water depth
and m parts in horizontal direction, we have
mxn elements on surface I} . So we can dis-
cretilize above equation in a discrete form
as follows

—. k n -
f {!|-1J=m El CX{THT Y
]’:
cosh t(:;*h)lz,—-?.{i..r.l

(i=1.2,----.m)
(15)

where Ny= 0.5{1s+2kh/sinh Zkh).
Substituting eq.3 into eq.lé, we obtain

¢ {)=I¢ AEi, 1)+

cosh k(z,+h)
cosh kh

£*(fin4)]

(i=1,2, -+« mxn) (16)

Substituting eqs.8,1l5 into eq.l6, after
some procedure of calculation, we obtain

{¢.,} = [R] {F.—K*F.} +
c [R] [K"] [Q] {¢.} (17)

where c=k(K; sinh kh, subseript "1" means the
functions on boundary Ty, [R] and [Q] are
the matrix expressed as follows
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(cosh k(z,,+h) ]
cosh kh (]
cosh k(z,,.+h)
cosh kh
Re= (18)
() : cosh k(z..+h)
cosh kh
cogh k(z..+h)
L cosh kb
cosh k{z,,+h)}dz, --cosh k(z,.+h)iz,
Q= ‘
[) cosh k{za,*h)}dz,

0

=+cosh k{z..+h)dz,

(19)

Eqg.l7 expresses the relation between pot-
ential function ¢ (,v.[) and its derivative
on the psuedo-boundary T .

Boundary condition on quay or breakwater
with arbitrary coefficient of reflection:

On quay or breakwater I, we assume coeffi-
cient of reflection is Kr, it means gquay or
breakwater has a coefficient of energy dis-
sipation afl =K « Therefore boundary con-
dition on Iycan be expressed analogously as
radiation condition as follows

PlnD=ika# (D (20)

2.4 Establishment of simultaneous equations

For convenience to substituting eqs.ll-20
into eq.l0, we rewrite eq.l( in following
farm

$. ka Bis ke be ] {4
#a| | kas kae kea kaa #3
#a] [ Ko kas kas kaa | [ (21)
. Mas han kis s ] Lo
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1
Due to eqs.l2 and 20, we can solve unknown
function en boundarys Iy~ T, firstly as
follows

¢‘I kll. k:lt kl..l ;I.
$a|=|ks kaz kaa # 2
¢ kst kaz kaa @

(22)

Gubstituting egs.ll, 17, 21 and 38 into
eq.22, after some procedure of calculation
we obtain

g

(ki s —cRk*Q] ;—tl. ikak,s ¢,
.-,
ks pa T ST #2
J'I.:J ’_“kaz Itﬂ'}l;a— I I’;
9 E
E[F.-k"F,]
= 0
0
/ (23)

Solving above simultaneous equations, the
derivative of potential functions on bound-
ary I and potential functions on boundarys
F; and Iy will be obtained. The wave height
ratio Kd of wave Kd of wave height in
region II to incident wave height can be
caleulated as follows

Ba=1 ¢z (24)

3 EXaAMPLES

In order te examine the exactness of this
model, the rectangular basin that used by
Ippen and Goda(l9%63) is used, good agree-
ments are cbtained as shown in Fig.Z2.

For examples, a square basin of width
=10 h (h is water depth of open sea) with
opening width b=2 ,4h at the center of the
basin are caleulated. The coefficients of
reflection of quay and breakwter Kr 1.0,
0.75 are used. For the case of wave incid-
ence perpendicular to coastal line, the
time histories of water surface oscillations
at the center of back-wall of the basin
are shown in Fig.3, 4. The distributions
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of equi-wave heights for o*hfg = 0.2, Kr=
1.0, 0.7 and w = 452, 90% are shown in
Fig.5 -~ 8.

From Fig.3,4, we found that if the stru-
ctures of quay or breakwater are made by
permeable materials, the phenomena of harbor
oscillations will disapper, it can be known
from Fig. 5~ 8 too, From this phenomena
we know that using permable structures for
quays or breakwaters will benefit to harbor
oscillation problems.

4 CONCLUSTION

From above procedure of caleculation and
examination, we know this numerical model

is suitable to analyse water oscillation
problems im harbor of arbitrary shape with
coefficient of reflection of quays in uneven
sea bed.
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