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Abstract: The three-dimensional problem involving diffraction of water wave by a finite floating rigid dock over an arbitrary bottom is
studied for two cases (1) in the absence of wall (2) in the presence of wall. The problem is handled for its solution with the aid of step
method. Here both asymmetric and symmetric arbitrary bottom profile is approximated using successive steps. Step approximation
helps to apply the matched eigenfunction expansion method, in result, system of algebraic equations are obtained which are solved to
determine the hydrodynamic quantities, namely, force experienced by rigid floating dock as well as rigid seawall, free surface elevation,
transmission and reflection coefficients associated with transmission and reflected waves respectively. The effects of various structural
and system parameters are examined on these hydrodynamics quantities. The appropriate values of length and thickness of dock, water
depth and angle of incidence provide the salient information to marine and coastal engineers to design the offshore structures and
creation of parabolic trench on the bottom. The present results are compared with known results in special case of bottom topography.

The energy balance relation is derived and checked.

Key words: Arbitrary bottom, step approximation, hydrodynamic quantities

Introduction

The floating structures having different geome-
tries have been studied due to their significant applica-
tions in the field of coastal and ocean engineering.
For instance, floating structures are used to implement
various marine and coastal management activities
such as wave energy device, breakwater, offshore
platforms (for oil recovery), ship navigation and sea
shore protection etc.. The problems involving
scattering of surface waves by floating rigid dock over
finite or infinite depth of water have been studied by
many researchers using different solution techniques
(see Linton'"), Chakrabarti et al.’) and the references
therein). The interaction of oblique incident waves
with a horizontal flexible membrane, in finite depth of
water was investigated by Cho and Kim"' and they
found that a properly designed horizontal flexible
membrane can be an effective wave barrier. These
structures are constructed along the shoreline with the
assumption that seabed is of uniform flat type. But it

* Biography: Amandeep Kaur, Ph. D. Candidate,
E-mail: amandeep.kaur@iitrpr.ac.in
Corresponding author: S. C. Martha,

E-mail: scmartha@gmail.com

is often difficult to find flat bed around the shoreline,
hence sudden change in the bottom topography needs
to be considered which plays significant role in
designing and construction of coastal structures. In
this context, the problems of wave scattering in the
presence of a small undulation on seabed have been
studied by many researchers: Martha and Bora* and
many others. They used the perturbation technique
due to the smallness of the bottom undulations. When
the undulation is not small, such problems can be
handled using mild-slope approximation™. Further,
the problem involving linear long-wave reflection by
an obstacle of general trapezoidal shape was explored
by Lin and Liu. They found the closed-form
expression in terms of first and second kinds of Bessel
functions for the wave reflection coefficient. The
problem of linear long-wave reflection by a
rectangular obstacle with two scour trenches has been
explored by Xie et al”l. They found that zero
reflection exists for a rectangular obstacle as long as
the bathymetry is symmetrical. Moreover, Wang and
Meylan'™ used boundary element method to study the
problem involving scattering phenomenon of water
waves by a floating thin elastic plate over variable
depth of water. Xu and Lu® provided a method
involving an optimization of eigenfunction expansion
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to study the problem of water wave interaction with a
semi-infinite elastic plate.

Further, the problems of wave structure interac-
tion over step type bottom topography have been
studied by many researchers. For example, Karmakar
and Sahoo!'” studied the problem of water wave
scattering for two cases (1) semi-infinite membrane,
(2) finite floating membrane in the presence of single
step of finite depth. They also considered the case of
infinite depth. Dhillon et al."'"studied the problem of
surface water wave interaction with a rigid thin dock
in the presence of a single stepped bottom topography
using matched eigenfunction expansion method. The
problem of wave scattering by a semi elastic plate in
the presence of step was studied by Guo et al.l'"*. The
problem of diffraction of obliquely incident water
waves by a vertical porous structure placed over
stepped bottom topography was studied by Das and
Bora!"). Meng and Lu!"* investigated the reflection
and transmission coefficients for scattering of free-
surface gravity wave by a porous rectangular barrier
mounted on seabed by using inner product method. In
the recent experimental study by Zhao et al.'*) it is
found that the surface elevation at the front face of an
offshore structure can reach up to four times the
incident wave amplitude even in random sea state.
Based on the above studies, to protect the seashore, it
is important to consider the problem involving
diffraction of obliquely incident water waves by thick
floating structure over arbitrary bottom, which have
been studied in this paper.

Moreover, it has been seen that the rigid vertical
seawall is constructed near the shoreline to protect the
back-land. In some locations, potential hazard
happens due to shore erosion, for example, the road or
buildings near the shoreline are about to fall into water
due to shore erosion. Hence, the construction of
seawall provides an alternative approach for coastal
protection. Further, it may be noted that due to high
wave impact, the sea wall may collapse. These high
waves will not only affect the seawall but also move
the sand away from the base of the seawall. Hence,
the structural safety and stability of the seawall should
be considered while designing the offshore structures.
In this direction, Liu et al.'® studied the problem of
wave interaction with a perforated breakwater for
reduction of wave reflection and wave force on
seawall. Further, they studied the problem involving
interaction between obliquely incident waves and an
infinite array of multi-chamber perforated caissons
and developed an analytical solution by using matched
eigenfunction expansion method!"”. The problem of
wave trapping by different structures over flat or step
type bottom has been studied by many authors. For
example, Bhattacharjee and Soares!™ studied the
problem of wave-structure interaction in the presence

of wall over a single step bottom topography using
matched eigenfunction expansion method. The
problem of wave trapping by porous barrier in the
presence of step type bottom is examined by Behera et
al" by using modified mild-slope equation and
eigenfunction expansion method. Further, the problem
of wave trapping by permeable membrane located
near a wall was studied by Koley et al.”%! In most of
these studies, the seawall is protected by considering
thin vertical structure over flat bed or step type bottom.
Hence, by placing a floating structure at a finite
distance from the seawall and constructing submarine
parabolic trench at the bottom bed, will create a calm
zone by reducing the transmission of wave energy and
this will provide an alternate solution in reduction of
high wave impact on seawall as well as on seashore.
To the authors’ knowledge, the literature related to
thick rigid floating structure over arbitrary bottom is
very limited. In the present paper, we have made an
effort to study the way to protect sea shore and/or
seawall by placing a rigid floating thick structure over
an arbitrary bottom. The arbitrary bottom asymmetric
or symmetric in nature can be approximated by
successive flat shelves by which the method of
eigenfunction expansion is well applicable (rather
than applying a numerical method). This process
yields a system of equations which is solved to
determine the numerical values of transmission and
reflection coefficients associated with the original
boundary value problem for a few arbitrary profiles
such as parabolic, triangular, trapezoidal and rectan-
gular bottom. In addition to this, free surface elevation
profiles, vertical and horizontal components of the
force experienced by the floating rigid dock as well as
rigid wall are examined for wvarious values of
structural and system parameters in the case of
arbitrary bottom, especially for the parabolic profile.
Present results are validated by comparing with the
known results, which reveals an excellent agreement
with the results for particular case of bottom
topography. The energy identity is derived and
verified.

1. Mathematical formulation of the problem

The three-dimensional problem of water wave
interaction with a floating rigid dock over arbitrary
bottom topography is considered for two cases: (1) in
the absence of wall, (2) in the presence of wall. The
dock situated at the free surface has finite length and
thickness. The arbitrary bottom topography is
approximated by a series of steps. Here y-axis is

chosen vertically downward and Xy-horizontal plane

is taken to be an undisturbed free surface of water in
the Cartesian coordinate system.
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1.1 In the absence of wall

It is assumed that the floating rigid dock has
length 2/ and thickness d and it is situated at the
free surface with position y=0, —/<x<] Tt is
assumed that the floating structure is infinitely long in
the z - direction and hence the characteristic behavior
remains the same in the z- direction. Here, an
asymmetric arbitrary bottom topography is taken (see
Fig. 1) and is described by y = H(x), where H(x)=
h(x), —a<x<a with a</ and H(x)=h,, x<
-a and H(x)=h,, X2a.

It should be noted that the water depths before
and after the uneven bottom are not equal. In
particular, equal depth i.e., symmetric shape is also
considered to examine the problem. Here, the uneven
shape is approximated by a series of steps for which
m number of steps are considered in downward direc-
tion and m number of steps is considered in upward
direction. Note that one may take different number of
steps in both directions. Hence, m shelves given by
—a, <x<-a,_, withdepth £ i=12,---,m are

(m+1)—i

created in
a,_,<x<aq

—a<x<0 and m shelves given by
with depth 4., , i=12,---,m are
created in 0<x<a. So, there are m steps at
x=-a,, i=L2,---,m the interval [-a,0] and m

steps at x=ga,, 1=1,2,---,m in the interval [0,a].
The whole domain of fluid is divided into 2m+4

regions where region R, is { —o<x<-/
0<y<h,} regionR, is {-/<x<-a,, d<y<h},
regions R, (j=3,4,---,m+2) are { -a,, <x<
—a,., ;» d<y<h,_,}, regions R (j=m+3,m+4,
2m+2) are{a, ., <x<da, ., d<y<h_,},

Z b4

kh X=-an=-a
== X

X=-Apy X = -y -+

Reflection
R, R, { R, | R, iRs R 1§ Rio
y=h,
=h,
y=h,
y=hs
Arbitrary bottom y =H(x) :\ - ------
=N,
y=h

2 :hrr#l
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j=m+3m+4,--2m+2 R, ., s

{a,<x<l, d<y<h,}and the last region R, ., is

and region
{I<x<o, 0<y<h, tas shown in Fig. 1. In the
figure, it is assumed that: 4 <#h, , i=0,1,---,;m—1,
h=h,, i=m, h>h,, i=m+lm+2,--2m-1
and h,, = i;o. For an incompressible and irrotational
fluid motion which is simple harmonic in time
then in each region R, the fluid motion can be
characterized by the velocity potential @ (x,y,z,1) =
Re[g,(x,y)e "], j=12,---,2m+4 with angular
frequency w, angle of incidence & and v =k, sinéd

(vis the z component of the wave number k,
associated with the incident wave) and " (x,,2,t) =
Re{[coshk,(y —h,)/cosh ki, Je"* 7"} | where

ko, = k,cos@ =+k; —v* ( x component of the
wave number k, associated with the incident wave)

and k&, is the unique positive root of
ktanhkh,—K =0 and ¢ (x,y) satisfies

o’¢, 0,

axzf + ayi’ -0’¢, =0 €))

in each fluid region R;, where j=12,---,2m+4.

The linearized condition in the open water region
can be obtained as:

od,
Oy

+Kg,=0 on y=0, |/ (2a)

Floating rigid dock

xX=-a, x=a,
x=-a, x=a,=0

X=an=a

X=ay o XF Ay X= Ay x=1

Transmission

Ry,

mt+2 RZmHE Ropes

o
J/:h'm:h 2m+1

=h, A

Fig. 1 Schematic of physical problem
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og,
oy

+K¢, =0 on j=12m+4 (2b)

Here, K =@/ g and g is an acceleration due to
gravity.

In region R,, ¢ satisfies the following boun-
dary conditions:

%:0 on y=h,, x<-/ 3)
oy
0
—¢‘=0 on x=-[, 0<y<d “)
Ox

In region R,, ¢, satisfies following boundary
conditions:
%=0 on y=d, y=h, (52)
oy
%:O on -/<x<-a, (5b)
oy

In region R, where j=3,4,---;m+2, ¢j

satisfies following boundary conditions:

0¢.

?o0 on y=d. y=1 (60)
oy

og,

a_yjzo on _am+3ﬁi ng_a"ﬁzfj (6b)
0¢.

4 =0 on x=-a,,, ; (7a)
Oox ’

0¢.

%0 on h  <y<h_, (7b)
Ox ! o

In region R, where j=m+3,m+4,---2m+2,

¢, satisfies following boundary conditions:

0¢.

¢":0 on y=d, y=h,_, (8a)
oy
09

ayj =0 on A (i3 <x< A (m+2) (8b)
09

axj =0 on x= ak/-f(m+2) (93')

a¢,:0 h  <y<h (9b)
Ox on 1SV Sh
Wlth hAO = thH N
In region R, ., ¢, satisfies following
boundary conditions:
0 .
M=O on y=d, y=h, (10a)
oy
0
M=0 on a, <x</ (10b)
oy
In region R, ., ¢,,., satisfies the boundary
conditions:
0 .
M:o on y=h,, x2I (11)
oy
0
M=o on x=1, 0<y<d (12)
Ox

Due to the scattering of surface water waves, ¢ (x,y)

and ¢, .,(x,y), respectively in regions R, and

R2m+4

¢'{(x,y) _)[eikﬂxoﬁl) +Reiik0\'(x+l)]f(‘)(‘)/) as x » -
(13)

Gis (6 0) ST Vg (1) as x5 w (14)

satisfy the conditions:

where p, =+Jpi -0’ and p, is the unique

positive root of ptanh pﬁo =K. R and T are the
unknown complex constants associated with the
amplitude of reflected and transmitted waves
respectively.

1.2 Method of solution

The method of matching eigenfunction expansion
is utilized to solve the associated mixed boundary
value problem involving Egs. (1)-(14). Havelock’s
expansion of the velocity potential ¢ (j=1,2,

-=-,2m+4) ineachregion R, is given by:

#,(x,y) =[e" D + R £ (1) + Y A4, f (1),
n=1

—0<x<-l, 0<y<h, (15)
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_ ia(i)x —ia(?x
¢2(x,y) - Bo,ze T Co,ze T

0

@), e
[B, 6™ +C, e "y, (),
=1

—<x<-a,, d<y<h, (16)

_ ia(ﬁ)x —ia({;)x
¢j(x,y)—BO,je o +C0’je ot 4

(/)

al'x —a]x
Z[Bn,je +Cn,je ]Wn,j(y)a

j:354:'“9m+2; —a <x<-a

m+3—j m+2-j 2

d<y<h_, a7

_ ia(i)x —ia”x)x
¢, (x,y)=B, " +C, e +

)

(/) —a\/),
Z[Bn,jeam * + Cn,je o x]l//n,j(y) >
n=l1

j=m+3m+4,--2m+2,

)SxSa

) (m+3 J(m+2) 2 d<y< hj—Z (18)

¢"'(x’y):‘Bo,jeio%i)xJr(ﬁ'o,_,-e’i“‘gﬁ)"+
af,f:)x —ayx
Z[Bn,je +Cn’je ]an(y) )
(19)
Ponss (:9) = Teipﬂ((%”go (»)+ ZDne’Pm—(x—z)gn ).
n=1

[<x<o0, 0<y<i;0 (20)

Here, R, T, 4,, B

0. °
j=23,2m+3, n=12,-

plex  constants  be

C

0.j?

B

nj?

C D, ,

n,j 2 n
are unknown com-
determined k and

n

p,(n=12,---) are the roots of ktankh, =—K and
ptan phAO =-K respectively and k, =-+k. +0° ,

2 2 — j i) 12 2
pnx:+Vpn+U s n_l’z’“.’ a;(zi):—i_\/[a;(zj)] +o ’

j=23,-,2m+3, n=0,1,2,--- and
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coshk,(y —h,)

= 21
Jo) cosh kyh, el
cosk, (y—h
10)= =) o (22)
cosk, h,
cosa!’(y—h,_,)
l//n‘_/(y):sza n=0,12,---,
cosa,h, ,
j=2.3,,2m+3 (23)
o= =23 2m+3, n=0,1,2,
hj—z_d
(24)
cosh —h
go(y) = AL =) (25)
cosh p,h,
g ()=S0 =h) (26)
cos p, h,

For the case of normal incidence i.e., 8=0°
implies v=0 the expansion for velocity potential
¢,» J=2,3,---,2m+3 in respective regions take the

following form:

X
¢2 (X,J/) = Bo,z + Co,z 7 +

(2

S aPx —aPx
2[811,26 A Cn,2e " ]l//n,Z (J’) 1)
n=l1
—l<x<-a,, d<y<h, 27)

X
+

¢j(xay) =B, +C0,j

m+3—j

)
()] —a(),
Z[Bn,jea”x ' + Cn,je o x]l//n,j (y) >

n=l1

j = 374;"'7m+2 s _am+3*j Sxs _am+27j ’
d< y< hj72 (28)
X
9(x,y)=8,,+C, +
A (m+2)
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s el
Z[Bn,je +Cn,je ]V/n,j(y)a

j=m+3m+4,---2m+2,

A m+3) Sxs A (m+2)? d< y< hj—z (29)

X
¢j(x’y):B0,j +C0,j7+

s ~a)x
Z[Bn,je +Cn,je ]l//n,j(y)a

n=1

Jj=2m+3, a, <x<I, d<y< (30)

S

The continuity of pressure and velocity at
x=-] gives:

S =h(L,y), d<y<h (31a)

¢ (-L,y)= ¢ (=L,y), d<y<h

The continuity of pressure and velocity at x=
—a ., ., jJ=2,3,-,m+2 gives:

m+2—j

(31b)

¢j (_aerZ—L ’y) = ¢j+l(_am+2—j+ ,y) ’ d< Y < hj—z
(32a)

¢jx(_am+27j7 V)= ¢(j+l)x (_am+27j+ ), d<y< hj—z
(32b)

The continuity of pressure and velocity at x=
A ery> J=MFIm+ 4 2m+2 gives:

P(a; (iry s V)= 0,0(a; (iny V) s d<y<h,_,
(33a)

¢jx (aj—(mu), V)= ¢(j+l).\' (aj—(m+2)‘ YD) d< y< hj—l
(33b)

The continuity of pressure and velocity at x =1/
gives:
¢2m+3 (lfay) = ¢2m+4(l+ay) > d < y < jl\() (343)
B o)) = e (27) 5 d <y <y (34b)

Now our aim is to solve Egs. (31a)-(34b). We

multiply Egs. (31a), (31b) by w,,(y) and then

(d,h,) for
unknowns. Hence, we get:

integrating it over obtaining the

[ Lyw,.(dy= [ (L yw,,(n)dy,

d d

n=0,1,2,---,N (35a)
hy hy

[8.Lyw, .00y = [ . (~Lyw, . ()dy,

0 d

n=0,1,2,--N (35b)

#,=0 at x=-/, 0<y<disusedinEq. (35b).
Multiplying by v, ; () and V0 s j=
2,3,---,m+2 in both sides of Egs. (32a), (32b)

respectively and integrating over (0,4, ,), we get

h

J:h ¢j (_am+2—j ’ y)l//n,j (y)dy =

=

I ¢j+1(_am+2—j’y)l//n,j(y)dy ’
d

n=0,1,2,---,N (36a)

hi

I ¢jx (_am+2—j , y)‘//n,jﬂ (»dy =

d

hiy
J. ¢(j+1)x (_am+2—j H y)l//n,jﬂ (y)dy H
d

n=0,1,2,---,N (36b)

using the condition ¢, (-a,., ,»)=0, & _, <
y<h,, j=2,3,--,m+2 inthe Eq. (36b).

We multiply by w,;.,(y) and v, (),
j=m+3,m+4,---2m+2 in both sides of Egs. (33a),
(33b) respectively and integrating it over (0,4, )

hyy

[ 6@, iy W, s ()Y =
d
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[ 8,100, o W, 10 ()Y
d

n:0,1,2,"‘,N (373)
h/-,z
f $,:(a;_ ey VW, (V)Y =
d
hyy
_[ B (@i VW, (V)Y
d
n=0,1,2,---N (37b)

using the condition ¢, (a, ,.,,»)=0, h_<y<
h,, j=m+3,m+4,--2m+2 inthe Eq. (37b).
(34a), (34b) by

W ,2me:(v) and integrating it over (d,hy)

Further, we multiply Egs.

hy hy
j ¢2m+3 , y)wn,zn1+3 (»)dy = I ¢2m+4 , y)‘//n,zynﬂ (»dy,
d d

n=0,12,--N (38a)
o
[ Bramen W, 205 ()Y =
d

hO

[ B G W25 ()

0
n=0,12---N (38b)
Bomis, =0 at x=1, 0<y<d isusedin Eq. (38b).

Truncating each of the series in Egs. (15)-(20) up to
N (say), the Eqgs. (35a)-(38b) produce a system of
linear algebraic equations of size (4m+6)N +

(4m+6) which need to be solved to get the
unknowns R, T, 4 B,,.C,,> B, C,,» D,,
where j=2,3,---,2m+3andn=12,---,N.

n

1.3 In the presence of wall

In this section, the problem of wave-structure
interaction over arbitrary bottom topography is
considered when a vertical rigid wall is situated at

x=L as shown in Fig. 2. The regions from R, to
R,,., are same as defined in Section 1.1 “In absence

of wall” and the last region R, ., is [<x<L,

1197

0<y< };D Here, the associated mixed boundary value

problem (BVP) will remain same as discussed in
section “In absence of wall”. In addition to this, we
will have a condition on the wall. Due to the rigidity
of the vertical wall, the boundary condition at x=L
will be

a¢2m+4

=0, x=L, 0<y<h, (39)
ox

Now, we will follow the eigenfunction expansion
procedure as discussed in Section 1.2 to solve the bvp
involving Egs. (1)-(14) and (39). Once ¢, ,
j=12,---,2m+4 are obtained, the force on the wall

in the presence of rigid dock, towards the reduction of
high wave load on the wall, can be calculated which is
the main concern here. The expressions for velocity
potentials s j=12,---,2m+3 remain the same as
defined in Egs. (15)-(30), but the velocity potential
¢,,.4 becomes

¢2m+4(xﬂy) = DO cos pOx(‘x - L)go(y) +

D, cosh p,, (x— L)g, (¥) (40)

n=1

where D, n=0,1,2,--- along with other unknowns
R, 4,, B,,C,,» B,,» C,,» j=2,3,+,2m+3 and
n=1,2,--- are to be determined. The Egs. (31a)-
(34b) towards the continuity of pressure and velocity

at all interfaces give rise the Eqs. (35a)-(38b) which
need to be solved to obtained the unknowns.

1.4 Force exercised by the floating dock and wall
The force components involving horizontal force

F, and vertical force F, exercised by the floating

dock (with and without wall) for unit amplitude
incident wave are of the forms:

0

FX _ ia)pe—lkol X J.[¢1 (_lv y) - ¢2m+4 (l, J’)]dy (41)
d

and

] 1

F, =iope™ x J.¢|y:d dx (42)
-1

The force namely the horizontal force F,

experienced by the wall is derived as
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Reﬂectioné
Ry iR § R} R iR, R, iR, iR,
y=h,
\r:lu
N=h,
Arbitrary bottom y =H(x)
1 y
=h,i=h,,.
Fig. 2 Physical problem in the presence of wall
0
— —ikol

Fwall - lwpe " x J.¢2m+4 (L’ y)dy (43)

hy

The surface elevations denoted by 73 and 7,,.,

respectively, in region R, and R, can be
obtained as
_. 9 .
n, =i , j=1L2m+4 (44)
|,
2. Results and discussion
2.1 In the absence of wall
In this section, the hydrodynamic quantities

namely, 7', R, F_, F, and Re(n,,.,) are deter-
mined. Here, all the structural and system parameters
are non-dimensionalized by using length scale #,.
The non-dimensional parameters are given by
i=i/n, , d=dlh , a=alh , i=12--m,

K, =Kh, , H,=hh, , j=12,---,2m+1 and

F.=F/pgl, F,=F, /pgl which are used for
The of

i=L2,---,m—1 for flat and rectangular bottoms,
triangular and parabolic type bottoms, are obtained
using the formula a, =i(a, /m), i=12,---,m—1 by

numerical computations. values a ,

i

fixing the value of a, . The values of a ,
i=23,---,m—1 for trapezoidal bottom are obtained

using the formula 4, =a, +(i—-D[(a, —a,)/(m-1)],

Floating rigid dock

Rigid vertical wall
x=L

i=2,3,---,m—1 by fixing the values of ¢ and a,, .
The values of a,=0.5, =10, d=04, H,=1.0,
H, . =12 and H,=H, =20 H, >

(since .
H, ., inthe given problem)and @=mn/4 are fixed

2m+1

in the study unless otherwise stated. The other depth

ratios H, (j=12,--,m—-1,m+2,m+3,---,2m) are

calculated using different formula depending upon the
type of irregular topography. Several computational
results are performed to analyse the effect of various
system parameters but in the subsequent section, few
results are shown to avoid the similar behaviour of
figures.

2.1.1 Validation: Comparison with results of “rigid
dock over flat bottom”

To validate the present results with Linton!"! for a

rigid dock over flat bottom (Reference Fig. 3), the

depth ratios H,=1, j=01-2m+1, d=0,

[=1.0 and 6=m/4 are considered in the said
problem. The results are well matched (Fig. 4) with
the results by Linton!"! who used the modified residue
calculus technique for this particular case.

Incd.

e

Rigid dock

Refl. Trans.

y=h,

Fig. 3 Finite rigid dock over flat bottom
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1.0\ o —————
o8k ¥ /’Q |R| (present)
X ‘IR
= 0.6 e 7 — |7 (present)
= |7
= 04}/
0.2}
| ek
0

0 02 04 06 08 1.0 12 14 16 18 2.0
K,

Fig. 4 (Color online) |R| and |T | versus K, for fixed
H,=1, j=01---2m+1

2.1.2 Convergence studyon m and N

In this section, the convergence on m (number
of successive steps either in downward direction or in
upward direction) and N (number of evanescent
modes) is examined for symmetric parabolic type
bottom profile (Fig. 6(a)). We know that 2m
numbers of successive steps are required to
approximate the profile. For convergence of N we

fix m=240 and the values of |R| and |T| are
depicted against K, for various values of N=1, 5,
10 and 15 (see Fig. 5). This figure shows that the
curve of |R| (also |T |) for N=10 is coinciding

with the curve for N=15. Hence, N=10 is
considered throughout the study.
1.0 e
<<<<<<<<< IRI(N=1)
0.8} e |T] (N=1)
[R| (N=5)
— 0.6} T (N=5)
= _ [R| (N=10)
= oal/ - |T|(¥=10)
[R| (N=15)
042?; 7] (N=15)
~——
% 0.5 1.0 1.5 2.0

Fig. 5 (Color online) |R| and |T | versus K| for fixed value
of m=240 and different values of N

of m the number of

evanescent modes N is fixed as 10 and |R| and

For convergence

|T | are calculated for different values of m = 60, 180,
240, 280 and 300 (see Table 1). Table 1 shows that
same values of |R| and |T | are obtained up to four

decimal places for m =240, 280 and 300 and fixed
values of K, . Further, for all numerical calculations
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Incd. (-/,0) (-a,0) (0, 0) (a,0) (7,0)
— =
Refl. Trans.
y=h, (-a, hy) h. s "
(a, hy) y=h,

Parabolic| Trench

«—a
Fig. 6(a) Finite rigid dock over asymmetric parabolic bottom

Table 1 Numerical values of |R| and |T | versus K, for

N =10 and different values of m

K, m || 7| IR+ 7|7’
60  0.768924  0.639300 0.999950
180  0.768282  0.640072 0.999950
03 240 0768149  0.640231 0.999950
280  0.768088  0.640305 0.999950
300 0.768062  0.640335 0.999950
60  0.878999  0.476725 0.999907
180  0.878556  0.477540 0.999907
0.5 240  0.878465  0.477709 0.999907
280  0.878422  0.477787 0.999907
300 0.878404  0.477820 0.999907
60 0974224 0225287 0.999868
180 0.974103  0.225810 0.999867
1.0 240 0974077  0.225920 0.999867
280  0.974065  0.225971 0.999867
300 0.974060  0.225993 0.999867

related to parabolic bottom, m =240 i.e., 480 steps
and N=10 are considered throughout this study
unless otherwise stated.

2.1.3 Energy conservation principle

The numerical values of |R| and |T | obtained by
the present method are found to validate the energy
conservation principle, as given by the following
relation

R[" +7|T[ =1 (45)

where

_(kypy, 2ol +sinh2py, [ cosh? ks,
pOkOx 2k0h0 -I—sinh2k0h0 Cosh2 pohAo

In Table 1, |R| and |T | are tabulated for different

values of K, and @=m/4 The last column of the

Table 1 reflects that the energy conservation identity
(45) is verified.
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2.1.4 Reflection and transmission by a rigid dock over
different bottom

In this section, we consider four kinds of

asymmetric bottom topography namely parabolic type

(Fig. 6(a)), trapezoidal trench (Fig. 6(b)), rectangular

trench (Fig. 7(a)), triangular trench (Fig. 7(b)). The

equations for parabolic trench, trapezoidal trench and

triangular trench are given by Eqgs. (46)-(48)

respectively:

H(x)=h,, x<-a (462)
2

H(x)=h(x)=hc(1—%j, -a<x<a (46b)

H(x)=h,, asx (46¢)

where o =a/1-h,/h, (see Jung et al®! for
details).

H(x)=h,, x<—a (47a)

H(x)=h0+(hc—ho](x+a), —a<x<-q (47b)

a-—a
H(x)=h,, —a <x<aq (47¢c)
~ (h —h,
H(x)=h,+| = (x—a), a,<x<a (47d)
a-—a
H(x)=h,, a<x (47¢)
H(x)=h,, x<-a (48a)
H(x)=h0+[hc_h°j(x+a) : ~a<x<0
a
(48b)
~ (h —h,
H(x)=h,+| = (a—x), 0<x<a (48¢c)
a
H(x)=h,, a<x (484d)

where /. denotes the water depth at the centre of the
bottom profile and « the half-width of the profile
and h, = };0 gives rise the symmetric bottom profile.
After approximating the profile using steps, we get
h.=h,, i’o =M

(1) Effect due to absence and presence of dock
over rectangular bottom

The curves of |R| and |T | are depicted against

K, in Fig. 8(a) in the presence and absence of dock
for rectangular (Fig. 7(a)) bottom profile with
H =25, H, =05, 4=25, 6=0° [=30
To differentiate between the results of absence and
presence of dock over rectangular bottom, we have
compared the present results with Roy et al.??. It is
noticed from the graph that less energy is transmitted
to sea side in presence of dock. Same observation can
be obtained for other cases of bottom profile.

2m+1

Incd. (-7,0) (-a,0) Rigiddock (a,0) (/,0)
— E——

Refl. Trans.
y=h, (-a, hy)

/

Trapezoidal trench

o A
Slopped wall (a,0)  y=h,

(-ai,h.) (a,h.)
Fig. 6(b) Finite rigid dock over asymmetric trapezoidal bottom

Incd. (-,0) (-a,0) (0,0 (a.0) (/,0)

— _’d
Refl. Trans.
y=h, (-a, hy) n, R "
(a,‘ho) y=hy

Rectangulqr trench

(-a, h,) (a,h.)

Fig. 7(a) Finite rigid dock over asymmetric rectangular bottom

Incd. (-1,0)  (-a,0) (0, 0) (a,0) (/,0)
— —d
Refl. Trans.
(-a, hy)
he (a, hy)

Triangylar trench

(0,h,)

Fig. 7(b) Finite rigid dock over asymmetric triangular bottom

(2) Effect of parabolic bottom profile

We have plotted |R| and |T | against K, in
Fig. 8(b) for &=m/3 to observe the effect of
arbitrary bottom (in particular, symmetric parabolic
bottom here) as compared to flat bottom (H, =1,/ =
0,L---,2m+1) in presence of dock. It is observed that

more energy is reflected back due to the presence of
parabolic bottom, resulting less energy is transmitted
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0.8 — |R| (in absence of dock)

ok ¥ 17 == |R| (in presence of dock)

R, ||

— - |7T] (in presence of dock)

0.4 _— 1M (in absence of dock)

0.2

0 0.2 0.4 0.6 0.8

Fig. 8(a) (Color online) |R | and |T | in absence and presence of

dock over rectangular bottom

1.0

0.8 — |R| (flat bottom)
IR| - - |R| (parabolic bottom)
- - |77 (flat bottom)

— |7 (parabolic bottom)

0.6

[R], |71

0.4

0.2

0 0.5 1.0 15 2.0

Fig. 8(b) (Color online) |R| and |T | in presence of dock over
flat and parabolic bottom

towards sea side. As a consequence, sea shore is
protected, which accomplish the aim of this study.
Now onwards, parabolic bottom is taken to obtain the
other numerical results in the subsequent sections.

2.1.5 Effect of system parameters on reflection and
transmission

In this section, we consider an asymmetric
parabolic bottom profile given by Eq. (46). The results
of various structural variables such as length of dock,
dock thickness, water depth ratios and angle of
incidence on hydrodynamic quantities are analyzed
and discussed.

(1) Effect of the dock length and thickness, water
depth ratios

The graphical representations of |R| and |T |

versus K, for various values of [=1.0,15and 2.0
are depicted in Fig. 9(a). It is viewed that for shorter
waves i.e., larger values K|, |R| becomes almost

one which happens due the fact that shorter waves
confined near the free surface and almost reflected
back by the floating structure. It is also viewed that
larger values of dock length produces more reflection,
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resulting less transmission. Further, it is viewed from
the computational results that similar behaviour of

|R| and |T | as function of dock thickness and as a

function of water depth ratios can be obtained.

1.2
LOR. e S T S R e S
0.8pX, — R|(1=1.0)
= - - IRI(I=15)
— 0.6Fi % 71 IR| (1=2.0)
= i A
. — T (I=1.0)
B /BN - - IN(=15)
0.2f T S TR T} (1=2.0)
OO 0:5 1.0 15 2.0

7

T

- - [RI(0=30")
------ [R| (60=45°)
Jy ——=|R|(0=60")

—1(0=0)
- - 1(0=30°)
------ I7](0=45°)
=== [11(0=60°)

IR], |71

Fig. 9(b) (Color online) The effect of angle of incidence on
|R| and |T |

(2) Effect of angle of incidence
The effect of angle of incidence (€) on |R

and |T shown in Fig. 9(b). Here the values of 6=0°,

30°, 45° and 60° are considered. It is observed that for
normal incidence &=0° less reflection is observed
as compared to other angles of incidence. Moreover,
more energy is reflected back as the angle of
incidence is increased, consequently less energy will
be transmitted to sea-side.

(3) Force experienced by dock

Horizontal force (|15“X |) and vertical force (|13“y|)

components acting on dock in presence of asymmetric
parabolic bottom profile is calculated and analyzed for
various system parameters. Figures 10(a) and 10(b)
show the variation of (| ﬁx|) and (| ﬁy|) acting on the

floating dock with respect to K, for various values

of /=10, 1.5 and 2.0. It is observed that (|F|)
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increases, (|13“y|) decreases for larger values of K,

which happens due to the fact that shorter waves
confined near the free surface and almost reflected
back by floating structure. Further, it is noticed that
increment in the length of the dock yields less vertical
force (|13“_V|) and horizontal force (|]3“x|) as shown in

Figs. 10(a) and 10(b). This is due to the fact that larger
value of dock length, more wave energy will be
reflected back; hence less horizontal as well as
vertical force will be experienced by the dock.

0.25¢
0.20F
0.5 = e R e
K //,’ =
e
0.10f /7 A
i —|E|(1=1.0)
1, A A
0.05} - = |E[(I=1.5)
— || (1=2.0)
0 : : : i
0 2 4 6 8

K,

Fig. 10(a) (Color online) Effect of dock length on horizontal
force (|15x|) against K|

0.25f

0.20} —=| ] ((=10)
_ - -|E|(I=15)
< 0.15 —|E|(1=2.0)

Fig. 10(b) (Color online) Effect of dock length on vertical force
(|13'y|) against K,

The effect of angle of incidence & on horizontal
and vertical forces for various values of dock length is
shown in Figs. 11(a) and 11(b). It is found that less
vertical as well as horizontal forces are experienced
by dock for larger values of . Further, almost zero
vertical and horizontal forces are experienced by the
dock for 6>88°. Moreover, same effect of dock
length on forces is obtained against € as mentioned
in Figs. 10 (a) and 10(b).

In Figs. 12(a) and 12(b), (|F |) and (|13“y |) are

depicted against K, for various values of d. It is
noted that an increment in dock thickness yields less

0.14p
0.12 —|F[(1=1.0)
- —|E|(I=15
0.10k _ __ ‘A‘(A )
~~~~~~~ —|E|(1=2.0)

0.08
<§ 0.06
0.04f
0.02f

0

0 20 40 60 80
o/

Fig. 11(a) (Color online) Effect of dock length on horizontal
force (|FX|) against €

0.35
0.30
0.25F

— 0.20F

< "
0158  —IE/(I=1.0)
0.10 - - BIU=LS)
— B (1=2.0)
0.05}
0 . . . .
0 20 20 60 80
or

Fig. 11(b) (Color online) Effect of dock length on vertical force
(|ﬁy |) against @

0301

0.25}F
. | ‘ - —|F|(d=0.5)
<& 0.15 N Flidoo

0.10F )

ehE

0 T e,
0 2 . 6 8

Fig. 12(a) (Color online) Effect of dock thickness on vertical
force (|15y|)

vertical force (| 13"_‘,|) (Fig. 12(a)) and more horizontal

force (|15x|) (Fig. 12(b)). This is plausible because

wider the thickness, producing more reflection

causing more horizontal force and less vertical force.
The effect of angle of incidence & on force

components (|]3“x|) and (|15y|) is depicted in Figs.

13(a) and 13(b). Here the values of €=10°, 25°, 50°

@ Springer



— |F|(d=0.4)
- - £l d=0.5)

0.10 A
------ |E| (d=0.6)
0.05
% 2 4 6 8

Fig. 12(b) (Color online) Effect of dock thickness on horizontal

force (|}:“X|)
| — 1E10=0) e [E](0=50)
04b - - B1(0=10) -~ |5](0=60)

------ E1(0=25) -~ |E|(6=75)

0.3 A .
— 1£1(6-88)

0.2

Fig. 13(a) (Color online) Effect of angle of incidence on vertical
force (|15y |)

------ ] (0=50")

_ 0.15 B —— 1B (0=60")
sy P e 1075
0.10 — IFl(0=0") —— IFc|(0=88)
- = P 1(8=10")
------ 1P| (0=25")
0.05
O0 2 4 6 8
K,

Fig. 13(b) (Color online) Effect of angle of incidence on hori-
zontal force (|15X|)

and 60°, 75°, 88° are considered to examine the effect.
It is observed that the global maximum of the force
component is very small for §=288° as compared to
other angles of incidence. This happens due to the fact
that for @=88° the incident waves are almost
perpendicular to the dock.

(4) Wave elevation profile in last region R, .,
Figures 14(a) shows the behaviour of wave
elevation Re(1,,,,) in the R,., for

different values of [ = 1.0, 1.5 and 2.0. It is noticed

region
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that wave amplitude decreases as the length of the
dock increases. It is viewed from the computational
results that similar behaviour of wave elevation

Re(n,,.,) as a function of dock thickness and as a

function of water depth ratios can be obtained. The
effect of angle of incidence 6=30°, 45°, 60° is
shown in Fig. 14(b). It is noticed from Fig. 14(b) that
the wave amplitude decreases whereas wavelength
increases as 6 increases as observed by
Bhattacharjee and Soares!'®!. Consequently, less
energy is transmitted to sea side in all the cases,
resulting sea shore is protected. In both the cases, this
phenomenon is in accord with the physical behaviour
of the said problem.

0.05 -
— Re(y,,,) (I=1.0)
= = Re(n,,)(I=15)
------ Re(y, ) (1=2.0)

g0
V
~

-0.05

50

Fig. 14(a) (Color online) Effect of dock length [ on wave

elevation Re(1,,.,) in last region for fixed K, =

0.5
0.10 - (n,, ) (6=30)
) (0=45)
0.05} |
Ay
g o L
S :
& \
-0.05} ,
J
-0.10

50

Fig. 14(b) (Color online) Effect of angle of incidence € on

wave elevation Re(7},,.,) in last region for fixed
K, =0.5

2.2 In the presence of wall
In the subsequent section, the numerical results

for Re(n,,.,) and ‘ﬁ |F wall

wall =

/ pgl for asymme-

tric parabolic bottom profile are graphically depicted
to examine the effect of various system parameters. In
addition to the system parameters considered in

Section 2.1, the gap denoted by L=L/ hy,=4.0 is
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fixed throughout this section unless otherwise stated.
Here our aim is to analysis how much force will
be experienced by the seawall for different values of
system parameters so that the seawall can be protected.
It is natural that there will be full reflection and no
transmission due to the presence of seawall.
(1) Effect of dock and parabolic bottom topo-
graphy on seawall
E

wall

Force experienced by seawall (| ) for flat

bottom (H,;=1.0,j=0,1,..,2m+1) and parabolic

bottom are depicted graphically against K, in Fig.

15 for fixed value of € =m/4 The figure reveals that
less force is experienced by the seawall in presence of
parabolic bottom. Hence, arbitrary bottom profile
(parabolic profile here) provides the structural safety
and stability of the seawall.

(2) Effect of system parameters on force acting
on seawall

The effect of dock length / on (‘ﬁmu‘) is
) is

depicted against @ for fixed value of K, =1.0. Itis

illustrated in Fig. 16(a). Here, the force (‘I:—'wall

noted that as the length of dock increases, the force
experienced by the wall decreases. This is due to the
fact that more incident wave energy is reflected back
as the length of the dock increases, hence less force is
experienced by the rigid wall. Further, it is found that
the wall experiences almost zero force for 8>70°. It
is viewed from the computational results that similar
behaviour for the force as a function of dock thickness
can be obtained. Further, the sharp peaks in figure are
due to the mutual interaction between the reflected
wave and incident wave in region R, .. The Fig.

) where the

wall

16(b) shows the effect of gap on (‘I:“

gap between the rigid wall and floating dock is being
taken from the center of dock. It is observed from
figure that less load on the seawall is found for lower
value of 6 when the gap increases.

(3) Effect of system parameters on wave eleva-
tions

In Fig. 17 wave elevation Re(7,) (in the region

R,) depicted graphically for fixed values of K, =1.0,
[=1.0, d=04 and L=50. The Fig. 18(a) shows

the effect of dock length [ on wave elevation
Re(n,,.,) in last region. From Fig. 18 (a) it is clear

that wave amplitude in region R, ., decreases as the
length of dock increases. The Fig. 18(b) shows the

effect of gap L on wave elevation in last region.
From this figure, it is clear that wave amplitude
decreases as the gap increases. Figures 18(a) and 18(b)

show that the wave amplitude in the last region R,

m+4
is very small as compared to wave amplitude in the
first region (see Fig. 17), which indicates that the calm
zone between floating dock and rigid seawall is
created. Hence, seawall is protected.

35T

3.0F i

i — = |Fyal (flat bottom)
2.5F i
1l — |Fal (parabolic bottom)
2.0F I

A
[Fyal

1.5}F 1

1
1of !
1
11

“In A
i ]

0 1 2

) over flat and

Fig. 15 (Color online) Horizontal force (‘ﬁwau

parabolic bottom in presence of dock

0.04r
— |Fyul (1=1.0)
- - |B,l(I=1.5)
------ Il (1=3.0)

<L; 0.02}F
0.0k _
0 e o
| - " = 80

E

wall

Fig. 16(a) (Color online) Effect of dock length on ( )

~ 020
015 — Pl (£=3.0)
0.10 - - F,l(L=3.5)
oosl \F,l (L=4.0)

% 20 0 60 )

o

Fig. 16(b) (Color online) Effect of gap between seawall and
dock on (ﬁ )

wall

3. Conclusions
The three-dimensional problem involving diffrac-
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Fig. 17 (Color online) Wave elevation Re(77,) in presence of
wall for fixed K, =1.0

0.10
/\ "
— Re(y,,) (I=1.0)
GOF = == Ren,,,) (i=13)]
~ A WY i\ DY i\ Re(n,,,) (I=2.0)|f1"
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S i \ Ty
= i [
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Fig. 18(a) (Color online) Effect of dock length on wave eleva-
tion Re(7,,,,) forfixed K, =1.0

0.3r -
— Re(n,,,) (L=20)
02t == Re(n, ) (L=28)
""" Re(n, ) (L=32)
0.1 &%
B 3 177y
i i,
& 0f ) Vi v,
] SNoA \
= o1 N \
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0.3 :
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xhy

Fig. 18(b) (Color online) Effect of gap on wave elevation
Re(n,,,.,) forfixed K, =1.0

tion of water waves by a finite floating thick rigid
dock over an arbitrary bed is studied for two cases (1)
in the absence of wall, (2) in the presence of wall. The
uneven shape is approximated by a series of steps for
which m number of steps are taken in downward
direction and m number of steps is taken in upward
direction. The step approximation followed by
matched eigenfunction expansion method yields a
system of equations, which is solved to determine the
numerical values of hydrodynamic quantities. The
effect of various structural parameters, such as length,
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thickness of dock and gap between dock and seawall,
water depth and angle of incidence on the reflection,
transmission and force is examined through different
graphs. In the absence of wall the present results have
been validated by the known results''. The energy
identity is checked which verifies the accuracy of
numerical results.

In the absence of wall: (1) |T | decreases and |R|

increases when the dock is situated over parabolic
bottom profile instead of flat bottom for oblique wave

incidence. (2) |T | decreases and |R| increases

when dock thicknessd, dock length [, water depth
ratios and angle of incidence @ increases. (3) The
horizontal force increases for larger values of K,

whereas vertical force decreases. (4) The vertical force
acting on the floating dock decreases as the dock
length (also dock thickness) increases. (5) The
horizontal force acting on the floating dock decreases
as the dock length increases but horizontal force
increases for larger values of dock thickness. (6) Both
the force components decrease as angle of incidence
increases and almost zero force experienced by dock
for 6>88° (7) The wave amplitude in the last
region (free region) decreases as the length; thickness
of the dock; angle of incidence and water depth
increases. These facts help to coastal and marine
scientist to construct the offshore structures to protect
the beach-side.

In the presence of wall: (1) Less horizontal force
on seawall is experienced when the dock is situated
over the parabolic bottom instead of flat bottom for
oblique wave incidence. (2) Since more incidents
wave energy is reflected back by longer the length as
well as the thickness of the dock, hence, less force is
experienced by seawall. (3) By placing a floating
structure at a finite distance from the seawall, the high
wave load on the seawall can be reduced. (4) If the
gap between the seawall and dock is least then more
force is experienced by the seawall for smaller values
of @ whereas reverse behavior of force is observed
for larger value of €. Hence, the length and thickness
of the dock, gap between the dock and seawall, angle
of incidence and water depth can be modified to
optimize the wave load on the rigid seawall. (5) It is
observed that wave amplitude in the last region
decreases as the length of the dock, the thickness of
the dock, gap between the seawall and dock, water
depth increases. Moreover, the wave amplitude in the
last region (after the dock) is very small as compared
to amplitude in the first region (before the dock). This
provides a tranquillity zone between the floating dock
and the rigid seawall, which is useful for the harbour
areas (for example, the calm zone will provide a safe
mooring-loading operations and comfortable handling
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of cargoes and ships). This study will provide an
immense support to coastal engineers for the
construction of offshore structures so that seashore as
well as seawall can be protected.
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