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The hydrodynamic performance of pile-restrained dual H-shaped floating breakwater is investigated using the small
amplitude wave theory considering oblique wave incidence. The research on a single H-shaped floating structure supported
by the piles has demonstrated effective wave reflection and wave trapping due to its distinctive configuration, composed of a
vertical member called a web and a horizontal member called a flange. Thus, the dual H-shaped breakwater is proposed to
enhance the breakwater’s efficiency and to provide additional support to the leeside structure. The present analysis is
performed by varying the structural parameters such as the width and submergence draft of the web, flange width of the dual
H-shaped breakwaters and the corresponding effect on the hydrodynamic coefficients along with the wave-induced force
acting horizontally on the breakwater using Multi-Domain Boundary Element Method (MDBEM). Based on the study, the
leeside structure experiences a greater wave force than the primary H-shaped structure placed seaside for the critical angle of
incidence. The dual H-shaped breakwater is noted as a highly effective harbour defence solution based on the structural and
design specifications. The dual H-shaped pile-restrained floating breakwaters provide protection by absorbing the highest
wave force and releasing a significant quantity of wave energy.

[Keywords: Dual breakwaters, H-shaped breakwater, Multi-Domain Boundary Element Method (MDBEM), Reflection and
transmission coefficients, Wave force coefficient]

Nomenclature A Wavelength
a Wave amplitude @ Velocity pots:ntial
b,, brand b, Width of the web, flange and plates 0 Apgle of 1nc1dent. wave
d,, drand d, Submergence draft of web, flange and plates g ‘ Dirac-delta function
measured from the free surface ¢, ¢, ¢ grand Velocity potential in the fluid, structure,
f Linearised friction coefficient for the structure ér incident, reﬂectedhand transmitted regions
g Acceleration due to gravity I; Boundary in the /" element
G Free surface Green’s function
h Depth of water Introduction
i Imaginary unit .
k Wave number in the open water region In recent years, larger ports with deeper channels
k, Pressure response factor have been required to handle the increasing volume of
K, K;and K;  Reflection, transmission and dissipation sea trade due to the spike in maritime activity. The

K/bl and K/bg

coefficient

Horizontal force coefficient on the front

face of the seaside and leeside breakwater of two
H-shaped configurations

primary concern of the ocean and coastal engineers in
the busy harbour region is the prevention of coastal
erosion from the nearby region to the port channel. So,

N Total number of constant boundary elements the floating breakwater has emerged as an affordable
P, Wave-pressure coefficient solution to reduce the nearby coastal erosion compared
S Coefficient of inertia for the porous structure to the traditional rubble mound breakwaters. The ease
t Time in seconds .. . .
T Wave period of fabrication, transportation, and construction makes
W, Width of the spacing between two adjacent the floating breakwater advantageous even in poor
breakwaters seabed conditions and deep water depths. Adee'
v Laplace operator showed a direct correlation between incident-wave
A, Constant boundary element . .
. Porosity of the structure frequency and floating breakwater performance, which
o Density of water resulted in studying different types of floating
® Wave frequency breakwaters and installation techniques. Hales®
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conducted numerous studies on floating breakwaters
and proposed that using floating breakwaters reduces
the number of ship mooring spaces close to the
harbour, lowers building costs in deep-sea conditions,
and offers an alternative option for weak seabed
foundations for coastal protection measures. Further,
Dai et al.’ effectively demonstrated the evolution of
research on floating breakwaters over the years, which
covers a variety of structural parameters and forms of
floating breakwaters.

The studies on the floating breakwaters are widely
initiated to counter the inefficiency of massive
submerged breakwaters under poor seabed conditions
and deep water regions. Experimental studies on the
wave scattering coefficients for four different types of
floating structures were carried out by Kato et al.* and
concluded that the configuration with easy rolling
towards the incident wave has an impressive
damping. A comparison of efficiency of floating and
submerged obstacles revealed that the determination
of hydrodynamic coefficients of rectangular barriers
is effectively facilitated by the variational approach’.
Studies on wave interaction with breakwaters includes
the investigations of different submerged breakwaters’,
hydrodynamic performance of permeable absorbers’,
floating pontoon breakwater® and floating porous
boxes’. In the last few decades, studies on designing
innovative floating breakwaters have been performed
that can replace traditional structures while reducing
the structural volume and improving cost-
effectiveness. The effectiveness and performance of
the various floating breakwater configurations and the
studies show that T-shaped breakwaters are efficient
(up to 65 % dissipation)'®. However, H-shaped
structures have emerged for better wave control.
Wang & Sun'' introduced a novel design for a
floating breakwater that reduces transmission and
mooring force by assembling several diamond-shaped
structures. Experimental research on the hydrodynamic
characteristics of floating breakwater, both alone and in
combination with pneumatic chambers, which can
enhance energy dissipation and decrease wave
transmission, was performed by He et al.">. Koraim &
Rageh" analysed the wave interaction with floating
breakwater for several different wave periods and wave
heights by measuring the hydrodynamic coefficients.

In addition to this, the safety to the leeside
structures is necessary for protecting the coastline and
harbour areas. Extensive research on multiple floating
structures was performed by Syed & Mani'* with

three rigidly interconnected pontoons of equal spacing,
where the scattering coefficients are significantly
affected by the inter structural spacing. Cho et al.”
compared the performance of an array of rectangular
and trapezoidal breakwaters experimentally and
concluded that the series of trapezoidal breakwaters is
more prominent for lesser areal occupation and
effective reflection. Bragg resonance studies on
multiple semicircular breakwaters performed by Liu et
al.'® proved that the model is efficient in defending
against wave attack and stable against wave force
through analytical and experimental studies. Study on
the effect of inter-structural spacings on Bragg’s
scatterings by Ouyang ef al.'” on an array of fixed
floating pontoon structures using the boundary
discretisation method and by Catipovi et al.'® on an
array of floating breakwaters using time domain
analysis concluded the usefulness of the multiple
models. Analysis of a pair of floating breakwaters
using the BEM approach by Vijay & Sahoo'’ suggested
that the seaside structure experiences significantly higher
wave force than the leeside of the structure. Additional
studies on wave interaction with various structures for a
set of rectangular trenches®, multiple rectangular and
triangular floating structures™, and a series of multiple
floating inverted trapezoidal porous boxes™ have further
explained the Bragg’s resonance. Recently, a numerical
investigation on dual-row cuboid and cylindrical floating
breakwaters revealed that the dual floating breakwater is
efficient in wave transmission properties when
compared to single structures™.

The literature review revealed that limited research
is performed on multi-unit breakwaters with novel
configurations to maximise energy dissipation.
Therefore, the hydrodynamic analysis of the dual
H-shaped pile-restrained floating breakwaters under
the influence of oblique waves is the primary focus of
the current study. The variations for wave reflection,
transmission, and dissipation coefficients, along with
wave force on the leeside and seaside of the structure,
are analysed for the oblique wave incidence. A
comparative analysis between the wave reflection
characteristics and wave force coefficients is also
conducted to understand the efficiency under different
structural conditions.

Materials and Methods

Theoretical formulation
The small amplitude wave theory is employed to
analyse the hydrodynamic performance of a dual
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H-shaped breakwater system. Figure 1 illustrates the
ideal geometry of dual H-shaped pile-restrained
floating breakwaters that depict the different structural
and physical properties and the fluid/structural
boundaries. Further, the layout of the suggested dual
H-shaped breakwater with matching intra-structure
spacing is discussed. The numerical analysis of the
oblique wave-structure interaction and the intricate
mathematical process is based on MDBEM approach®*.
Since the assumed fluid flow is irrotational,
incompressible and inviscid, the velocity potential for
the oblique wave can be expressed as: ¢(x,y,z,t) =
Re{gp(x,y)et*z=@D} " where k, =ksin@. In the
fluid domain €, the velocity potential fulfils
Helmbholtz's equation, which is represented as

(72 —k,?)p(x,y) =0 (D)

The fluid domain is composed of seabed boundary
I'sp, boundaries for the input region / jypyr and output
region [ oyrpyr and free-surface boundary /5. The
fluid flow is assumed to be from the negative x-axis
to the positive x-axis, precisely from the incident
region [ jypyr to the transmitted region [ oyrpyr. The
free surface / s boundary condition is given by:

29 _ @, _
¢ =0 . (2)

The horizontal sea-bed [ gz which is assumed to be
flat and impermeable, the sea-bottom boundary
condition is of the form

99 _ - _
ay—Oaty— h .3
The fluid areas surrounding each interface are in

contact with the porous structure. Therefore, to
preserve the continuity of mass flow and pressure

between nearby structures and fluid regions®, the
porous-structure region [ sz boundary condition is
given by:

9 ¢£TR __.9 P3Tr
on f on f
and g = (S + if)Pirg (4

The structure is assumed to be situated between the
two auxiliary boundaries /jpyr and I oyrpyr on each
side. Consequently, for input and output open boundary
conditions, the far-field radiation condition is given by:

limvr (52 — k) = 0 .. (5

n—-oo 6r

Where, r =./x?+y? The velocity potential
function at the input and output boundaries can be
expressed as:

{‘nblnput = ¢; + g,

¢0utput = ¢,

.. (6)

Considering the principle of small-amplitude waves,
the velocity potential functions can be written as:

iag : .
Prnpuc = =, [loe™* + Roe™"*]fo (), as x > o,

Poutpur = % [Toeikx]fo(J’); asx — —o, . (7
Where, the function f,(y) is given by

__coshk(h+y)
o) =— . (8)

The wave number k and the angular wave
frequency w satisty the dispersion relation

w? = gk tanhk ... (9
The solution approach for the dual H-shaped

Free surface region

Incident wave

Il 3

Incident
region

breakwater is discussed in detail in the next
subsection.

L

—_—

—_—

—_—
Transmission h

region

Fig. 1 — Schematic diagram of dual H-shaped breakwater
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Method of solution using multi-domain boundary element method

The wave interaction with pile-restrained dual
H-shaped breakwaters is analysed using the MDBEM
approach. The general field point and the source point
comprise the current computational domain. In Figure 2,
a brief narrative of the boundaries for fluid and structural
region and fluid-structure interfaces is presented in
detail. The fundamental solution of the governing
equation is provided as:

V26 — k%G =60 —x,n—y) ... (10)
Where, G is expressed as:

—Ko (K,
Glx,y, &) = =220 (1)

Where, r = \/(x —&)2 4+ (y —n)? referred to as the
distance between the source point Q(&,7n) and the field
point P(x,y), where Q (&, ). The second-kind modified
zeroth-order Bessel function is denoted by K,. The
following equation represents the normal derivative of
Green’s function as:

96 _ ke or
an  2m Kl(kzr) on

... (12)
Where, K; has been referred to as a second-kind
modified first-order Bessel function, and in the case of
singularity r = 0, the asymptotic behaviour of K, is
given by

k,r

Kolkyr) = =y — n (%)

... (13)

Where, y = 0.5772 is the Euler’s constant. Further in
the case of normal incident wave angle, i.e., when

0 = 0,K,(k,r) approaches — In(r).

The generalised form of the boundary integral
equation, which applies Green's second identity and
considers Green's function in free space, is shown as:

aG a
c(P)P(P) + [Lp5dl = [ GZLdr .. (14)
with ¢(P) is denoted by:
1ifP € Q,
c(P) = {3 if P € I'is smooth, ... (15)
0ifPeQ,T,

The computational domain boundary in the above
equation is indicated by I'. The final boundary
integral equation can, therefore, be expressed as:

®) aG i
2B 4 [ L par=[2Lcar

> ... (16)

The value of ¢ is assumed to be equal at the mid-
element node and is regarded constant across the N
constant elements that make up the boundary.
Equation (16) is discretised into N constant boundary
elements (Fig. 2). The discretised boundary integral
equation can therefore be written as:

¢(P) G _ o¢p
P2+ (I, 5 ¢dr) =2 (i, 50 Gy dr)
(17

Where, I denoted as the ;™ element boundary.
The expression for the boundary integral equation

considering fl‘-z_z dl' = H;j and fr- Gj dl' = Q;j as in
J J

Eq. (14) is given by:

Toyrpur

Nodes on the
fluid boundary

Nodes on the
structural boundary

Nodes on the
fluid-structure interface

Fig. 2 — Schematic diagram representing the boundary elements for dual H-shaped breakwater
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¢(P) +Z =1 (Hl] ¢j) E (Qij %) e (18)

The influence functions are represented by the
integrals /7; and G; between the element i at which the
fundamental solution is applied and another element j
under consideration. When the breakwater zones
interact with the sea bottom, free surface, and fluid
regions, the corresponding physical characteristics and
dimensions are replaced in the boundary conditions, and
the enlarged discretised equation can be presented as:

_“PfR + 201 (Hiyds) + Z)oa (Hyy —

tkQij) o — i ( ij— _Qij) Ol +
’Vzl(Hijfl);TRl) -5 (0 2Vl )+
r (Hi =% Qu) sz + Sa (i) +
s (ML) = i (0 205 )+
s (Hy =2 Q) sz + ea (Hiytlry) +
Yor(Hijblrrs) — i (Qu : d;srfm ) +
j= 1( Ql])¢FSZ + X7 L (Hyjdrms) —

(Qu : 4;5sz ) + X0 (Hij - % Qij) blss +

J'=1(Hij - leij) ¢1fNPUT =0 .. (19)

The discretised equations for the leeside and
seaside breakwaters considering structural region
boundary conditions are given by:

N N
1 s s 0 ¢
_E¢ + jzgl(Hij‘lbsrm) - ;:1 <Qij aSnTRl > =0

... (20)
1 C C a ¢STR2
—§¢S + Zl(Hij¢§TR2) Z <Q1] > =0
” ) .. (21

For the fluid region (indicated as superscripts f )

and structural region (indicated as superscripts s), the
updated discretised equation for replacing the input
and output velocity potentials in Eq. (7) can be
expressed as:

__¢fR+Z 1(H11¢53)+Z _(Hij - iinj)(Py}f‘*‘
j= 1( Qu)‘stf*‘Z L (Hijdrrr) =

0¢
7:1 (Qij % ) + Zj:l (Hl] - %Qij) ¢1{52 +

N=1(Hij¢§TRz) - Z (QU ’ d;S,ZRZ ) +
Z] 1( Ql])¢FS3+Z L1 (Hyj - iini)‘pzj;:

j:l(Hij leU) ¢I .. (22)

The interface boundaries for both fluid and structure
0psTR]
on
on the boundary. It is assumed that the structure-seabed
interface and structure-free surface interface are rigid.

So, the flux is given by:

regions have the same potential @grg ; and flux

095TR;
—— =0 .. (23)
Further, the matching boundary conditions are

applied to obtain the unknown potentials ¢; , ¢ and
¢r to solve the system of linear equations using the
Gauss-elimination  technique. The hydrodynamic
coefficients are calculated using the relations

R T
=2 °amm=h—ﬁ—ﬁ

Iy Iy
.. (24)

The relation that determines the horizontal and
vertical wave forces operating on the structure can be
expressed as:

F, = Re [ipa) erTRj{nx} ¢STRdF]

Ky =17 Ke =

.. (25)

Where, n, is the unit normal vectors in x-direction on

I's7r and the coefficient for wave force can be
Fx
ipw

expressed as: Kp,, =

Numerical Results and Discussion

This research employs a numerical investigation to
evaluate the hydrodynamic behaviour of dual pile-
restrained, H-shaped floating breakwaters based on the
MDBEM approach. The reflection, transmission,
dissipation coefficient, and wave force coefficients are
examined for the angle of wave incidence, on varying
the structural parameters of the breakwaters, such as
their relative draft and width. MATLAB is used for the
numerical analysis, and the simulation results are
compared with the results that have been published in
the literature.

Convergence of boundary element for a dual H-shaped
breakwater

Table 1 displays the convergence of the developed
MDBEM technique in terms of the reflection and
transmission coefficients K, and K, respectively for
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Table 1 — Convergence of K, and K, with the increment of boundary elements
Isp Ty Irs,  Tsrri,_,, Trs, Tstrz., s, r, Ax N K, K,
66 10 10 24 10 24 10 10 0.1 164 0.647128 0.017210
132 20 20 48 20 48 20 20 0.05 328 0.647259 0.017689
660 100 100 240 100 240 100 100 0.01 1640 0.647612 0.017882
1320 200 200 480 200 480 200 200 0.005 3280 0.647665 0.017904

the wave interaction with dual H-shaped breakwaters
with 8 = 0°. As seen in Figure 2, the boundary is
discretised into N a number of elements. The
convergence of K, and K; is noted up to four decimal
places for the constant element length Ax = 0.01 and
Ax = 0.005. In the present study, the constant
element length Ax = 0.01 is taken into consideration
to analyse the structural characteristics. The boundary
surface is discretised with elements of size 1/100™ at
each 1 m of boundary length.

Validation of the present nnumerical model

The wave interaction with dual floating porous
boxes validates the numerical analysis conducted using
the MDBEM technique proposed by Vijay & Sahoo™
as depicted in Figure 3. The structural parameters
considered for the study are the relative thickness
6/h=0.02, force resistance coefficient f = 9.03,
draft-to-width ratio d/b = 0.50, relative spacing
L/h =0.50, relative draft h/d = 4.0, porosity
u = 0.15, inertia force coefficient s = 2.93, and the
complex porous effect parameter G = 0.75 + 0.244.

The study indicates that due to the energy
dissipation and reflection properties, the seaside
structure receives a force that is noticeably higher
than that of the leeside structure. The two porous
boxes efficiently absorb some of the wave energy on
the leeside, which helps to reduce the height of the
waves. The numerical study shows a satisfactory
validation in Figure 3 using the MDBEM approach
with the result obtained by Vijay & Sahoo®; hence,
the MDBEM approach is employed to study the
performance of dual H-shaped breakwaters restrained
by piles.

Based on the Multi-Domain Boundary Element
Methodology (MDBEM), the numerical analysis
offers an additional deterministic method that
incorporates the boundary elements on the domain
boundaries. The MDBEM technique makes the
numerical computation simpler and more efficient by
discretising the boundaries. Furthermore, with a
substantially shorter execution time, the MDBEM
technique presents extremely accurate and appropriate
solutions for open-boundary scenarios. Furthermore, a

Vijay and Sahoo, 2019 (BEM)
= Present Study (BEM)

0.8

0.6

0.4+

0.2 1

0.0 =
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0

kh

Reflection and Transmission Coefficient

Fig. 3 — Comparative study of K, and K, for a pair of floating
porous boxes using MDBEM approach (Vijay & Sahoo™)

more thorough examination of multi-domain borders
that takes fluid and heterogeneous structural
boundaries into account is possible through the
combination of the MDBEM technique with
additional analytical and numerical tools.

Reflection, transmission and dissipation coefficients

The wave transformation near offshore structures
contributes to an important study for assessing their
performance and preserving structural integrity.
Understanding the reflection behaviour of a breakwater
while interacting with the incoming wave is crucial to
countering wave attenuation and energy dissipation and
designing an effective offshore structure. Analysing the
reflection and transmission behaviour under different
conditions of structural and physical properties
provides a perspective of a suitable shape and
dimensions of the breakwater for effective installation.
Investigating the effect of incoming wave-induced
force on the breakwater surface is the prime task for
studying structural instability and integrity. The present
study analyses the possible structural parameters for a
pair of H-shaped breakwaters on varying angles of
incidence 0. The modelled structures are considered
porous with the geometrical parameters of ¢, = 0.1,
& =02f=12f=10and S, =S = 1.
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Effect of changing submergence draft of the web

The variation of hydrodynamic coefficients K,, K,
and K, versus wave incident angles 6 for different
web  submergence  drafts  varying  within
0.3 <d,,/h < 0.6 is presented in Figure 4(a,b). The
oscillatory patterns observed in the hydrodynamic
coefficients are may be due to structural spacing
between the breakwaters™. The reflection coefficient
(Fig. 4a) is noted higher for the higher draft at
6 < 30° and it follows an opposite pattern for
0 > 50°. The dual H-shaped breakwater system
dissipates lower wave energy within the critical range,
as shown in Figure 4(b). The sudden increase in K,
observed between 30° < 0 < 50° can be referred to
as the critical angle range to attain higher reflected
and transmitted waves. The web acts as a vertical

b= 1.2
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(]

% 10 —d,/h=05 —d,/h=0.6
o

O

S o8- Ke

K7

R

S 06

C

o

= 04-

©

C

®©

_5 0.2 1

g & Ay

“q__) 0.0~ T T T
x 10 20 30 40 50 60 70 80 90

0
1.2
(b)
1.0
5 1k
9 d
g 08
(]
Q
('C) 0.6
iel
®
2 044
[7)]
L
[m]
02+ ——d,/h=03 —d/h=04
—d,/h=05 —d/h=06
00 T T T T T T T T
10 20 30 40 50 60 70 80 90
0

Fig. 4 — Variation of (a) K, and K;; and (b) K, versus 6 for
different width of web d,,/h for single H-shaped breakwater
having b,,/h = 0.1 and bg/h = 1.6

barrier and promotes wave reflection. Hence,
increasing the web draft leads to incrementing the
surface area for wave reflection, which is observed for
6 < 30°. The wave reflection is around 1.13 times
higher when the web draft is doubled for 30° < 6 <
50°. As the incident angle increases and is around
6 > 50°, the incident wave is nearly parallel to the
breakwater, causing a reduction in wave reflection for
higher web draft. The transmission is less for a higher
draft and is maximum in the critical angle range.

Effect of changing the width of the web

The variation in K,, K; and K; versus wave incident
angles 6 for different widths of the web varying within
0.1 < by, /h < 0.4 is illustrated in Figure 5(a,b). The
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Fig. 5 — Variation of (a) K, and K;; and (b) K, versus 6 for
different width of web b, /h for single H-shaped breakwater
having d,,/h = 0.3 and bs/h = 1.6
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spacing between the adjacent structures causes
oscillatory trends and spikes in specific intervals of
wave incident angles. In the case of a lower value of
wave incidence 6 < 30°, increasing web width
apparently enhances the damping in wave energy due
to the larger porous structure volume throughout the
structure observed in Figure 5(a). The observed
critical incident angle range is within 30° < 8 < 50°
having oscillatory variations and spikes as the
structural spacing within the flanges causes wave
trapping. A similar observation for energy dissipation
characteristics is noted in Figure 5(b). The Ieast
energy of 50 % is dissipated by the widest web, where
it reflects a higher energy of 80 % for the incidence
value under the critical angle range. The narrower
web transmits higher energy within the range and
additional design considerations must be adapted for
efficient performance.

Effect of changing the width of the flange

The variation of K,, K, and K, versus wave incident
angles @ are shown in Figure 6(a,b) for different
widths of flange varying within 1.6 < bg/h < 2.4.
The effect of varying flange width of the H-shaped
structures is negligible; however, an oscillatory
pattern is observed within 25° < 6 < 500,

The flange in an H-shaped structure provides space
for water mass, which results in a significant amount
of wave trapping, causing higher reflection and lower
transmission. In the critical angle range, the
breakwaters attain a higher reflection of around 75 %
for the widest flange of by /h = 2.4 compared to other
cases due to the combined effect of inter-structural
spacing and the water mass present within the unit
structure for maximum wave trapping. Increased
transmission for incident angles within the range
necessitates  additional  protective = measures.
According to Figure 6(a), higher reflection results at
higher angles 6 > 55° as the wave propagating more
parallel to the structure hence causes lower energy
absorption in Figure 6(b).

Wave force coefficients

The wave induced forces on the interconnected
dual H-shaped breakwater are analysed for variation
in structural parameters such as d,,/h, b, /h and
b /h against wave incident angles 6. The wave force
coefficients are analysed on the front face of the
seaside breakwater and leeside breakwater, denoted as
Krp, and Kgp,, respectively.

Effect of changing submergence draft of web

The variation in the wave force coefficients Kfjq
and Kgp,, versus wave incident angles 6 for different
web submergence drafts within 0.3 < d,,/h < 0.6 is
presented in Figure 7(a,b). The dual H-shaped
breakwaters undergo increased force in the critical
wave incident angle 30° <60 < 50° compared to
other incident angles.

The maximum wave force attained by the deeper
web is on both the seaside and leeside structures. The
wave force coefficient increases with higher d,,/h
because a larger surface area is accessible. The wave
force acting on the leeside structure is 2.5 times more
than the primary structure for the critical angle of

incidences. Hence, a structure with a lesser
1.2
|(@) [—b/h=16 ——bh=18
e ——b/h=20 ——b/h=24

Reflection and Transmission Coefficient

1.2

1.0
] Kd
0.8

0.6
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0.2 ——b/h=16 ——Db/h=138

——b/h=20 ——b/h=24
0.0 T T T T T T T T
10 20 30 40 50 60 70 80 90

0

Fig. 6 — Variation of (a) K, and K;; and (b) K, versus 6 for
different width of web bs/h for single H-shaped breakwater
having d,,/h = 0.3 and b,,/h = 0.1
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submergence draft is recommended for -efficient
performance of specific wave incidence.

Effect of changing the width of the web
Variation of Kgp; and Kgp,, versus wave incident
angles 0 for different widths of web varying within
0.1 < b,,/h < 0.4 is illustrated in Figure 8(a,b). The
study reveals that the secondary breakwater
experiences a stronger wave attack, which may be due
to phenomena such as the negative pressure generated
around its surface and the intensified wave energy
caused by the repeated structure that directly impacts
consecutive waves within the structural spacing
between the breakwaters. The secondary structure for
incident angles within the critical range, particularly
the web section for b, /h = 0.3, experiences wave
16

(a) —d/h=03 —d/h=04
4] ——d,/h=05 —d,/h=06

Wave force coefficient on sea side

3.6
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——d,/h=05 —d/h=06
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2.8 1
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1.24
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0.4 -
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0
Fig. 7 — Variation of (a) K¢p,1; and (b) Kpy, versus 6 for different

width of web d,, /h for dual H-shaped breakwater having b, /h =
0.1and bs/h = 1.6

forces more than double for those acting on the
primary structure. Thus, the porous structure with
higher width experiences lesser impact as a significant
amount of energy gets absorbed in the porous region.

Effect of changing the width of the flange

The variation of Kf,; and Kgp,, versus wave
incident angles 6 is illustrated in Figure 9(a,b) for
different widths of flange varying within 1.6 <
bs/h < 2.4. In Figure 9(a), the pair of H-shaped
breakwaters shows an oscillatory pattern of wave
force for wave incident angle 20° < 6 < 80°. The
spacing between the porous structures promotes the
oscillations in force coefficients. The leeside structure
encounters a wave force twice the force experienced
by the seaside structure, and the phenomenon is
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width of web b,, /A for dual H-shaped breakwater having d,,,/h =
0.3 and by /h = 1.6
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Fig. 9 — Variation of (a) K¢p1; and (b) Kpy, versus 6 for different
width of web by /h for dual H-shaped breakwater having d,, /i =
0.3 and b,,/h = 0.1

prominent within the critical incidence range. The
primary reason for the least wave influence on the
horizontal components of the constructions is the
wave trapped between the webs, which act as vertical
barriers to the incoming wave energy.

Conclusion

The study analyses the hydrodynamic performance of
a multi-unit breakwater system comprised of two
interconnected pile-restrained H-shaped breakwaters.
The MDBEM is employed to analyse the hydrodynamic
coefficients and the horizontal wave forces for various
structural parameters of H-shaped breakwater, such as
the width b,, and submergence draft d,, of the webs and
width of a flange b, by varying the angle of incidence.
Free surface and structural interface conditions are

employed with suitable edge conditions to analyse the
hydrodynamic performance of the proposed dual
breakwater. The established numerical results from the
existing literature is compared with the results obtained
through the MDBEM technique to verify the accuracy of
the numerical findings. The conclusions drawn from the
hydrodynamic performance of the dual H-shaped
breakwaters are as follows:

e The critical angle to allow maximum transmitted
energy is noted to be within 30° < 6 < 50° for the
dual H-shaped breakwaters.

o The wave reflection is observed to get doubled as the
web draft is doubled within the critical angle range.

o The widest web of by, /h < 0.4 dissipates the least
wave energy of 50 % but reflects around 80 % of
wave energy at critical angles.

o The breakwaters attain a higher reflection coefficient
of around 75 % for the widest flange of by /h = 2.4
in the critical angle range.

e The leeside structure experiences 2.5 times more
wave force compared to the primary structure for the
critical angle of incidences.

e The induced wave forces on the secondary structure,
especially the web section for b,,/h = 0.3, are more
than twice as strong as those operating on the primary
structure for incident angles falling within the critical
range.

o The least influence on the wave interaction is caused
by the wave trapped between the webs and the flange,
which act as vertical barriers to the incoming wave
energy.
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