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The Effects of a Triangular Floating Platform and Dual Surface-piercing Thin
Barriers over a Sloped Bottom on Wave Reflection

Chang Tran Thi*

Abstract: This study analytically investigates the wave reflection from a triangular floating platform in
conbination with dual surface-piercing thin barriers over a sloped bottom using the eigenfunction matching method
(EMM). The problem is formulated with linear water wave theory; eigenfunction expansions describe wave
interactions across regions with varying bathymetry and boundaries. By imposing continuity of velocity potential
and pressure at interfaces, a numerically solvable system is established. Reflection coefficients are analyzed with
varying platform, barrier, and seabed parameters. Results show that barrier configuration and seabed slope
significantly affect the reflected wave. The findings inform the design of structures for wave energy dissipation,

platform protection, and nearshore barriers.
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1. INTRODUCTION

The interaction of linear and nonlinear waves with
floating platforms and coastal or offshore barriers has
long been a central topic in marine hydrodynamics,
owing to its direct relevance to coastal protection,
offshore engineering, and renewable energy harvesting.
Accurate prediction of water wave reflection and
scattering in the presence of complex structural
configurations is essential for designing and assessing
the performance of floating breakwaters, floating energy
devices, and multi-functional offshore platforms.

Previous research has explored the propagation of
water waves by various types of single thin barriers,
including surface-piercing barriers, bottom-standing
barriers, and barriers with gaps, placed over a flat bottom
[1]. In the research of Losada [2-4], the scattering of
oblique incidence waves by multiple thin barriers was
investigated. The porosities of thin barriers are then
studied in the applications of enhancing wave energy
dissipation [5-8].

Floating platforms (FPs) also provide practical uses, as
their surfaces can function as roads, mooring points, or
fishing piers [9]. Recently, Mondal and Alam [10]
examined how various parameters affect wave reflection
and transmission in arrays of identical rectangular FPs
placed over a heterogeneous seabed, considering both
infinite and semi-infinite fluid domains. The combination

of floating platforms with thin barriers enables tuning the
system response through barrier design parameters,
making it suitable for deep water areas and sensitive
utility installations, allowing more effective wave energy
dissipation and enhanced protection against wave loads
compared to conventional floating structures alone. One
approach involves installing vertical tensioned barriers or
submerged dual barriers in front of or enclosing a
compliant floating platform [11], which supports utility
systems like solar panels. These barriers help reduce
wave-induced platform motion and improve stability,
with performance influenced by barrier length, porosity,
and hydroelastic properties [12]. Research on floating
platforms combined with dual surface-piercing thin
barriers has predominantly focused on prototype-scale
configurations and specialized applications. These
configurations use thin, vertical barriers extending above
the water surface to shield platforms from incoming
waves [13]. The effects of these configurations have
been investigated in terms of mitigating platform
motions induced by incident wave action [14].

Among various analytical and numerical techniques,
the eigenfunction matching method (EMM) has proven
to be a highly effective semi-analytical approach in
solving wave—structure interaction problems, particularly
in cases involving piecewise-constant or regularly
varying boundaries. In the earlier studies, the EMM was
soon applied to investigate the problems of water waves
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Fig. 2. Definition of a floating platform with a barrier
over stepped bottom.

propagated over simple to more complex infinite steps
[15,16]. In the research on the propagation of waves over
an undulated bottom, the EMM deals with the concepts
of a series of continuous flat steps [17]. Besides, the
more complex interactions of water waves with thin rigid
barriers [18-20] and slotted barriers [21] over undulated
bottom are recently investigated by means of applying
EMM.

There have been numerous studies on the water waves

interactions with thin barriers, FPs, and undulated seabed.

However, the researches on the effects of thin barriers
which attached to the FP over sloped bottom topography
in the enhancing waves propagations are rare. This study
aims to conduct an analytic examination of the EMM in
the context of wave reflected by a single triangular FP
and multiple thin barriers over sloped bottom. By
formulating the governing velocity potential in
eigenfunction expansions valid for each fluid subdomain,
the method enables systematic enforcement of boundary
and continuity conditions at structural and bottom
interfaces. Furthermore, detailed parametric studies
illustrate the respective and combined effects of floating
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platform geometry, quantity and spacing of barriers, and
seabed undulation. The results contribute significantly to
guidelines in optimizing coastal defense systems and
floating platform layouts in environments where seabed
undulations and wave-structure interference effects play
a significant role.

The organization of this paper is as follows. Section 2
develops the mathematical modeling framework for
water wave phenomena and introduces the formulation
of the eigenfunction matching method (EMM). Section 3
examines various validation cases to demonstrate the
effectiveness of the proposed EMM approach. Detailed
discussion on wave reflection involving a triangular
floating platform with dual thin barriers along a sloped
seabed is provided in Section 4. Finally, Section 5 offers
overarching conclusions. The research findings
advance practical applications in coastal engineering,
including the design and analysis of breakwaters,
seawalls, and other protective structures, as well as
enriches insight into key physical processes such as wave
propagation, refraction, diffraction, and reflection.

2. MATHEMATICAL MODEL

The behavior of surface waves, considering
parameters such as angular frequency o, wave amplitude
a, angle of approaching wave y, with wavelength A |
interacting with a sloped bottom, containing thin barriers,
is analyzed using a two-dimensional coordinate system
(%, 2). In this context, the vertical direction is designated
as the z-axis is chosen upward, while the horizontal
aligns with the x-axis. The general investigating problem
of water waves interacting with the single triangular FP
with dual thin barriers over a sloped bottom is
demonstrated in Figure 1. The wave amplitude is
presumed to be sufficiently small to justify the use of
linear wave theory, where wave shape is sinusoidal,
kinematics and dynamic pressure vary harmonically, and
dispersion relations and response functions (for example:
reflection coefficient |R|, or transmission coefficient
|T|) are straightforward and analytically tractable. The
wave motion is assumed to be time-harmonic, with its
temporal behavior described by e~1°* | where o is
defined by 2m/T denotes the angular frequency based
on wave period T. Besides, t and i respectively
denote the time variable and imaginary unit. For the sake
of simplicity in the modelling of the topography, thin
barriers and floating platform, the seabed could be
segmented into a sequence of M shelves in the interval
of xp_1 <x<x, for m=1,2,..,M with a specific
water depth h, . Additionally, certain standard
assumptions regarding boundary conditions and wave
properties are adopted. The i-th surface-piercing barrier
is positioned at a specified location x = v;, where its
submerged portion has a length equal to a;. Likewise, the
i-th bottom-standing barrier is positioned at designated
point x = w;, and has a length of b;. In the case that
there is only a single surface-piercing or bottom-standing
barriers, a = a;,v = v;,b = b; or w = w;, the notation
reduces accordingly for clarity throughout this paper.

Considering a single step that separates the shelves as
illustrated in Figure 2, the vertical intervals of the barrier
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Fig. 3. Variations of |R| against dimensionless
parameter kh, for the case of parallel surface-
piercing barriers over the stepped bottom, where
N = 5,25,and 50.
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Fig. 4. Variations of |R| against dimensionless
parameter kh; for the case uneven bottom
topography, where M = 10, 20, and 50.

and the gap are denoted by L, and L, accordingly,
while those of the platform and the bottom are also
defined by L,andL, . If there is no barrier, L, is
omitted. For the m -th shelf within the interspace
Xmo1 <X <x, for m=1,2,..,M, the fluid velocity
u,, is represented and can be formulated by
U =Vpm (1)
where the two-dimensional operator V = (d/dx,0/0z)
specifies the coordinate system (x,z), while ¢,
represents the velocity potential.
As a result, in order to meet the Laplace equation
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within the fluid domain
V2¢y, =0 @)

The boundary conditions of kinematic, dynamic, and
bottom can be found in the research of Tran, Chang and
Tsai [18]

The velocity potential ¢,,, is the solution on the shelf.
The wall boundary condition is considered only for the
deeper shelf. To ensure the continuation and smooth
transitions between the m-th and the m + 1-th shelf,
there are requirements for the connection conditions of
velocity potentials ¢,, and ¢,,41

Gm = Pmqq forx ELg 3)
%z%zoforxeh, (4)
%z%forx €L, (5)
Z—¢=Oforx €L,andx €L, (6)

X
Intending to make the solution uniquely solvable, it is
necessary to have the following far-field conditions for
the surface elevation

n= C_l(eiklfox + KReieRe—ikl_ox)e—ikl_oy %
asx » —o
and
1 = aKyelreikmox gy ®)
as x — o

where the numerical values assigned to the reflection and
transmission coefficients are defined by components Kpg,
Ky, 6z and 65, and correspondingly specified by
Kre®® and Kreir,

In Egs. (7) and (8), ky, ky, and k,, are real-valued
wavenumbers expressed by

iém,n = krzn,n - k32/ (9)

and
—iony, + 222 = 0 (10)
ky, = kqosiny (11)

Additionally, the wavenumber in the case of a FP over
a shelf (d,,, > 0) is alternatively defined as

inm

kmn = (12)

hm—dm
where ki =2n/A>0 and k,,>0 are the
propagation number of wave which can be calculated via

the dispersion relation
";2 = Ky o tanh kp ohim (13)
The property of the dispersion relation for the shallow-
water and deep-water conditions was previously
investigated [22,23], where
{h < A/20 for shallow water (14)
h>A1/2 for deep water
In Eq. (12), the indices vary as m = 1,2, ..., M, and
n=0,1,2,.. Moreover, also in the Eq. (12), k,,, with
n > 0 are presented as
km,n = iKm,n (15)
where k,,, indicates the n-th ordered positive root
determined by the dispersion relation

0.2
— = —Kpntan iy, Ay (16)

kmo tanhgkm_ohm =Kform=1.2,...M (17)

According to linear water wave theory, the velocity

potential corresponding to the m -th shelf can be
represented as follows

Pm(x,2) =
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Fig. 5. Variations of a) |R| and b) |T| against
dimensionless parameter kh; with values of
bottom depth h,/h,=0.3;0.5; 0.7; and 0.9.

yL:O (Am,n r(r})n (x) + Bm,n r(rf,)n (x)) {m,n(z)eikyy
form=12,..,.M (18)

Pme1 = (Am+1,n '5:3-1,71 + Bm+1,n 1(311,n)€m+1,n (19)
where unknown coefficients 4,,, and B,,, need to be
solved since m=1, 2, ..., M. The factor N in Eq.(18) is
assumed to be the evanescent mode number. By isolating
the variables, the eigenfunctions in Eq.(18) can be
defined as

Cmn(z) = coshky, h, + 2z (20)
ikmn(x—Fm-1) [
Y e‘k d km'n =0
x) = ~ 21
£ { ) bl @

and
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Fig. 6. Variations of a)|R|andb)|T| against
dimensionless parameter kh; with values of
platform depth h,/h;=0.1; 0.2; 0.3, and 0.4.

e—iﬁm,n(x—fm) ]E %0
&2 (x) = { o (22)
x kmn =20
with
o myform=12.,M-1 (@23

An examination of Egs. (9)-(23) reveals that the
solution satisfies the dynamic boundary conditions and
bottom boundary conditions. By utilizing Egs. (3)-(8),
the values for the unknown coefficients A,,, and B,
can be determined.

Subsequently, the eigenfunction matching method is
employed to establish mass conservation as described in
Egs. (3)-(6)
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where the smaller products of two depth eigenfunctions

would be described as
(P1|P,) = [°, Py(2)P,(x)dz (25)
Both functions P; and P, denote the depth-
dependent eigenfunctions of ¢, ,,, which associated with
arbitrary integers m and n. Moreover, h represents the
water depth in terms of the corresponding eigenfunction
Py

(24)

The momentum conservation law, together with the
condition of the barrier, is summarized as follows
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(gsmatler|Fy =0 1=0,1,..,N (26)
where
¢m(xm) - ¢m+1(xm) forx € Lg
F(z) = 9%m forx € L, (@7)
0x ly=xp,
and

<{rsnr'r;aller|F> =0
Eq.(26) can be rewritten as
(Gt T | () =

(T s () + (F |G HeT
forl =0,1,2,...,N, (29)
with

forl=0,1,..,N (28)
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¢m+1(xm)) - %

forx € L,

Subjected to the boundary conditions and the far-field
conditions as defined in Egs. (7) and (8), the formulate of
the velocity potential far-field solutions can be written
as

F = (¢mCem) =

X=Xm (30)

¢ =

iag coshkyo(hy +2) (e10% + KpeiOre=ikio¥)gikyy

o cosh k; ghy

asx — —oo (31)
and
L bu =
3 la_gcosh by o(hy + 2) (K eiGTeiRM,ox)eikyy
o cosh ky ohy T
asx —» © (32)

Combining Egs. (31) and (32) into Eq.(18), the
resulting equations are as follows

i iakgel®r 1
B, gelfmn* = - —R —_——— (33)
’ o coshkqohq
iag 1
Apg=—2—
1,0 o coshkqghy (34)
ik 0% iakrelorT 1
Ay ge™momns = — 2T (35)

4 cosh kp ohm
A;, = Oforregionofn=1,2,..,N (36)

and
By, = 0 for region ofn =0,1,2, ..., N. (37)
By using Eq. (18), Egs. (24) and (26) are equivalent to

N <lkmnAmn ﬁzl(xm) ><¢ | larger
n=0 mn
KB o Cem)

N <1km+1 nAm+1 n m+1 n(xm)
n=0

(( larger )(38)
_lkm+1 an+1n (2) m)) m+1n|
and

1)
Z?{:O <+B (2)(9(,:3)) smallerlqmn> —

(1)
A n(Xm)
N ( m+1,n m >((smaller|(m+1'n> +

nee +Bm+1n (2) m)
<F | (smaller (39)
for the indices of I=0, 1, 2, ..., N, and m=0, 1, 2, ...,
M-1, the EMM generates a set of 2M(N+1) linear
equations based on Egs. (35)-(39), which are used to
solve for the corresponding 2M(N+1) determine the
2M(N+1) unknown coeffcicients. The specific values of
the reflection and transmission coefficients Kzel®
and Kre'®T are subsequently determined using Egs. (33)
and (34).

3. VALIDATIONS

In this following section, the scattered waves by
permeable barriers with uniform and undulated bottom
are calculated by applying the proposed EMM. To
validate the accuracy of model, the results are compared
with other data available in the literatures.

3.1. Oblique water waves reflected by dual thin
surface-piercing barriers with stepped bottom

Firstly, the EMM is validated through the issue of the
convergences of mode N. Reflection coefficients |R| of
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water waves by dual surface piercing barriers with
stepped bottom topography are calculated and compared
with the results of Wang, et al. [24]. The dual barriers
length are set as a;/h; = a,/h; = 0.25, the ratio
between the deeper and shallower waters depth being
h,/h, = 0.25, the value oblique incidence wave angle
y = 30°, the ratio between water depth and wavelength
h;/A=0.04 , with values of evanescent modes
N = 5,25 and 50, respectively. These are
theoretical/numerical investigations on the perfomance
of FPs in the coastal or shallow-to-intermediate depth
regimes. In this study, the water waves can be considered
as finite water depth. As illustrated in Figure 3, the
variations of |R| against dimensionless parameter kh,
with values of N = 50 is reasonable for gaining good
accordance with the findings of work [24].

3.2. Water waves reflected by uneven bottom
topography

Secondly, the proposed model is applied to deal with
the water wave scattering by the uneven bottom with the
convergence of the shelves M. Following Porter and
Porter [25], the bottom profile can be written as follows

hy x < X
h(x) =41—-oax?+ (1 —-a)x ¥ <x<5x, (40)
h, X, < Xx

The sea bottom parameters are set as follows:
h, = 1.0m,y = 0°, the variation of bottom from x, =
0to x, =0.75, with a =1 presents the quadratic
bottom shape. While a = 0, the sea bottom can be
considered as a flat slope bottom. Figure 4 shows the
variations of |R| against dimensionless wave number
kh,; with values of M = 10, 20, and 50. As shown in
the figure, |R| agrees well with the literature while M
increases to 50. The figure reveals that the plotted curves
of |R| show a close correspondence with those reported
in [25] while M increases to 50. From the two
examples, in this study, the validation if conducted with
N =50, and M = 50, with value of bottom parameter
a=0.

4. DISCUSSIONS

The suggested EMM is used to study the reflection of
water waves with the combined effects of surface-
piercing barriers and a single triangular FP over a sloped
bottom. As discussed above, in this section, the value of
number of modes and shelves is takenas N = M = 50.

4.1. Influences of water depth

The slope of the bottom topography strongly depends
on the values of right and left-hand bottom depth ratios
h,/h,. The triangular FP parameters are set as follows:
platform  width  w,/h; = 0.3, platform  depth
h,/h; = 0.1, located at x,/h; = 0.3. The flat slope
from x; = 0 to X, = h,. Figure 5a) and b) respectively
show the relationship between the |R| and |T| against
the dimensionless wave number kh; with different
values of bottom depth ratio h,/h,;=0.3; 0.5; 0.7; and 0.9,
respectively. As illustrated in the figure, when kh, < 2,
the lower value of bottom depth ratio h,/h; result in
more wave reflection and reduce the transmission
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coefficnet. The magnitudes of |R| and |T| slightly
decrease and increase, respectively, when kh; > 2 with
lower value in comparison with the larger value of
hy/h.

4.2. Influences of platform depth

Subsequently, the proposed model is employed to
study the influence of triangular FP depth on the
reflected water waves. The sloped bottom depth ratio
h,/hy =0.9. The FP parameters are set as follows:
wy/hy = 0.3, located at x,/h; = 0.3. The variations of
[R| and |T| against dimensionless parameter kh; with
values of platform depth h,/h; = 0.1; 0.2; 0.3,and 0.4
are respectively shown in Figure 6a) and b). The
reflection of water waves become stronger when the
platform depth h,,/h, increase, especially with value of
h,/h, increase to 0.4 and higher. Beside that, the curves
of |T| significantly drop down when h,/h; increase.
When the platform draft occupies a larger portion of the
water column, there is less vertical space for the
oscillatory flow to pass beneath the platform, so the
propagating mode beneath the structure is strongly
constrained and more of the incident energy must be
redirected rather than transmitted.

4.3. Influences of platform width

After that, the influences of platform width w,/h; to
the reflection of water waves are studied. The parameters
of bottom topography are set exactly same with the
previous section. The platform depth h,,/h, is 0.1. Figs.
7a and b respectively show the variation of |R| and |T|
with the dimensionless wave number kh, with different
values of bottom w,/h; =0.2; 0.3; 0.4; and 0.5,
respectively. It can be seen that the |R| also increases
with value of w,/h;. At lower values of kh,, the
differences among curves of |[R| and |T| are smaller.
There differences are observed that separate more
distinctly while kh; increases. The wider platform
results in stronger reflection and transmision coefficient,
especially as the dimensionless wave number
kh, increases.

4.4. Influences of barrier length

Subsequently, the proposed model is applied to study
the influences of barrier lengths a;/h, on the reflection
of water waves. The parameters of bottom topography
are set exactly same with the previous section. The
platform depth and width h,/h; = 0.1, w,/h; = 0.3,
respectively, located at x,/h; = 0.3. Dual surface-
piercing barriers are attached to the triangular FP, with
values of barrier lengths a,/h; = a,/h; = a;/h, ,
respectively located at positions wv,/h; =x,/h; +
0.25w,/hy,v,/hy = xp,/hy + 0.75w,,/h,. Figure 8a and
b respectively show the variations of the |R| and |T|
against the dimensionless wave number kh; with
different values of barrier lengths a,/h, = a,/h, =
a;/h,=0; 0.1; 0.2; and 0.3, where a;/h,;=0 present the
case of platform without barrier. The enhancement of
|[R| while increasing the barrier lengths can be observed
that more significant than the case of platform depth.
Besides, with increasing of kh,, |T|decreases more
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rapidly as values of barrier lengths longer, and for the
largest barrier length it tends toward zero, meaning that
almost no wave energy penetrates to the lee side. This
behaviour reflects both the reduced effective flow area
between the longer barriers and the stronger multiple
reflections and standing-wave patterns generated in the
barrier region, which together trap energy and convert it
into reflected waves instead of transmitted ones. The
dual-barrier arrangement introduces the cavity-type
resonance, so incoming energy is both intercepted at the
surface and repeatedly reflected within the gap before a
small remainder can leak past the system. This
phenomenon could be valuable in the design, installation
and operation of floating platform with thin barriers to
reach higher effect and reduce construction cost.

5. CONCLUSION

This paper presented an extended EMM for analyzing
the reflection of water waves by a triangular floating
platform in combination with dual thin barriers over a
sloped seabed. The bottom profile was discretized into a
series of continuous flat shelves, and the governing
conservation equations were formulated using
eigenfunctions. The SuperLU sparse matrix solver was
utilized to solve the resulting linear system. This solver
handled the system of equations generated from the
sparse matrix structure. Furthermore, the EMM approach
can be simplified to model classical EMM scenarios,
such as cases with an uneven seabed without barriers or a
floating platform. EMM transforms complex boundary-
value problems into sparse linear systems, which are
efficient to solve using modern sparse-matrix solvers.
For many linear problems, EMM achieves high
computational efficiency. However, it is primarily
restricted to linear wave theory and time-independent
problems in 2D or simple 3D axisymmetric domains. It
is difficult to extend to nonlinear water wave propagation
or arbitrary 3D domains. Furthermore, it requires the
domain to be approximated as a sequence of flat shelves
or sections with abrupt change, and may create a
challenge to handle complex, smoothly varying bottom
topographies. After that, the validations of suggested
model was examined through the problems of scattered
waves by thin barriers over a step, and uneven bottom
topography. Parametric investigations revealed that wave
reflection is strongly influenced by the seabed
configurations, platform, and barrier parameters. Notably,
the incorporation of thin barriers along the platform
significantly enhances wave reflection, suggesting an
effective and cost-efficient strategy for optimizing the

hydrodynamic  performance of floating offshore
platforms.
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