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Abstract: A hydroelastic model associated with the interaction between a surface wave and a floating
circular structure connected with mooring lines in finite water depth is developed using BIEM. The
BIEM solution is achieved using free surface Green’s function and Green’s theorem. Furthermore,
the algebraic equations for circular structural displacement are derived from the integro-differential
equation. The correctness of the BIEM code is verified with the results of shear force and deflection
amplitude existing in the literature, and the hydroelastic response of the circular structure is analyzed.
The comparison results show a good level of agreement between the present results and those from
other calculations. It is observed that the shear force, bending moment, and deflection decrease
for higher values of stiffness of the mooring lines. The current study may be supportive of the
visualization of the effect of mooring stiffness and to generalize articulated circular structure models
for ocean space utilization.

Keywords: circular flexible plate; BIEM; spring moorings; hydroelastic response; shear force; bending
moment; deflection

1. Introduction

The interest in floating flexible offshore structures has been developing because of their
applications in floating flexible platforms for wave energy production, floating offshore
aquaculture bases, and floating breakwaters, among others. The study of the hydroelastic
behavior of floating flexible structures has accepted a fair amount of recognition because of
its cost-efficient, easy construction, and environmentally friendly qualities. Furthermore,
due to the flexibility of such structures under wave excitations, their elastic deformations
become more prominent than rigid-body motions. Hence, to perfectly estimate the dis-
placement and wave quantity analysis of floating flexible structures, it is necessary to use
hydroelastic analysis during the design phase [1].

Wave scattering via a floating horizontal flexible circular structure on a water-free sur-
face is an interesting hydroelastic problem that has been investigated by many researchers
based on the different approaches that the literature discusses in the subsequent para-
graphs. In particular, in wave scattering, the understanding of the hydroelastic response
of a floating flexible circular structure is relevant to many physical problems arising in
ocean engineering, covering from offshore wave energy converters and solar wind devices
to large floating structures and ice sheets [2]. Therefore, for the practical application of
floating flexible circular structures in engineering design, the hydroelastic response to the
effects of structural properties combined with mooring lines is essential for ensuring its
safety and serviceability in the marine environment.

The connection of mooring lines of a floating flexible structure is essential for sta-
bilizing the floating structure. Different types of mooring systems can be used for float-
ing flexible structures. Nevertheless, this particular mooring system design depends on
the environmental depths and conditions and the specific design of the floating flexible
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structure [3–5]. When placing the very large floating structure (VLFS) in the intermediate
depth, catenary-type, taut legs, elastic, and spring type of moorings are mostly used. In the
context of the present work, spring mooring is connected to the circular floating flexible
structure to stabilize a place or to avoid the drift of the floating structure.

Researchers use numerical methods to overcome the bulkiness of the computational
load associated with a flexible structure with mooring systems. Often, investigators ap-
ply numerical methods and solutions to reduce these struggles. For instance, based on
the BEM-FEM, the hydrodynamic force and elastic response of the floating body were
calculated in [6]. Furthermore, the hydrodynamic coefficients from the BEM-FEM results
were compared with the two-dimensional model results by conducting experiments. The
wave-induced hydroelastic response in terms of the deflection of a VLFS was calculated
based on the B-spline Galerkin scheme in [7]. The results of vertical deflections from the
B-spline Galerkin scheme were compared with measurements and showed a good level
of agreement. The deformation of the floating flexible structure was studied based on a
nonlinear numerical method FEM and BEM for fluid motion [8]. The nonlinear numerical
method was checked for three different types of waves against the experimental results.
Based on the shallow water and thin plate theory, the wave responses via the shear force
and bending moment of the rectangular plate were analyzed numerically [9]. The deriva-
tion of IDE and calculation of the deflection of VLFP using BEM were presented [10]. The
reflection and transmission coefficients with zero current assumption were analyzed based
on the BEM code simulations. Under different water depths, the hydroelastic response
of VLFP via structural displacements, wave quantities, reflection, and transmission coeffi-
cients was analyzed using the BIEM code [11]. Using the boundary integral method, the
water–wave interaction with a pontoon-type VLFS was investigated [12], and the results
were compared with the MEFEM. Under different edge constraints, the hydroelastic waves
of an ice-covered surface via wave celerity, wave profiles, and strain based on the elastic
thin plate theory were investigated in [13].

Over the past few years, several studies on the various aspects of floating elastic
circular plates have been reported in the literature under analytical and semi-analytical
methods. For instance, under time domain analysis, the motion of a floating circular plate
via structural deflections was investigated in [14] using the MEFEM. Under various water
depths, the hydroelastic response of a floating circular plate was analyzed by an analytical
and numerical methodology [15]. In this study, the solutions were obtained by involving
Bessel’s functions, IDE, Green’s function, and free edge boundary conditions at the end
of the structure. The response of an array of circular floating porous plates under the
action of surface waves was analyzed based on a theoretical approach via the MEFEM [16].
They observed that energy dissipation could be enhanced by the hydrodynamic interaction
between the elastic plates. The behavior of a floating elastic plate was analyzed numeri-
cally in a two-dimensional Cartesian coordinate system in finite water depth [17,18]. The
numerical results had a good agreement with the experimental data and existing published
numerical simulations.

Under the action of gravity waves and based on the thin elastic plate theory, the
response of a single or pair of circular structures was reported in [19] by conducting a
series of experiments. Under regular waves, the hydroelastic response on the deflections
of the discs via natural modes and flexural motions of floating single and double discs
was investigated based on modal analysis [20]. Under the action of external loads, the
solution for incident waves on a circular elastic plate in three dimensions was provided in
different water depths [21] to analyze the deflection of the circular plate. From this study, it
was found that the inertial parameter influences the deflection amplitude of the circular
plate slightly. The closed-form solutions on the interaction between waves and circular
thin elastic plates were provided in the water of shallow [22] and finite depth [23]. From
the contour plot, they observed that the plate and free surface deflections were different
because of imposed transition conditions.



J. Mar. Sci. Eng. 2023, 11, 2322 3 of 16

Under the action of a regular wave, the hydroelastic response of a circular VLFS was
analyzed based on the Mindlin plate theory in [24,25] using the Rayleigh–Ritz method to
solve the equation of motion. They presented the Benchmark solutions for deflections and
stress-resultants of the circular VLFS.

Under the consideration of the axisymmetric unsteady formulation, the velocities
of two circular plates were analytically studied in shallow water depth, and the results
were validated against the experiments in [26]. A model associated with the interaction
between sea waves and flexible circular ice floe was used to study the motion of the ice
floe and validate the thin circular plate based on two different analytical methods [27].
They observed that the deformation of ice floes became easier for long-crested incoming
waves than those of thicker ones. The mitigation of the hydroelastic response of floating
circular VLFS was studied by attaching a submerged plate using analytical and numerical
methods [28]. They confirmed that the motion of VLFS was reduced by the submerged
plate effectively.

It is worth mentioning that the present BIEM simulation is conducted in a work-
station with Intel ®core i7-7700K CPU with a 4.20 GHz, 4201 Mhz, 4 Core(s), 8 Logical
Processor(s), and 16 GB of RAM. Normally, for each case, the computation time is run
for around 10–12 min. The current BIEM is one of the other approaches to study the hy-
droelastic response of this problem by consolidating structural displacements into the
integro-differential equation that involves a less computational cost than in [29–31].

The previous work of the authors is relevant to the present paper in terms of the
hydroelastic response of the floating flexible structure discussed below. The various aspects
of the wave motion characteristics over a combined system of floating and submerged
porous structures were discussed [32]. They found that the motion of waves is faster in
the floating flexural mode than that of waves in the submerged flexural mode. Under
Fourier transform with Green’s function technique, the formulae in series form as well as
the integral form were presented in different water depths in 3D for a model of a floating
and submerged flexible structure system [33]. On the other hand, recently, the hydroelastic
response of a moored floating horizontal flexible plate was analyzed based on a BIEM
model code [34]. They discussed the combined influence of the mooring stiffness and
different design parameters related to the BIEM model under different water depths.

As studied in the above literature, to fill the gap, a hydroelastic model associated
with the interaction between waves and a floating circular structure based on BIEM is
formulated, and various effects on the hydroelastic response under design parameters
are investigated.

Section 2 presents the model definition, including governing equations, structural
equations, and boundary conditions, along with far-field conditions. Section 3 derives the
integro-differential equation, including Bessel’s functions and structural edge conditions. In
Section 4, the results of shear force and deflection amplitude are compared with the existing
literature to verify the level of accuracy of the present code. Furthermore, the coupled
effects of structural hydroelastic and mooring stiffness on the deflections, bending moment,
and shear force are analyzed for different structural parameters, including flexural rigidity
and compressive force with environmental depth, in detail. Section 5 provides the remarks
from the present analysis, and future recommendations are summarized pointwise.

2. Definition of Problem Formulation

The hydroelastic model is formulated in a polar coordinate system where (r, θ, z) is
the axis of the floater at r = 0 and θ = 0 and is chosen to coincide with the incident wave
propagation over finite depth z = h. A circular flexible structure (modelled based on the
thin plate theory) of radius r = a floating at z = 0 relates to spring mooring with stiffness q.
Furthermore, the fluid characteristics are the same as in [34].

The entire water region is split into three regions described by the open water re-
gion and the circular structure covered region referred to as RO and RP, respectively
(see Figure 1).
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Hence, the velocity potential is defined by Φ(r, θ, z, t), satisfying the Laplacian in
cylindrical coordinates as follows:(

∇2
rθ +

∂2

∂z2

)
Φ(r, θ, z; t) = 0, (1)

where ∇2
rθ =

(
∂2

∂r2 +
1
r

∂
∂r +

1
r2

∂2

∂θ2

)
and

The linearized dynamic and free surface boundary conditions in R0 are given by
the following:

Φt + gη = 0 on y = 0, r > a, (2)

∂2Φ
∂t2 − g

∂Φ
∂z

= 0 on y = 0, r > a, (3)

where η and g denote the free surface elevation and the gravitational constant.
The condition at z = h is given by

∂Φ
∂z

= 0, (4)

The linearized condition in the regionRP is obtained as(
α∇4

rθ + β∇2
rθ + ρpd

∂2

∂t2

)
∂Φ
∂z

= ρ

(
∂2Φ
∂t2 − g

∂Φ
∂z

)
for r < a, (5)

where α represents the flexural rigidity of the circular flexible structure. β denotes the
compressive force acting on the circular structure.

The following conditions yield from the moored edge condition at r = a and 0 < θ < 2π
as follows:

The bending moment gives the following:

α

[
∂2ξ

∂r2 + ν

(
1
r

∂ξ

∂r
+

1
r2

∂2ξ

∂θ2

)]
= 0 for r = a and 0 < θ < 2π. (6)

The shear force yields[
α

{
∂

∂r
∇2

rθξ +
(1− ν)

r2

(
∂

∂r
− 1

r

)
∂2ξ

∂θ2

}
+ β

∂ξ

∂r

]
= q for r = a and 0 < θ < 2π, (7)

where ξ(r, θ) is the circular structure deflection.



J. Mar. Sci. Eng. 2023, 11, 2322 5 of 16

The far-field condition can be read as

lim
r→∞

√
r
(

∂Φo

∂r
− ik0Φo

)
= 0, (8)

where Φo is the velocity potential in R0. The regions in R0 and Rp must be matched at
r = a. Hence, the conditions along the interface of the circular boundary ofR0 andRp are
given by the following:

φO|r=a− = φP|r=a+ , continuity of pressure, (9)

∂φO
∂r

∣∣∣∣
r=a−

=
∂φP
∂r

∣∣∣∣
r=a+

, continuity of velocity (10)

3. IDE Using the BIEM

The complex velocity potential φO(r, θ, z) is expressed into the incident φI and the
scattered potentials φS inRO as (see [34])

φO(r, θ, z) = φI(r, θ, z) + φS(r, θ, z), (11)

where
φI(r, θ, z) =

−igI0

2ω
Y(z)eik0r cosθ, (12)

with Y(z) = cosh k(h− z)/cosh kh, r =
√

x2 + y2, θ = tan−1(y/x) where x = rcosθ,
y = r sinθ, and I0 are the incident wave amplitude and k0 satisfies ` = ktanhkh with
` = ω2/g. It can be mentioned that the behavior of the roots of the dispersion relation can
be found in [34].

Let the Green’s function G(r, θ, z; u0, v0, w0) with (u0, v0, w0) and (r, θ, z) be the source
point and any point in the water region. Hence, Green’s function G(r, θ, z; u0, v0, w0) at the
free surface z = w0 = 0 is obtained by applying Graf’s mathematical addition theorem to
the Bessel function to the integrand as follows:

G(r, θ; u0, v0) = 2
∫
C

k
(`− ktanhkh)

∞

∑
q=0

δq Jq(kr)Jq(ku0) cos q(v0 − θ)dk, (13)

where

δq =

{
1 for q = 0

2 for q = 1, 2, 3, . . .

Proceeding similarly to [34], the integro-differential equation can be obtained as[{
α∇4

rθ + β∇2
rθ + (ρg−mω2)

} ∂φP
∂z

]
+ `

4π

∫
RP

{
(α∇4

u0v0
+ β∇2

u0v0
−mω2)

(
∂φP
∂w0

)}
G(r, θ; u0, v0)drdθ = ρg ∂φI

∂z ,
(14)

where,ω is the angular frequency with a simple harmonic in time. Using Equations (2) and (3)
and combining Equations (13) and (14), an IDE can be expressed in respect of ξ(r, θ)
as follows:{

α∇4
rθ + β∇2

rθ + (ρg−mω2)
}

ξ(r, θ)

+ `
4π

∫
RP

(α∇4
u0v0

+ β∇2
u0v0
−mω2)ξ(u0, v0) G(r, θ; u0, v0)du0 dv0 = I0eik0r cos θ . (15)
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where

ξ(r, θ) =
M

∑
m=1

∞

∑
n=0

Amn Jn(γmr) cos nθ, 0 < x < b, 0 < θ < 900, (16)

where Jn(γmr) represents the Bessel functions, Amns are the unknown amplitudes, and γms
are the wave numbers satisfying the dispersion relation (see [34]){

αγ4
m + βγ2

m + (ρg−mω2)
}

γmtanhγmh− ` = 0. (17)

The behavior of the roots associated with the relation (17) is similar to that discussed
in [34], and 10 different roots are used to develop the present numerical BIEM code.
Furthermore, the root characteristics are shown in Figure 2.
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Now, the IDE in terms of structural deflection at the free surface z = 0 is obtained by
substituting the plate deflection form (16) and G(r, θ, z; u0, v0, w0) as defined in Equation (13)
into expression (15) as follows:

{α∇4
rθ + β∇2

rθ + (ρg−mω2)}
M
∑

m=1

∞
∑

n=0
Amn Jn(γmr) cos nθ

+ `
4π

2π∫
0

a∫
0
(α∇4

u0v0
+ β∇2

u0v0
−mω2)

M
∑

m=1

∞
∑

n=0
Amn Jn(γmu0) cos nv0

×2
∫
C

k
(`−ktanhkh)

∞
∑

q=0
δq Jq(ku0)Jq(kr) cos q(v0 − θ)u0du0 dv0

= I0
N
∑

n=0
εn Jn(k0r) cos nθ.

(18)

For the integration with respect to u0 and v0 with Equation (18), a set of N + 1 set of
equations is provided as follows:

M
∑

m=1

{
αγ4

m + βγ2
m + (ρg−mω2)

}
Amn Jn(γmr)− `a

∫
RP

M
∑

m=1
(αγ4

m + βγ2
m −mω2)Amn Jn(kr)

×2
∫
C

f (k) 1
(k2−γ2

m)
[kJn+1(ka)Jn(γma)− γm Jn(ka)Jn+1(γma)]dk = I0εn Jn(k0a).

(19)

where f (k) = k/(`− ktanhkh).
Based on the complex function theory using the residue theorem to overcome the

singularity under the integrals as in Equation (19), the poles of f (k) are the roots of the
relation (below Equation (12)) inRO. There are two real roots k = ±k0 and many imaginary
roots are of the form ±ik. Here, keeping in mind the physical nature of the problem and to
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close the contour of the integration, the positive real root k = +k0 and positive imaginary
roots k = +iki are taken into account to solve the problem, as shown in Figure 2. Therefore,
following the procedure of [34], Equation (19) is rederived as follows:

M
∑

m=1

{
αγ4

m + βγ2
m + (ρg−mω2)

}
Amn Jn(γmr)− `a

+∞∫
−∞

M
∑

m=1
(αγ4

m + βγ2
m −mω2)Amn

Jn(kr)
(k2−γ2

m)

×
M−3
∑

i=0

k2
i

(α2
i h−`2h+`)(k−ki)

[kJn+1(ka)Jn(γma)− γm Jn(ka)Jn+1(γma)]dk = I0εn Jn(k0a).

(20)

Under the application of the Cauchy theorem to the integral closed in the upper half-
plane, in the case of the circular plate region r < a, the amplitudes Amn are obtained by
solving the system of N + 1 equations as follows:

πi`a
M
∑

m=1

Amnα2
0

(k2
0h−`2h+`)(k2

0−γ2
m)
{αγ4

m + βγ2
m + (ρg−mω2)}

×[k0H(1)
n+1(k0a)Jn(γma)− γmH(1)

n (k0a)Jn+1(γma)] = I0εn.

(21)

Furthermore, a set of (M− 3)(N + 1) equations are obtained by involving the poles at
the imaginary axis as follows:

πi`a
M
∑

m=1

Amnk2
i

(k2
i h−`2h+`)(k2

i−γ2
m)
{αγ4

m + βγ2
m + (ρg−mω2)}

×[ki H
(1)
n+1(kia)Jn(γma)− γm H(1)

n (kia)Jn+1(γma)] = 0.

(22)

Furthermore, conditions (6) and (7) give

M

∑
m=1

EI
[{

γ2
m − (n2/a2)ν

}
Jn(γma) + (ν/a)γm Jn+1(γma)

]
= 0, (23)

M
∑

m=1
EI
{

Jn+1(γma)[γ3
m + n2{(ν− 1)/a2}γm] + [(γ2

m/a)−
{
(1 + n2)/a2}γm

+
{
(2n2 + n2(1− ν))/a3}Jn(γma)]

}
Amn +

M
∑

m=1
fcγm Jn(γma)Amn − q = 0

(24)

where i = 1, . . . , M− 1.
The bending moment and shear force can be computed from the following formula:

MB = α

[
∂2

∂r2 +
ν

r

(
∂

∂r
+

1
r

∂2

∂θ2

)]
ξ(r, θ). (25)

FS =

[
α

{
∂

∂r
∇2

rθ +
(1− ν)

r2

(
∂

∂r
− 1

r

)
∂2

∂θ2

}
+ β

∂

∂r

]
ξ(r, θ)− q (26)

where ξ(r, θ) is the same as in Equation (16).

4. Comparison Results and Analysis

The results of the shear force, bending moment, and deflections are presented for the
hydroelastic response of the circular structure on different design parameters; these include
the mooring stiffness, flexural rigidity, compressive force, water depth, and the angle of
incidence for the engineering practice cases.

The BIEM codes are developed by incorporating Bessel functions and considering
15 terms in the series solution to compute the deflections, shear force, and bending moments
of the circular flexible structure. Hereafter, the design parametric values of the gravitational
constant and water density are g = 9.8 ms−2 and = 1025 kg/m3 unless mentioned otherwise.
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In Figure 3, the result of the present shear force with the MEM [24] against λ/a is
compared for α = 106, β = 1.2

√
EIρg, h/a= 0.5, q = 100.05 Nm−1 (low value), and the

+ve half of the non-dimensional wavelength λ/a is selected. The results from Figure 3
indicate that the present BIEM code agrees well with the other calculation model [24].
Nevertheless, a very small discrepancy occurs due to the formulation under the assumption
of the thin plate theory and the Mindlin plate theory in [24]. Hence, it is suspected that
model [24] produces a smaller shear force for a longer wavelength that the present code
cannot emulate.
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Additionally, in Figure 3, the shear force from the Modal Expansion Method [24] is
66.19 m, while the current BIEM code is 80.08 m, which is 11.58% lower.

In Figure 4, the result of the present deflection amplitude with the model without
plate condition [28] against r/λ is compared for α = 105, β = 2

√
EIρg, h/a= 0.8, and

q = 104.5 Nm−1 is selected. From Figure 4, it is observed that the deflection amplitude from
the present BIEM code agrees well with the other calculation model [28].

Figure 5 compares the deflection of freely and moored floating circular structures
versus the non-dimensional wavenumber ka. The values of the deflection of a moored
circular structure become much lower than that of the freely floating one, which means a
moored floating circular plate is more stable than a free one. In addition, in Figure 5, the
deflection amplitude in the case of the freely floating structure is 0.097 m, while the moored
one is 0.043 m, which is 54% larger.
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Figure 5. Comparison between freely floating and moored structures (spring stiffness q = 105 Nm−1)
with h/a = 0.5.

Figure 6 simulates the effects of shear force on the circular structure for various (a)
mooring stiffness, (b) flexural rigidity, (c) compressive force, and (d) water depth val-
ues against the non-dimensional wavelength with mooring stiffness q = 0.5 Nm−1. In
Figure 6a,d, the values of shear force decrease for larger mooring stiffness and deep water
depth. This can be explained as more wave energy passing below the structure leads to
less shear force acting on the circular structure. In addition, in Figure 6a, the shear force
from the mooring stiffness value q = 100.5 Nm−1 is 20.779 m, whilst the mooring stiffness
value q = 100.7 Nm−1 is 11.337, which is 31.47% larger.
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From Figure 6b,c, the shear force decreases for decreasing values of flexural rigidity
and compressive force. The reasons are similar to those in [34]. In Figure 6e, with increas-
ing θ, the shear force becomes lower. Nevertheless, as the non-dimensional wavelength
increases, the resonating pattern decreases in nature (as in [34]). Furthermore, in Figure 6e,
the shear force from θ = 15 deg. is 1686.167 m, whilst from θ = 30 deg., it is 1348.146 m,
which is 18.77% greater. Also, at θ = 45 deg., the shear force is 1013.594 m, which is 18.58%
smaller than that of θ = 30 deg. and 37.36% smaller than that of θ = 15 deg.

Figure 7 shows the effects of (a) q, (b) α, (c) β, (d) h/a, and (e) θ on the bending
moments vs. λ/a. It is clear that, for larger values of q and α, the bending moment
amplitude of the circular structure becomes lower. This is because α and q decrease the
flexibility of the circular structure that contributes to the hardness, which accelerates to
low bending. Moreover, in Figure 6b, it can be explained that the bending behavior of
the flexible structure depends on the structural rigidity and the continuous excitation of
the waves at the upstream region. The bending behavior depends on the flexibility of the
structure and the continuous excitation of waves in the upstream region. Furthermore, in
Figure 7a, the bending moment from the mooring stiffness value q = 100.5 Nm−1 is 7.797 m,
whilst from the mooring stiffness value q = 100.6 Nm−1 is 4.646, which is 31.51% larger.
On the other hand, for the larger values of β and h/a, the bending moment decreases for
reasons similar to Figure 6b,d. In Figure 7e, in general, it may be mentioned that the pattern
of results for the bending moment on different θ are similar to that of Figure 6e. However,
the values of bending moments for different θ are lower than that of the shear forces seen
in Figure 6e.

Additionally, in Figure 7e, the bending moment from θ = 15 deg. is 119.565 m, whilst,
from θ = 30 deg., it is 102.025, which is 14.032% larger. Also, θ = 45 deg., and the bending
moment is 55.830 m, which is 36.97% smaller than that of θ = 50 deg. and 50.98% smaller
than that of θ = 15 deg.

In Figure 8, the influences of various parameters (a) q, (b) α, (c) β, (d) h/a, and (e) θ on
the deflection amplitude of the circular structure against the dimensionless wavenumber
(ka) are plotted with α = 105 , β = 1.5

√
EIρg. In Figure 8a, with the increase in mooring

stiffness q, the circular structure deflection decreases which is because as the mooring
stiffness increases, the flexible structure becomes harder, which accelerates to low deflection.
In Figure 8b, the deflection of the circular flexible structure decreases with an increase in α.
The reasons are similar to Figure 8a. Moreover, in Figure 8a, the deflection amplitude from
the mooring stiffness value q = 104.5 Nm−1 is 0.0947 m, whilst from the mooring stiffness
value q = 105.5 Nm−1 is 0.0751, which is 19.6% larger. On the other hand, the deflection
amplitude from the mooring stiffness value q = 106.5 Nm−1 is 0.0429 m, which is 32.2%
smaller than that of q = 105.5 Nm−1 and 51.8% smaller than that of q = 104.5 Nm−1.

In Figure 8c, the structural deflection becomes higher for larger values of β acting on
the floating circular structure. This shows that, with a particular value of q, the compressive
force changes the shape of the floating flexible circular structure. In Figure 8d, the deflection
amplitude decreases with an increase in h/a. The variations are negligible for different
non-dimensional water depths for lower values of the wavenumber, whilst this effect is
as significant as the values of the wavenumber are higher. In Figure 8e, the deflection
amplitude decreases with an increase in θ which is because when the incident wave becomes
perpendicular to the floating circular structure, it propagates along the floating horizontal
circular structure in the radial direction. Furthermore, it can be explained that as the angle
of incidence increases, there is an effect on the incoming wave of the circular floating
flexible structure. This observation is similar to [34] in the case of floating and submerged
flexible plate configurations.
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Furthermore, in Figure 8e, the deflection amplitude from the angle of incidence
θ = 45 deg. is 0.0116 m, whilst from θ = 50 deg., it is 0.0072, which is 36.66% larger. On the
other hand, the deflection amplitude from θ = 55 deg. is 0.0058 m, which is 11.66% smaller
than that of θ = 50 deg. and 48.33% smaller than that of θ = 45 deg.

5. Conclusions

A novel BIEM model for wave interaction with a circular floating flexible structure
connected with mooring lines is established. The system of linear equations associated
with IDE is presented along with the moored conditions. To ensure the accuracy of the
computation, the present BIEM model code is validated with one MEM model result.
Further, the hydroelastic response of the moored circular structure is analyzed via the
shear force, bending moment, and deflections for different design parameters. The main
conclusions are summarized as follows:

1. The BIEM model formulation for a flexible circular structure connected with mooring
lines under the compressive force and its hydroelastic response is one of the advanced
studies in the literature.

2. It was found that the BIEM code result is supported by the MEM model formulations.
3. With an increase in the stiffness of the mooring lines, the shear force and bending

moment become lower. A similar effect is observed in the case of the flexural rigidity
of the circular plate.

4. In the case of the angle of incidence, for larger values of the incidence angle theta,
the values of shear force and bending moment are lowered. Nevertheless, the bend-
ing moment has a lower value than that of shear force with respect to the angle
of incidence.

5. It was also observed that the deflection amplitude decreases with an increase in the
stiffness of the mooring lines, compressive force, water depth, angle of incidence, and
the flexural rigidity of the floating circular structure.

6. The analysis of the hydroelastic response recommended that, for higher values of
mooring stiffness, the deflection pattern of the circular structure decreases in nature.
This deduced that the appropriate values of stiffness of the mooring lines q, compres-
sive force β, angle of incidence θ, and flexural rigidity α play an important role in
modeling a safe and reliable floating platform.

As a future scope, the present BIEM formulation and analysis might be useful to gain
the knowledge to model VLFSs for ocean space utilization.
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Abbreviations

BIEM Boundary Integral Equation Method
IDE Integro-Differential Equation
FEM Finite Element Method
BEM Boundary Element Method
VLFS Very Large Floating Structure
VLFP Very Large Floating Platform
MEM Modal Expansion Method
CPU Central Processing Unit
MEFEM Matched Eigenfunction Expansion Method
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