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The Effect of TLCD and TMD? on Floating Breakwaters Against Waves

Short Title: TLCD and MDS in floating Breakwater

Abstract

Four different models of floating breakwaters were investigated and numerically simulated in this
study, all of which had mass and liquid column dampers. All elements of solid type were modeled in
Abacus software “concrete, water, soil, damper, breakwater”. The type of analysis is dynamic and
explicit, and the nonlinear effects of deformation are considered. This study compares different
dampers with the damping of waves and seismic forces. The originality of this method is related to
comparing the numerical results of a simulated model in Abacus and comparing it with the laboratory
results of the same approved model and examining the different models and the results of the diagrams
drawn from them, we conclude that if we use TLCD liquid column and TMD mass dampers as hybrids
on the floating breakwater used in this paper, the greatest reduction effect on displacement and slip
variables will be created for us. And the finite element method has been used for meshing different
components for dynamic analysis. This article aims to obtain an optimal composition to minimize
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1. Introduction

Breakwaters are structures built to manage the harbor, ensure
the safe entry of ships into waterways and ports [72-74], reduce
the energy of waves, therefore, protecting beaches against the
waves [22-26]. They offer advantages such as protection of
access channels [88-90], protection of the coast and ports,
protection against tsunami waves, and reduction of the energy
of waves in seas and oceans [1, 27-30]. With the increased
transportation of goods, the need for port development [84-87],
and the increased size of vessels has necessitated the
construction of breakwaters at greater depths and open places
[31-35]. This has led to increased wave height and design and
operation problems, leading to the investigation of various
types of breakwaters in terms of structure and stability [36-40].
In terms of location, breakwaters can be divided into two
categories: attached and detached [11-13, 66-68].

Floating breakwaters are constructed with the assumption that
most wave energy is concentrated at the top [41-45]. These
breakwaters are mostly temporary [47-51]. They can only be
used to dampen low waves [14-16, 46]. The main shortcoming
of floating breakwaters is that although they dampen some of
the wave energy [79-83], their oscillation causes low waves
because they oscillate along with the waves, which can be
problematic [52-55]. Floating breakwaters can be made of
various materials [17-20, 69-71].

Lee et al. [2] (2005) examined a typical tension from a floating
platform with a Tuned Liquid Column Damper (TLCD). He
aimed to find an economical mean of reducing vibrations
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caused by the floating wave system. In their 2008 study, Colul
and Basso [3] stated that with the larger size of marine wind
turbines, which are mostly forced out in the sea and are under
more pressure from wave forces, the analysis of the dynamics
to minimize the responses to these structures was necessary. In
this study, the structural responses of offshore wind turbines
with a connected damper (TLCD) are simulated. In a 2012
study, Lee and Jwang [4] used typical traction of the floating
platform with a creative concept of an Underwater Tuned
Liquid Column Damper (UWTLCD) alarm system. This study
aimed to improve structural safety by reducing the oscillation
and stress caused by waves in the submarine tension-leg
platform (TLP). Mato et al. [5] (2014) stated that many
researchers had considered passive oscillation control in recent
years. Various types of devices have been proposed to reduce
the dynamic response. Structural systems are very effective in
reducing structural oscillations Tuned Liquid Column Damper
(TLCD). In 2017, Christoph Adam et al. [6] presented a
straightforward approach to the optimal design of a TLCD
attached to a base-isolated structure. The function of the base-
isolated structure well-appointed with the optimally tuned
TLCD device compared to simple base structures was
numerically and experimentally evaluated. Ming Chang et al.
(2018) [7] stated that tuned mass dampers are widely accepted
controlling methods for effective oscillation reduction.
Christov et al. (2018) [8] stated that by coupling a float with a
Tuned Liquid Multi-Column Damper (TLMCD), a structural
damping device influenced by a Tuned Liquid Column
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Damper (TLCD) could be modeled using Lagrangian
mechanics. The results indicate that the TLMCD used is better
than the use of multiple TLCDs for this application. In their
2019 study, Joufi et al. [9] stated that Tuned Liquid Damper
(TLD) and Tuned Liquid Column Damper (TLCD) are two
kinds of passive control devices that are widely used in
structural control.

Floating breakwaters can be installed, moved, and reused in
various conditions, even in deep water [56-60]. Nevertheless,
their complex dynamic response to the wave transfer makes
them suitable only for a given period [61-65]. In this study,
using the hydrodynamics of non-compressible smooth
particles with a three-stage algorithm, the effects of waves on
a couple of floating breakwaters and the combinations of the
floating breakwaters have been investigated. So far, little to no
studies have been performed on the use of TLCD in the marine
industry, and mostly, the emphasis has been on the stability of
platforms and jackets. In the marine industry, the TMD system
has not been studied separately or in hybrid combinations.
Therefore, the present study investigates the performance of
liquid and mass column dampers in improving the oscillating
behavior of floating breakwaters against waves. Overall, our
purpose is to use TLCD and TMD dampers on a floating
breakwater. The breakwater resistance using these dampers is

against the waves and seismic forces and finding the optimal
n
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1.2. Analysis of Hydrodynamic Forces

Hydrodynamic analysis of a floating breakwater exposed to
irregular waves is performed to acquire a dynamic response
from the floating body and the time history of tensile stress in
mooring lines. Potential flow theory and the three-dimensional
panel method were used to extract hydrodynamic loads.
ANSYS AQWA uses a hybrid method to model large floating
structures such as a floating breakwater. First-order potential
flow theory is used for radiation and diffraction analysis. The
hydrodynamic pressure distribution is estimated by the
Bernoulli linear equation [10-11].
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In Eq. 6, p is the density of seawater and ® is the angular
frequency of the wave. The first-order hydrodynamic force on
the floating body (vessel) is obtained as follows through the
integration of dynamic pressure on the wet surface of the body,
SO:
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state. Therefore, this article achieves this main issue by using
numerical modeling and studying the results.

1.1. Wavefield Description

The Persian Gulf is a large semi-enclosed sea at the
northwestern end of the Indian Ocean. The JONSWAP
spectrum was formulated for the developing state of the sea
under enclosed conditions. The characteristics of the Persian
Gulf are consistent with this basic assumption.
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v is the amplification factor of the peak, ¢ is the amplitude
factor of the peak, g is the gravitational acceleration, f is the
wave frequency, and f_p is the dominant spectral frequency.
The JONSWAP project data were used to extract constant
values of ¢ and a. In Eq. 3, H_s is a significant wave height.

0.07 for f < f,
7= {0.09 for f > f,
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The combination of multiaxial multipolar linear waves for the
calculation of the horizontal and vertical velocities of water
particles for random waves is as follows:
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Flj is the incidental wave force, FDj is the scattered wave force,
and FRjk is the radiated force caused by the unit motion range
of the floating body wheel. In the above equations, @I is the
first-order incidental wave potential with unit wave amplitude,
oD is the equivalent scattered wave potential, and @Rj is the
radiated wave potential caused by the motion j of the floating
body with unit motion range. To resolve these equations, the
Hess-Smith panel method has been used. The average wet
surface of the floating body is separated into quadrilateral
plates. The potential and power of the source on each page are
assumed to be constant. Therefore, the corresponding mean
values at each panel level are obtained for simulation [10].
1.3. Mooring System Forces

The mooring system is investigated according to the
interaction between the connecting lines and the movements of
the floating body. Each connecting line is divided into several



Morrison elements. Fig. 1 indicates the related configuration.
The response of the entire T-line is a compound of low-
frequency TLF force and wave-frequency TW [5]:

T=TLF+ TWF
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The quasi-static method has been used to extract the low-
frequency stress from the compensation of the floating body.
For the zero-gradient connecting line at the anchor junction at
the seabed, the connecting line responses in the local axis
system are as follows [10]:
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It is the cross-sectional area of the connecting line, E is
Young’s modulus, L is the non-extended length of the
connecting line, and w is the immersion weight per unit length.
As indicated in Fig. 1, the local x-axis is an anticipation of the
vector that joins the anchor point and the fair lead in the bed,
and it shows vertical z-axis points.

M’

Figure 1: Geometry of connecting lines [5]

1.4. TLCD Equations

Retire and Ziegler (2006) obtained the equation of fluid motion
inside the horizontal and vertical columns using the modified
Bernoulli equation along the non-pressurized flow line [10]:

. . 2 as v2
0+ 6,]0]U + @ [1 -k, oz —k, w_i] U = k[a, — gd] -
k28 (14)

SL is the apex descent coefficient, and ®wA is the non-circular
natural frequency TLCD. The geometric coefficients used in
the equation are as follows:

by = 2 (15)
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h is the length of the liquid column in the vertical section of the
tube at rest, L is the horizontal length of the liquid column, Av
is the vertical cross-sectional area of the liquid column, and Ah
is the horizontal cross-section of the liquid column. The liquid
column’s absolute acceleration of TLCD at the reference point
of A (z’,y’) is as follows [10]:

ax = Ve, + e, — dA(Je, + 9%e, (19)

v, @, and 9 are the impeccable translational and rotational
accelerations of the main structure around its center of gravity.
With a normal incidental wave, the damping device's response
to the motion of the floating breakwater is shown by two
vertical forces at any moment. These effective parameters are
applied to an imaginary TCLD reference point. Using the
motion retention principle and if the point of application is
transferred from the reference point to the center of gravity of
the floating body, the reaction and momentary force
transmitted from the damper to the floating breakwater is as
follows [10]:
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The values obtained for the external and momentary forces of
action at the center of gravity of the floating body are
considered. The following geometric coefficient has been used
in mines.
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1.5. TMD DAMPER
The demonstration of tuned mass damper performance is
shown in Figure 2.
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Figure 2: The Concept of the Tuned Mass Damper [21]

Tuned mass iy + 2&gwqtly + wiug = —ii (24)

The purpose of adding the mass damper is to cap the motion
of the structure when subjected to a particular excitation. The
design of the mass damper involves specifying the mass MD,
stiffness KD, and damping coefficient CD. The optimal choice
of these quantities is discussed in the following section. In this
example, the near-optimal approximation for the frequency of
the damper,

Wy =w (25)
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U and & denote the displacement amplitude and phase shift;
respectively, the critical loading scenario is the resonant
condition, Q = ®. The solution for this case has the following
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In this study, the displacement values are applied to the end of
the longitudinal reinforcing elements for loading in the form of
displacement. The loads applied to the structure are the forces
exerted due to the applied earthquakes and the waves and
winds.

In this study, four models of floating breakwaters have been
studied and numerically simulated. The first model simulates
the floating breakwater under impact waves with a wave
breaking height of 6.3 m, a period of 15.4 s, and the perceived
earthquake. The second model assumes that the breaking

is used to show the design procedure. The stiffness for this
frequency combination is correlated by:

ky = mk
(26)
corresponds to tuning the damper to
the fundamental period of the
structure. Considering a periodic excitation,
p = psin Qt
(27)
the answer is given by:
(28)
(29)

form:

(30)

(BD

(32)
(33)

height of impact waves is 9.2 meters with a period of 18.6 s. In
the third model, the breakwater has been simulated in a calm
sea without wave impact and only under the influence of the
earthquake. In the fourth model, floating breakwaters are
modeled only under impact waves with a wave breaking height
of 6.3 m and without the influence of earthquakes on
breakwaters. To consider the earthquake’s impact on the
structure, the data related to horizontal seismic drift are
introduced in the seismic loading section of the software. Fig
4 Table 1 shows the models used in the present study.
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Figure 3: Wave Breaker Cross-section along with Mooring and Damper

The diameter and length of the moorings used in this analysis
are 15 cm and 18.5 cm, respectively (Fig. 3).

Table 1: Study Samples

Earthquake Model Wave breaking height Tes) Wave
Hs) direction
Yes 1 6.3 5.53 Normal
Yes 2 9.2 6.38 Normal
Yes 3 Normal
No 4 6.3 5.61 Normal
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Figure 4. Displacement of Sample 1

1.6. Palmgren-Miner Law
According to Palmgren-Miner law, the accumulative fatigue
damage is obtained as follows:

nj
D= Z N_tl
(34)
D is the accumulated fatigue damage, ni is the number of stress
cycles in the it stress block, and Nti is the number of failure
cycles under the constant stress area Ac. The fatigue lifecycle
is opposite the accumulated fatigue damage.

[y

LFatigue = D

(35)

FLS has been considered to ensure that any component in the
connecting line has adequate resistance to a malfunction
caused by fatigue. Based on the DNVGL-OS-E301
recommendation, the FLS design equation is as follows [10]:
1-D-y>0

(36)

2. Materials and Methods

2.1. Study Validation



The two-dimensional geometric model studied in the present
study consists of a pair of floating breakwaters, a coastal wall,
and a sine wave generating wall modeled in Abacus. The
floating breakwater couple consists of two bodies with a
hollow square cross-section with dimensions of 52x52 m and
an immersion height of 3 m. The right-hand wall represents the
coastal wall, and the left-hand wall produces the sea wave. The

floating-submersible hybrid breakwater is also investigated by
adding a trapezoidal submersible breakwater height of 0.8 m
and a slope angle of 45° to the model mentioned above of the
floating breakwater couple. As mass and spring systems,
floating breakwaters equalized 50 N/m cables in Abacus. Fig.

Figure 5: Model Used for Study Validation

We used concrete, soil, water, steel, and materials to model

2.2. Materials different models in Abacus software. The specifications of the
materials used are given in the table below.
Table 2- Materials to Model Different Models in Abacus Software
NAME MASS YOUNG POISSON YIELD PLASTIC
MATERIALS DENSITY MODULUS RATIO STRESS STRAIN
WATER 1000 3.1E06 - - -
SOIL 1800 20000000 0.2 - -
CONCRETE 2400 20000000000 0.2 75000000 0
STEEL 7850 20000000000 0.3 400000000 0
the impact of a wave with a breaking height of 6.3 m, and the
3. Results earthquake is shown according to the drift pattern. The
3.1. Model 1 following figures 6 and 7, show the simulation results

It is assumed in this model that the floating breakwater under
study is affected by the simultaneous loading of the wave and
the earthquake. The wave force is applied to the breakwater by

regarding displacement of the studied breakwater in the x and
y directions for Model 1.
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Figure 7: Bearing Stress Contour between the Breakwater and the Soil Bed of Sample 1
m. It is also assumed that the breakwater is simultaneously
3.2. Model 2 affected by the earthquake. The software ran with the
In this model, it is assumed that the wave enters the breakwater mentioned conditions, and the following Figures 8, 9, 10, and
with a breaking height of 2.9 11, were obtained.
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Figure 8: Displacement Contours in Sample 2
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Figure 9: Von Mises Stress Contours in Sample 2
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Figure 11: Variations of Stress at the Breakwater Leg (Pascal) Model 2
the breakwater. This model investigates and obtains the
3.3. Model 3 percentage change of stresses and breakwater displacements
In this model, the floating breakwater studied is only affected studied in different scenarios. Figs. 12, 13, 14, and 15
by the earthquake load, and it is assumed that no waves enter
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Figure 12: Stress Variation Contours of the Studied System (Pascal) for Model 3
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Figure 13: Displacement Contours (Meters) in the x-direction for Model 4
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Figure 14: Stress Variations in Breakwater and Mooring (Pascal) for Model 2
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3.4. Model 4 ignored. The results obtained from this model are shown in
In model 4, the breakwater is assumed to be only affected by a figures 16 and 17.

wave with a breaking height of 6.3 m, and the seismic force is
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Figure 16: Displacement Contours in Breakwater and Mooring (Pascal) for Model 3
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4. Discussion
Table 3: Apex Displacement and Breakwater Slip in the Models of the Study (m)

10



Apex Apex
. displacement | displacement
Breaking Slipwith| | SPwithi with  the | with
L Slip with a| massand | . .
wave liquid Lo displacement | liquid mas
Model . Earthquake m | liquid .
height column with a mass| column S and
ass damper | column Lo
(m) damper damper damper liqui
dampers
d column
dampers
1 6.3 Yes 0.040482| 0.043408 | 0.02926 | 5.274541 4.606875 2.6325
2 9.2 Yes 0.036867 | 0.050705 | 0.038382 | 5.274542 5.955128 3.40293
3 Non- 0.028501| 0.015819 | 0.012274| 3.661937 | 4.134445 | 2.36254
existent
4 6.3 No 0.023248| 0.018141 | 0.018926 | 3.730742 4.212127 2.40693
In model 1- slip and displacement of mass dampers and liquid
columns- their combination has created less displacement, and References

in model 1, the breaking height of the wave is considered 6.3m.
Here there is also seismic force. In model 2, the liquid column
damper has caused less slip than the mass damper combined
with the liquid column. And in the displacement of the head,
their combination has less displacement. In model 2, the
breaking height of the wave is considered as 9.2 m. There is
also a seismic force. In model 3, the combination of mass
dampers and liquid columns creates less slip and displacement
than all others. In model 4, the mass damper has less slip than
the other three dampers combination, but in the displacement
of the head, the combination of the mass damper and the liquid
column gives it less displacement

5. Conclusion

In future research, the effects of using “TLCD and TMD,”
dampers, that have been looked into in this study, can be
investigated on other breakwaters or even fixed breakwaters
and platforms.

In general, the head displacement always gives us less
displacement in all models, so the combination of mass damper
and liquid column can be considered the optimal state. So, in
general, according to the modeling and research, it can be
considered that the combination of TLCD and TMD dampers
on floating breakwaters gives us less displacement and damage
caused by the seismic and waves forces. The performance of
liquid and mass column dampers in improving the oscillating
behavior of floating breakwaters against waves was
investigated in this study. Using ANSIS Abacus, the
performance of TLCD and TMD dampers was examined in
separate (in the form of a table) and hybrid (in the form of a
model and a table) manners. The geometry of the breakwater
section is following Fig. (3). The software employed in this
study is ABAQUS 2019.
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