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Abstract: The application of brushwood fences along the Mekong deltaic coast has recently
played a significant role in wave damping and promoting sedimentation. The insight
mechanism of brushwood fence for wave energy reduction is the bulk drag coefficient (Cp)
that is also linked to the well-known Forchheimer coefficients (o, ). The bulk drag
coefficient was then applied in the SWASH model for validation in its implementation
model, the vegetation model, and showed a good comparison with the physical model in the
same settings. The porosity model in the SWASH model applied the Forchheimer
coefficient has not been used for validation even though the strong links between the C,
and the o, B were indicated. In this study, the validation of wave-fence interaction in the
porosity model of the SWASH model is presented and compared to the vegetation model in
the previous study. The results show a good agreement of wave heights and wave spectrum
between the physical, vegetation and porosity models. Furthermore, the computational and
physical model errors, such as BIAS and Sl values, are less than 1 mm and 10%,
respectively.
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1. Introduction

Coastal structures, such as breakwater, sea dikes, porous breakwater and wooden fences,
bring a certain level of safety to marine habitats and people living along the coasts. However,
the safe level of structures certainly depends on each type of structure applied [1]. For
example, hard or grey structures, breakwater, and sea dikes create an acceleration of sediment
transport at the upstream flow. In contrast, erosion apparently occurs on the downstream side
of the structures due to breaking sediment equilibrium. On the other hand, porous structures
or hybrid structures, such as either submerged or emerging structures, may reduce and
occasionally stop the erosion at the downstream site. In the better case, a nature-based
solution that combines a porous structure and a natural ecosystem can create a good situation
for both inhabitants and natural vegetation, such as mangroves, along the coast.

The Mekong deltaic coastline has been under serve erosion conditions for more than a
decade. The consequence of eroding the coastal zone brings many negative impacts to the
living habitats along the coast. For example, natural marine ecosystems, mangroves, are now
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facing a dangerous situation when the reduction of mangroves belt to the shore has been up
to 50 to 100 m per year [2]. Furthermore, erosion phenomenon occurs along the coast can
threaten the economic stability and the safety of civilization.

Along the Mekong deltaic coast, wooden fences are built in front of mangrove belts to
reduce wave and flow energies and to increase the sedimentation inside the downstream
basin. Furthermore, wooden fence structures with a maximum of three rows of vertical
bamboo poles form a frame to keep horizontal brushwood, such as bamboo and tree branches
[3-5]. The results of about 80% incoming wave height reduction were recorded at Nha Mat,
Bac Lieu [3-6] and simulated in numerical studies [7-9]. However, due to a lack of
understanding of flow over wooden fences, the study [10] carried out flow resistance
experiments to indicate the bulk drag coefficient (Cp) and the Forchheimer coefficients (a, B)
of the wooden fences. Thereafter, the study [9] used the bulk drag coefficient for validating
the wave-fence interaction data from the physical model with the simulated data in the
SWASH model, developed by Delft University of Technology [9].

In the SWASH model, the vegetation implementation model simulates the interaction of
waves and cylinders based on the well-known bulk drag coefficient. This coefficient can be
indicated by the relationship between flow patterns and the array of cylinders [11-12], which
is also influenced by the characteristic of cylinders themselves, for example, the cylinder
surface, the cylinder diameters, and positions between cylinders [13-14]. On the other hand,
the porous implementation model considers the famous Forchheimer coefficients from the
Darcy-Forchheimer equations to indicate the drag forces [15-16] if the array of cylinders can
be considered as permeable media. Therefore, the drag forces on porous media were then
indicated as the linear and nonlinear forces caused by the effect of laminar and turbulent
friction, respectively [17-18].

In the previous study [9], well agreements between physical and numerical models were
presented, which applied the bulk drag coefficient found in the study [10]. However, the
interesting simulation for the porous implementation model has been abandoned. Therefore,
in this study, this simulation of the porous model is presented that validates the measurement
data and the numerical modelling of the vegetation model [9].

2. Method

2.1. Physical model

The physical model of wave-fence interactions was conducted in the wave flume at the
Hydraulic Engineering Laboratory at Delft University of Technology. The settings of wave
piston, wave gauges and wooden fences are shown in Figure 1.
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Figure 1. The cross profile is used in physical and numerical models [9].
The wave conditions were put on the west side of the flume, while a schematized dike

was located on the east side. The horizontal bed is to schematize the gentle foreshore along
the Mekong deltaic coast, creating a breaking zone for waves. However, the flume in the
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laboratory was virtually short and made an impossible design for a gentle slope. Therefore,
steep slopes were combined to simulate similar breaking phenomena. Furthermore, waves
were intended to break at x = 14.0 m before reaching the fence at x = 28.0 m on the horizontal
bed (Figure 1).

Wave conditions were used in physical and numerical models, including irregular wave
heights (H,) and peak wave periods (Tp) ranged from 0.035 to 0.075 m and from 1.1 to 2.7
seconds, respectively. Three water depths (d) were used as 0.15, 0.20, and 0.25 m
corresponding to three fence thicknesses. The settings for wooden fences were
inhomogeneous with bamboo cylinders with diameters of about 0.004 m. The setup and
structures are shown in Figure 2. Wooden fences used in this physical model had three
different thicknesses, B = 0.28, 0.40, and 0.66 m, while the height was fixed at 0.30 m. In
every test, the number of cylinders in m? was also fixed at 8705 cylinder/m? resulting in a
density of 0.10 or porosity of 0.90. Moreover, wave data were recorded by a total of nine
wave gauges (WGs) from WG1 to WG9 (Figure 1) with a sampling frequency of 100 H.
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Figure 2. The wooden fence setup. The top-view (a) of the fence and the inner parts (b) structure [9].

2.2. Numerical model

SWASH model is the time-phased averaging model, which can simulate hydrostatic and
non-hydrostatic free-surface flow based on the nonlinear shallow water equation [19]. This
model can also accurately account for many waves and flow processes on the nearshore [20].

The government equations for wave propagation in a cross-shore profile are:

du Jw
R T 1
dx + dz 0 @)
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where X is the horizontal coordinate and z is the upward coordinate relative to the still water
level. u and w are horizontal and vertical velocities, respectively. n is the free surface
elevation relative to the still water level, t is the time. The pressure contribution P is
separated into the hydrostatic pressure P, and nonhydrostatic pressure P,;,. The turbulent
stresses T are calculated from a constant turbulent viscosity.

At the bottom boundary, bottom stress is applied, following a quadratic friction law, as:
UlU|
n+d ©)

Tb:Cf
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where U is the depth-averaged velocity; c¢ is friction coefficient which is based on Manning’s
roughness coefficient n [13]:
n’g 6
= d1/3 (6)

The settings of SWASH model are based on the physical model and study [9]. In detalil,
the 1D-mode was applied with the profile, as shown in Figure 1. A horizontal resolution was
set at 0.02 m, and the initial water level was set to zero. The physical condition for SWASH
was the vertical turbulence viscosity, which was set as 3x10™* (m?/s), and the bed friction
coefficient, which applied Manning’s roughness coefficient as a default factor as 0.019 (m"
35) [19]. The interpretation for this setup was described in the study [9].

In the SWASH model, two options can be applied to simulate the interaction between
waves and wooden fences, the vegetation and porous implementation model. The vegetation
model takes into account a number of cylinders in an area and the bulk drag coefficient to
calculate the reduction of incoming wave heights as the following equation:

H 1

Hy 1+ fx Q)
where H, (m) and H (m) are the incoming and transmission wave heights, respectively and
the parameter {3 is calculated from [21] yielded as:
sinh®(kaH;) + 3 sinh(kaH;) + cosh®(kaH;) — 3 cosh(kaH;) + 2

[sinh(2kd) + 2kd]sinh (kd) (8)

~ 1
=——=CpDNHyk
ﬁ 3\/ED 0

where the parameter aHy is the water depth from the fence’s toe to the water surface with H¢
is the fence height, k is the wave number and Cp, is the bulk drag coefficient.

On the other hand, the porous implementation model considers the computational
domain to simulate the interaction between waves and porous coastal structures. The mean
flow through a porous medium, therefore, is described by the mean volume Reynolds-
averaged Navier-Stokes equations. The flow conditions, including laminar and turbulent
flow, then is modelled as the respective frictional forces inside the porous medium by the
empirical formula of Van Gent [18]:

Fp = apu + bplulu 9)
where a (s/m) and b (s*/m?) are the friction factors representing viscosity and turbulence
dominance, p (kg/m?®) is water density, and u (m/s) is the flow velocity. These factors depend
on the porosity (n), cylinder diameter (D) and viscosity of water (v), indicated as:
. (1-n)? v

az e (10)
b= 1-n1 1
= b5 p (1)

where g (m/s?) is gravitational acceleration, the set-parameter « and S are the dimensionless
parameter representing friction terms.

Moreover, the study [10] stated that the importance of a was always minor and much
less than the S in turbulent conditions. Therefore, that study found the relationship between
the bulk drag coefficient (Cp) and the S in turbulent flow conditions as yielded as:

B = ? Cp (12)

This relationship then allows comparing the interaction between wave and fence in
different methods, the porous and vegetation models. The details can be found in the study

[9].
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2.3. Validation

The validation was given a good agreement between the physical and numerical
vegetation model, which uses the bulk drag coefficient as shown in Figure 3a [9]. In this
study, the validation continues by using the B values calculated directly from Cp in Equation
12. In Figures 3a and 3b, the comparison of Cp and B in the same relationship with KC
number, with KC = uT, /D where u is flow velocity in front of the fence, Tp is peak wave
periods.
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Figure 3. Relationship of the bulk drag coefficient (C,) and KC number (a); And the dimensionless
coefficient (8) and KC number (b).

Furthermore, the errors between physical and numerical data that is the predictive skill
of SWASH are calculated with two parameters, such as bias and scatter index, defined as:

N
. 1 1 i
bias = N E (Eéompute - grlneasure) (13)

=1

\/ 1on [ i 2
N '=1(£ te 5measure)
Sl = N ~i compute (14)

1 ,
N Ziv= 1 grlneasure
Where €compute aNd €measure are the statistical wave values simulated by SWASH and

measured in the wave flume, respectively, and N is the total number of data points in the
considered data set [22].

3. Results and Discussion

3.1. Wave heights

Figure 4 shows the standing waves of four cases for all models, such as physical (red
diamonds), vegetation (solid black line) and porosity (blue dashed line) models. As can be
seen, SWASH gives a good simulation which shows the reflection in front and transmission
behind the fences for both vegetation and porous models. Moreover, standing waves are
compared to each other in Figure 4, showing that the two implementation models agree well
with measurement data.
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3.2. Surface elevation and Wave spectrum

Figure 5 indicates the water elevation at three locations, x = 19.2 m, 25.3 m (in front of
the fence) and x = 30.0 m (behind the fence), of three models, physical model (dashed black
line), vegetation model (solid green line), and porous model (solid blue line). The results
show a good agreement between the three models even though several phases are delayed
between numerical and physical models.
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Figure 4. Standing wave heights in four cases: (8) d = 0.2 m, H;, = 0.07m, T, = 1.6 5, B = 0.4 m;
(b)d =025m, H, =0.07 m, T, =13s,B=04m; (¢)d=02m, H, =007 m, Tp =245,
B =0.66m;and (d)d = 0.25m, H; = 0.07m, Tp = 2.1 s, B = 0.66 m. The profile and measured

points are presented in (e).
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Figure 5. Surface elevation at three locations, in front of the fence x =19.2 m (a) and x = 25.3 m (b)

and behind the fence x = 30.0 m (c).
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Figure 5c also indicates the phases lagged due to porous media/vegetation obstruction.
It can be seen that water elevation generated from both porous and vegetation models are
quite comparable but have less agreement between them and the physical model. This is due
to the physical mechanism of wave reduction inside the wooden fence of the physical model
might have more inflow between cylinders and larger drag force than described in the
SWASH model.

Wave spectra densities of all cases were derived by applying the Fast Fourier Transform
(FFT) method to the surface elevation (Figure 5). The wave spectrum of a case at a total of
nine wave gauges (Figure 4e) is indicated in Figure 6. As can be seen, all wave spectral
densities of all models have a good agreement. There are different densities at frequency of
0.5 for location x = 19.5, 19.9, and 24.9 m. The reflection could cause these differences due
to different mechanisms in front of the fence between the three models. Even though the
highest spectral densities at x = 24.6, 24.9, and 25.3 m are slightly similar at a frequency of
0.5, the second densities at a frequency of 0.85 show a difference.

Furthermore, in the physical model, the second peak generally represents the second
wave interacting with the first wave. In other words, the first wave is slower than the second
one, which is shorter, leading to the second peak of spectral densities. The more wave-wave
interactions, the more peaks appear. In SWASH, this phenomenon is somehow absurd and
challenging to understand.
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Figure 6. Wave spectrum at nine locations from (a) to (i) of the case: H=0.07 m, Tp =2.1s,d = 0.25
mand B = 0.66 m.
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3.3. Wave height errors

The skill of SWASH is calculated from Equations 13 and 14 and shown in Figure 7 and
Figure 8 for incoming wave heights (in front of the fence) and transmitted wave heights
(behind the fence), respectively. The bias and SI parameter gives a good agreement between
implementation models (vegetation and porous models) and the physical model. Moreover,
for incoming wave heights, the errors are below 5% (Figure 7).
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Figure 7. Errors between measurement and numerical data of incoming wave heights for vegetation
(a) and porosity (b) implementation model.

However, the transmission wave heights error of the vegetation model is significantly
lower than the porous model (Figure 8a). It is shown that the Sl value of the vegetation model
is about 6%, while this value is nearly double at about 11% for the porous model (Figure 8b).
This result means that the skill of SWASH for transmission wave heights for both models is
acceptable, but the vegetation model is more accurate than the porous model.
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Figure 8. Errors between measurement and numerical data of transmission wave heights for
vegetation (a) and porosity (b) implementation models.

4, Conclusion

This study presents an alternative method for validating wave-fence interaction in the
SWASH model, the porous implementation model. This model applied the dimensionless
friction coefficient (a, ) in the famous Darcy-Forchheimer equations for particularly
wooden fences used in the study [9]. Furthermore, the £ coefficient has a strong link with the
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bulk drag coefficients found in the study [10], which is only effective in the turbulent flow
condition.

The validation results of the porous model show a good agreement with the physical and
vegetation model for standing wave heights, surface elevations, and wave spectral densities.
Moreover, good bias and Sl indicate the skill of SWASH even though the errors of the
vegetation model are slightly better than the porous model. This study also opens new
windows to simulate wave-fence interaction, and more topics, such as sediment transport,
and 3D simulation of wave-fence, will be studied in the future.
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