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Abstract

One major environmental problem exacerbated by longshore currents is beach erosion. Groins are a common defense tactic
built perpendicular to the shore. However, conventional impermeable groins promote downstream erosion and disrupt
sediment movement. Permeable groins provide a more environmentally friendly option, allowing some sediment to flow
through. This study examines the effects of permeable groins on longshore currents. Permeable groins are not included in
currently used longshore current equations. This study fills this gap by creating a new longshore current velocity equation
considering permeable groins. The longshore current equation with the groin was developed based on the momentum
equation in the longshore direction without the influence of lateral mixing and the assumption that base friction will rise
due to the groin. Therefore, it was determined that the base shear stress after the groin was equal to the base shear stress
plus the drag caused by the groin. The result shows that the longshore current equation through the groin is a function of
the breaking wave parameter and the resistance parameter owing to the groin. Longshore current velocities with and without
permeable groins of different densities were measured in wave basins. We collected information on groin characteristics,
current velocities, and breaking wave heights. This investigation validates the shortcomings of the current equations.
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1. Introduction

Coastal erosion, a significant and urgent environmental issue in coastal areas, is influenced by various factors [1-3].
Longshore currents have been identified as a major contributor to erosion in these regions, supported by multiple
research studies [4-7]. In Serangai Village, for instance, the impact of longshore currents on coastal erosion is evident
in the gradual retreat of the shoreline, leading to the loss of valuable land and infrastructure [8]. Similarly, in Kragan
Village, the relentless action of longshore currents has resulted in the disappearance of once-thriving beaches, posing a
threat to the local tourism industry [9]. Additionally, local human activities, such as sand mining and coral reef
destruction, exacerbate coastal erosion and compromise natural protective barriers. A case study on Kragan Village
beaches reveals concerning patterns of coastal land loss, emphasizing the urgent need for sustainable coastal
management strategies to protect vulnerable areas. The urgency of the situation calls for immediate action, making the
findings of this study all the more relevant and significant. As vital coastal structures, groins are crucial in controlling
sediment movement, preventing erosion, and stabilizing shorelines. By redirecting sediment flow and halting longshore
sediment transport, they act as a formidable defense against erosion and protect coastlines [10]. Research has
consistently demonstrated the effectiveness of impermeable groins in reducing sediment transport and longshore
currents, as evidenced in Richards Bay port using GENESIS software [11]. The proper placement and diligent
monitoring of groins are key to long-term coastal conservation and global management plans [12].
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Adopting a high, long, impermeable groin construction that spans the breadth of the wave zone in the updrift groin
effectively halted sediment movement along the coast, aiming to contain beach erosion in the immediate construction
area. However, this rigid approach inadvertently caused a sediment deficit in the downdrift groin, where erosion
persisted despite the continuing movement of sediment, resulting in significant changes along the coastline [11, 13].
Implementing a permeable groin structure is a more sustainable solution to address the sediment discrepancy and erosion
issue. Unlike impermeable groins, which disrupt the natural flow of sediment, a permeable groin features openings that
facilitate the passage of currents [14]. By allowing sediment to flow through, a permeable groin enables sediment
transfer towards the downdrift groin, mitigating erosion and maintaining the coastal equilibrium [15, 16]. The
effectiveness of a permeable groin structure hinges on various factors, notably the size and density of the gaps within
the groin. These openings serve as conduits for maintaining the longshore current, which is crucial in transporting
sediment along the coastline. Adjusting the density and size of the gaps within the permeable groin influences not only
the magnitude of the longshore current but also the efficiency of sediment transport. Consequently, a well-designed
permeable groin can effectively address the sediment imbalance between the updrift and downdrift areas, fostering a
more sustainable coastal environment [17, 18].

Pile groins impact coastal sediment dynamics by obstructing sediment flow and supplying downstream groins with
essential deposits. In Northwestern Egypt, permeable groins caused extensive erosion along an 1100-meter shoreline
stretch west of Alexandria [19]. Factors like groin length, spacing, and density influence the relationship between groins
and environmental variables. Permeable groins reduce current speed without completely stopping movement, affecting
coastal hydrodynamics. A mathematical model by Pranata and collaborators shows how groin length and spacing impact
current velocities. Study results show a significant decrease in current speed with double permeable groins, reducing
speeds by 59.21% to 80.49% for different lengths. This highlights the effectiveness of permeable groins in managing
coastal currents and their implications for coastal management strategies. Impermeable groins significantly reduced
longshore current velocity by 57.42% to 89.91%, depending on groin length. A key finding was the negative correlation
between the groin length-to-spacing ratio and current velocity reduction, indicating that a lower ratio improves efficacy
in coastal engineering.

In this extensive investigation, our primary objective will be to thoroughly explore the application of equations in
evaluating and examining the magnitude of longshore currents after implementing a pile groin structure. It is crucial to
highlight that groins have conventionally served as a strategic approach to regulate and manage the behavior of
longshore currents along coastlines. Historically, the development of equations governing coastal currents has
predominantly relied on practical observations, thus heavily depending on empirical data. Notably, the groundbreaking
research conducted by Longuet-Higgins [20] has significantly advanced the comprehension of longshore currents by
introducing the concept of radiation stress. This innovative theory elucidates that waves induce an additional flow of
momentum, ultimately influencing the formation and behavior of longshore currents. Specifically, as waves approach
the shore and transport water masses and momentum in a defined direction, they trigger the creation of currents that run
parallel to the coastline, further shaping the dynamics of coastal environments.

In this study, we will explore how the equations may be used to analyze the size of the longshore currents following
the existence of a pile groin structure. As previously described, groins were employed to control the longshore currents.
Since equations for coastal currents were typically only created based on observations, they were solely reliant on
empirical data. Longuet-Higgins & Stewart [21] proposed radiation stress, which they utilized to describe longshore
currents. Radiation stress is the excess flow of momentum caused by the presence of waves. Waves approaching the
beach and carrying water masses and momentum in that direction cause currents to form along the coast. Offshore, surf
and swash zones are where waves propagate as they get closer to the shoreline. Triatmodjo [22] explained that of the
three regions, the surf zone and swash zone wave characteristics were the most crucial for the research of coastal
dynamics.

The theory of the equation of the longshore current was created by Longuet-Higgins [20] by taking into account a
straight and flat beach with a beach depth (h) as a function of the distance to the coastline (x) and the perpendicular
distance to the shoreline (x = 0). The longshore current equation with a groin structure was developed using the
momentum equation in the longshore direction without lateral mixing, assuming that a permeable pile groin construction
enhanced the bottom friction. The fundamental shear stress after the permeable groin structure (pile groin) was
considered equal to the fundamental shear stress plus the drag factor/friction by the permeable groin structure [20]. The
direction of wave propagation towards Semarang waters will undergo refraction and shoaling due to variations in depth,
according to studies of coastal currents caused by wave transformation in Semarang waters. According to height
measurement and significant wave period, the longshore current velocity is 1.586 m/s, although the modeling results
show a range of 0.9017 to 1.1832 m/s [23].

The paper is structured methodically, beginning with a brief overview of relevant literature on longshore current and
permeable groin in Section 2. Following this, Section 3 outlines the experimental measurements conducted. In Section
4, the paper delves into the analysis of longshore current distributions, the introduction of a novel model for longshore
current under a permeable groin, and the verification of this new model. Finally, Section 5 offers an elaborate summary
of the main findings derived from the research.
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2. Background

Modern theories of longshore currents first emerged due to significant developments in the late 1960s and early
1970s, notably stemming from the introduction of the concept of radiation stress. These theories comprehensively
explain how waves approaching the shore at specific angles generate a momentum flux that aligns along the shoreline.
This gradient in momentum flux serves as a crucial driving force behind forming longshore currents. Among the
prominent contributors to these theories are Longuet-Higgins [20], Komar & Inman [24], and Larson & Kraus [25],
whose approaches have been widely adopted in coastal studies. Each approach offers unique insights into the
mechanisms governing longshore currents, enhancing our understanding of coastal dynamics. In the subsequent
subsection, we delve into the key characteristics and fundamental principles underpinning these seminal theories to
provide a comprehensive overview of their implications and applications in coastal engineering and oceanography.

In 1970, Longuet-Higgins [20] significantly contributed to the field by introducing a comprehensive theory on the
longshore current equation. Specifically, his work focused on an in-depth analysis of shoreline dynamics, particularly
when considering a beach with specific characteristics, such as straight and flat. He delved into the complex relationship
between beach depth and its variations concerning the distance from the shoreline and the distance perpendicular to it.
Longuet-Higgins' research established two fundamental equations, Equations 1 and 2, which encapsulate the essence of
the longshore current phenomenon. These equations highlight the interplay between various factors affecting the current,
shedding light on the importance of lateral mixing parameters in defining and understanding this intricate natural
process.

(v) = 5—”um (tan B tan ) Q)
8Cf
where (v) is longshore current (m/s), r is radian (3.14), C; Is friction coefficient, u,, is orbital velocity (m/s), tan g Is
beach slope, a Is wave angle (°).
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where v, is longshore current (m/s), m is radian (3.14), Cy is friction coefficient, tan 5 is beach slope, y,, is breaking
wave parameter, g is gravity acceleration (m/s?), h,, is breaking wave height (m), a,, is breaking wave angle (°)

Komar & Inman [24] is a notable figure in coastal research who formulated a theory regarding the longshore current
and conducted a thorough analysis using field data to support his findings. This research unveiled a significant trend
indicating that tan SCr?, a mathematical term representing a specific angle in his analysis, remained relatively constant.
By leveraging this constant factor, Equation 4 accurately depicts the velocity of the longshore current.

(v) = 2.7u,, sin a;, cos a, 4)

where (v) is longshore current (m/s), u,, is orbital velocity (m/s), a, is breaking wave angle (°)

Larson & Kraus [25] derived the longshore current equation by using the linear wave theory under shallow water
conditions and by considering the equilibrium of the beach profile. This mathematical relationship is linked to Equation
5, providing a fundamental understanding of the dynamics of longshore currents in coastal environments. They
developed a model that captures the intricate sediment transport processes along shorelines by incorporating the complex
interplay between wave behavior and beach morphology.

(v) = 5 Vg 42 xisin 2a )
24 Cf Ja» b

where (v) is longshore current (m/s), m is radian (3.14), C; is friction coefficient, y,, is breaking wave parameter, g is
gravity acceleration (m/s?), d,, is breaking wave depth (m), a,, is breaking wave angle (°)

The average speed of longshore currents under non-sinusoidal wave conditions is as follows.

5 g .
=Hp [s—(tan f sin ap)
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where tan B is the slope of the coast, H, is the breaking wave height (m), a,, is the breaking wave angle, v is the ratio
between the breaking wave height (Hp) and the breaking wave depth (hp), and hy, is the breaking wave depth (m).
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Research on pile permeable groins is noticeably lacking in the current body of literature. The available research
findings fall short in terms of providing a comprehensive framework that can be reliably applied in the design of pile-
permeable groin structures. As a result, the focus of this study revolves around formulating an equation that accurately
represents the behavior of longshore currents following the installation of a pile-permeable groin. This equation
development aims to build upon the foundational work of Longuet-Higgins [20], a seminal study that delves into the
intricate dynamics of the surf zone phenomenon. By refining and enhancing the existing knowledge base with a
specialized focus on Longuet-Higgins' insights, this research endeavors to fill the significant gaps in understanding the
impact of pile permeable groins on longshore currents and coastal processes. Through rigorous exploration of these
interconnected elements, this study aims to contribute valuable insights to inform the effective design and
implementation of pile-permeable groin structures in coastal engineering practices.

3. Research Methodology

3.1. Research Flow Framework

The research flow framework, starting from the preparation stage to data analysis until completion, can be seen in
Figure 1.
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Figure 1. Flow Framework of The Study

3.2. Experimental Settings

The experiments were conducted in a three-dimensional wave basin at the Hydraulics Laboratory, Civil and
Environmental Engineering, Universitas Gadjah Mada, Indonesia. The wave basin is 20 meters in length, 10 meters in
width, and one meter deep.

This enabled more realistic flow and wave conditions on the beach to be simulated than those produced by a two-
dimensional model. The effect of permeable groin structure parameters could be observed in greater detail and more
comprehensively. The magnitude of the longshore current could also be measured more accurately. In parallel with the
fixed-bed beach model (FBM), the permeable groin model (PGM) was constructed by the design specifications outlined
in Figure 1, wherein the topographic form was calculated using Manning's equation of n = 0.012. Furthermore, the FBM
and PGM and their respective instrumentation were placed according to the design above.

Once the groin model and measuring instruments were positioned as specified, observations and measurements were
made regarding the influential parameters. It is theorized that the parameters of breaking wave height Hb and breaking
wave angle ay are essential for determining the magnitude of the longshore current v. Therefore, changes observed in
these parameters after the presence of permeable groin structures will be documented in this research phase. In addition
to the current parameters, this research phase also examines the structural parameters of the permeable groin, namely
the diameter of the pile dt and the distance between the piles a, as these parameters also affect the magnitude of the
longshore current along the groin. These parameters are presented in Table 1 and Figures 2 and 3.
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Table 1. Permeable variations on the groin structure model

Model  Diameter d: (cm)  Distance between piles a (cm)

M2 1.50 0.7
M3 1.50 0.7
M4 1.25 0.7
M5 1.25 0.7
M6 1.50 1.0
M7 1.50 1.0
M8 1.25 1.0
M9 1.25 1.0

020 g0
I Wave Generator

Current measurement point —

—\ 1.00 P=—1.80 2.00 T 2.15 T 3.60

I 10.55

Figure 2. Top view of fixed-bed beach model and measurement points

TS

L I

Figure 3. Sample groin structure model; (a) Model M1 (impermeable, (b) Model M2, and (c) Model M9

/////////IIIII\l\\\\\\\\\\\\ !

3.3. Longshore Current Measurement Procedures

Longshore current measurements will be performed using the Acoustic Doppler Velocity (ADV) tool, with
measurement points in Figure 2. Due to the limited water depth in the coastal model, it is essential to note that current
measurements using ADV in the research model can only be performed at a single depth point for each measurement
location. A minimum distance of 5 cm must be maintained between the probe tip and the ocean floor for current
measurements to be conducted using the ADV tool. However, the sensor can be reflected perfectly at depths above 5
cm, allowing for accurate measurements even when close to the ocean floor. In contrast, the depth in the surf zone,
particularly in the area after wave breaking, is less than 5 cm.

A more effective approach to measuring currents along the coast is the floating object method. This method utilizes
float balls, which are deployed with a throwing device, to ascertain the average velocity of the current over a given area.
The motion of the float ball is recorded via video camera, and its position is digitally captured using in-house code
written in Visual Basic. Figure 4 visually represents the floating object's movement in the surf zone.

The float balls utilized as floating objects have a radius of 1.7 cm, a volume of 20.6 cm?, and a mass of 2.3 grams.
To achieve an optimal current movement, the specific gravity of the ball must be as close as possible to the specific
gravity of water, which is 1 gram/cm3. Consequently, the floats are filled with water until their weight reaches 20.6
grams, ensuring their particular gravity is consistent. After achieving an appropriate density for digitization purposes,
float coloration facilitates the floats' x- and y-axis positioning.
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The float ball's movement is digitized through the Track object program with a video recording speed of 30 frames
per second. Before being processed in the Track Object Program, the video of the movement of the float balls was split
into still frames using the Ulead Video Studio Program. The x-and-y-positional data of the buoy balls throughout a single
wave period was obtained from the Track Object Program. Subsequently, the positional data, expressed initially in pixel
units, was converted into centimeters for analysis. The conversion from pixels to centimeters is achieved by measuring
the distance between the positions of the 1st ball and the 10" ball, which is 40 cm in this case, as presented in Figure 4.
The exact distance in pixels was quantified through the Track above Object Program, and an outcome of 80.8 pixels
was yielded. Consequently, one centimeter is equivalent to two pixels, with one pixel representing two-point-zero-two
centimeters.

The position of the floating object falling
relative to the wave

"
[§
-
M
1)
‘
»

1. The distance between the first ball and
the 10% = is 40 cm.
2. Actual distance in pixels = 80.8 pixels

o

Figure 5. The distance between the first ball and the tenth ball

The current speed of the measurement results at the shoreline position (x = 0) is theoretically zero. The measurement
data is the average alongshore current speed data using buoy balls. The results of current measurements using buoy balls
in conditions with groins also show that the speed on the shoreline is never zero; this is caused by the influence of the
uprush, which pushes the buoy balls relatively far so that the measured speed is not zero and is even relatively large.
However, the current speed in the surf zone is relatively close to the theoretical line (see Figure 6).
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—@— Longuet higgins Equation (3)

O  Floating object data O

Longshore current, v (cm/s)
N [l o [l N w B (6] (2] ~ oo

Crossshore distance, x (cm)

Figure 6. The results of measuring and calculating the speed of longshore currents at each point in the surf zone area under
groin conditions

4. Model Development
4.1. Experimental Insights

The relationship between the empirically obtained data on current velocity along the coast and the calculations based
on Equation 1 is illustrated in Figure 7, where the current velocity data v at a comparable wave height Hy aligns closely
with the theoretical line. This equation is utilized with a coefficient of friction Cs set at 0.04, showcasing the correlation
between breaking wave height Hy and current velocity v

35 -
© 30 OLonguet Higgins, Equation (3), Without Groin 8
IS h .
© OFloating Object Data, Without Groin C)
E’ 25 { | AADV Data, Without Groin .
<]
E 20 9 Cf=0.04
g o
& 15 - g ©
© 10 - Q=
E (@)
[72]
2 5
[=}
|
0 T T T T T |
0 1 2 3 4 5 6
Breaking Wave Height (Hb), cm

Figure 7. Relationship between breaking wave height Hb and current velocity v without groin

The findings suggest that as the wave height increases, so does the generated current, as indicated by the direct
proportionality between H, and v. Moreover, comparing the Acoustic Doppler Velocimeter (ADV) and buoy
measurement results reveals discrepancies, with ADV measurements yielding smaller values. The ADV measurements
and theoretical calculations based on Equation 1 are shown to be less accurate than buoy measurements and theoretical
calculations, respectively. These discrepancies can be attributed to the ADV instrument's limitations, particularly its
water depth sensitivity. The ADV sensor signal is only reliable for current velocity measurements when the water depth
exceeds 5 cm, rendering the accuracy of ADV measurements questionable for research conditions with depths below
this threshold.

Figure 8 provides a visual representation of the impact of an impermeable groin structure on the current flow. Before
the presence of the groin structure, the average current velocity measured 27.94 cm/s. However, after installing the
impermeable groin structure, the velocity decreased to 5.94 cm/s, significantly reducing 80.08%. It is worth noting that
the wave-breaking height H, measured 5.16 cm during the observation period. This indicates that while the impermeable
groin structure does impede the occurrence of currents, it does not entirely resemble an ideal channel model. The surf
zone area on the beach lacks the characteristics of a channel model that a boundary wall could entirely obstruct. Despite
the groin structure covering the entire width of the surf zone, there are still currents capable of traversing the end of the
groin. These findings emphasize the importance of considering friction parameters in greater detail when assessing the
effectiveness of permeable groins.
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Figure 8. Relationship between breaking wave height Hy and current velocity v with impermeable groin

4.2. New Exact Solution

This research delves deep into permeable groin construction resistance, utilizing this aspect to derive a theoretical
model for the longshore current equation. The novel approach involves incorporating the essential friction parameter
stemming from the permeable groin into the existing empirical theory, thereby paving the way for a more comprehensive
understanding of the dynamics at play. This new theoretical framework involves meticulous research to refine and
enhance the long-shore current equation within permeable groin structures. These meticulously planned and executed
steps are the foundation for developing a robust and insightful analytical tool that can provide valuable insights into
coastal processes. By documenting each stage of the research journey and analyzing the data collected, the study aims
to shed light on the intricate interplay between pile groin construction resistance and the longshore current.

At the initial stage, the base friction is assumed to be increased by the presence of the pile-permeable groin structure.
So that the base shear stress after the permeable groin structure, the bed shear stress {zuy)groin IS thought to be equal to
the bed shear stress plus the drag or friction factor produced by the permeability pile groin structure, and the equation
for the momentum of the longshore direction after the pile groin structure becomes

Ty = (Tby)groin ()
<Tby>groin = <Tby> + <Tg) 8)

where (zoy)groin IS the shear stress due to the permeable groin resistance, which is a function of the average bed shear
stress {(zuy) plus the average shear stress between the water and the groin piles (zg),

The shear stress between the water and the groin piles (zy)groin IS assumed to be equal to the drag force of the
permeable groin structure Fq per unit area of the groin resistance area. In the research model, the groin resistance area
is the length of the groin Ly multiplied by the groin width, which is the same as pile diameter d..

Fq

(Tg) = E 9)
where,
Fg = 5 CapAt(v) (10)

So that the average shear stress can be written as follows,

1
Fq _ 3CapAum(v)

()= == 11)

Lgde  Lgde

where (z,) is the drag force; L, is the length of the groin (m); d, is the diameter of the groin pile (m); C, is the drag
coefficient of the groin piles; A is the area of the groin piles blocking the current (m?); u,,, is the maximum orbital
velocity of the wave near the bed (m/s), and (v) is the average velocity of the longshore current (m/s).

To write the equation for the average shear stress,
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(tg) = Cdp( ) frdeum(v) (12)
Open (Tby>g Cfpum(v) +- Cap( )h di um(v) (13)

where (rby)g is the shear stress due to the permeable groin resistance, C; is friction coefficient, p is density (ka/m?), u,,

is the maximum orbital velocity (m/s), (v) is the average velocity of the longshore current (m/s), C, is the drag
coefficient of the groin piles, N is the number of piles, h, is the mean height of the water surface that submerges the
groin piles (m), d, is the diameter of piles (m), (v) is longshore current (m/s).

Secondly, the groin pile arrangement volume along the groin structure Vy to the volume of water in the groin area
drowning the groin piles Va was calculated as the groin density.

p= Z—Zx 100% (14)
= NAh, (15)

If it was known that the relationship between the number of piles N, the cross-sectional area of the piles A, and the
mean depth h, affected the volume of the groin pile arrangement Vg,

V, = Lyd,h, Y, (16)
(7)

In order to write the groin density p equation as follows,

Nmd? Nmd
L x100% = ——
4Lgdt 4Lg

p= x 100% (18)

Third, the mean depth characteristics of submerged groin structures were evaluated. The underwater pile groin's
average height hy is,

—%fONhn dN = - [ h—="2 422 dN (19)

1 th hbN

= (AN — 222+ 20

If% = tan B, then, the mean height of the water surface that submerges the groin piles hy is,

hr=h—(§—1)tanﬁb (20)

where h is the depth of water (MSL), N is the number of piles; tan g is the slope of the coast, and b is the distance
between groin piles.

Following the presence of groin structure resistance and after balancing the shear stress caused by waves zy with the
mean bed shear (zoy)groin Stress caused by the groin pile, the momentum equation in the y-direction was used to produce
the equation for the longshore current's velocity via the groin pile.

If the following wave shear stress zy equation:
T, = zpum2 tan 8 sin a cos (21)
The following equation is then produced by substituting Equations 13 and 21 into Equation 7:
—pum(tan,[? sinay) = —Cfpum(v) + Cdp( )h diuy, (V) (22)
—um(tanﬂ sina,) = ( Cr+- Cd( )h d.){(v)

The following equation for the longshore current can be obtained through the groin:

5u.-m(tam B sinap)
<v>groin = ((( 4Cdph-,-) (23)

T 4)C )+ 2mdy

or,
( ) EHb\[z(tan,l? sinayp) (24)
Vlgroin = 772 . - 4Caphr

(GHep+322)
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where (v) 4in 1S longshore current with groin (m/s), H, is breaking wave height (m), y is the ratio between the
breaking wave height (Hy) and the breaking wave depth (hy), g is gravity acceleration (m?s), tan g is beach slope,
hy, is the breaking wave depth (m), a,, is breaking wave angle, C; is friction coefficient, Cy is drag coefficient, p is
groin density, h, is the mean height of the water surface that submerges the groin piles (m), d; is the diameter of
piles (m).

Moreover, Equation 24 determines the friction coefficient C; as 0.04 without groins. The US Army Corps of
Engineers - Coastal Engineering Manual (CEM) [26] states that C; can range from 0.05 to 1, with values exceeding one
also reported. Prandtl [27] found values from 0.05 to 1, while Bretschneider [28] reported values from 0.034 to 0.097,
and Miller [29] found values of 0.01 to 0.02. The analysis used a C; of 0.04, consistent with Bretschneider [28]. The
reduction in current due to permeable groin piles depends on roughness parameters such as the Chezy coefficient of
roughness C,, the coefficient of friction Cy, and the drag coefficient Cq. The reduction coefficient Equation C, may be
calculated as follows:

— (V)groin — (%"'%)Cf (25)
T (17>w/0 groin (%+%) Cf+267‘:;thr

Given the values of  and y (3.14 and 0.78, respectively), it is possible to express Equation 25 in the following way:

1
= e 29

13Crq,

where C, is reduction coefficient, Cr is friction coefficient, Cy is drag coefficient, p is groin density, h, is the mean
height of the water surface that submerges the groin piles (m), d, is the diameter of piles (m).

4.3. New Exact Validation

Creating a viable explanation for the longshore current at permeable groins and determining a significant friction
coefficient is challenging. Nonetheless, it is essential to validate the efficacy of this novel theory using empirical
evidence and explore its suitability in scenarios previously overlooked by current theories.

Figures 9 and 10 provide compelling evidence to support the success of the new theory. These figures depict
the correlation between breaking wave height Hy and average current velocity after implementing permeable groins
with varying groin densities of 54%, 51%, 47%, and 43%. By comparing Figure 8 with Figures 9 and 10, it
becomes evident that the current velocity following the installation of the permeable groin structure surpasses that
of the impermeable groin. This observation indicates that permeable groins do not entirely obstruct the current
flow. Moreover, it is crucial to note that the new theory effectively captures this behavior, further validating its
success.
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OLonguet Higgins, Equation (3), With Imermeable Groin Cf = 0.2 Cd=001 ko)
30 4  ©OAnalysis with new equation (23), Permeable Groin 54% !
E A Analysis with new equation (23), Permeable Groin 47% =0
© 25 4 |OData Permeable Groin (p = 54%) +
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c
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Figure 1. Relationship between breaking wave height Hy and current velocity v with groin permeability 54% and 47% for
depth 1.5cm
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Figure 2. Relationship between breaking wave height Hy and current velocity v with groin permeability 51% and 43% for
depth 1.25 cm

The down-shore current's control is directly linked to the density of groins, with a higher percentage of groin density
resulting in a decreased ability of the groin structure to allow the current to pass through. This relationship is evident
from Tables 2 to 5, where a decrease in mean velocity is observed with a permeable groin structure.

The data indicates that a lower groin density leads to a higher reduction coefficient in the velocity of the down-shore
current. On average, the reduction in current velocity along the beach is approximately 50%, highlighting the
effectiveness of the permeable groin structure in halving the current velocity compared to the absence of groin structure,
as detailed in [30].

Table 2. Reducing the average current velocity with permeable groin structure by 54% (di= 1.5 cm, a= 0.7 cm)

Breaking wave height Hy (cm)  Longshore current without groin (cm/s)  Longshore current with groin permeable  Reduction (%)

5.16 27.94 12.95 53.65
3.52 21.47 9.55 55.50
3.08 18.40 7.84 57.40

Table 3. Reducing the average current velocity with permeable groin structure by 47% (di= 1.5 cm, a= 1.0 cm)

Breaking wave height Hy (cm)  Longshore current without groin (cm/s)  Longshore current with groin permeable  Reduction (%)

5.16 27.94 13.88 50.32
3.52 21.47 10.90 49.20
3.08 18.40 8.94 51.42

Table 4. Reducing the average current velocity with permeable groin structure by 51% (di= 1.25 cm, a= 0.7 cm)

Breaking wave height Hy (cm)  Longshore current without groin (cm/s)  Longshore current with groin permeable  Reduction (%)

5.16 27.94 11.27 59.66
3.52 21.47 9.13 57.49
3.08 18.40 8.53 53.66

Table 5. Reducing the average current velocity with permeable groin structure by 43% (di= 1.25 cm, a= 1.0 cm)

Breaking wave height Hp (cm)  Longshore current without groin (cm/s)  Longshore current with groin permeable  Reduction (%)

5.16 27.94 12.3 56.02
3.52 21.47 10.44 51.36
3.08 18.40 9.52 48.25
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The relationship between the coastal current reduction coefficient C, and the drag coefficient Cy can be described in
Figure 11 using Equation 25. This equation considers various variations of the groin density parameter p. The analysis
reveals that the reduction of the down-shore current is influenced by the groin resistance, represented by the drag
coefficient Cq. If the Cq is zero, the C, equals 1, indicating the absence of groin resistance. Furthermore, the groin density
also influences the drag coefficient Cq. A smaller groin density p produces a higher Cq. Although there may be slight
deviations from the proposed theory, a consensus among all cases indicates a significant improvement over the existing
theory.

0.9 ~ Theory (P = 50%)

0.8 - Theory (P = 30%)
0.7 - Theory (P = 10%)
0.6

0.5 1

Cr

0.4 1
0.3 1
0.2 A

0.1 1

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Cd

Figure 3. Relationship between reduction coefficient Cr and drag coefficient Cq

5. Conclusion

This study conducted a thorough examination to calculate longshore currents concerning permeable groins and the
key factors that influence them. By gathering and analyzing a significant amount of experimental data, it has become
evident that accurately determining the existence of permeable groins in terms of estimating longshore current is
challenging. This can be attributed to two main factors: the average velocity of the orbital motion when considering the
presence of permeable groins and the additional shear stress caused by the permeable groin.

After identifying these crucial impacts, a novel, precise solution, Equations 19 and 21, has been developed
specifically for permeable groins. This theoretical framework builds upon previous research in its analytical approach
and has been validated through empirical data. As a result, it fills a critical gap in the parameter space left by its
predecessor.

The recent theory has demonstrated superior performance to Equation 24 in the examined scenarios. It is highlighted
that the theory indicates the ability of the permeable groin structure to regulate the longshore current resulting from the
groin density parameter p. As the groin density decreases, the capacity for current to flow through the groin structure
increases. This observation underscores the significant impact of the drag coefficient Cq, friction coefficient Cy, and
reduction coefficient C; on longshore current reduction parameters. The comparison between the new theory and
empirical data indicates a satisfactory level of agreement, utilizing a Cs of 0.04, Cq4 0f 0.01, and y of 0.78. The practicality
of the proposed theory is emphasized as it can serve as a practical guide for the design of permeable groin structures,
offering a straightforward approach to implementation.

Despite the accurate generation of longshore current in permeable groins achieved by this novel theory, it is essential
to note that this is not the conclusion. Future research will delve into the impact of tidal currents on the Cg. It will also
include comprehensive observations of the groin field under conditions of irregular wave generation. These aspects will
contribute to a more thorough understanding of the subject matter.
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