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Abstract:
Hybrid Engineering is a technologyglhat utilizes natural resources around the coast or river
by using materials in the form of twigs@r branches from mangroves which are cut and
arranged to form a breakwater structure. This study aims to determine the effectiveness of
hybrid engineering technology to be applied to groyne struktur to reduce longshore currents
and river flow. The application of hybrid engineering as a breakwater and sediment trap in
coastal areas has given good results so that it can be developed in permeable groynes.

The research was conducted experimentally B the hydraulic laboratory with physical
modeling to investigation basic scouring on hybrid engineering structures with several
model scenarios by changing the characteristics of brushwood structure in the form of
density or pearmebility and finding variables that significantly affect base scouring, namely
velocity (V), water level (h), structure length (B) and grain size sediment (d50) as well as
analyzing the relationship between these parameters so that a dimensionless parameter
formula is found that is used to describe the relationship. To obtain the relationship between
the influential parameter and depth scouring (ds), a dimensionless parameter of relative
depth scouring ds/B is used for several influencing parameters. The results obtained are that
the relative depth scouring (ds/B) will be greater because it is influenced by the smaller the
permeability ratio of the structure and the larger the diameter of the sediment grains.

Keywords: Hybrid Engineering, permeability, longshore current, river flow, depth scouring

I. INTRODUCTION

Handling coastal and river flow problems by using large investments or hard structures is
carried out as a response to changes that occur on the coast and river. Hard and massive
traditional infrastructure, still like a breakwater, is one solution that is often used in efforts to
solve problems. However, these structures are expensive and often prove counterproductive on
muddy shores. In addition, handling using hard structures cannot restore lost mangrove belts.

To protect the coastline from erosion caused by longshore currents, mangrove buffer zones
must be created. The necessary first step is to stop the erosion process by returning lost
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sediments so as to obtain a stable shoreline. This approach is called hybrid engineering. (HE)
in this case engineering techniques are combined with existing processes in nature and
available resources, resulting in dynamic solutions that are able to adapt to changing
circumstances. The HE structure approach can be applied in various situations and ecosystems.
The HE structure in the form of a Permeable Breakwates carried out by utilizing natural
resources around the coast using materials in the form of twigs or branches from mangroves
which are cut and arranged to form a breakwater. Apart from using twigs or mangrove
branches, materials such as bamboo, which is an industrial plant that can be cultivated, can also
be used, so that the amount is quite large when applied to coastal areas.

To deal with abrasion caused by longshore currents, it is necessary to build perpendicular
buildings or groynes which are useful for protecting beaches that are threatened with erosion
by partially blocking longshore sediment transport (littoral drift) to balance sediment input-
output so that the rate of sediment transport in the updrift zone will be reduced. increases and
con\asely the rate of sediment transport in the downdrift zone will decrease.

The purpose of this study is to examine how HE structure are applied to permeable groins
which function to reduce longshore currents and restore sediment balance.

The results of this study are expected to make groyn permeable an alternative beach safety
for muddy areas that are environmentally friendly, especially from the raw materials in the
form of twigs, tree trunks or bamboo which can be obtained from areas around the coast and
can be carried out independently by fishermen or local residents coastal areas on muddy coasts
to repjore water conditions

The purpose of this study is how to identity the variables that influence depth scouring
(ds) and permeability () including the magnitude of each effect, how to analyze and obtain
the relationship between variables that influence the parameters studied, how to measure the
effectiveness of the structure through the value efficiency obtained. The goal to be achieved
in this study is to find and recognize the variables that atfect depth scour (ds) and permeability
({) so that an effective and efficient structural design is obtained to reduce direct currents or
longshore currents.

II. MATERIALS AND METHODOLOGY

The type of research used is Experimental, where the conditions are created and regulated
by the researcher with the aim of analyzing the relationship betwnn parameters that influence
the research. In this study, two sources of data were used, namely:Primary data is data obtained
directly from a physical model simulation in the laboratory. Secondary Data is dataobtained
from the literature and the results of existing studies that have been carried out both in the
laboratory and in the laboratory carried out in other places related to local scour research at the
bottom of the structure.
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PROBLEMS
Longshore currents that occur cause the shoreline to continuously erode, causing
material on the shoreline to collapse and be carried away by the currents, causing
abrasion.
Handling of scouring of scour on bridge piers by making groundsill
Handling of abrasion due to longshore currents can be done by making groins.
The groyne construction used is impermeable or conventional, which can reflect all the
energy from longshore currents
HE structure which is permeable is a technffflogy that utilizes natural resources around
the coast by using materials in the form of twigs or branches from mangroves which are
cut and arranged to form a structure.

v
RESEARCH VARIABLE

* Dependent variable : ds

» Independent variables: h, g, t, 1, pw, ps, d50, {, B

SIMULATION VARIATION
* Flow parameters : Velocity (v), depth water (h), gravity (g). time (t)
* Model parameters, namely : Model width (B), permeability (()
* Water parameters : dynamic viscosity of the liquid and the mass density of the liquid (pw)
* Sediment parameters: diameter of sediment grains (d50) and specific gravity of sediment

(ps)

h J
HOW TO RESEARCH AND DATA ANALYSIS
* This research was conducted using physical modeling with laboratory simulations on direction
flow
+ Dimensional analysis and the relationship between parameters are used in dimensionless
parameter relationships

EXPECTED RESULTS
+ Finding and recognizing parameters that significantly affect base scouring around the
structure
* Produce a design model with an effective and efficient HE structure for handling
abrasion due to longshore currents and flow river.

Fig. 2 : Research Framework
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2.1 Materials and tools

The model is made of round planed wood with a diameter of 5 mm which is assembled
and arranged with a height of 20 cm and a width of 30 cm using a frame. The wood is arranged
in an impermeable horizontal direction and a vertical direction permeable with a spacing of 2
mm, 5 mm and 10 mm.

Fig 3 : Flume test model used

Fig. 4 : In-flume structure HE structure model

2.2 Running of simulation

Based on the considerations of the facilities in the laboratory, the materials available and
the accuracy when making measurements, the model is made with perfect geometric
congruence (non-distortion) and dynamic congruence according to the conditions of the Froude
number. The model scale in this study used a model scale of 1: 10, the full model scale values
are shown in Table 1.

Tabel 1. Research Model Scale

Variable Symbol Scale
Height Scale ny 1:10
Length Scale ny 1:10
Depth Water scale np 1:10
Velocity Scale ny 1:10
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Preparation for the initial simulation on the flume (without a structural model), to obtain
initial data, namely:

1. The slope of the flume used in this study to determine the flow velocity, the slope of the
glass channel used is 0.00005, 0.0028 and 0.012, the velocity is measured at every 200
mm distance along 2000 mm

2. Speed is measured using a digital current meter at every distance of 200 mm along 2000
mm,

3. Each speed measurement is carried out 3 times for the horizontal direction and 3 times for
the vertical direction (0.2d, 0.6d, 0.8d)

3. Starting the simulation of flow velocity and head height without a model by flowing water
that has been adjusted for discharge. This simulation is carried out to ensure that the flow
height and velocity in the glass channel are in accordance with the variations that have
been determined in this study.

4. Calibrate the tool with a simulation without a model by checking the flow velocity with
the discharge that comes out.

5. ce the test model in the middle of the glass channel
After all the components are ready, the flow velocity simulation begins by flowing the
flow into the glass channel as in procedure no. 2 and no. 3

8. Measure and record the speed in front of the model and behind the model

9. ueasuring the depth of scour in each segment by taking 7 point data for each segment after
the first 10 minutes, then the second 10 minutes and the third 10 minutes.

10. Perform variations in speed, permeability models, and sediment grains

2.3 Research Parameters

The dependent parameter in this study is depth scour (ds) which will be influenced by
several other parameters related to local scour. The independent parameters used in this study
are; v, h, g, t, 1, pw, ps, d50, £, P with the function of each of the free parameters namely; Flow
parameters are: velocity (v), depth water (h), acceleration due to gravity (g) and time (t). Model
parameters, namely: model width (B), permeability ({), water parameters, namely: dynamic
viscosity of liquid and mass density of liquid (pw) Sediment parameters, namely: sediment
grain diameter (d50) and specific gravity sediment (ps).

In this study, the data were analyzed with various relationships between parameters and
then it could be determined based on the relationships between parameters expressed in
dimensionless numbers using the Langhaar method. This method was chosen with the
consideration that relatively few influential variables, so this method is considered more
appropriate.
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Table 2. Specific model of HE structure

Property Details
Material of HE structure Dowels wood
Wood diameter fAm
Tall structure 20 em
Wide structure 30 cm
Length structure 1 10 cm
Length structure 1 20 cm
Permeability distance 1 (P1) 2 mm
Permeability distance 2 (P2) 5 mm
Permeability distance 3 (P3) 10 mm
Frame of structure Iron

2.5 Longshore current

Coast currents are the movement of water vertically or horizontally caused by several
factors such as wind, salinity, density differences and others. Currents in shallow waters or
around the coast are longshore currents and crossshore currents. Longshore Current is an ocean
current that is parallel to the shoreline. These currents can shape the coastline to meander.
Longshore currents occur between the breaking wave area and the shoreline, where when the
incoming waves form an oblique angle with the breaking shoreline, longshore currents occur
due to the momentum flux gradient in the surf zone area.
Longshore currents have a relatively small speed, averaging 0.3 m/sec. Although these
longshore currents generally have low speeds, they greatly affect littoral transport processes
because they move along the coast for a long time and continuously as long as there are waves
so as to be able to move sediment, it is necessary to discuss the longshore current velocity as
the driving force.

2.6 Depth Scouring

Depth scour under the structure is one of the phenomena that many coastal structures
experience when attacked by waves, currents or a combination of both. This has been
recognized as one of the factors causing the failure of coastal structures.
The depth scour process is caused by an increase in the mass transport capacity of the base
material leaving its initial location under the structure. This is due to the effect of increasing
the intensity of the flow around the toe of the structure by considering the longshore current
velocity as a causative factor.

7
III. DATA ANALYSIS AND INTERPRETATION
3.1 Velocity Data Validation
In this study the discharge used is fixed so that the flow velocity is determined based on

the slope of the glass channel. The results of speed measurements on each slope condition are
then validated using the Manning equation:.

v=SRMPIME (1)
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Table 3. Flow velocity data calibration from measurement results with speed using
the Manning equation

1:0.00% 1=0.0028 1=0012
Segment STA v v v
v count Vv count VvV count
measure measure measure

A 0 18.35 18.38 2076 20.63 4291 43.18

B 20 1822 18.36 2063 20.72 43.00 4336

C 40 1845 18.36 2072 20.73 43.00 4329

D 60 1823 18.47 2081 2076 42.85 4330

E 80 18.39 18.43 2074 20.79 43.29 4347

F 100 18.24 18.48 2074 20.87 44.00 4377

G 120 18.28 18.41 2051 20.88 44.25 4392

H 140 1824 18.40 2050 2079 43.58 4342

I 160 1837 18.36 2098 20.84 43.52 43.69

J 180 18.39 18.34 2103 2091 43.12 4339
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Fig. 5 : Velocity data from measurement results and Manning's equation, (a) on slope
0.00005 (b) on slope 0.0028, (c) on slope 0.012

3.1 Flow Velocity Change

Changes in current velocity are obtained by calculating the ratio of current velocity before
the structure and current velocity after the structure, where the structure is located at a distance
of 80

cm.

mm

8
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(a) (b) (c)
Fig. 6 : Changes in flow velocity, (a) at a slope of 0.00005 (b) at a slope of 0.0028,
(c) at a slope of 0.012

The relationship between permeability in the HE structure model and changes in current

velocity is shown in Figure 6a, which shows an increase in current velocity after modeling. In
the model with a permeability of 0.61 with an initial speed of 18 cm/s it becomes 67 cm/s after

(22]
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the model, in a model with a permeability of 0.48 with an initial speed of 17 cm/s it becomes
67 cm/s after the model and in a model with a permeability of 0.25 the initial speed is 16 cm/s
sec to 72 cm/s after model.

The relationship between porosity in the HE structure model and changes in current
velocity on a slope of 0.0028 is shown in Figure 6b, in a model with a permeability of 0.61
with an initial speed of 20.83 cm/s it becomes 62.36 cm/sec after modeling, in a model with a
permeability of 0.48 the initial speed becomes 24.11 cm /sec after the model becomes 69.70
cm/sec and in a model with a permeability of 0.25 the initial speed is 11.93 cm/sec becomes
70.30 cm/sec after the model.

The relationship between porosity in the HE structure model and changes in current
velocity at a slope of 0.012 is shown in Figure 6¢, which shows an increase in current velocity
after modeling. In the model with a permeability of 0.61 the initial speed of 33.80 cm/s
becomes after the model 66.47 cm/sec, in the permeability model of 0.48 the initial speed of
20.64 cm/sec becomes 59.81 after the model and in the model with a permeability of 0.25 the
initial speed of 17.84 cm/sec becomes 45.16 cm /s after the model.

3.2 Sediment Grairﬁze Analysis

Sediment grain analysis is intended to determine the type of sediment material based on
grain diameter. The grain size classification used in this study is according to AGU (American
Geophysical Union). Sediment material grains used are 3 types (coarse, medium and fine),
based on the results of the Gradation test Sediment material grains are converted into a grain
size diameter chart as shown in Figure 7.

[rs— Filter umber Filzor Sumber
rae 1w 4 10 % . » -

IR RS
H

[Er——

zasEstan

P

mm nm 10 e o mm nm 1

(@) (b) ()
Fig. 7 : Gradation test of sediment grains on three types of sediment, (a) sediment with a
specific gravity of 2.71gr/em3 (b) sediment with a specific gravity of 2.79 gr/cm3, (c) sediment
with a specific gravity of 2.80 gr/cm3

From the results of the gradation test, the grain diameter of the sediment (d50) was
obtained for fine sediment Figure 5a obtained a value of 0.13 mm, for moderate sediment d50
obtained a value of 0.27 mm and for coarse sediment d50 obtained a value of 0.40 mm.

3.3 Dimensional Analysis of Research Parameter

Dimensional analysis in this study used the Langhaar method. This method was chosen
with the consideration that relatively few influential variables, so this method is considered
more appropriate. The basic equation obtained is :
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Ty = %)TEZ = ﬁ;ng = %;n.; = \f,%;n;, = 7pw'h:5"j§; =1 :793.11;-5.@;”7 =% img =
Where :

ds : depth scouring pw : specific gravity of water

h height water level ps : specific gravity of sediment

g gravity n . liquid viskosity

B length of model structure HE dso : grain size sediment

t time £ : permeability of model structure HE

Furthermore, these parameters can be combined to get another dimensionless number, namely:

do— .y l_ds h_ s,
T Mt T Y B
dsg v dsp
?T10=H7X?T2=Txﬁ=?£;
1 s.h?25, s
Hn:”sx_:p \'@x ts =2
g I pw.h25\g  pw
v = cm/sec B
—_— | —

Fig. 8 : Schematic base scouring of the structure HE in the flume test

Depth scouring (figure 8) can be written as a function of the listed parameters, which also
appear in equation :

The dimensionless numbers used in this study are n2, m4, w7, 78, w11, mathematically the
depth scouring coefficient produced in this study is a function of the following parameters:

ds f v h deg pS
B [g.h g2 h Tew’

Where ds/h is relative depth scouring, vhfg.h is froude number, B/h is relative model
length, d50/h is relative sediment grain size diameter, ( is model permeabil ity

34 Effect of froude number (v/Vg.h) on relative depth scourigp (ds/B)

Figure 9 - 11 shows the relationship between the parameter froude nug:uer v/\fg.h which
is related to the relative depth scouring (ds/B) that the greater the value of the froude number
v/\g.h, the smaller the depth scouring will be in all models with permeability. This is because
the larger cavity has a larger cavity area so that the scour will be smaller because of the wider
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frictional area, thus the energy dissipated is greater. Variations are made on the height of the
cavity and the length of the structure.

(a) (b) (c)
Fig. 9 : (a) Relationship between ds/B and v/Vgh at t1 (10 minutes), (b) Relationship between

ds/b and v/\"gh at t2 (20 minutes) (c) The relationship between ds/b and vh'rgh at t3 (30
minutes) at d50/ps =0.14

Figure 9 shows the relationship between the froude number v/\’g.h and the relative depth
scouring ds/B at d50/ps = 0.14 for a permeability of 0.25 at t1 (10 minutes) resulting in a ds/B
value of 0.26 — 0.36, at t2 (20 minutes) resulting in a ds/B value of 0.32 — 045 and at t3 (30
minutes) produces a ds/B value of 0.33 — 0.54, permeability of 0.48 at t1 (10 minutes) produces
a ds/B value of 0.21 — 0.35, at 2 (20 minutes) produces a ds/B value of 0.23 — 0.37 and at t3
(30 minutes) produces a ds/B value of 0.27 — 0.43, permeability of 0.61 at t1 (10 minutes)
produces a ds/B value of 0.05 —0.12, at £2 (20 minutes) producB a ds/B value of 0.05 - 0.17
and at t3 (30 minutes) produces a depth scouring of 0.05 — 0.18. The froude number v/*fg.h has
a significant effect on the ds/B parameter, the higher the froude number the smaller the depth
scouring that occurs.

() (b) ©
Fig.10 : (a) Relationship between ds/b and v/\’gh at tl (10 minutes), (b) Relationship between
ds/b and v/\"gh at t2 (20 minutes), (c) The relationship between ds/b and vf\"gh at t3 (30
minutes) at d50/ps =0.10

Figure 10 shows the froude number v/Yg.h on d50/ps = 0.10 in the range of 025 — 1.55
with a relative depth scouring (ds/B) for a permeability of 0.25 at t1 (10 minutes) resulting in
a ds/B value of 0.21 — 0.35, at 12 (20 minutes) produces a ds/B value of 0.23 — 0.37 and at (3
(30 minutes) produces a ds/B value of 0.27 — 0.43, permeability 048 at t1 (10 minutes)
produces a ds/B value of 0.12 —0.22, at t2 (20 minutes) produces a ds/B value of 0.15 - 0.21
and at t3 (30 minutes) produces a ds/B value of 0.16 — 0.24, permeability of 0.61 at t1 (10
minutes) results in a ds/B value of 0.04 —0.11, at t2 (20 minutes) produces a ds/B value of 0.07
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—0.13 and at t3 (30 minutes) resulting in a ds/B value of 0.08 —0.21. The parameter v/g.h has
a significant effect, the higher the froude number the smaller the depth scouring that occurs.

s
-

(a) (b) (©)

Fig. 11 : (a) Relationship between ds/b and vf\"gh attl (10 minutes), (b) Relationship between
ds/b and v;’\"gh at t2 (20 minutes) (c) The relationship between ds/b and vf\'rgh at t3 (30
minutes) at d50/ps =0.05

Figure 11 shows the froude number v/vg.h on a slope of 0.012 in the range 0.29 — 1.67 with a
relative depth scouring (ds/B) for a permeability of 0.2 at t1 (10 minutes) resulting in a ds/B
value of 0.16 — 0.28, at t2 (20 minutes) produces a ds/B value of 0.20 — 0.31 and at t3 (30
minutes) produces a ds/B value of 0.21 —0.33, permeability 0.48 at t1 (10 minutes) produces a
depth scouring of 0.07 —0.15. at t2 (20 minutes) produces a ds/B value of 0.12 - 0.17 and at t3
(30 minutes) produces a ds/B value of 0.13 — 0.22, permeability of 0.61 at t1 (10 minutes)
produces a ds/B value of 0.03 —0.10, at t2 (20 minutes) produces a ds/B value of 0.03 — 0.10
and at t3 (30 minutes) resulting in a ds/B value of 0.03 — 0.16. The parameter v/vg.h has a
significant effect, the higher the froude number the smaller the depth scouring that occurs.
Structures with a permeability of 0.61 depth scouring that occurs at times tl, t2 and t3 are not
significantly different.

3.5 Effect of relative sediment grain diameter (d50/h) on relative depth scouring (ds/B)
Figure 12-14 shows the effect of d50/h relative sediment grain diameter on the relative depth
scouring ds/B. The figures in Fig. 12-14 show a clear trend of relative grain diameter d50/h
with increasing depth scouring with increasing permeability of the HE structure.

(a) (b) (c)
Fig. 12 : (a) Relationship between d50/h and ds/B at t1 (10 minutes), (b) Relationship between

d50/h and ds/B at t2 (20 minutes) (c) Relationship d50/h with ds/B at t3 (30 minutes) at a slope
of 0.00005

Figure 12 shows the relationship between the grain size of the sediment d50/h and the
relative depth scouring relative (ds/B) at a slope of 0.00005 for a permeability of 0.25 at t1 (10

(26]
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minutes) resulting in a ds/B value of 0.16 — 0.31, at {2 (20 minutes) resulting in a ds/B value of
0.20 — 0.34 and at t3 (30 minutes) produces a ds/B value of 0.21 — 0.34, permeability of 0 48
at tl (10 minutes) results in a ds/B value of 0.12 — 0.16, at t2 (20 minutes) produces a ds/B
value of 0.13 —0.19 and at t3 (30 minutes) produces a ds/B value of 0.14 — 0.23, permeability
of 0.61 at t1 (10 minutes) produces a ds/B value of 0.03 — 0.11, at t2 (20 minutes) produces a
ds/B value of 0.05 — 0.17 and at t3 (30 minutes) produces a ds/B value of 0.05 — 0.18. The
effect of relative sediment grain diameter d50/h affects the ds/B parameter fairly evenly for
each permeability, the larger the sediment grain diameter the greater the depth scouring that
occurs.

(a) (b) (0
Fig. 13 : (a) Relationship between d50/h and ds/B at t1 (10 minutes), (b) Relationship between
d50/h and ds/B at t2 (20 minutes), (c) The relationship between d50/h and ds/B at t3 (30
minutes) at a slope of 0.0028

Figure 13 shows the relationship between the grain size of the sediment d50/h and the
relative depth scouring ds/B at a slope of 0.0028 for a permeability of 0.25 at t1 (10 minutes)
resulting in a ds/B value of 0.21 — 0.35, at t2 (20 minutes) resulting in a ds/B value of 0.20 —
0.34 and at t3 (30 minutes) produces a ds/B value of 0.21 — 0.40, permeability of 0.48 at t1 (10
minutes) results in a ds/B value of 0.17 —0.42, at t2 (20 minutes) produces a ds/B value of 0.13
—0.19 and at t3 (30 minutes) produces a ds/B value of 0.14 — 0.23, permeability of 0.61 at t1
(10 minutes) produces a ds/B value of 0.04 —0.14, at t2 (20 minutes) produces a depth scouring
0f0.05 —0.17 and at t3 (30 minutes) produces a ds/B value of 0.04 —0.12. The relative sediment
grain diameter d50/h has a significant effect on the ds/B parameter at a permeability of 0.25,
the larger the sediment grain diameter the greater the depth scouring that occurs.

o5

(a) (b) (c)
Fig. 14 : (a) Relationship between d50/h and ds/B at t1 (10 minutes), (b) Relationship between
d50/h and ds/B att2 (20 minutes), (c) Relationship d50/h with ds/B at t3 (30 minutes) at a slope
of 0.012

Figure 14 shows the effect of sediment grain diameter with relative depth scouring (ds/B)
for a permeability of 0.2 at t1 (10 minutes) resulting in a ds/B value of 0.23 —0.35, at t2 (20
minutes) resulting in a ds/B value of 0.27 — 041 and at t3 (30 minutes) produces a ds/B value
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of 022 — 047, permeability of 0.48 at t1 (10 minutes) produces a ds/B value of 0.18 — 0.25 , at
t2 (20 minutes) produces a ds/B value of 0.16 —0.28 and at t3 (30 minutes) produces a ds/B
value 0.16 — 0.35,0.61 permeability at t1 (10 minutes) produces a ds/B value of 0.05 —0.15, at
t2 (20 minutes) produces a ds/B value 0.06 —0.16 and at t3 (30 minutes) produces a ds/B value
0.06 - 0.21 ds/B value. The d50/h parameter has a significant effect, the larger the grain
diameter, the greater the depth scouring that occurs.

IV. CONCLUSION

* The parameters that greatly influence the damage to the HE structure model are obtained
by the Langhaar method. The use of HE structure can be considered with the relative depth
scouring ds/B that occurs in HE structure which will be greater if the froude number is greater.
The relative sediment grain diameter factor d50/h also atfects the relative depth scouring ds/B
because the larger the sediment grain diameter the greater the depth scouring that occurs.
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