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Abstract. Lift net is a traditional fishing tool used by Pangandaran fishermen. The traditional operating
techniques and structural models make the lift net's operating life very limited. The purpose of this study
was to determine the stability of the lift net construction against the flow, namely the current strength that
affects the structure of the lift net. The study used an analysis to determine the extent of the lift net
structure that is affected by flow, drag force, buoyancy and gravity. The results showed that the lift net
used by Pangandaran fishermen was made from the main material of “betung” bamboo (Dendroclamus
asper); it has a weight in water of 3937 kg. With a structure density of 1153.21 kg m™3; it has a water
resistance area on the diagonal side of 36.18 m? and a side part of 18.87 m2. This weight will be exceeded
by the amount of resistance of the lift net when the opposite current comes from a perpendicular direction
and has a speed of above 7 knots or 3.6 m st. If the current is coming from a diagonal direction (45°), the
resistance will exceed the weight of the lift net when the velocity of the incoming current reaches 5 knots
or 2.57 m s,
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Introduction. The lift net is a passive fishing tool built by fishermen and used in shallow
coastal waters, to catch small pelagic fish that have a habitat near the coast (Syahputra et
al 2016). The lift net is a series or arrangements of rectangular bamboo embedded in the
bottom of the water, so that it creates a firm standing framework, with a fishing net in the
middle, usually with a mesh size of 0.5 cm (Silitonga & Hartoko 2014; Sudirman et al 2016;
Rudin et al 2017). The lift net is a man-made structure placed in the water, functioning as
a fishing structure. In this framework, there is a fishing gear that can be moved up and
down when it is operated. Thus, the net, which is usually referred to as “"Bagan” by local
people, can be categorized in the type of lift net fishing gear (Ramadhan et al 2016).

The load supported by the lift net structure varies greatly and is influenced by
several factors, one of which is horizontal flow. Thus, the design and materials are
important in the supporting ability of the lift net. Several physical characteristics need to
be taken into account, like the ability to withstand hydrodynamic forces and maintain the
integrity of the lift net structure. Hydrodynamic forces such as currents and waves affect
the stability, integrity, resistance and lifespan of the structure. Puspito (2009) states that
the hydrodynamic forces consist of drag force (Fp) and lift force (F.), which work
perpendicular to one another. These forces will cause the erosion of the fishing gear itself
or the erosion of the bottom sediment and displacement of the lift net structure, or even
collapse, if excessive.

According to Sudrajat (2019), the calculation of the static force of the lift net needs
to be known for the stability and resistance of the lift net in the water. The construction of
the lift net must pay attention to the currents in the area, which will then be adjusted to
the results of the static resistance calculations that have been made, so that the
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performance and resistance of the lift net are optimal. The maximum current speed that
can be withheld so that the lift net remains standing is called the safety zone for placing
the lift net in the water (Sudrajat 2019).

The fishing technique used consists of lowering the net below the surface of the sea
water and then lifting it when the amount of fish that has gathered on the net is
concentrated (Yuda et al 2012). Internal factors such as material and lift net contraction
can be analyzed prior to the construction of the lift net, so that the shape and material
used can be adjusted to the desired model and lift net specifications. However, external
factors such as wind and currents can quickly change, so the lift net must be built to be
able to adapt to various conditions. To overcome this problem, a lift net should be built
based on the calculation of the strength of external factors and adjusted to the area of
construction. Therefore, the aim of this research is to calculate the capability of the lift net
used in Pangandaran, Indonesia, where the results obtained are used to determine which
safe zone the lift net structure can tolerate.

Material and Method

Traditional lift net structure. Research on calculating the strength and structure of
traditional fishing lift nets against flows was carried out from August to October 2019, in
Pangandaran, Indonesia. The object that is used as a guideline for calculating the durability
of the lift net structure against the type of current velocity is a lift net made of “betung”
bamboo (Dendrocalamus asper) with dimensions of 10x10x15 m, built in waters with an
average depth of 12 meters.

“Betung” bamboo is still abundant in Indonesia. It has a sufficient strength (external
tensile strength 2850 kg cm™ and inner tensile strength 970 kg cm™) (Eskak &
Paramadharma 2016). Bamboo strength and resistance will increase when immersed in
river or sea water (Pojoh 2017). The use of betung bamboo by the community as a building
material is decreasing, causing its preservation to decrease; this is due to the lack of public
knowledge about the mechanical properties of bamboo (Fahrina & Gunawan 2014).

The lift net structure consists of several parts, namely poles, embankments, and
diagonals. Betung bamboo is used for poles, with a minimum length of 15 m, to support
the lifting net. The lift net embankment serves to connect the poles to each other, while
the diagonal bars are used as supports on each side of the lift net. The appearance of the
Pangandaran net lift construction structure can be seen in Figure 1, while Figure 2 is an
example of a net lift operated by fishermen.
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Figure 1. Lift net structure.

1703




Figure 2. Lift net operated by fishermen.

The lift net structure used as the object of calculation is built with 16 bamboo poles, 12
bamboo bunds, and 24 diagonal bamboos. However, not all of the lift net parts were built
offshore. The average height of the lift net built in Pangandaran waters exceeds with 3 m
the surface of the water at high tide. So the submerged part of the lift net in water ranges
from 0 to 12 m. This is used as the basis for the part of the lift net affected by the current
strength in the range of 0-12 meters from the bottom of the water. Pangandaran lift net
structure can be seen in Figure 3
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Figure 3. The structure of the submerged lift net.
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Another factor that affects the resistance of the fixed lift net structure is the direction of
the flow. Different current directions will result in differences in the surface that directly
opposes the current direction. A larger surface that resists against the flow will need a
larger lift net structure. In this case, the wet surface (A) directly facing the current consists
of two forms, namely the side direction and the diagonal direction.

On the direction of the wet surface facing the current, the sides of the lift net are
presented in Figure 4 (because the direction of the incoming flow is perpendicular to the
side of the lift net). The diagonal side where A is directly facing the current, there are 2
slanted sides (Figure 5). This is due to the current coming from a diagonal direction.
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Figure 4. Side view of the lift net and direction of current from top view.
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Figure 5. A diagonal view of the side of the net lift and direction of current from top view

Wet surface. The lift net used in this study was shaped like a cube, where the basic
structure is made of betung bamboo with a diameter between 6.5-25 cm. The betung
bamboo has 14.5-16.5 m length, with a decreasing diameter from the base (20 cm) to the
top (Maulana 2018). The lift net building has the aim of operating a lift net with an average
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load of 200 kg for each setting. However, the catch of the lift net could reach 273 kg per
setting (Julianus & Patty 2010).

The lift net that is used as the object of calculation is presented in Figure 6 and the
amount of material and cross-sectional area of bamboo required in 1 unit of the lift net are
presented in Table 1.
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Figure 6. Pangandaran lift net and bamboo structure.

Table 1
Bamboo composition and cross-sectional area of the lift net structure
No Bamboo High  High Basszglus r’(m) bamboo surface 7;;22/
2

length A B rod Top of rod area (m?) (m?)
1 Vs;'l‘;a' 15 16  0.0725 0.0325 3.1280 50.0481
2 Hogz‘l’gta' 10 4 0.0725 0.0325 2.0856 8.3428
3 D";%f:a' 16 24  0.0725 0.0325 3.3362 80.0705
138.461

4

The strength and durability of the lift net structure is greatly influenced by several factors
such as materials and external forces. Problems with materials can be overcome by
carrying out regular maintenance. Factors that are difficult to predict are external factors
such as currents. Current conditions in waters can affect the structural resistance of the
lift net. Other events can also damage the nets, like in the case of the 2006 tsunami, when
all lift net in Pangandaran were slammed onto the mainland (Sartika 2011).

This study aims to determine how much current velocity the lift net structure can
withstand or tolerate. Thus, the construction of the lift net considered the current velocity
with the aim that the built lift net could last a long time and could guarantee the safety of
the crew or fishermen who operate it.

AACL Bioflux, 2021, Volume 14, Issue 3. 1706
http://www.bioflux.com.ro/aacl



Information that needs to be known to determine the level of tolerance of the lift
net to flow velocity includes: field of resistance (wet surface), density of material and
direction of flow. In this case, the current direction is considered to be the side direction
and the diagonal direction to the lift net structure. The side direction is the direction where
the current is directly facing perpendicularly (90°) the side of the lift net, so that there is
only one side of the lift net that interacts directly with the current strength. The diagonal
current is the incoming current from a 45° angle, so that there are 2 sides of the lift net
that interact with the current.

Data collection. The data required in the calculation of the static power of the lift net
structure includes the weight of the lift net, the size of the lift net and the size of each lift
net compiler. Measurement of the weight and size of the lift net, length and diameter of
the lift net building material was done manually and adjusted to the literature. The data to
be collected is presented in Table 2.

Table 2
Static power data and analysis of lift net
Data Data collection method Analysis
Weight of the lift net in the air Weighing samples of lift net Descriptive
construction parts
Length, width, diameter of the
bamboo and polyamide mesh  Measure on any part of the lift net Descriptive
width
Sea_w_ater denS|t_y, frlct_lon Study of
coefficient, non-dimensional - -
literature

coefficient

Data analysis. Not all parts of the lift net are submerged in water. The part that is
submerged in the water consists of lift net poles, which support the structure from the
bottom of the water. The pole section of the building will affect the calculation of the
hydrodynamic force (F) and drag coefficient (Cd). If the resulting drag coefficient (Cd) is
greater, the resulting resistance will also be greater and vice versa (Dani et al 2019;
Sulistyono et al 2013).

The calculation of F (hydrodynamic force) will follow the equation of Nakamura
(1982); thus, the calculation of the current force in the lift net structure can be seen as
the following formula:

F=12pv?ACd

Where: F - hydrodynamic force (kg m s2); A - reef area receiving water resistance (right
angle shadow) (m); p - density of sea water (kg m3); v - current velocity (m s*); Cd -
drag coefficient.

The drag coefficient (Cd) of the bamboo material depends on the Reynold nhumber
(Rn) and other factors. Rn is one of the most important dimensionless numbers in fluid
mechanics, namely the ratio of the inertia force (vsp) to the viscous force (p L1). It
quantifies the relationship between the two forces in a certain flow condition. The Rn is
used to identify different types of flow, for example, laminar or turbulent flow (Wibowo et
al 2018). The formula for Rn is generally the following (Wibowo 2017):

__Lpvs _ Lvs _ Inertia force

Re

u v Viscous force

Where: vs - fluid velocity; L - characteristic length; p - absolute viscosity of dynamic fluid;
v - kinematic viscosity of the fluid; v = u/p; p - density of fluid.
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The bamboo that is used as the main material for building lift nets is generally
shaped like a long cylinder. The Cd of objects that have regular shapes such as cylinders
can be calculated using the following formula (Wibowo et al 2018):

0075
4 (logR,-2)°

Where: Cd - coefficient drag; Rn — Reynold number.

The formula for calculating the unit weight of the lift net so that it is resistant to the
pressure that comes from a strong current or commonly called a slip is as follows (Sudrajat
2019):

F

Where: W - weight of lift net (in water) (kg); F - hydrodynamic force on reef (kg m s2); u
- coefficient of friction between reef and water bed; o - density of reef (kg m3); p - density
of sea water (kg m3).

Results and Discussion. The sides of the lift net consist of 5 bamboo poles, 2 bamboo
sticks and 6 diagonal bamboos crossed from each corner of the lift net side (Figure 7).
From the amount of bamboo, the wet surface calculated is presented in Table 3.

Table 3
Surface area of the wet side of the lift net

Radius "r” (m)

i 2
No Bamboo length Height Amount Base of Top of bamboo Total Wet surface (m?)

bamboo
1 Vertical Pole 12.19 5 0.0725 0.0325 15.64 7.82
2 Horizontal Pole 8.13 1 0.0725 0.0325 2.0857 1.04
3 Diagonal Pole 13 6 0.0725 0.0325 20.0176 10
Wet surface (m?) 37.7434 18.87

. "‘ Where :

Z\ A : Vertical Pole

B : Horizontal Pole
C : Diagonal Pole

<E| Side View

Figure 7. Structure of the side view of the lift net (perpendicular current).
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The side of the lift net consists of 9 bamboo poles, 2 bamboo bunds and 12 diagonal
bamboos that are crossed from each corner of the lift net side (Figure 8). From the number

of bamboo components, the wet surface calculated that is on the diagonal side is presented
in Table 4.

Table 4
Extensive wet surface area of the diagonal side of the lift net
Radius "“r” (m)
No B/e;;nbt%o Height Amount Base of Top of Total SL(I;:?)Ce
g bamboo  bamboo
1 Vertical Pole 12.19 9 0.0725 0.0325 28.15209 14.08
2 Hog(z)‘l’gta' 8.13 2 0.0725  0.0325 4.171395  2.08
3 D'?,g‘l’:a' 13 12 0.0725  0.0325 40.03523  20.02

Wet surface area (m?)

72.35872  36.18

Where :

A : Vertical Pole

B : Horizontal Pole
C : Diagonal Pole

% Diagonal View

Figure 8. Diagonal view of the structure of the lift net (direction of diagonal current 45°).

Calculation of the static resistance of the lift net structure. The weight obtained from
the lift net structure is that of the 52 betung bamboo components, of which there are 16
bamboo poles, 12 bund bamboo sticks and 24 diagonal bamboos, with a total weight of

3937 kg. The lift net structure parameters used to predict the hydrodynamic force (F) are
presented in Table 5.

Table 5
Lift net structure parameters
Parameter Lift net structure
Weight of lift net 3937 kg
Density of lift net structure 1153.21 kg m-3
: ) Perpendicular side: 18.87 m?
Water resistance field Diagonal side: 36.18 m?
Sea water densit 1025 kg m=3 (Fatnanta et al 2008; Pratama
Y et al 2016; Samuel 2016)
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The value of the water resistance area of the lift net structure is 18.87 m?, if the current
originates from the perpendicular direction, and 36.18 m?, if the current originates from a
diagonal direction. The results of the calculation of the hydrodynamic force on the structure
of the lift net where the incoming current is perpendicular to the side of the lift net is
presented in Figure 9. The structure of the lift net at a current speed of 0.5 knots or 0.26
m s will receive a force of 1.65 kg m/s2. Furthermore, if the current speed is increased
to 1 knot or 0.51 m s, then the lift net structure will receive a force of 5.88 kg m s2. The
average increase in hydrodynamic force with increasing current of 0.5 knots or 0.25 m s
is 41%.

Furthermore, the results of the calculation of the hydrodynamic force on the
structure of the lift net where the current is coming diagonally can be seen in Figure 10.
The structure of the lift net at a current velocity of 0.5 knots or 0.26 m s will receive a
force of 3.11 kg m s™2. Furthermore, if the current speed is increased to 1 knot or 0.51 m
s1, the lift net structure will receive a force of 11.1 kg m s2. The average increase in
hydrodynamic force with each 0.5 knot or 0.25 m s! increase in current is 34%. The
hydrodynamic force is greater when the current is coming from the diagonal direction than
the hydrodynamic force when the incoming current is perpendicular to the side of the lift
net. This is because the dimensions of the wet surface facing the current are wider when
the current is coming from the diagonal direction.

450
400
350
300
250
200
150
100
50
0

The resistance received by the lift net
structure (kg m s2)

0 1 2 3 4 5 6
Current velocity (m s1)

Figure 9. Hydrodynamic forces of vertical current flow structure (perpendicular).
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Figure 10. Hydrodynamic force structure of the diagonal current (45°).
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Lift net stability to current direction. The lift net supporting structure will begin to slip
at a current speed of 7 knots or 3.6 m s, if the current is coming from the perpendicular
direction and the influence of the supporting strength of the bamboo structure in the water
is neglected. This can happen because, at a current speed of 7 knots or 3.6 m s, the
hydrodynamic force received by the lift net structure reaches 3895.2 kg m s?, so if the
current acceleration increases, the resulting hydrodynamic force can exceed the weight of
the lift net structure (Figure 11).

8000,00
7000,00
6000,00
5000,00

4000,00

Drag Force

3805.2 kg m 52
3000,00

2000,00
1000,00

0,00
0 2 4 6 8 10 12

Current Velocity (m/s)

Figure 11. The structure of the lift net starts to slip in a perpendicular current.

The structure will begin to shift at a current speed of 5 knots or 2.57 m s, if the current
is coming from a diagonal direction (45°) and the influence of the supporting strength of
the bamboo structure in the water is neglected. This can happen because at a current
speed of 5 knots or 2.57 m s, the hydrodynamic force received by the lift net structure
reaches 3936.37 kg m s, so if the current speed increases, the resulting hydrodynamic
force can exceed the weight of the lift net structure (Figure 12). Based on the results of
these calculations, the weight of the lift net structure can affect the strength and stability
when in the water. Increasing the weight of a lift net with more material will increase the
current velocity that the bag can withstand against shifting. Vice versa, by reducing the
weight on the lift net, the lift net's ability to withstand the flow that opposes it will decrease.

16000
14000
12000
10000

8000

Drag Force

4000

3963.37 kgm s+
2000 |
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i 2 4 6 ] 10 12
Current Velocity (m/s)

Figure 12. The structure of the lift net starts to shift on a diagonal current.
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The current speed that can be accepted by the lift net structure before shifting, with a
weight of the lift net at sea of 3973 kg, is depicted in Figure 13. The current speed that
can be withheld when it comes from the direction perpendicular to the side of the lift net
is 3.6 m sL.

Perpendicular

Diagonal

Current Direction

o

1 2 3 4

Current velocity (m s1)

Figure 13. Current velocity that can be held by a lift net so it does not slip.

The selection of the place for the construction of the lift net must pay attention to the
current in the area, needing to be a safety zone. Furthermore, if the current in the area
suddenly exceeds the safety zone limit, the safety zone limit itself can be increased by
reducing the hydrodynamic force or by increasing the weight of the material used to build
the lift net.

Lift nets in Pangandaran, Indonesia, are built by fishermen at a water depth of
approximately 12 m, where the transparency of 3.5 m (Rosada et al 2017). The lift net has
dimensions of 10x10x15 m, and the main material, the betung bamboo, has a weight of
3937 kg. The weight will be exceeded by the of resistance received by the lift net when the
current comes from a perpendicular direction and has a speed of above 7 knots or 3.6 m
sl. The current velocity tends to be lower when compared to the rip current speed that
occurs on Pangandaran beach, where it can reach a speed of 3 m s (Sutiyoso & Egon
2019).

Conclusions. The weight of the bamboo (3937 kg) will be exceeded by the amount of
resistance received by a lift net (10x10x15 m), when the current comes from a
perpendicular direction and has a speed of above 7 knots or 3.6 m si. If the current is
coming from a diagonal direction (45°), the resistance received will exceed the weight of
the lift net when the incoming current reaches 5 knots or 2.57 m s1.
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