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Floodable Length Analysis and Addition of
Passive U-Tube Tanks to Reduce Rolling

on 15 GT Fisning Boat of PVC’s Pipes
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Abstract: Fishing boat in Indonesia generally use wood
materials. In its development, PVC pipe alternative material can
be used as hull. Ship accidentsin Indonesia are much due to the
turning of boats (capsizing) related to the rolling movements of
boats. This research aims to know the fish liner made of PVC
pipes with a variation of the hull shape has floodable length that
corresponds to the standard SOLAS (Safety of Life at Sea) and
know the change in the rolling movement of boats caused by The
addition of passive U tubetanks. The method used in thisresearch
is by making modeling with variations of 3 hull shapes and
making 3 models of passive tanks of different width size channels
to be used in the study. Based on the results of the analysis of
shipping software and CFDS for floodable lengths have the
results indicating the floodable length of the boats of different
variations of the stomach shape have different curved graphs and
have fulfilled the rules of SOLAS. The rolling result obtained by
the ship with the addition of passive tank. The results of the
research showed that boats using passive tanks were able to
dampen rolling movements. In model A was able to dampen by
4.40%, model B was able to dampen by 8.10% , and model C could
dampen the rolling motion by 15.28%. The wide influence of
passivetank isvery influential on decreasing in thevalue of RMS
Roll of PVC fish with flat hull.

Keywords : PVC’s Fishing Boat, Floodablle length, Passive
tank, Anti-roll.

. INTRODUCTION

Fishing boat in Indonesiabasically use wood raw materials.
In the devel opment with the limitation of wood materias, the
aternative material is fiberglass and PVC pipe that can be
made as the hull of the boat. Fish ship with PVC materia
athough not yet popular among the fishermen, now thereisa
fish boat that uses an aternative material made from raw
polyvinyl chloride (PVC) asthe hull of the boat. Furthermore,
with the development of information and study of ships with
the hull of PV C pipe materia,
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can eventually create a cheap fish boat for Indonesian
fishermen without prejudice to the quality of the fish boat.

In the period 2010-2016 ship accidents in Indonesian
waters occurred as much as 54 number of accidents occurred
resulting from the sinking ship as much as 13 cases, fire ship
19 cases, the impact ship 17 cases, a 3-case boat, and 2 cases
occur due to other factors. This data is sourced from data
issued by the National Transportation Safety Committee
(KNKT) [1].

A fishing boat is one of the boats that has a high level of
stability compared to other boats. This is because when
operating a fishing boat requires good manouver capability
and not infrequently in bad weather so it tends to be
vulnerable to the occurrence of excessrolling ideally [2].

In previous research the flat hull model had the
characteristics of boat stability that meet the IMO criteria has
amaximum GZ value on the condition 2 and a minimum GZ
in condition 4 with the longline capture tool. At the motion of
the boat did not undergo a wetness deck. There are two
models of Hull that have a low resistance compared to the
other model PVC hull that is a flat model stacked 2 with
characteristic, model U 2 with characteristic, at 9 knots hasan
obstacle 16.13 kN and power 52.86 kW. Model V2 with
characteristic, at 9 knots Speed has an obstacle of 9.34 kN and
Power 41 kW [3], [4].

Passive U-Tube tank that researched the fish ship
previously made three passive design tanks that get the result
that the ship using passive tank is able to dampen the rolling
movement by 22.8% while the other model is able to dampen
arolling of 26.5% [5], [6].

Based on previous research to make PVC boat safe and
comfortable condition required further analysis on floodable
length and required addition of passive U-Tube tank to be
able to dampen rolling on boat. The purpose of the study was
to know the characteristics of ship hull form using PV C pipe
material with variations of gastric shape and get the result of
floodable length chart on any variation of gastric form. Get
the best anti-rolling result in the addition of passive U-Tube
Tank design with various sizes of passive tanks placed on
PVC boats. Therefore, this research is focused on floodable
length analysis and rolling motion in the form variation of
stomach and passive tank design variation with CFD
approach. Expected from the results of the analysis obtained
models of boats that have the characteristics of SOLAS
standards and obtained the result of the attenuation of passive
tanks.
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Floodable Length Analysis and Addition of

Passive U-Tube Tanksto Reduce Rolling

on 15 GT Fishing Boat of PVC’s Pipes

[I. METHOD

This research is done by determining the hull model of
PV C fishing boat which refersto the main data of PV C fishing
boat Baruna Fishtama. Furthermore, a variation of the hull
model of the fish boat, and continued calculations and
analysis using the help of CAD and CFD-based Software.

The hull model created includes the data of PV C boat with
a variation of the boat model designed in the study used to
analyse the floodable length of the boat. The variation of the
model of the hull of PVC pipe is designed to be PVC boat
withflat hull, PV C boat with hull shape, and PV C liner with V
hull form that use CAD modelling software (Fig 1 - Fig 2 and
Table1l - Table 2).

Fig. 1.Flat Hull PVC boat

Fig. 2.PVC boat hull shape U

Fig. 3.PVC boat hull ShapeV

Table 1. Main size of boat

No Boat type Length | Breath | Draught
(m) (m) (m)
1 | Model flat 17,49 3,55 0,60
2 | Model hull U 17,40 3,50 0,65
3 | Modéd hull V 17,48 3,20 0,75
Table 2. Number of used pipes
No Boat Type Number Pipesize
of pipes (inch)

1 Model flat hull 19 14

2 Model hull U 25 14

3 Model hull V 23 14
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The manufacture of the hull form model of fishing boat is
used to analyze the rolling movements of boats using the CAD
software and selected flat hull boats because it has the best
characteristics in terms of obstacles and stability [7], [8]..
Model passive U-Tube tank is still in 2D model using CAD
Software. Variations of passive U-Tube tank model for PVC
fishing boat. Table 3 shows the main data of the passive tank
size.

Table 3. Main size Passive Tank

No Dimensions Mode | Mode | Mode
I A IB IC
(m) (m) (m)
1 | High Fluid 0,8 0,8 0,8
2 | Tota High Tanks 1,0 1,0 1,0
3 | Line Diameter Tanks 0,5 0,5 0,50

4 | Distanceto Midship 0 0 0

5 | Length 0,5 0,5 0,5
6 | Saulran Width 15 2 25
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Fig. 4. Model Passive Tank: [a] Model A 2D [b] Model B
2D [c] Model C 2D

Fig. 5.PVC boat Addition Passive tank
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Fig 5istheresult of aflat hull PV C boat has been given the
addition of passive tanks that we will be careful in rolling
movements that occur using CFD-based software.

To obtain the variation of the hull shape of the boat's
floodable length and the wide variation of passive tank
channels to rolling on the flat Hull PV C boat, the study was
conducted with the following stapes:

The first step in conducting floodable length analysis
resulted in the model of the boat with variations in the hull
shape along with the compression of the tanks on each boat
size obtained from the general Plan data [9]. The finished
Model is designed to be set loadcase according to the
condition conditions SOLAS namely Lightship, partial, and
deepest [10].

Make the model of ship and passive tank in accordance
with the main size of passivetank and to increase variationsin
the cross-section of passive tanks.

Doing the calculation of the moment of passive tank
reducer using the help of CFD based software which then
carried out data to find slope vaue with regression method
which isthe value of passive tank attenuation coefficient.

Analyze the Rolling ship using the Panel method based
software. At this stage is conducted analysis calculation of
RAOQO Rall ship before and after the addition of Passive Tank,
where the cal culation result of attenuation of damping is used
toinput inthis calculation process[11]. Thisanaysis usesthe
ITTC parameter wave spectrum with awave height of 1 meter
and Wave Direction 90°. Obtained results data of RAO Roll
analysis of the motion of boats processed into RMS (Root
mean square).

The rolling motion analysis adjusts the standard criteria of
seakeeping depending of the type of boat. Table 4 shows the
Standard Criteria Nordforsk 1987 requires the following
provisions [12].

Table 4. Standard Criterion of NORDFORSK 1987

No Descriptions Merchant Ships

1 | RMSof vertica 0,275 g (L <100m)
acceleration at FP 0,050 g (L <330m)

2 | RMSof vertica 0,159
acceleration at Bridge

3 | RMSof laterd 0,129
acceleration at Bridge

4 | RMSof Rall 6,0 deg

5 | Probability of 0,03 (L <100 m)
Slamming 0,01 (L <300 m)

1. RESULT AND DISCUSSION

A. Floodable Length Analysis

Planning leaks are carried out with a probabilistic
approach. The calculation of the leaked compartment is done
by simulating leaks in each tank or compartment. As for the
simulation of leaks two or more compartments are carried out
by combining leaks in two or more adjacent compartments

(Fig 6).
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L
[b]
Fig. 6. Visualization of boat leakage[a] top view [b] side
view

This calculation is to analyze floodable lengths on PVC
boat using shipping software. In the calculation of the
floodable length analysis will produce a curved chart of the
maximum length of the room, with the position of the latitude
of the length of the boat when the room is flooded when the
water will precisely alludesto the sinking limit (Margin Line).

FLOODABLE LENGTH CURVE
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Fig. 7. Results of Floodable length of flat hull PVC liner
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Fig. 8. Resultsof floodablelength PVC liner U Shape Hull
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Fig. 9. Results of floodable length PV C boat hull Shape V

InFig 7 — Fig 9 can be seen that the results of the floodable
length analysis on this boat have a difference in the results of
the curved graph and the value of the floodable length results
are aso different.

B. Passive U Tank

The ship Model is used only aflat hull PVC boat that has
the best characteristics of various aspects. Model creation
using CAD-based software with the result asin Fig 10ais 3D
model of ship and Fig 10b is passive tank model.

[b]

Fig. 10. Creating models: (a) 3D models of Ships, (b) 3D
Passive Tank M odels

ThisModel will then be exported into the form of. igesfile
which is then run on CFD software and panel method for
further analysis of pressure.

In the Geometry phase begins by importing the Passive
Tank model into CAD-based software, in this study,
numerical calculation use CFD. The next step is the Meshing
stage, thisis done with the aim to provide better density in the
analysis process and more accurate results (Fig 11).

The next step is Setup to specify the Default domain
modified, Expression, Initialization and Solver. At this stage,
the process of running the Model 3 times with different
angular velocity in order to do the calculation of the mute
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coefficient using regression method (Table 5).

Theangular velocity used in the study was chosen based on
the previous research on this PVC boat hence the speed of
angle as in table 5. Meanwhile, CFD simulation results are
found in Fig 12.

Table5. Angular Velocity

No Degr ees/sec Radians/sec
0,75 Degls 0,013089969 rad/s
0,50 Deg/s 0,008726646 rad/s

3 0,25 Degls 0.004363323 rad/s

L) 150 3000(m)

Fig. 11. Meshing Passive Tank M odel

1,000 2000 (m)

0500 1500

Fig. 12. Illustration running the moment of silencer

calculation on CFD

Table 6. The moment value of Passive Tank reducer

Model | Angular Damping moment (N.m)

Rall

A 0,75 0,0025 487,45 | 0,0018
0,50 0,0420 327,10 | 0,0344
0,25 0,0450 165,11 | 0,0318

B 0,75 0,6914 906,10 1,0360
0,50 0,1791 607,06 | 0,1188
0,25 0,2995 305,01 | 0,0869

C 0,75 -0,1015 | 17786 | -0,175
0,50 0,03860 | 1197,60 | -0,036
0,25 0,02344 | 601,35 -0,028

Table 6 shows the moment the dampening value is
generated at different angular speeds. Furthermore, the last
step in this processis the calculation of the mute coefficient
using Linear regression method.
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Fig. 13. Calculation of Damping coefficient

Fig 13 is the calculation of the Model A's regenerating
coefficient. of the 3 angular speeds that produce different
muted moments, it can be produced for the return coefficient
using linear regression. By doing calculations using
regression method can determine the value of Damping
coefficient asfound in Table 7.

Table 7. Values of Damping Passive Tank coefficient

No | Model Damping coefficient
X Y Z
1 A -0,08486 | 644,68 -0,05986
2 B 0,78372 | 1202,18 1,898216
3 C -0,2499 2354,5 -0,29341

At the Geometry stage begins with the import of the ship
model to the software-based Panel method. The next step is
the Meshing stage, in this study used the size of Meshing
element sizing of 1/40 LOA, it isdone with theaim to provide
better density on the analysis process and more accurate
results (Fig 14).

The analysis of the movement is calculated by entering the
damping passive tank which is then carried out by the rolling
boat movement analysis with a 90° wave angle. The rolling
motion simulation result isin Fig 15.

In fact, waves at sea are random waves so that the ship's
response to the regular wave expressed in the RAO cannot
describe the ship's response to the real state at sea. To get the
ship's movement response to random waves can be described
with the response spectrum. The response spectrum is
achieved by multiplying the wave spectrum. For the waters of
Java Sea, the data used in this research is a significant wave
height (Hs) 1 m, and from the high wave data obtained and
then sought average period value (T,) in the sea state is
3.21009.

Fig. 14. Boat Model meshing
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Fig. 15.

[llustration of rolling ship movement

The result of this Rolling motion analysis is a Response
amplitude Operator (RAO) Rolling boat as shown in Fig 16.
Then the condition of the waters where the boats are operating
are depicted with the wave spectrum found in Fig 17. The
RAO curve and the wave spectrum will result in a response
spectrum (Fig 18) that the roots of the area inside the curve
generate the value of the Root Mean Square (RMS) Rolling
boat.

Figure 16 isthe RAO chart of the ship rolling movement in
the direction of the side wave of the boat or at 900 angle. It
can be seen that the highest peak of RAO is on the original
model (without passive tanks) which is then followed by
models A, B and C. The difference between models A, B, and
Cisat the width of the channel, in which the model C valueis
most large from model B and model A The smallest saulran
width value. With the same water surface height (0.80 m), it
indicates that the water volume of model C is much more than
that of model B and model A.

RAQ Rolling
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Fig. 16. Comparison of RAO Rolling
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Fig. 17. Wave spectrum at 90° wave heading
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Response Spectrum
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Fig. 18. Theresponse spectrum on the 90° wave heading

The wave spectrum can be seen in Fig 17. In the Fig 18
rolling motion response is presented with the response
spectrum curve. From the image it appears that the area under
the curve between the boats using passive tanks and which
does not use is significantly different. The root of the area
referred to by RMSisthe response of arolling boat motionin

arandom wave.

2,70
2,60
2,50
2,40
% 2,30
2,20
2,10
2,00
1,90

Hnon A mB uC

MODEL
Figure 19. Comparison of RM S Roll values

Table 8. Comparison of Damping Passive Tank moment

presentation
M odel RMSRolling Percentage of damping
(Deg) (%)
non 2,59 -
A 2,48 4,40
B 2,38 8,10
C 2,20 15,28

The square root of the curve of the response spectrum
(RMS) ispresented in Fig 16 and Table 8. It can be seen that
boats that do not use passive tanks have an RM S rolling of 2,
59°. Actually, this RMS value is still in accordance with the
standard criteria for the response movement rolling ship
according to Nordforks of 6°. While the use of passive tanks
reduced to 2, 480 on Model A, Model B produces 2, 38° and
C models able to reduce rolling motion up to 2, 20°. This
proves that the use of passiive tanks on the ship can dampen
the ship's rolling movements by more than 15% compared to
those not using passive tanks.

From table 8 can be seen that the rolling motion response of
model C is more dampening the rolling movement than on
other models. The difference in channel width configuration
provides different damping of rolling

IV. CONCLUSION

Permeability factor for each boat compartment is different
so that there are different floodable length results and in the
shape variations of the stomach also get different floodable
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length results. The results of this floodable length study were
obtained that the partition of the loading space is correct.

The results of the research on the addition of passive tanks
showed that boats using passive tanks were able to dampen
rolling movements. In model A was ableto dampen by 4.40%,
model B was able to dampen by 8.10% , and model C could
dampen the rolling motion by 15.28%.

Based on these results, it can be concluded that the wide
influence of passivetank is very influential on the decreasein
the value of RMS Rall of PVC fish with flat hull.
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