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The design and production of 30 gross tonnages (GT) fiberglass fishing boats do not yet have technical
and economic accuracy. The purpose of this study is to design a 30 GT fiberglass fishing boat hull
model to find the minimum speed of the ship, the optimum power of the main motor of the ship and the
appropriate gross tonnage of the ship. The method used in this planning is optimization of preliminary
design and optimization of design approach to obtain optimal ship size and main motor power. Based
on the results of ship planning, the product design is obtained in the form of drawings of lines plan and
general arrangement with the main size of the ship (Loa) 20.50 meters, ship width (B) = 4.27 meters,
deck height = 18.75 meters and draft = 1.20 meters. Optimum main motor power (BHP) = 150 Hp,
with service speed (Vs) = 10.5 knots. The conclusion meets the appropriate gross tonnage of 30 GT
based on the general arrangement planning which has good ship stability with a rolling period of 80.58
seconds.

© SEECMAR | All rights reserved

1. Introduction.

The materials used for the production of fishing boats using
fiberglass are superior because these materials are easy to ob-
tain in the market and the production costs are very competitive
and do not require a large investment with a fast production pro-
cess (Marasabessy and Siagian, 2016), this is when compared
to steel, both production and maintenance costs are very expen-
sive and require a large investment for the production process
(Ma’ruf, 2011), (Marcell, Supomo and Arif, 2021),(Viljoen et
al., 2022),(Yang, Peng and Wang, 2018).

Research that has been done previously is the design of fish-
ing boats with 5 GT and 10 GT but is still in the preliminary

1Faculty of Engineering, Naval Engineering, Universitas Pembangunan Na-
sional Veteran Jakarta, Jl. Limo Raya No.80, Limo, Kec. Limo, Kota Depok,
Jawa Barat 16514. Indonesia.

2Faculty of Engineering, Mechanical Engineering, Universitas Pembangu-
nan Nasional Veteran Jakarta, Jl. Limo Raya No.80, Limo, Kec. Limo, Kota
Depok, Jawa Barat 16514. Indonesia.

3Faculty of Engineering, Naval Engineering, Universitas Pembangunan Na-
sional Veteran Jakarta, Jl. Limo Raya No.80, Limo, Kec. Limo, Kota Depok,
Jawa Barat 16514. Indonesia.
∗Corresponding author: Damora Rhakasywi Tel. 021-7656904/75817114

E-mail: rhakasywi@upnvj.ac.id.

design stage (Marasabessy et al., 2019),(Sudjasta and Djaya,
2015). Strength of the hull made of fiberglass with different
thickness variations (Wolok et al., 2017), (A.J.Sobey, J.I.R.Blake
and R.A.Shenoi, 2013). Previous research conducted a review
of the extent to which the application of classification rules in
the production process of building 3 GT fishing boat by test-
ing the tensile strength and bending strength of the laminated
specimens of the 3 GT fiber reinforced plastic (FRP) fishing
boat (Marzuki, 2017). Another study used Chopped Strand
Mat (CSM) and Woven Roving Mat (WRM) which were com-
bined to produce a laminated structure of Glass Fiber Rein-
forced Polymer (GFRP) on small vessels such as fishing ves-
sels, hull plates were verified quantitatively through experiments
and statistical analysis (Oh et al., 2022).

Non-contact underwater explosion (UNDEX) can cause very
large deformations in composite structures associated with se-
vere nonlinear phenomena. In previous studies composite mate-
rials were characterized by experimental modal analysis as well
as a comprehensive series of shock tests, the results of which
were compared with a numerical model, in which the compos-
ite specimen is supported on a special confining structure de-
signed to create large deflections and provide reproducible re-
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sults (Mannacio et al., 2022).
In other studies the suitability of S-Glass/carbon fiber re-

inforced polymer composites for submarine hulls subjected to
hydrostatic pressure, metallic materials has raised concerns due
to their decomposition and low resistance to salinity. In this
study, the mechanical properties of S-Glass/carbon fiber rein-
forced polymer composites were investigated experimentally
with higher specific strength and composite stiffness compared
to many metal materials. The nonlinear impact at speed (3 -
21) m/s as well as kinetic energy, peak acceleration and inter-
nal energy on the submarine explained at a certain depth with
travel (1750 - 3500)m is recommended, more specifically the
submarine accident safety factor is found to be within limits
when the submarine is at a depth of 1750 m (Natarajan et al.,
2022). Other studies have used composite materials, especially
glass fiber reinforced polymer composites (GFRP). Previous
studies have established that seawater aging has a detrimen-
tal effect on the physical and mechanical properties of GFRPs,
the current study examining the effect of seawater aging at a
macroscopic level. The results show a higher failure rate in the
seawater treated composites compared to the untreated com-
posites (Bhat, Mohan and Sharma, 2022). Other studies using
fiberglass-reinforced composite materials are commonly used
in engineering structures that are subjected to dynamic loading,
such as wind turbine blades, automobiles, and airplanes. The
study utilized piezoresistive laser induced graphene (LIG) inte-
grated into fiberglass-reinforced composites for fatigue damage
monitoring and life prediction (Groo et al., 2021).

The previous study discussed the damage to dome and graf-
fiti materials that were affected by the type of hard degradation,
very different from those affecting historic building materials,
which jeopardized their preservation conditions. The study in-
vestigated whether a conservative restoration methodological
approach could be applied to this structure, which is an exam-
ple of contemporary architecture. The degradation affecting the
dome and graffiti was then investigated, as well as the fiberglass
samples (Pizzigatti and Franzoni, 2021). Research on manufac-
turing technology for advanced composite materials, the use of
composites for engineering applications has increased signifi-
cantly. The purpose of this research is to study the response of
an ideal subsystem made of composite material and then study
the vibration response theoretically using the Statistical Energy
Analysis (SEA) method. The results of this study obtained the
modal density of rectangular composite plates made of fiber-
glass experimentally and theoretically (Borgaonkar, Mandale
and Potdar, 2018).

The next study examined the mechanical and physical prop-
erties of hybrid composites made by adding plain woven cop-
per strip mesh between fiberglass layers in Glass-Fiber Rein-
forced Plastics (GFRP) composites before curing. The results
showed that there was an increase in the tensile strength of
16.357% in the hybrid composite compared to the GFRP com-
posite, the flexural strength of the hybrid composite increased
by 29.019%, where the impact energy of the hybrid composite
increased by 55.55%, the density of the hybrid composite in-
creased by 57.208% and the hardness of the hybrid composite
increased by 13.846% (Chopra et al., 2022). Other research on

natural rubber fiber (NR) products is increasing because nat-
ural rubber can be obtained from nature and can be produced
into sustainable products, widely used in applications such as
tires, cables, latex products, medical devices, and sports com-
ponents. In this study, the use of electrospinning technique to
produce fiber has been carried out because this technique has
proven to be a simple and effective technique for fiber pro-
duction. This study aims to study the morphology, diameter,
and functional groups of natural rubber fibers and the differ-
ences in lignin loading on the fibers produced by electrospin-
ning technique (Ngamkham et al., 2021). Subsequent research
on fibers investigated the thermal and mechanical neutron atten-
uation properties of reinforced concrete using low-dose gamma
irradiated polyethylene terephthalate (PETE) fibers. The re-
sults showed that fiber reinforced concrete (FRC) which had
25 denier fibers provided higher compressive strength, flexural
strength, and toughness than FRC with 1.3 denier fibers (Khem-
ngern et al., 2020).

Future research will focus on natural fibers which are very
useful with strong mechanical properties. In this study, fiber-
glass reinforced with unsaturated polyester composites were
tested for water absorption. The water absorption test was car-
ried out by immersing the test object into three different envi-
ronmental conditions, namely sea water, distilled water and rain
water. Results In general, the mechanical properties of natural
fibers deteriorate after moisture enters the composite. Strain to
failure increased from the first day to the 4th week, the humidity
received was evidence found on scanning electron microscopy
(SEM) micrographs that had an effect on decreasing the tensile
modulus (Ghani et al., 2012).

Thermal oxidation of the unidirectional carbon fiber/glass
fiber hybrid composite was investigated to determine the oxida-
tion kinetics and degradation mechanism. The resultant tensile
strength remained essentially unchanged by thermal oxidation
after 52 weeks of exposure. Inspection of thermally aged sealed
rods shows no cracks after long term exposure (E.Barjasteh et
al., 2009). Another study showed the results of experimental
studies on laminated Kevlar/fiberglass composites subjected to
impact loading at various temperatures. Effect of temperature
on maximum energy, elastic energy, maximum deflection, max-
imum impact force, and compression. The temperature under
consideration is in the range of 50 to 120 ◦C. The results show
that the impact performance of this composite is influenced by
the temperature range used (Salehi-Khojin et al., 2006).

Other studies in recent years have increasingly recognized
the importance of reducing ship fuel consumption on sea routes
to reduce greenhouse gas emissions from shipping. From a ship
design point of view, it is very important to establish reliable
predictive methods for ship resistance and propulsion. There
are three solutions for the prediction of ship resistance as fol-
lows analytical method, in-tank model test and Computational
Fluid Dynamics (CFD). This study aims to simulate ship resis-
tance using the CFD simulation method which was carried out
using the ANSYS-CFX software package. The results showed
that the ship’s resistance was calculated at various ship speeds
and Froude numbers. The predicted results for the resistance
components at various Froude numbers are compared with the
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resistance results calculated using the Holtrop method. It can be
seen that the simulation results are quite in agreement with the
results calculated from the Holtrop method, and the ANSYS-
CFX code can predict ship resistance. (Elkafas, Elgohary and
Zeid, 2019),(Poundra et al., 2017),(Orych, Werner and Larsson,
2021). To reduce and minimize the discrepancy of a design
against the owner’s requirement at the design stage, it is nec-
essary to conduct a study in preliminary ship design with op-
timization methods to determine the main size of the ship and
the optimal hull form (Hadi and Zain, 2011), (Faculty, 2022).

The flow that occurs in waves forms along the hull of the
ship and the expansion flow behind the hull can absorb energy
from the ship. Ship resistance and the behavior of its compo-
nents are very important in estimating ship propulsion, which
can positively affect fuel consumption (Sulistyawati, Yanuar
and Pamitran, 2020).

Evaluation of the hydrodynamic efficiency of the ship re-
sulting from energy-efficient and concentrated cost functions.
Optimization method with hull geometry representation is one
of the most appropriate initial design steps to evaluate hydrody-
namic performance (Sulistyawati and Suranto, 2009).

The specific objective of this research is to plan a 30 GT
fiberglass fishing boat hull model to be able to help coastal fish-
ermen. This research was carried out by developing the technol-
ogy for making a 30 GT fishing boat hull model in 3D and de-
termining the optimal main size of the ship so as to get the right
gross tonnage, precision, appropriate ship speed and good ship
stability, equipped with tools to call fish using sound waves.

2. Optimization Design Approach.

The design optimization method in this research aims to de-
termine the main size of the ship based on the design limits
of the registered comparison ship. The optimization method is
used to determine the optimum main size of the ship and the
power requirements of the propulsion motor at the basic de-
sign stage (Manual, 2022). The optimization design approach
is chosen as an alternative that can produce the optimum value
from certain criteria by determining the parameters that must be
met and the constraints set as shown in the diagram (Okumoto
et al., 2009) in Fig. 1.

Figure 1: Design Approach optimization flow.

Source: Authors.

3. Research Methods.

In planning the hull of a fishing boat made of fiberglass to
obtain optimal main motor power, the research team carried out
the design process and made a modeling of the hull. The overall
research stages can be seen in the flow chart shown in Fig. 2.

Figure 2: Diagram of research stages.

Source: Authors.

a. The optimization process carried out on the design of the 30
GT fiberglass fishing boat hull model is using Excel Solver.
Optimization of Microsoft Excel add-in Solver by specify-
ing Design variables: L, B, T, H, Cb. Parameters: speed
(owner requirement) and gross tonnage. Design constraints
on the requirements that apply to fishing vessels. Design
properties include calculations: Displacement LWT, DWT,
Trim, Initial Stability and Resistance. Objective function:
minimizing the main engine power, maximizing the stabil-
ity and maximizing speed.

b. Analysis of resistance and stability using Maxsurf, Hull-
speed and Hydromax software. Hullspeed is used to test the
resistance and power of the model and at the same time to
determine the maximum speed and efficiency. Meanwhile,
for the analysis of the stability of the ship model, Hydromax
Pro was used to determine the characteristics of the forces
acting on the submerged part of the model.

c. Correction of the difference between numerical and experi-
mental calculations is a maximum of 0.5%, where the smaller
the value of the percentage difference, the better the level of
validation. If the comparison between numerical calcula-
tions and experiments exceeds the maximum percentage de-
viation, the numerical calculation process must be evaluated
again.

d. Determination of the most optimal model can be seen from
the results of the analysis of resistance. The result of the
smallest resistance will then be analyzed for its stability. If
it does not get the appropriate stability results, then the next
small resistance value is chosen again until the stability that
meets the requirements is obtained.
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e. Calculation of the propulsion system from the analysis of
the ship’s resistance and stability and the determination of
the optimum main motor power.

4. Results and Discussion.

In the second step, we carried out the bootstrap Truncated
regressions model to examine the influence of each explanatory
variable on the container port efficiency through including time-
effects. The main conclusions we can draw from our analyses
are displayed in Table 5.

The comparison ship data processing is carried out using
statistical methods by collecting comparison fishing boat data.
The calculation of the ship design begins with the provision of
requirements for fishing vessels of 30 GT with a speed of 10
knots.

The ship design is used to obtain the design variables of
length (Lpp), width (B), draft (T), and height (H), and Cb (block
coefficient). From the comparison data obtained from fishing
vessels, a polynomial regression process is carried out between
the main size of the comparison vessel and the gross tonnage
(GT) of the vessel.

The results of the main size polynomial regression on the
value of GT are as shown in Fig. 3 to 6.

Figure 3: Polynomial regression of the principal size of the ship
(Loa) against the value (GT).

Source: Authors.

Figure 4: Regression of the ship’s principal size polynomial (B)
to value (GT).

Source: Authors.

Figure 5: Principal size polynomial regression (T) against value
(GT) .

Source: Authors.

Figure 6: Polynomial regression of the principal size of the ship
(H) against the value (GT).

Source: Authors.

4.1. Process Optimization with Excel Solver.

The optimization process uses the Microsoft Excel add-in
solver to obtain a fishing boat design that meets the aspect value,
namely minimizing the main engine power. Fig. 7 shows the
optimization model of Microsoft Excel add-in solver.

Figure 7: Optimization model Microsoft Excel add-in solver.

Source: Authors.
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The steps for the optimization process using the Microsoft
Excel add-in Solver include:

a. Design variables: The initial main measure of the design
variable according to the polynomial regression process: whole
length (Loa) = 19.06 m, ship width (B) = 4.72 m, deck
height (H) = 2.13 m, laden height (T) = 1.28 m, coefficient
block (Cb) = 0.55

b. Design parameters: gross tonnage = 30 RT, ship speed (Vk)
= 10 knot.

c. Design constraints include: variable from the main size of
the ship: laden height 0.7 ≤ T ≤ 1.60 m, coefficient block
0.5 ≤ Cb ≤ 0.6, main size design variable ratio: 2.90 ≤ L/B
≤ 5.25, 7.20 ≤ L/H ≤ 13.40, 12.00 ≤ L/T ≤ 24.40, 2.80 ≤
B/T ≤ 4.00, 1.65 ≤ B/H ≤ 2.75.

4.2. Stability Analysis Using Hydromax Software.

The main parameter in determining the durability of the
ship is to have good stability (Jiao, Ren and Sun, 2016). Ship
stability is determined by several factors such as the shape of
the hull, weight and the location of the center of gravity when
the ship is operating. The condition of the ship operating always
changes in weight and the location of the center of gravity. As-
sessment of stability is seen from the shape of the static stability
curve of the GZ curve, where GZ is the size of the ship’s return
arm under certain shaky conditions. Stability calculations are
carried out to analyze the safety aspects of the designed ship.
The stability criteria are shown in Fig. 8, based on the general
intact stability criteria for all ships (Organization, 1993).

Figure 8: Stability according to IMO requirements (Organiza-
tion, 1993).

Source: Authors.

Fig. 8. Shows that the area of the curve under the static arm
curve (GZ) should not be less than 0.055 m radians or 3.151 m.
degree up to 30o angle of sway. The area under the return arm
curve (GZ curve) to an angle of 40o is not less than 0.090 m.
rad or 5.157 m. degree. The area under the curve of the static
arm (GZ) between the sway angles of 30o and 40o shall not be
less than 0.03 m radians or 1.719 m. degree. Static Arm (GZ)
at a swing angle of more than 30o shall not be less than 0.20 m.
Maximum return arm occurs at a swing of more than 30o but
not less than 25o.

Figure 9: Stability at 100% load transfer.

Source: Authors.

Fig. 9. Explains the condition of 100% load transfer sta-
bility meeting the requirements required by International Mar-
itime Organization (IMO), namely the area under the stability
curve between the wobble angles of 0o to 30o is 9.714m.deg,
which is more than the minimum required of 3.151m.deg. The
criteria for the maximum enforcement arm (GZ) angle are also
met where the requirements that must be met are at least 25o,
the results obtained are the GZ angle of 25.50o.

Figure 10: Stability at empty load.

Source: Authors.

Fig.10. Explains that under the condition of an empty load,
the stability meets those required by IMO, namely the area un-
der the stability curve between the wobble angles of 0o to 30o

is 17.659m.deg, which is greater than the minimum required at
3.151m.deg. For the maximum GZ angle criteria are also met
where the requirements that must be met are at least 25o, the
results obtained are 41.80o GZ angles.

Figure 11: Ship line plan.

Source: Authors.

Fig. 11. Shows a ship line plan drawn using Maxsurf soft-
ware with a LOA value of 20.50 m, length 18.75 m, beam is
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4.27 m, depth is 1.75 m, draft to baseline is 1.20 m and the
overall weight of the ship is 47.80 tons.

Figure 12: Rolling period (Barrass and Derrett, 2006).

Source: Authors.

Fig. 12. Shows the resulting rolling period based on the
GMT variable 5.0 m and the B width 60 m. From the graph it
can be seen: (a) The roll time period does not depend on the
actual amplitude of the coil as long as the angle is small, (b)
The roll time period varies directly as K, the radius of gyration.
If the radius of gyration is increased, the time period is also in-
creased. K can be increased by moving the load away from the
axis of oscillation. The average K value is about 0.35 x Br.Mld,
(c) The overturning time period is inversely proportional to the
square root of the initial metacentric height. If the ship with
a large GM will have a short period and a ship with a small
GM will have a long period, (d) The overturning period will
change as the load is loaded, unloaded or shifted in the vessel,
as this usually affects both the radius of gyration and the initial
metacentric height (Barrass and Derrett, 2006). The result of
the calculation of the sway period is 20.58s. The ship’s shaky
period is between 30-35 (s) it can be said that the ship has a
stability that is not rigid and causes discomfort in the motion
of the ship and passengers. While the period of the ship is be-
low 8 (s) it can be said that the ship has a rigid stability (stiff)
which also causes discomfort in the movement of the ship and
passengers because the ship is rocking too fast. For ships that
have a good shaking period ranging from 20-25 (s) (Barrass and
Derrett, 2006). So it can be said that this fishing boat has good
stability with a shaking period of 20.58 s.

4.3. Gross Tonnage (GT) Check.

Gross Tonnage (GT) of the ship is the total volume of space
below and above the strength deck (main deck in accordance
with the General Arrangement drawing), which is then multi-
plied by a gross tonnage coefficient of 0.353, in Fig. 11. Deter-
mination of Gross Tonnage of fiberglass fishing boats, as shown
in table 1.

Table 1: Determination of Gross Tonnage of Ships.

Source: Authors.

Conclusions.

The results of the calculation of the 30 GT fiberglass fishing
boat design at the preliminary design stage, can be concluded
as follows:

a. The basic size of the ship (Loa) is 20.50 meters, the width of
the ship (B) = 4.27 meters, the deck height = 18.75 meters
and the draft = 1.20 meters. Optimum main motor power
(BHP) = 150 Hp, with ship speed during normal voyage =
10.5 knots.

b. Gross tonnage (GT) of the boat reaches 30 GT based on the
general arrangement.

c. Under the condition of an empty load, the stability meets
those required by International Maritime Organization (IMO),
namely the area under the stability curve between the wob-
ble angles of 0o to 30o is 17.65948m.deg, which is greater
than the minimum required of 3.151m.deg. For the max-
imum (GZ) angle criteria are also met where the require-
ments that must be met are at least 25o, the results obtained
are 41.80o enforcement arm (GZ) angles.

d. The designed fishing vessel has a fairly good stability with a
shaking period value of 20.58s, because for a vessel that has
a good shaking period it ranges from 20-25 (s).

e. The results of the analysis of motion at forward speed with
a wave direction of 180o are very good. For translational
motion, it is known that the highest amplitude occurs at Re-
sponse Amplitude Operator (RAO) surge motion (X) of 3.55
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(o/m) at a frequency (ω) of 0.005 Hz, and rotational motion
it is known that the highest amplitude occurs at RAO pitch
motion (RY) of 8.63E+07(o/m) at a frequency (ω) of 0.187
Hz.
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