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Wooden fishing boats remain susceptible to accidents due to their material limitations.
This study addresses this concern by comparing the crashworthiness of aluminum and
fiberglass, two increasingly popular shipbuilding materials in Indonesia. Finite element
simulations using ANSYS 2020 were employed to analyze deformation, stress, and
energy absorption during collisions at high speeds (20 and 30 knots). The results,
presented in a table, demonstrate that aluminum vessels exhibited significantly higher
energy absorption (EA) compared to fiberglass counterparts. This trend held true across
different material thicknesses (10mm and 6mm) and collision speeds (20 and 30 knots).
For instance, at 20 knots, aluminum vessels absorbed over ten times the energy compared
to fiberglass vessels with the same thickness. These findings conclusively demonstrate the
superior crashworthiness of aluminum, making it a safer and more resilient material for
constructing fishing boats. This research contributes to the ongoing discussion on
maritime safety and has implications for promoting the use of aluminum in future

shipbuilding practices in Indonesia and beyond.

1. INTRODUCTION

The maritime sector is fraught with accident risks stemming
from human error, system failures, and other factors [1]. In the
face of evolving safety standards, the industry’s approach to
crashworthiness-especially for fishing vessels-has undergone
significant scrutiny. Traditionally dependent on wood, the
construction material of choice is now shifting towards more
robust alternatives like fiberglass, particularly in Indonesia.
This transition is driven by the need to withstand harsh marine
environments and improve collision resilience. The pressing
nature of this shift is underscored by the distressing number of
fatalities from fishing vessel incidents in the region [2].

In response to the critical need for enhanced maritime safety,
the study zeroes in on the energy absorption properties of
fiberglass—materials at the forefront of modern fishing vessel
construction in Indonesia. Recognizing the paucity of research
on the crashworthiness of small-scale fishing vessels, the
analysis seeks to bridge this gap. Previous studies have largely
focused on the structural integrity of large maritime vessels,
overlooking the unique challenges faced by smaller
counterparts. By conducting a detailed comparative analysis,
the aim is to evaluate the deformation, stress response, and
energy absorption of fiberglass at collision speeds of 20 and
30 knots. The findings are set to shed light on the design and
safety of fishing vessels, offering valuable contributions to the
maritime safety literature, and supporting Indonesia’s robust
fishing industry.
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Ship collision studies are crucial for enhancing maritime
safety by understanding and mitigating the risks of ship-to-
ship collisions [3, 4]. The methodologies employed
encompass Minorsky’s formulation, which assesses the extent
of impact damage, and the research that delves into the plastic
deformation and shearing of plates [5]. Additionally,
numerical simulations play a pivotal role in analyzing the
impact resistance of ship structures. Figure 1 illustrates the
method for evaluating impact strength in ship collisions,
providing a visual representation of the analytical and
simulation processes used to assess the structural integrity of
ships post-impact. Numerical simulations are instrumental in
forecasting the structural behavior post-impact, while physical
experiments are conducted to validate these models and assess
their real-world applicability. Analytical methods are then
applied to calculate the structural response, providing a
theoretical foundation for the empirical data. The synergy
between experimental data and simulation results fortifies the
validity of the models, and the analytical methods offer an
extra layer of verification. Collectively, these methods form a
comprehensive framework that informs the design of ships
with improved structural integrity, capable of withstanding
impacts and preventing catastrophic failures [6].

When ships collide, several distinct stages unfold, each
contributing to the overall impact and damage assessment [6].
During a ship collision, the initial kinetic energy of the striking
vessel plays a crucial role in determining the severity of the
damage.
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Figure 1. Method for impact strength on ship collisions [5]
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This energy, arising from the ship's motion, is primarily
absorbed through the lateral deformation of the struck ship's
side structure [7]. This deformation manifests as bending and
buckling, acting as a sacrificial zone to dissipate the impact
force as shown in Figure 2. Additionally, the collision triggers
compression-loaded deformation, where the structures of both
vessels experience crushing and compaction at the point of
contact.

(b)

Figure 2. Plate impact deformation modes: (a) lateral, (b)
compression [8]

In the context of ship collision analysis, two distinct energy

absorption phases (E1 and E2) are identified for the struck ship.

El, or Energy Absorption Phase 1, encompasses the initial
impact. During this phase, the kinetic energy of the striking
ship is primarily absorbed through the lateral deformation of
the struck ship's side structure. This bending and buckling act
as a buffer zone, mitigating the impact force and protecting
critical internal compartments. E2 (Energy Absorption Phase
2) follows the initial impact and describes the energy absorbed
during the compression-loaded deformation. This phase
involves the crushing and compaction of the ship's structure at
the point of contact, further dissipating the collision energy
and contributing to the overall damage mitigation. These
energy absorption values are critical for assessing the struck
ship's structural integrity and designing for improved
crashworthiness [9].

E, =0.77.¢..€, Ry )

1392

t
E2 = 3.5(5)0'670-01?7' (3)

Table 1. The values mechanical strength parameters of
fishing boats material

Specific Modulus . ,. Yield Tangent
- of Poisson’s
Material Volume Elasticity  Ratio Strength  Modulus
(kg/m3F (GPa) (MPa)  (MPa)

Aluminum 2700 70 0.33 240 70
Fiberglass 1120 42 0.25 4.84 -
Mahogany

Wood 500 12 0.35 50 12
Mild Steel 7850 200 0.29 250 200

The EA value is greatly influenced by the material
characteristics of shipbuilding materials, as shown in Eq. (1)
and Eq. (2). Table 1 shows the mechanical properties of ship-
making materials [10].

Ship collisions and groundings pose a significant threat to
maritime safety and the environment. Understanding material
failure behavior is critical for designing crashworthy vessels
that can absorb impact energy and minimize damage.
Numerical analysis plays a crucial role in this process,
considering factors like strain, material thickness, and failure
criteria [11, 12].

gr(le) = g4 + ..t/ 4)
where, € represents the strain failure, €, is the geometric
strain, €, is the elastic strain, t is the material thickness, and le
is the effective length.

Material selection is another key aspect, with a shift towards
stronger and more resilient materials like Aluminums and
fiberglass for shipbuilding [13]. This trend aims to mitigate the
risks associated with traditional wooden vessels, particularly
in harsh environments and collision scenarios [14].

Evaluating crashworthiness requires investigating the
impact of material selection and structural design. Advanced
computer simulation software like ANSYS allows such
analysis [15]. Research by Ma et al. [16] and Jahani et al. [17]
explores the use of hybrid structures combining Aluminums
and composites, highlighting the influence of material
combinations on crash performance. Similarly, Zha et al. [18]
and Emadi et al. [19] emphasize the importance of material
selection and design optimization for crash resistance in
hybrid structures. Furthermore, Gurrutxaga-Lerma et al. [20]
highlights the understanding of a material's response under
impact as crucial for crash analysis, aligning with the emphasis
on finite element simulations [21].

The need for stronger fishing vessels is particularly pressing
in Indonesia, a nation with a vast fishing industry employing
millions. However, Indonesia faces unique challenges due to
frequent extreme weather events threatening vessel safety
[22]. Addressing this issue aligns with global efforts towards
improved maritime safety and environmental protection [23,
24]. In the context of sustainable development goals [25],
research on fortifying fishing vessels can enhance safety,
protect lives, and safeguard marine ecosystems.

2. METHOD

This research employs computer simulation methods to



investigate the crashworthiness of fibre fishing boats, focusing
on the Finite Element Method (FEM) through the ANSYS
Research License. This robust software application is adequate
for modelling and analyzing a wide range of engineering
problems [26]. The study examines explicitly fishing vessels
constructed from materials. The fishing vessel model
measures 15 meters in length, 4.8 meters in width, and 2
meters in height. The distance between the reinforcements on
one side of the hull plate is 0.5 meters; the crash area occurs
on one side of the hull, with the centre of the collision right in
the middle between the two reinforcements. To facilitate a
rigorous comparison, identical designs were implemented for
the ship models, ensuring that both materials are represented
in the same design. This methodological approach enables an
objective analysis of the materials' performance. The material
properties of the hull plates and steel components were derived
from existing literature [27]. Collision scenarios were
carefully simulated at two distinct speeds-20 knots and 30
knots-with the impact area strategically located at the
intersection of the transverse and longitudinal sections of the
ship's hull, as depicted in Figure 3.

Parameters such as maximum stress, deformation, and
energy absorption of the hull plate at the moment of impact
were meticulously considered. These parameters were critical
indicators for assessing the crashworthiness of fishing vessels,
evaluated through comprehensive computer simulation tests.
The primary objective was to thoroughly understand these
materials’ relative strength and resilience under high-speed
collision conditions. To achieve this, six fishing vessel
collision scenarios were simulated, systematically varying hull
material, plate thickness, and collision speed. The aim was to
discern their impact on hull structural strength, providing
valuable insights for ship design and safety considerations.
Detailed results are presented in Table 2.

Alloy

I Fibreglass

Figure 3. The collision of side hull to the sharp object for the
materials

Table 2. The combination model of materials, thickness, and
speed of crash

Material Thickness (mm) Speed (knot) Crash Model ID

Fiberglass 10 20 F_1cm_20Knot
Fiberglass 10 30 F_1cm_30Knot
Fiberglass 20 20 F_2cm_20Knot
Fiberglass 20 30 F_2cm_30Knot
Fiberglass 5 20 Al_0.6cm_20Knot
Fiberglass 5 30 Al_0.6cm_30Knot

In this study, computer simulation is employed using Ansys
LS-DYNA-a nonlinear explicit finite element code capable of
modeling material responses under intense loading conditions
[28]. The ship’s geometry is created using CAD software,
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followed by material modeling. Fiberglass serves as the ship
material, while Structural Steel is chosen for the impactors, as
detailed in the accompanying Table 3.

Table 3. Mechanical properties of fiberglass and steel

Properties Material Fiberglass Impactor

Specific volume (kg/m?) 1120 7850
Modulus elastisitas (GPa) 42 200
Poisson ratio 0.3
Yield strength (MPa) 380 450

Ultimate yield strength (Mpa) 345 - 1500 400 - 900
Tangent modulus (MPa) 1450

The material modeling approach for ships employs Bilinear
Isotropic Hardening, where the material experiences elastic
deformation upon load application and subsequently
transitions to plastic deformation. Simultaneously, the
impactor utilizes structural steel material, assumed to behave
as a Rigid Body [29]. Load modeling follows the crash test
method, commonly used in these industries to simulate drops
and impacts, assess product integrity, and identify critical
regions within the assembly [30].

Impactor: 20 and 30 knot

B

—

Fix Support

Figure 4. Load crash modeling

In this simulation, the impactor moves toward the side of
the vessel hull at speeds of 20 knots and 30 knots, separated
by a 0.005-second interval as shown in Figure 4. Load crash
modeling. The impactor’s shape resembles a cone with a ball-
shaped tip. Mesh sizing within the crash box is determined
using an average skewness value of 5.91x102 [31]. Mesh
quality assessment considers aspect ratio and Jacobian criteria.
Simulation outcomes are then evaluated in terms of stress,
deformation, and energy absorption.

Failure analysis is performed by examining the maximum
stress values for each model test. Additionally, quantitative
comparison of reaction forces and internal energy values
assesses the crashworthiness of fishing vessels. Variations in
material properties, impact speed, and hull thickness provide
insights into their effects on vessel survivability.

3. RESULT AND DISCUSSION

The crashworthiness of fishing vessels, particularly those
made of fiberglass, is elucidated through simulation results
using Ansys LS-Dyna. The hull, a critical component ensuring
buoyancy and structural integrity, remains vulnerable to
damage-especially from collisions-potentially leading to
catastrophic consequences such as sinking [32]. Considering
collision plays a pivotal role in ensuring ship safety and
integrity [33]. Computational methods, including finite
element analysis, have significantly advanced our
understanding of ship hull performance across diverse
conditions, ultimately contributing to more efficient and safer
ship designs [34, 35]. This study specifically focuses on the



crashworthiness of Aluminum and fiberglass fishing vessels,
accounting for variations in collision speed and the thickness
of materials.

The parameters chosen to determine ship crashworthiness
are the maximum stress, reaction force, internal energy and
absorption energy parameters for each fishing vessel collision
model (Table 1). Maximum Deformation, measured in
millimeters (mm), indicates the peak displacement a structure
undergoes; Maximum Stress, in megapascals (MPa), reflects
the highest internal force concentration; Reaction Force,
quantified in newtons (N), denotes equilibrium forces
countering external loads; Internal Energy, in joules (J),
represents the cumulative energy from deformation; and
Energy Absorption encompasses the non-recoverable energy
post-load, including plastic deformation and crack formation,
highlighting the structure’s dynamic load response. These
parameters collectively gauge structural integrity and inform
design optimization for enhanced safety and efficiency. The
computer simulations using ANSYS 2022 reveal the
maximum deformation in the crash area for both fiberglass
materials. These results facilitate a comparative analysis of the
crashworthiness fiberglass fishing vessels. The details of the
deformation of the ship's hull using computer simulation are
shown in Figure 5. The ship structure is divided into small
sections according to the mesh shape, and between sections
respond differently, the crash area closest to the centre of
impact experiences the most significant deformation.

During a collision event lasting 0.005 seconds, continuous
deformation occurred. A comparative study between
fiberglass materials, as depicted in Figure 6, Figure 7, Figure
8 and Table 4, both subjected to the same collision speeds,
revealed no significant difference in deformation values.
However, it was observed that at collision speeds of 20 knots
and 30 knots, a substantial difference in deformation occurred,
with a measured variance of 26mm. Specifically, the
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deformation at 20 knots was approximately 51.4mm, while at
30 knots, it increased to 77.16mm [36]. This discrepancy in
deformation values at different collision speeds could be
attributed to various factors, including material properties,
energy absorption capabilities, and structural responses of the
materials involved in the collision [37]. The deformation
behavior observed during the collision may also be influenced
by the dynamic impact process, which typically involves
initial compression followed by gradual crushing, leading to
different deformation modes [38]. Moreover, the extent of
deformation experienced during a collision event can be
affected by factors such as strain rate sensitivity,
microstructural changes, and mechanical properties of the
materials involved. The deformation process during a collision
can lead to the rapid generation and accumulation of
dislocations within the deformed microstructure, impacting
overall deformation behavior [39].

Figure 5. Stress on crash area at fishing boat side hull: (a)
side hull, (b) transverse stiffener, (c) longitudinal stiffeners
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Figure 6. Stress of 10mm fiberglass with the speed of crash: (a) 20 and (b) 30 knots
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Figure 7. Stress of 20mm fiberglass with the speed of crash: (a) 20 and (b) 30 knots

1394



Equivalent Stress

Type: Equivalent (von-Mises) Stress - Top/Bottom
Unit: MPa

Tirne: 5.0001e-003 5

Custarm

hda: 300,82

rdin: 0

Deformation Scale Factor: 1.0 {True Scale)

300.82
275.4
240.97
206.55
17212
137.7
103.27
68.85
34,425
0

(a)

Equivalent Stress

Type: Equivalent fvon-Mises) Stress - Top/Bottom
Unit: MPa

Tirre: 5.0001e-003 5

Custom

Max: 328,99

rdin: 0

Deformation Scale Factor: 1.0 (True Scale)

32800

(b)

Figure 8. Stress of 6mm with the speed of crash: (a) 20 and (b) 30 knots

Table 4. The maximum value of deformations, stress and energy absorption for various crash models

Material Thickness Speed Crash Model 1D Deformation Max  Stress Max Reaction Force Internal
(mm) (knot) (mm) (MPa) (Newton) Energy (J)
Fiberglass 10 20 F_lcm_20Knot 51.438 807.28 5071.8 718.01
Fiberglass 10 30 F_1cm_30Knot 76.393 1130.2 12899 1994.2
Fiberglass 20 20 F_2cm_20Knot 50.923 938.63 4442.9 1077.7
Fiberglass 20 30 F_2cm_30Knot 76.387 1370.6 10254 10254
Fiberglass 6 20 Al_0.6cm_20Knot 51.441 309.82 20361 7501.2
Fiberglass 6 30 Al_0.6cm_30Knot 76.392 332.75 36624 13072

The maximum stress represents the most significant stress
value experienced by the ship’s structure during a collision
simulation. This critical parameter indicates the structural
capacity of the boat-how much load it can endure before
failure. Stress calculations related to penetration depth (plate
deformation) have been meticulously [40]. The detailed results
are presented in Table 4, and a visual representation is
provided in Figure 9. Maximum deformation values in various
crash. These findings contribute to assessing the safety and
robustness of fishing boat hull structures during collision.

Al_0.6cm_30Knot ‘

Al_0.6cm_20Knot ‘

F_2cm_30Knot ‘

F_2cm_20Knot ‘

Crash Mode ID

F_lcm_30Knot ‘

F_lcm_20Knot ‘

10 20 30 40 50 60

Max Deformation (mm)

70 80

Figure 9. Maximum deformation values in various crash
model

The simulations reveal a clear trend between collision speed
and stress for both materials. In all cases, the maximum stress
value increases with collision speed. For the stress increases
significantly (33%) between 20 and 30 knots, regardless of the
material thickness (F_lem vs. F 2cm). Interestingly, the
thicker (F_2cm) exhibits slightly lower stress than the thinner
variant (F_1lcm) at both speeds. Experiences a similar trend
with speed, with a stress increase of approximately 7%
between 20 and 30 knots. However, the stress values are
consistently lower than, despite the thinner material
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(Al_0.6cm) used in the simulations as shown in Figure 10.
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Figure 10. Deformation-maximum stress graph for all
collision models

Refers to Table 5 and Table 6 from the experiment results,
the yield strength (225MPa) is exceeded in both collision
scenarios (20 and 30 knots). This indicates permanent plastic
deformation for the structure in all simulated impacts.
Conversely, only surpasses its yield strength (96.88MPa) at 30
knots for both thicknesses (F_1cm and F_2cm), as depicted in
Figure 11. At 20 knots, the stress remains below the yield
strength, suggesting experience elastic deformation and
potentially return to its original shape. It's important to note
that while maintains its structural integrity at 20 knots, the
value at 30 knots (MPa). This signifies a high risk of
catastrophic failure at higher impact speeds, as shown in
Figure 11 and Figure 12. These results highlight the
importance of considering material properties and collision
severity when designing ship structures (Figure 13). While
offers lower overall stress values, its lower yield strength
makes it more susceptible to permanent deformation.



Conversely, performs superior yield strength at lower speeds
but presents a higher risk of catastrophic failure at higher

impact forces.

Table 5. Aluminum yield strength experiment [41]

Yield Strength

Ultimate Tensile

Numbers
of Test

Temperature (MPa) Strength (MPa) Specimen
Average Tolerance Average Tolerance
9 Limit %€ Limit

293 K (20°C) 200 5.59 225 9.1 15
373K 203 7.22 224 6.85 14
(100°C) : :
423 K
(150°C) 199 7.2 220 6.89 11
473 K
(200°C) 188 7.13 209 7.22 12
523 K
(250°C) 179 12.6 189 14.7 12

Table 6. Composite yield strength experiment [42]

value. MPa Experi- _HiII_ ngi-V_Vu ZaI_<ha_rov

' Ment  Criterion  Criterion  Criterion
o max_ 1t 96.88 96.88 96.88 96.88
o max_lc 93.72 96.88 93.72 93.72
omax 2c¢ 68.02 65.32 68.02 68.02
6 max_ 2t 65.32 65.32 65.32 65.32
omax 150¢ 84.33 90.67 88.7 88.45
omax_ 150t 85.67 80.7 83.21 80.87
o max_30o ¢ 83.46 79.54 79.45 78.91
o max 300t 66.3 62.77 66.33 62.89
o max 450 ¢ 71.33 71.33 72.53 71.99
o max 450t 55.54 55.54 58.73 55.54
o max_60o ¢ 77.56 67.11 69.14 68.79
o max_600 t 59.91 56.1 58.45 56.02
o max_750 ¢ 67.48 65.61 68.13 68.01
o max 750t 64.47 61.52 62.49 61.45

The internal energy values obtained from the simulations
offer an exciting perspective on the material during a collision.
Internal energy represents the total thermal and mechanical
energy stored within the material due to deformation.
Analyzing these values in conjunction with the other results
provides insights into each material's energy absorption and
dissipation characteristics.

The simulations reveal a clear distinction between. Models
(F 1cm and F 2cm) exhibit significantly lower internal
energy compared to models (Al 0.5cm) at both collision
speeds. This suggests that absorbs less energy during
deformation. This aligns with the concept of being a more
brittle material, where a more significant portion of the impact
energy is transferred through the structure rather than absorbed
internally (Figure 14).

Interestingly, the internal energy values for models show
minimal variation between material thicknesses (F_lcm vs.
F 2cm) at both speeds. This implies that the additional
thickness in F 2cm models doesn't translate to a significant
increase in energy absorption (Figure 15). In contrast, the
model (Al 0.5cm) displays a noticeable increase in internal
energy with higher collision speed. This suggests that
undergoes more significant plastic deformation at higher
impact forces, leading to more excellent energy absorption
within the material (Figure 16). It's important to note that while
lower internal energy might seem favorable, it can indicate a
higher risk of brittle fracture. Conversely, higher internal

energy signifies more energy absorption but also suggests a
higher propensity for permanent deformation.
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Figure 11. Deformation-maximum stress graph at different
speed of collisions for fiberglass
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Figure 12. Deformation-maximum stress graph at different
thickness of fiberglass
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Figure 13. Deformation-maximum stress graph at different
speed of collisions

Further investigation into the relationship between internal
energy and the extent of plastic deformation within the



materials would be valuable. This could be achieved by
analyzing the equivalent plastic strain data from the ANSYS
simulations. This combined analysis would provide a more
comprehensive understanding of how each material absorbs
and energy during a collision, ultimately influencing the
overall structural response and potential failure modes.
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Figure 14. Deformation-internal energy graph for all
collisions model
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Figure 15. Deformation-internal energy graph for different
thickness
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Figure 16. Deformation-internal energy graph for different
of collisions

The reaction forces obtained from the ANSY'S simulations
provide valuable insights into the forces transmitted through
the ship's structure during a collision. These forces represent
the opposing reaction from fixed support that prevents the
colliding object from moving freely. In ship collisions,
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reaction forces can be interpreted as the forces exerted on the
impacted area by the rest of the ship's structure.

Analyzing the reaction forces in the table reveals trends
related to material selection, collision speed, and material
thickness. While the maximum stress values indicate the
localized point of highest stress concentration, reaction forces
offer a broader understanding of the total force acting on the
impacted area. Interestingly, a clear correlation is only
sometimes on force, and maximum stress isn't always
observed.

For instance, in the models (F_lcm and F 2cm), the
reaction forces are lower at 30 knots compared to 20 knots,
despite the significant increase in stress at the higher speed as
shown in Figure 17 and Figure 18. This suggests that while the
stress is more concentrated at the point of impact at 30 knots,
the overall force distribution across the impacted area might
be lower. Conversely, the models (Al 0.5cm) display a
proportional increase in reaction force with collision speed,
indicating a more uniform distribution of impact forces across
the thinner structure. as illustrated by the significant difference
in strength fiberglass as shown in Figure 19 [43].

Further analysis involving the visualization of reaction
force distribution through ANSYS post-processing tools
would be beneficial in understanding the complete picture of
force propagation within the ship's structure. This would allow
for a more comprehensive evaluation of the impact's effect on
the overall structural integrity and potential for secondary
failures beyond the point of initial collision.
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Figure 17. Deformation-force graph for crash model of
fiberglass in different speed of crash
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Table 4 reveals a significant difference in energy absorption.
At both collision speeds (20 and 30 knots), the model
(Al _0.6cm) exhibits considerably higher energy absorption
(7,942 J at 20 knots and 13,942 J at 30 knots) compared to all
models (F_lecm and F 2cm). This trend aligns with the
respective material properties. As a brittle material, tends to
fracture upon impact, absorbing less energy internally (764 J
to 3,014 J) and likely transferring a more significant portion of
the collision force through the ship's structure [44, 45].

Therefore, selecting an appropriate material for ship
structures necessitates careful consideration of the trade-off
between energy absorption and structural integrity. As shown
in Figure 20, fiberglass might be preferable in scenarios where
minimizing energy transfer through the structure is crucial, but
its susceptibility to brittle fracture needs to be addressed.
Conversely, aluminum's ability to absorb impact energy might
be advantageous for certain situations, but its permanent
deformation potential should also be factored into design
decisions [46].

Interestingly, the models (F_lcm and F_2cm) with different
thicknesses show a variation in energy absorption. The thicker
(F_2cm) models at both speeds display higher energy
absorption than the thinner ones (F_1cm) as shown in Figure
21. This suggests that the additional thickness in F 2cm
models translates to a greater capacity to absorb impact energy
within the material before potential fracture.

It's important to remember that while high energy
absorption might seem advantageous, it can also indicate a
greater extent of permanent deformation in the material. In the
case, this could lead to significant structural compromise.
Conversely, lower energy absorption might elevate the risk of
brittle fracture at higher impact forces while potentially
preserving the structure's integrity.

The comparative analysis of energy absorption values
materials reveals a significant disparity, as evidenced by the
data in Table 3 and Figure 21. At a collision speed of 20 knots,
energy absorption (EA) value is recorded at 7,942 1J.
Specifically, with 10 mm and 20mm thicknesses exhibits EA
values of 764 J and 1,106 J, respectively. This trend persists at
an elevated impact speed of 30 knots, with a thickness of 6 mm,
demonstrates an EA value of 13,942 J. In stark contrast, a
20mm thickness has an EA value of merely 2,014 J.
Quantitatively, this positions the energy absorption capacity as
4.6 times greater than that of 20mm thick fiberglass material
[47, 48].
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The Equivalent Energy Absorption (EA) value is a crucial
parameter for evaluating a ship structure’s ability to withstand
energy before failure, with a higher EA value indicating
superior performance. Using non-linear finite element
methods, researchers extensively investigate energy
absorption capabilities in ship structures across various
scenarios, including collisions or grounding incidents. Efforts
focus on enhancing energy absorption in composite sandwich
structures to prevent failure modes and increase energy
dissipation through progressive face sheet crushing [49].
Additionally, studies explore the relationship between energy
absorption and loading rates, demonstrating how loading rate
influences energy dissipation and correlates with failure
mechanisms [50].

(2) (b)

Figure 20. Deformation on real for collision of (a) fiber boat,
(b) boat
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Figure 21. Maximum Energy Absorption (EA) values in
various crash model

Moreover, the energy absorption of structures like fenders
is quantified as the area under the deformation-reaction force
curve [51]. Figure 22 illustrates that the material exhibits a
substantially larger area under the curve. This observation
suggests that the material possesses superior crashworthiness.

Research suggests that the energy absorption capacity of
structures can be characterized by the average compressive
load capacity during stable energy dissipation stages, with
corresponding theoretical models developed for this purpose
[52]. Analytical formulas have been devised to predict the total
resistance and energy absorption of ship structural components
involved in collisions, simplifying the estimation of energy
absorption in such events [53]. Simulation results depicted in
Figure 23 indicate that, as the impact speed increases, the
energy absorbed by the structure escalates significantly-a
phenomenon attributable to increased deformation. Beyond a
certain threshold, a huge load will precipitate structural failure



characterized by extensive deformation.
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In conclusion, the Equivalent Energy Absorption (EA)
value is a critical metric for evaluating the energy absorption
capacity of ship structures, with higher values indicating
superior performance. The results of this study align with
previous research, demonstrating that has a significantly
higher EA value, which could inform future shipbuilding
practices and enhance maritime safety. Various studies have
explored different facets of energy absorption in ship
structures, encompassing considerations from materials
science to collision scenarios, all aimed at advancing the
comprehension and optimization of energy absorption
capabilities in ship design and operation.

The analysis of crashworthiness is expanded to encompass
material properties beyond aluminum and fiberglass. Wood's
lower strength-to-weight ratio makes it more vulnerable to
damage during collisions. Steel, while demonstrably strong,
presents a weight concern for smaller fishing vessels, resulting
in increased fuel consumption, construction costs, and
maintenance requirements. This explains the infrequent use of
steel in the construction of smaller fishing boats, despite its
potential advantage in terms of crashworthiness [54].

Ship design necessitates careful consideration of structural
reinforcement in high-stress areas, particularly those with a
high probability of collision. This reinforcement helps
mitigate stress and enhance energy absorption during an
impact. However, increasing support structures or adding
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reinforcement can also lead to a weight penalty, negatively
affecting operational efficiency. Studies in materials science,
ship structures, and reinforcement techniques support this
trade-off. For instance, Ye et al. [S5] explores the load-bearing
capacity of composite stiffened plates, offering valuable
insights for optimizing composite structures in ships. This
research aligns with the concept of how reinforcement
improves the structural integrity of ship components.
Similarly, Li et al. [56] emphasizes the importance of
reinforcement for improved stress distribution through local
structural strength and dynamic response analysis. This
reinforces the notion that reinforcing critical areas leads to
better stress management. Furthermore, Chauhan et al. [57]
highlight the growing interest in reinforcement materials, such
as natural fiber-reinforced composites, for various
applications like the transportation sector. This research
supports the exploration of reinforced materials to enhance the
mechanical properties of ship structures.

Furthermore, research could be directed towards optimizing
the design of aluminum hulls for different sizes and fishing
applications. Additionally, investigating composite materials
that combine the advantages of both aluminum and fiberglass
presents a promising avenue for further exploration.
Developing materials combined with other materials, such as
wood, can significantly increase the strength of vessels. This
approach enhances the ship's structural integrity and makes it
more cost-effective and accessible to produce. Combining
these materials can result in a composite that leverages the best
properties of each material, leading to a more robust and
durable hull [58]. This continuous improvement in the strength
of vessels can contribute to safer and more efficient maritime
operations. However, further research is needed to optimize
the combination of these materials and to understand their
impact on the overall performance of the vessels.

4. CONCLUSIONS

This study investigated the comparative crashworthiness of
fiberglass and aluminum, two alternative materials gaining
traction in Indonesian shipbuilding, with a focus on enhancing
fishing boat safety through design and material selection.
Finite element simulations using ANSYS 2020 were
conducted to analyze deformation, stress, and energy
absorption during collisions at 20 and 30 knots. The results
revealed significant advantages for aluminum in terms of
energy absorption, a key metric for crashworthiness.
Aluminum vessels displayed a substantially higher capacity to
absorb impact energy compared to fiberglass at both speeds
(7,942.2 Joules vs. 764.26 Joules at 20 knots; 13,942 Joules vs.
2,044.3 Joules at 30 knots). This translates to a greater ability
to withstand collisions and minimize damage, ultimately
promoting safer vessels for fishermen. These findings strongly
suggest that aluminum offers a significant safety advantage
over fiberglass for Indonesian fishing boats, particularly
considering the growing demand for faster and more robust
vessels. Implementing aluminum in shipbuilding practices has
the potential to significantly improve maritime safety for
Indonesian fishermen and beyond. Future research could
explore the cost-effectiveness and weight implications of
aluminum compared to fiberglass, alongside investigations
into hybrid structures for further optimization of fishing boat
safety and performance.
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