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ABSTRACT

Fishing vessel collisions are a significant maritime safety concern, influenced by structural vulnerabilities,
navigational errors, and environmental factors. This study evaluates the crashworthiness of different hull
configurations using a combined approach of Finite Element Analysis (FEA) simulations and in-water
impact testing. The experimental setup involved controlled collisions of floating vessel models, analyzing
deformation patterns, energy absorption, and fluid-structure interactions. The results indicate that
transversely reinforced hulls exhibit superior impact resistance, reducing deformation and enhancing
structural integrity. The integration of numerical and experimental data confirmed the effectiveness of
stiffened plate structures in mitigating impact forces. Additionally, the role of hydrodynamic damping was
highlighted as a key factor in force distribution. These findings contribute to enhanced fishing vessel design
strategies, offering practical insights for maritime safety improvements and future vessel reinforcement
research.

Keywords-fishing vessel collisions; ship crashworthiness; finite element analysis; impact resistance; hull

reinforcement; fluid-structure interaction; maritime safety

I.  INTRODUCTION

Fishing vessel collisions remain a critical issue in maritime
safety, driven by a combination of human error, challenging
navigational conditions, and structural limitations in vessel
design. These collisions can result in significant economic
losses and pose severe risks to crew members, marine
ecosystems, and maritime infrastructure. With the increasing

global maritime traffic and the growing reliance on small-scale
fisheries, the frequency of vessel collisions has become a
growing concern [1, 2]. Despite advancements in navigation
technologies, the risk of collision remains high, particularly in
congested fishing zones where vessels operate in close
proximity under complex environmental conditions. The need
for improved vessel crashworthiness is therefore paramount to
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minimizing the consequences of such incidents. This raises the
need to strengthen hull structures through innovative
reinforcements. However, studies comparing different side
reinforcement beam configurations, particularly diagonal and
transverse orientations remain limited. This study addresses
that gap by evaluating and comparing their effectiveness in
resisting side impacts.

Previous studies have identified several key factors
influencing the occurrence and severity of fishing vessel
collisions. Human error remains the dominant cause, with poor
situational awareness, decision-making lapses, and failure to
comply with navigational protocols contributing significantly
to incidents at sea [3]. Additionally, environmental conditions
such as adverse weather, reduced visibility, and unpredictable
ocean currents further exacerbate the likelihood of collisions
[4-6]. Vessel design deficiencies, particularly the lack of
impact-resistant structures, also contribute to the severity of
collisions, increasing the probability of hull penetration and
catastrophic structural failure [7]. Given these factors, research
into enhancing vessel structural integrity has gained increasing
attention as a viable solution to mitigating collision damage.

One of the primary challenges in ship collision studies is
the ability to accurately assess crashworthiness and energy
absorption characteristics of different hull designs.
Traditionally, drop tests have been employed to evaluate
impact resistance by subjecting scaled ship structures to
controlled impact forces. However, these tests have several
limitations. They fail to replicate the complex Fluid-Structure
Interactions (FSI) occurring during real-world ship collisions,
as they typically involve rigid impact surfaces rather than
dynamic maritime environments [8, 9]. Additionally, drop tests
primarily focus on localized damage patterns, often
overlooking the broader implications of stress propagation and
energy dissipation across the hull structure [10]. As a result,
alternative methodologies, including finite element simulations
and in-water impact testing, are being explored to provide a
more comprehensive understanding of vessel crashworthiness.

In recent years, advancements in ship hull reinforcement
have been introduced to improve impact resistance and
minimize structural damage during collisions. The integration
of stiffened plates, high-strength steel, and composite materials
has proven effective in enhancing the energy absorption
capabilities of ship hulls [11, 12]. Studies have shown that
reinforced structures, particularly those utilizing transverse and
longitudinal stiffeners, significantly reduce deformation and
improve hull integrity by distributing impact loads more
efficiently [13, 14]. Furthermore, computational approaches
such as Finite Element Analysis (FEA) and Computational
Fluid Dynamics (CFD) have facilitated detailed simulations of
collision scenarios, enabling researchers to optimize hull
designs for improved crashworthiness [15, 16]. Despite these
advancements, a key research gap remains in the validation of
numerical simulations against experimental data. While finite
element modeling provides a powerful tool for predicting stress
distributions, deformation patterns, and failure mechanisms, its
accuracy is highly dependent on material properties, mesh
quality, boundary conditions, and impact scenarios [17, 18].
Moreover, the FSI inherent in ship collisions pose additional

complexities that are not always accounted for in simulations,
making experimental validation essential for improving
predictive accuracy [19, 20].

This study combines ANSYS LS-DYNA simulations and
in-water impact testing on floating ship models to evaluate the
crashworthiness of four hull types. While prior research has
generally focused on longitudinal or simple transverse
reinforcements, the inclusion of diagonal configurations
provides an underexplored angle in structural design [21]. By
evaluating the correlation between simulated stress
distributions and experimentally observed deformation
patterns, the study offers new insights into structural response.
This dual approach highlights the practical implications of
fluid-structure interactions and supports data-driven design of
fishing vessels to mitigate collision risks.

II. METHODOLOGY

This study employs a comparative analysis between
numerical simulations in ANSYS and experimental impact
testing on floating ship models to evaluate the crashworthiness
of different hull reinforcement configurations for fishing
vessels. The methodology consists of two primary approaches:
(1) FEA using ANSYS to simulate structural deformations and
energy absorption, and (2) experimental impact testing on
scaled floating models to analyze real-world structural
responses in water.

The study focuses on four hull configurations: (1)
aluminum plate without side beams (Figure 1), (2) aluminum
plate with transverse side impact beams (Figure 2), (3)
aluminum plate with diagonal side impact beams (Figure 3),
and (4) unreinforced mahogany wood plate (10 mm). No case
of combined transverse-longitudinal beams was included, in
line with the study’s objective to isolate and compare single-
direction reinforcement effects. All aluminum beams had
dimensions of 40x5 mm, spaced at 0.8 m intervals transversely
or diagonally, consistent across configurations to ensure
comparability in results.

s~

Fig. 1. No side impact beams in aluminum boat.
[ ]
).
Fig. 2. Transverse side impact beams in aluminum boat.

=

T ).

Diagonal side impact beams in aluminum boat.

Fig. 3.

A numerical simulation was conducted in ANSYS to
predict the structural response of a 15 m aluminum fishing
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vessel under impact conditions. The vessel model was
developed based on real fishing vessel specifications, with
validation against actual design parameters (Table I). Table II
shows the experimental values used to define material
properties of shell elements in the fishing vessel hull structure
model [22, 23]. The impact scenario simulated the collision of
a rigid impactor (steel) with the vessel hull at 20 knots. The
four configurations were simulated using side impact beams, as
shown in Figure 1 (no reinforcement), Figure 2 (transverse
beams), and Figure 3 (diagonal beams). The detailed
dimensions and directions of the four side impact beam
configurations are shown in Figure 4. The crash zone
deformation and stress distributions were analyzed using
refined mesh in the impact zone to ensure accuracy as shown
in Figure 5.

TABLE L. FISHING VESSEL MODEL PARAMETERS
Parameter Unit Real Vessel Model Difference (%)
Displacement m3 48.5 47.3 2.50%
Draft Amidships m 1.5 1.5 0.00%
Beam (on WL) m 4.8 4.8 0.00%
TABLE II. MATERIAL PROPERTIES USED IN THE
SIMULATION
Material Density | Elastic modulus | Yield strength | Poisson’s
(kg/m?3) (GPa) (MPa) ratio
Aluminum 2700 69 310 0.33
Steel (impactor) | 7850 200 400 0.3
Mahogany wood 650 10 50 0.35
FB(40x5)
e 5 Mahogany Al
I Wood 5 \ /] |ona Smm
40 mm
/
60 /2N I R
40 / FB(40x5)
//
FB(40x5) % y
Wooden Hull Diag_FB40 5 mm Alloy Trans_FB40
Plate - |
Fig. 4. Structural model with side impact beams.

Fig. 5.
(a) Crash zone, (b) stiffener, (c) side girder.

Deformation and stress analysis of the hull for 20 knot collisions:

A scaled experimental test was conducted to validate the
simulation results and investigate the influence of fluid-
structure interactions during impact. The experimental setup
included:

e A 3.75 kg impactor mounted on a pendulum arm.
o A floating ship model with interchangeable hull panels.

e A high-speed camera to track impact velocities and post-
impact trajectories.

The experimental model was designed to represent a
scaled-down fishing vessel, with replaceable hull sections
corresponding to the four reinforcement configurations. The
impactor was released from a preset height, generating a
controlled velocity upon impact. Figure 6 illustrates the
experimental setup.

Mass
1
(Kg) '\ \

Angle of
Impact
(degree)
F=ma
a =dv/dt

Fig. 6.

Experimental setup for floating ship collision.

The impact force (F) was calculated using Newton’s second
law F=m-a, where m=3.75 kg, and acceleration was derived
from the change in angular velocity: a= dw/dt, where
do = 0.515 rad/s and dt = 0.08 s. the computed impact force
was, F=24.15 N. After impact, the impactor’s motion was
analyzed to determine how much energy was absorbed or
returned by the hull structure. The Coefficient of Restitution
(CoR) was computed to quantify the elasticity of the collision:

e = (vo—-v/(u;—uy) ey

where v, and v are the post-impact velocities and u; and u, are
the pre-impact velocities.

The CoR provides a direct measure of the energy
dissipation characteristics of the hull structure, with lower
values indicating greater energy absorption. This parameter is
critical in ship collision studies, as it reflects the ability of the
hull to mitigate impact forces effectively [24]. Given the
complex nature of FSI in maritime collisions, it is essential to
account for water’s influence on impact dynamics when
interpreting CoR values. Prior studies have highlighted that
fluid damping effects can significantly alter CoR calculations,
as some of the impact energy is dissipated through wave
motion rather than structural deformation alone [25].
Additionally, integrating FEA with experimental validation
enhances the predictive accuracy of CoR, allowing for a more
reliable assessment of crashworthiness [26].
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III. RESULTS

A. Finite Element Analysis

The results of this study provide a comprehensive
comparison between numerical simulations in ANSYS
LS-DYNA and experimental impact testing on floating
ship models, specifically evaluating three reinforcement
strategies: no beams (Figure 1), transverse side beams
(Figure 2), and diagonal side beams (Figure 3), along
with unreinforced mahogany wood. Transverse side beams
resulted in the lowest peak stress and highest absorbed energy
(1051.84 J), outperforming both diagonal (1018.37 J) and
unreinforced configurations. This confirms that transverse
reinforcements are most effective in mitigating impact loads.
The wooden hull failed catastrophically with a stress value of
1030 MPa [22]. The impactor fully pierced the wooden plate,
indicating that mahogany is inadequate for high-impact
maritime conditions. The highest energy absorption was
recorded in transversely reinforced aluminum plates, which
aligns with previous studies that emphasize the effectiveness of
stiffened structures in impact scenarios [18, 27]. The stress
values and maximum displacements for each configuration are
presented in Table III. The existing aluminum hull without
reinforcements exhibited a maximum deformation of 51.44 mm
and a maximum stress of 309.82 MPa, absorbing 250.75 kJ of
impact energy. When diagonal stiffeners (bar profile) were
incorporated, the stress was slightly reduced to 288.42 MPa,
with a similar deformation level (51.443 mm), but a
significantly higher energy absorption of 1018.37 kl. The
transversely stiffened hull performed even better, showing a
maximum stress of 277.56 MPa, maintaining comparable
deformation (51.442 mm) while achieving the highest energy
absorption of 1051.84 kJ, demonstrating superior impact
resistance and energy dissipation efficiency. Conversely, the
mahogany wood hull suffered catastrophic failure under impact
conditions, with stress levels reaching 1030 MPa, surpassing its
material strength limits. The impactor fully penetrated the
wooden plate, resulting in severe structural damage. The
deformation was excessive, compromising the hull’s integrity
beyond repair. This outcome highlights the inadequacy of
wooden hulls for high-impact maritime collisions, confirming
that wood lacks the necessary energy absorption properties and
structural resilience compared to aluminum reinforcements.
The observed behavior is consistent with prior studies that
indicate wooden structures are prone to brittle failure under
sudden impact loading [18, 22, 28, 29].

TABLE IIL MAXIMUM STRESS AND DISPLACEMENT FROM
ANSYS SIMULATION
Maximum Maximum Energy
Hull Configuration displacement stress absorption
(mm) (MPa) @)
Unreinforced 51441 300.82 25075
aluminum
Aluminum with 51.443 288.42 1018.37
diagonal stiffeners
Aluminum with 51.442 277.56 1051.84
transverse stiffeners
. Fully penetrated
Mahogany wood the wooden plate 1030 49.811

These findings confirm that reinforced aluminum hulls
significantly —outperform wooden structures regarding
crashworthiness. Notably, transverse beams demonstrated the
best structural integrity and energy dissipation, while diagonal
beams performed close behind. This aligns with the findings in
[30, 31], which highlight the enhanced effectiveness of
transverse reinforcements in absorbing collision energy by
distributing loads more evenly across the hull structure.
Meanwhile, the promising performance of diagonal
reinforcements supports in [32], emphasizes their critical role
in stabilizing structures against multi-directional collision
loads. This study underscores the importance of structural
reinforcement in fishing vessel hull designs, advocating for
optimized stiffener placement and advanced material selection
to enhance maritime safety. These results confirm that
reinforced structures exhibit superior impact resistance,
particularly transversely stiffened hulls, which efficiently
distribute impact loads across a broader surface area, leading to
lower stress concentrations and better energy dissipation [33,
34].

B. Experiments

Experimental impact tests conducted on floating ship
models were designed to validate the numerical simulation
results, specifically structural deformation, energy dissipation,
and fluid-structure interactions. The impact force was measured
at 24.15 N. Observations from high-speed camera footage and
post-impact analysis confirmed that the unreinforced aluminum
plate experienced the most significant deformation, while
reinforced aluminum plates displayed more localized damage
with limited displacement (Figure 4). The mahogany wood
plate suffered complete structural failure, supporting the FEA
predictions that wood materials exhibit poor energy absorption
and inadequate crashworthiness under impact conditions. These
results are consistent with prior research [1, 35], emphasizing
the crucial role of experimental testing in validating numerical
simulations and uncovering actual deformation patterns and
material failures. The impact tests further validated the stress
distribution trends from ANSYS, showing that reinforced
aluminum plates absorbed impact forces more effectively than
unreinforced configurations. These findings align with previous
experimental studies on ship crashworthiness, which emphasize
the importance of material selection and reinforcement in
impact scenarios [19, 23].

Fig. 7. Experimental deformation of hull configurations after impact.
The experimental results, presented in Table IV, reveal that
transversely reinforced aluminum plates exhibited the lowest
CoR (0.035), confirming their superior ability to dissipate
impact energy. This finding corroborates prior research
indicating that lower CoR values are associated with increased
crashworthiness in ship structures [35]. Also indicates superior
energy absorption, preventing excessive rebound and stress
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redistribution, thereby enhancing the overall crashworthiness
[28]. A key difference between simulation and experimental
results was the influence of FSI during impact. In floating
conditions, the ship model absorbed part of the impact energy
through water displacement and surface waves, reducing peak
stress values compared to the fixed constraints in numerical
simulations (Figure 8).

TABLE IV. COR OF DIFFERENT HULL CONFIGURATIONS
Hull Pre-impact Post-impact CoR
configuration velocity (°/s) velocity (°/s)
Unreinforced aluminum 247.59 95.08 0.384
Alummum with transverse 3555 12.08 0.035
stiffeners
Mahogany wood 299.49 25.9 0.086
Alummurp with diagonal 374.67 3381 0.09
stiffeners

No Fluid interaction

Ty, ‘/
7 W 7 Yttt
e e -

o

With Fluid interaction

Fig. 8.

FSI effects on impact force absorption.

Tests were conducted with two conditions: (1) fixed hull
model, where all impact energy was transferred to the structure,
and (2) floating model, where a portion of the energy dissipated
through fluid motion. The results showed that floating
conditions led to lower peak stress and increased impact
duration, confirming previous studies on the role of water in
energy dissipation [3]. A direct comparison between numerical
and experimental results demonstrates a strong correlation,
confirming the accuracy of the finite element simulations in
predicting stress distribution and deformation patterns (Table
5). This observation aligns with previous studies [23, 36],
confirming the importance of accounting for FSI effects in
numerical analyses of ship collisions to improve prediction
accuracy for dynamic vessel behavior in real-world conditions.

TABLE V. NUMERICAL AND EXPERIMENTAL RESULT
COMPARISON
Parameter ANSYS Simulation Experimental impact test
Max. stress 435.2 (unreinforced), Correlates with measured
(MPa) 312.8 (reinforced) deformation
Max. displacement 22.4 (wood), 13.2 23.1 (Wood), 13.8
(mm) (reinforced) (Reinforced)
Energy absorption 187.3 (transverse Validated via low CoR
) stiffeners) (0.035)
' Fluiq Not included Energy dissipated.through
interaction wave formation

The key discrepancy between numerical and experimental
results was fluid interaction, where the simulated impact force
was higher than the experimental force due to the absence of
fluid dissipation. This aligns with previous studies

emphasizing the need for fluid-structure interaction modeling
in ship collision simulations [37, 38].

IV. CONCLUSSION

This study has demonstrated the effectiveness of reinforced
ship hull structures in improving crashworthiness and
mitigating collision-induced damage. Three main findings were
observed:

e Transverse side impact beams provided superior
crashworthiness, achieving the highest energy absorption
(1051.84 J) and lowest stress concentration (277.56 MPa).

e Fluid-Structure Interactions (FSI) significantly influenced
collision force attenuation, emphasizing the importance of
considering hydrodynamic effects in hull design.

e Mahogany wood exhibited poor performance, undergoing
catastrophic failure under high-energy collision conditions.

These findings underline the critical role of reinforcement
strategies in enhancing vessel safety. Future research should
focus on hybrid reinforcement strategies and advanced
composite materials to further improve crashworthiness in
diverse collision scenarios.
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