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Abstract— River transport on the Jeneberang River plays a vital role in supporting daily mobility between Gowa Regency and the
city of Makassar. However, the traditional boats (katinting) currently in use still have low safety standards due to poor stability and
a lack of safety equipment. This study aims to optimise the design of a modern catamaran vessel based on dynamic stability criteria
to produce a safer and more stable ferry configuration. The method employed is the Parent Design Approach, utilising geometric
modelling with AutoCAD and stability analysis using Maxsurf, evaluated under three loading conditions: empty, half-load, and
full-load. The results show that a design with the main dimensions LOA = 12,00 m; B =5,00 m; T = 0,55 m; and ratios L/B = 2,4;
B/T = 9,09; H/T = 2,91 possesses good stability characteristics. All loading conditions met the criteria of the IMO Intact Stability
Code (IS Code) with positive GM values and a stable GZ curve that remained consistent across load variations. The final 3D design
accommodates 20 passengers and 15 motorcycles, and is equipped with safety equipment and a roof, thereby enhancing operational
safety and comfort. Thus, this study demonstrates that the integration of empirical data with dynamic stability-based optimisation

can yield practical, safe, and sustainable design solutions for small-scale river transport.
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|. INTRODUCTION

Iaiver transportation is a crucial mode of

transportation for communities in Indonesia, particularly
in areas with suboptimal land infrastructure. In Gowa
Regency, particularly in the community of Taeng Village,
where the majority of residents have low to middle
incomes, river crossings are essential for their daily
mobility, whether for economic activities, education, or
accessing social services in Makassar City [1]. This trend
is driven by the growth of land traffic, which has caused
severe congestion, especially on the twin bridges
connecting Makassar and Gowa [2]. Although the
crossing distance is relatively short, about 200 meters,
the high volume of traffic makes this route a key access
point for the daily mobility of the local community [3].
Despite its strategic importance, the current ferry
service is still dominated by traditional modes of
transport, namely local motorized wooden boats
(katinting). These boats typically have a capacity of
approximately 20 passengers and 15 motorcycles,
offering affordable fares ranging from Rp2.000 to
Rp5.000. Although economical and easily accessible,
katinting boat operations are still far from adequate
safety standards. The absence of navigation equipment,
safety gear, and the poor quality of construction lead to a
high risk of accidents, such as hull leaks, capsizing, and
even loss of life [4]. These conditions suggest that the
existing ferry transportation system has not met the
technical safety standards necessary to ensure the
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service's sustainability [5].

The main issue in this study lies in the low level of
safety in traditional river crossings on the Jeneberang
River. This is influenced by vessel designs that do not
comply with marine engineering principles, particularly
regarding dimensional proportions, load distribution, and
stability characteristics. The Katinting boat, as the
primary mode of transport, exhibits suboptimal
geometric configuration, uncontrolled load distribution,
and the absence of an integrated safety system.
Consequently, the vessel is highly susceptible to stability
disturbances, particularly under varying operational
conditions. This phenomenon reflects a significant gap
between the community’s mobility needs and the quality
and safety of the available transportation infrastructure.

In naval architecture, ship stability is a fundamental
parameter that determines operational safety under
various hydrodynamic conditions [6] [7]. Ship stability
includes the static and dynamic ability of a ship to return
to equilibrium when faced with external disturbances,
such as water currents, waves, uneven load distribution,
and passenger interaction on deck [8] [9] [10]. Previous
studies have shown that dynamic stability evaluation is a
key requirement in passenger ship design to anticipate
the risk of rolling and capsizing [11] [12].

The hull design also determines the overall stability
characteristics of the ship [13]. The catamaran
configuration has hydrostatic advantages in the form of
greater beam width, smoother motion response in
transverse roll conditions, and generally higher righting
arm and metacentric height (GM) values compared to
standard monohull designs [14] [15]. Research testing
the stability performance of catamaran vessels using
numerical analysis emphasises that optimised hull design
can improve tolerance to load variations and small wave
disturbances [16] [17].

Digital modelling of ship geometry and stability
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analysis has advanced significantly thanks to advances in
computer-aided design applications such as AutoCAD
for technical modelling, as well as specialised software
such as Maxsurf for hydrostatic and dynamic stability
evaluation of ships [18] [19]. The application of these
numerical methods enables rapid and accurate
examination of GZ curves, metacentric height, and other
stability indicators [20] [21]. In addition, research on
small to medium-sized ships based on numerical
simulation has also proven that design optimisation can
help formulate hull shapes that meet operational safety
criteria [22] [23].

However, the majority of studies currently available
focus on large commercial vessels, offshore speedboats,
or tourist boats [24] [25] [26]. The application of
catamaran design for short-distance river transportation
modes  traditionally  operated by  low-income
communities, such as the Jeneberang River crossing
model, is still rarely discussed in recent literature [27].
Several studies have examined the stability of small
vessels and river ferries, but few have integrated
AutoCAD modelling and Maxsurf stability analysis
approaches in the context of community river
transportation needs [28] [29] [30]. Furthermore, the
approaches used thus far have generally failed to
comprehensively integrate empirical field data with
dynamic stability analysis, particularly within the
framework of the Parent Design Approach as a
reference-ship-based design method.

Given these conditions, this study offers novelty
through several key aspects: (1) the application of the
Parent Design Approach based on the actual conditions
of existing vessels as the initial design reference; (2) the
integration of ship geometry modeling using AutoCAD
with dynamic stability analysis based on the Maxsurf
software; and (3) the evaluation of ship stability
performance under various loading conditions that
represent actual operational conditions.

This study aims to optimize the design of modern
catamarans based on dynamic stability criteria to
produce a safer and more stable ship configuration for
ferry operations on the Jeneberang River. This research is
important because of the high safety risks in traditional
ferry transportation due to ship designs that do not meet
technical standards. Furthermore, the limited number of
studies on catamaran designs for small-scale river
transportation makes this research relevant as a practical
and contextually applicable technical solution.

Il. LITERATURE REVIEW

A. River Transport

River transport plays a vital role in supporting
community mobility, particularly in areas with limited
land infrastructure, such as along the Jeneberang River.
However, various studies indicate that safety standards in
river transport remain relatively low due to the use of
traditional vessels that fail to meet technical standards in
design, stability, or safety equipment [31]. Issues such as
overloading and uneven load distribution are the main
factors contributing to the increased risk of accidents on
small-scale ferry vessels.
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B. The Concept of Ship Stability

In ship architecture, stability is a fundamental
parameter that determines a ship’s ability to return to a
balanced position following an external disturbance.
Initial stability is indicated by the metacentric height
(GM), whilst advanced stability is analysed using the
righting arm curve (GZ). International standards such as
the IMO Intact Stability Code (IS Code) require a
positive GM value, a sufficient area under the GZ curve,
and a specific maximum angle of stability as indicators
of ship safety. Compliance with these criteria serves as
the primary benchmark in the evaluation of a ship’s
design suitability.
C. Catamaran Design

Catamarans feature a twin-hull configuration that
offers advantages in terms of transverse stability
compared to monohull vessels. The greater effective
beam results in a higher restoring moment, making the
vessel more stable under wave action and load
distribution. Furthermore, catamarans have a relatively
shallow draught, making them suitable for shallow
waters such as rivers. Several studies have also shown
that catamarans exhibit less roll and are safer for
passenger vessels [32].
D. Ship Design Methods

Modern ship design generally employs software-
based numerical approaches, such as AutoCAD for
geometric modelling and Maxsurf for hydrostatic and
stability analysis. This approach enables more accurate
and efficient design evaluation, particularly when
analysing ship performance under various loading
conditions. Furthermore, the Parent Design Approach is
frequently used to develop new designs based on existing
ships by modifying specific parameters, thereby
producing more realistic designs [33].

11l. METHOD

A. Data Types and Sources

This study employs a quantitative approach,
utilizing a ship design engineering method that focuses
on optimizing catamaran design based on dynamic
stability criteria to enhance river transport safety. The
design process in this study applied the Parent Design
Approach, which is a ship design method that uses
existing ships as the main reference (parent vessel) to
develop new ship designs through modifications to the
main dimensions, hull configuration, and load capacity
according to operational needs [34] [35]. This approach
is commonly used in ship architecture engineering
because it can accelerate the design process while
maintaining the operational characteristics of ships that
have been proven in the field [36].

The study was conducted on the crossing route
across the Jeneberang River, which connects the jetty in
the Benteng Somba Opu area with the village of Taeng
in Gowa Regency; the route is 200 metres long and takes
3 minutes to cross, and it serves as a means of transport
for residents travelling to the city of Makassar. The
traditional katinting boat operating on this crossing route
was used as the parent vessel in this study. A detailed
map of the crossing route and crossing locations can be
seen in Figure 1.
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Figure 1. Map of the Jeneberang River Crossing Location

The data used consists of primary and secondary  dimensions, and technical documentation of the
data. Primary data was obtained through field catamarans operating on the Jeneberang River crossing
observations, direct measurements of the vessels’ route, as illustrated in Figure 2

S ey T R
gure 2. Current Condition of the Katinting Boat on the Jeneberang River
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Physical measurement methods were used to determine
the ship’s principal dimensions accurately. The key
parameters, which include Length Overall (LOA),
Breadth (B), Depth (H), and Draft (T), are summarised in
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Table 1, which was then used as the basis for developing
a new catamaran design [37].

TABLE 1.
MAIN DIMENSIONS OF THE JENEBERANG CATAMARAN

Principal Dimension Symbol Value Unit
Length Over All LOA 12,00 m
Breadth B 5,00 m
Breadth of One Hulls B 1,10 m
Distance Between Hulls S 2,80 m
Depth H 1,60 m
Load Draft T 0,55 m
Deadweight DWT 3,05 ton
Service Speed Vs 2 knots

Meanwhile, secondary data was obtained from
scientific literature, ship design standards, and small
passenger ship safety guidelines related to ship stability
analysis. This data included ship stability theory,
catamaran design characteristics, and stability evaluation
standards based on international safety guidelines such
as the International Code on Intact Stability (IS Code)
[38] [39]. In addition, technical references on the use of
ship design software such as AutoCAD for geometric
modelling and Maxsurf for hydrostatic and stability
analysis were also used as a basis in the catamaran
design optimisation process [40].

B. Data Collection

The data collection technique employed in this
study utilises purposive sampling, which involves the
deliberate selection of samples based on specific criteria
relevant to the research objectives, particularly within the
context of ship design based on the Parent Design
Approach [41]. The samples used were katinting boats
operating on the crossing route on the Jeneberang River,
which served as the parent vessel in the design
optimisation process for the catamaran.

The sample selection criteria include: (1) vessels
used regularly as a means of public transport; (2) with a
carrying capacity of approximately 20 passengers and 15
motorcycles; and (3) operating on short-distance crossing
routes of approximately 200 metres. This sample
selection aims to ensure that the optimised vessel design
remains consistent with operational requirements and
user characteristics in the field [42].

Data collection was carried out through direct
observation and technical measurements of existing
vessels, covering the vessel’s main dimensions, load
capacity, and the distribution patterns of passenger and

vehicle loads. This data was used as the basis for
determining the initial design parameters of the
catamaran to be developed [43]. Furthermore, this
approach allows for the representation of the vessel’s
actual operational conditions, ensuring that the resulting
design is more practical and realistic.

C. Data Analysis

The data analysis method in this study was carried
out in stages using a design engineering and numerical
analysis approach to obtain the optimal catamaran
configuration [44]. The analysis began with the
determination of initial design parameters based on
reference vessel data, followed by the modelling of the
vessel’s geometry using AutoCAD to produce a
representative hull form.

The geometric model created was subsequently
analysed using Maxsurf software to obtain the vessel’s
hydrostatic and stability parameters. This analysis
includes an evaluation of displacement, metacentric
height (GM), and the righting lever curve (GZ) under
various loading conditions to describe the vessel’s
dynamic stability response [45]. The analysis results
were then compared with safety criteria based on
international standards, such as the International Code on
Intact Stability (IS Code), to assess the design’s
feasibility [46]. Subsequently, a design optimisation
process was carried out, involving adjustments to the
catamaran's main dimensions and hull configuration to
improve stability performance without reducing cargo
capacity. This process was conducted iteratively until a
design was obtained that met safety criteria and was
suitable for transport operations on the Jeneberang River.
D. Conceptual Framework

The research flowchart for this study is shown in
Figure 3.
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Figure 3. Conceptual Framework

1V. RESULTS AND DISCUSSION

A. Parent Vessel Determination

The selection of the parent vessel in this study was
carried out quantitatively using geometric ratios as the
primary benchmark, rather than being based solely on
observations of existing vessels on the Jeneberang River.
The traditional vessels used as the initial reference
exhibited an imbalance in dimensional ratios, which
resulted in low stability.

Based on the optimisation results, the primary
vessel dimensions have an L/B ratio of 2,4, a B/T ratio of
approximately 9,09, and an H/T ratio of approximately
2,91, which technically indicate improved transverse
stability, suitability for shallow waters, and a safe
freeboard. These findings confirm that the transition
from a traditional monohull to a catamaran configuration
based on a measured ratio is capable of delivering a
measurable and consistent improvement in stability
performance.

[ = | =&

v

Intact Stability Analysis
(Using Maxsurf Stability)

v

Stability
Criteria Met?

Final Catamaran Design
(Autocad 3D)

'

Conclusions &
Recommendations

The Parent Design Approach enables the selection
and modification of the parent vessel to be carried out in
a systematic and quantifiable manner, rather than
through trial and error as in conventional practice.
Furthermore, these results indicate that geometric ratios
can serve as an initial indicator for predicting stability
performance before further numerical analysis. In terms
of discussion, these findings reinforce the results of
previous research stating that ratio parameters have a
significant influence on ship stability; however, this
study goes a step further by integrating them directly into
the process of determining the parent vessel.

B. Linesplan Analysis

The line plans shown depict three main views: the
profile view, the body plan, and the plan view, which
represent the complete geometric form of the catamaran,
as shown in Figure 4.

Figure 4. Linesplan of the Jeneberang Catamaran

[ perspective

(=5 e 5
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The body plan shows two symmetrical hulls, whilst the
plan view illustrates a consistent distance between the
hulls (S = 2.80 m), and the profile view depicts a stable
waterline.

Visually, the model in Figure 4 shows a smooth hull
form (fair hull form) without discontinuities, thereby
supporting an even volume distribution and improved

3 Stability

1.2.4: Initial G t 0.0 dep = 9.202 m E= ez
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stability. This is consistent with the design ratios, so the
geometric model shown is deemed valid and suitable for
further stability analysis.
C. Intact Stability Analysis

Based on the stability curves shown in Figure 5, an
analysis was conducted for three loading conditions:
empty, half-load, and full-load on the Jeneberang River.

- Stability
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(c) Right-arm curve in condition 3 (full load)

Figure 5. Right Arm Curve of Jeneberang Catamaran

Visually, all three curves show a consistent pattern
with a peak of stability at an angle of approximately 25°,
although the values decrease as the load increases. Under
the empty vessel condition, GM = 9.202 m and
maximum GZ = 1.932 m were obtained, indicating very
high stability. At half load, the values decreased to GM =
7.947 m and maximum GZ = 1.693 m, whilst at full load,
GM = 7.027 m and maximum GZ = 1525 m were
obtained.

When assessed against the stability criteria of the
IMO Intact Stability Code (IS Code), all three conditions
meet the primary requirements, namely:

1) Positive GM values across all conditions
indicate that initial stability is satisfied.

The GZ curve has sufficient area across the
range of heel angles to meet the stability area
requirement.

The maximum GZ angle is above 20°
(approximately 25°), satisfying the maximum
stability angle criterion.

In terms of the findings, an interesting pattern
emerged: although the GM and GZ values decreased as

2)

3)

the load increased, the shape of the GZ curve remained
consistent and did not shift at its maximum angle. This
indicates that the catamaran configuration possesses
stable stability characteristics, whereby changes in load
do not significantly alter the vessel’s fundamental
stability behaviour. These findings reinforce the
catamaran’s advantage in maintaining stability
performance under varying loading conditions.
Furthermore, the refinement of these findings was

carried out using a comparative analysis of multiple
loading conditions directly linked to the stability curve
characteristics, rather than merely focusing on
compliance with IMO criteria. This study demonstrates
that the design not only ‘meets the standards’ but also
exhibits resilience to load variations, which is a key
indicator in river transport operations.
D. Final Catamaran Design

The 3D image shown depicts the final configuration of
the catamaran, which has been optimised for operation
on the Jeneberang River, as illustrated in Figure 6.
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Figure 6. Final Catamaran Design for Jeneberang River

Visually, the design features a structured deck
layout with 20 passenger seats on the sides, as well as a
central area for 15 motorcycles, which helps to ensure a
more balanced load distribution. Furthermore, safety
equipment (20 lifebuoys) is positioned on the sides of the
vessel for easy access, whilst the roof deck serves to
protect passengers. This 3D model confirms that the
design not only meets stability requirements but also
integrates safety, capacity, and comfort.

The novelty of this study lies in its design
approach, which is not only focused on ratio and stability
parameters but also incorporates user-needs-based
operational layouts into the design optimisation process.
Compared to previous studies, which generally stopped
at technical analysis, this study demonstrates that
optimisation results can be translated into practical
designs.
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V. CONCLUSION

This study aims to optimise the design of a modern
catamaran based on dynamic stability criteria to produce
a safer and more stable vessel configuration for ferry
operations on the Jeneberang River. Based on the results
obtained, design optimisation using the Parent Design
Approach and stability analysis indicates that a
catamaran configuration with an L/B ratio of 2,4; B/T
ratio of 9,09; and H/T ratio of 2,91 is capable of
enhancing transverse stability and is suitable for shallow
water conditions.

Findings from the stability analysis under three
loading conditions (empty, half-load, and full) indicate
that all parameters comply with the IMO Intact Stability
Code (IS Code), with consistently positive GM values
and a stable GZ curve at a maximum angle of
approximately 25°. Furthermore, the consistency of the
curve’s shape across various conditions demonstrates
that the design possesses stability characteristics resistant
to load variations. The 3D visualisation results also
confirm that the design is capable of optimally
accommodating operational requirements, with a
capacity of 20 passengers and 15 motorcycles, and is
equipped with safety facilities and a roof, thereby
enhancing safety and comfort.

The main contribution of this research is the
successful integration of an empirical data-driven design
approach (parent vessel) with dynamic stability analysis,
which has hitherto been limited to studies of small-scale
vessels. This research also addresses a research gap
regarding the design of catamarans for river transport
that is practical and based on community needs.

Consequently, the resulting design has the potential
to be adopted by river transport operators, local
authorities, and the shipbuilding industry as a reference
for the development of safer and standardised ferry
vessels. Recommendations for future research include
conducting further analysis of resistance, seakeeping,
and economic viability (cost-benefit analysis) to ensure
the comprehensive and sustainable implementation of the
design.
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