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ABSTRACT: This study aims to determine and compare hydrostatic characteristic and safety levels of direct
stability on a barge using two different stern configuration : Transom and Skeg. The analysis was conducted using
numerical simulation based in the International Maritime Organization ( IMO ) criteria for cargo ship over 24
meters in length. The results showed that both models perfectly complied with all mandatory safety standards.
However, the barge model utilizing a Transom stern demonstrated significantly higher primary stability value
compared to the skeg model. The initial metacentric height ( Initial GM ) for the transom variant reached 32.196
m , whereas the skeg variant recorded 15.115 m. This indicates that stern share modification significantly
influence the center of buoyancy and the righting levers under heavy cargo conditions.
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NOMENCLATURE
Symbol Description Unit
GM Gravity to Metacentra m
MB Metacentra to Bouyancy m
KB Keel to Bouyancy m
KG Keel to Gravity m
w Weight / Displacement Ton
S(x9 Momen (Degree ) Ton.m
G-G’ Distance Gravity to new Gravity m
Lwl Length of Water Line m
B Breath m
T Draught m
CB Block Coefisien
L/B Ratio Length and Breath
B/T Ratio Breath and Draught
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I. INTRODUCTION
Maritime transport using barge play a crucial and strategic role in supporting economic growth and
infrastructural development across the Indonesian archipelago[1], [2]. As a maritime nation encompassing
thousand islands, the logistical distribution of massive material — such as large- scale precast concrete, bridges ,
and sea walls — heavily relies on the dependability of water transport [3]. Barges represent the preferred
operational choice due to their expansive open deck cargo capability, low draft properties allow access to shallow
waterways, and highly economical operating costs compared to conventional cargo vessels [4].

Nevertheless, the structural nature barges, which are generally non propelled horizontal box- shaped
structures, poses distinct hydrodynamic and navigational safety challenges [5], [6]. Because their movement is
entirely dependent on the towing force of a tugboat, the survival of these vessel relies heavily on their hull from
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stability. The hull must retain an upright position and secure valuable deck cargo loss not only trigger massive
financial liabilities for logistics providers but also safety and threaten marine ecosystems with environmental
contamination[7], [8].

The stern design stands out as a fundamental hull geometry parameter that dictates baseline hydrostatic
properties, underwater volume distribution, and the subsequent formulation of the righting arm (GZ) curve [9],
[10] . The geometric profile of the aft sector directly interacts with fluid flow dynamic and determines the position
of the center of buoyancy, both vertical ( Vertical Centre Buoyancy — VCB ) and longitudinally ( Longitudinal
Center of Buoyancy — LCB ) [11], [12], [13]. Minor modification to the aft angles or appendages can cause
systematic cascading effects on static stability performance when the vessel encounters external heeling forces
from strong wind and wave currents, see figure 1.

Fig. 1 Model of barge ship

Within practical shipyard design and construction frameworks, two primary aft configuration are
frequently evaluated for operational effectiveness on barges : the conventional plumb stern ( transom stern) and
the stern integrated with directional skegs (skeg) [14]. The transom typology preserves a district, flat stern profile
to maximize aft hull volume at higher operational draft, thereby bolstering buoyancy forces at the rear[15].
Conversely, the implementation of skeg structure is primarily intended to minimize yawing or sustain directional
stability while being towed by a tugboat. However, adding this appendage alters the volumetric fluid distribution
at the stern, which subsequently modifies the static stability behavior of the vessel[16], [17].

Given the overriding importance of maritime safety, variation in hull geometry must be rigorously
validated against stringent global standards. The definitive international baseline is established by the International
Maritime Organization (IMO) criteria detailed within the International Code on Intact Stability. This regulation
distance the minimum acceptable thresholds for intrinsic stability parameters, including the area under the GZ
curve, initial metacentric height (initial GM), and the maximum heeling angle location. These criteria serve to
guarantee that a vessel possesses a reliable righting moment to withstand serve weather condition at sea[18], [19].

To due, comparative research detailing the exact impacts of Transom versus Skeg stern configuration on
deck-loaded heavy barges remains relatively limited. The majority of historical studies focus predominantly on
resistance attributes and propulsion characteristics. Meanwhile, studies focus predominantly on resistance
attributes and propulsion characteristics. Meanwhile, exhaustive assessments of hydrostatic metric involving LCB
shift, KN cross-curves, and intact stability behavior for concrete pipe carriers require deeper numerical exploration
[20]. Consequently ,this study focuses on simulation and comparing the hydrostatic performance and safety
margins of these two district stern variations. The resulting technical recommendations aim to guide naval
architects and fleet operators toward executing barge design that optimize structural safety alongside operational
maritime efficiency.

II. EXPERIMENTAL SETUP
The evaluation of hydrostatic characteristics and static stability curves in this study is executed utilizing
a computer-based numerical simulation approach. Digital 3D geometric models of the barge hull were engineered
across two stern variations : the first model utilizes a standard flat transom stern, while the second incorporates
directional skeg appendages. The numerical evaluations were performed under completely uniform loading
configurations, specially dense stack of solid cylindrical concrete pipes secured across the main deck surface.
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Fig. 2 Lines plan of barge

Static stability verification was carried out in strict accordance with mandatory IMO international
regulations specified for cargo ship over 24 meters in length. Underwater hull hydrostatic parameters, including
volumetric mass displacement and the longitudinal center of buoyancy ( LCB), were evaluated systematically
across a gradient of operational drafts, ranging from the lightship condition (0,6 meters) up to the maximum fully
— loaded operational limit (3,6 meters) , see figure 2.

III. RESULTS AND DISCUSSION
1. Hydrostatic Characteristics (Displacement & LCB)

Numerical computation reveal that displacement metrics and LCB shift across both hull variations
demonstrate linear and consistent transitions corresponding to changes in operational draft. This behavior occurs
because the expanding volumetric profile of the submerged hull corresponds directly to an increase in upward
buoyant forces [21], [22], [23].

Fig. 3 Model of barge ship without transom
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Fig. 4 Model of barge ship use transom

During the generation of the cross curves of stability, the potential righting lever value (KN sin ¢ ) was
plotted across a displacement envelope spanning 500 to 4000 metric tons, under heeling angles ranging from 10°
to 90°. The transom-stern model exhibits slightly higher volume-moment distribution properties compared to the
skeg model during the early stages of operational draft , see figure 3 & 4. The comparative numerical findings
mapping mass displacement and LCB shift are detailed within figure 5 & 6 .
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Fig. 5 Comparison of LCB
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Fig. 6 Comparison of Displacement
2. Static Stability Curve Assessment

Evaluating the generated righting lever (GZ Righting Arm) curves against varying heeling angles
demonstrates that both stern geometries successfully satisfy the minimum international safety criteria dictated by
IMO framework, achieving absolute compliance status [24]. Although both hull design are verified as safe for
operations , the transom-configured vessel exhibits primary stability performance that is distinctly stiffer, more
rigid, and superior. The initial metacentric height (Initial GM) for transom variant reaches an exceptional 32,19
meters , markedly exceeding the skeg variant which registers at 15,115 meters , see figure 7 & 8 . Similarly, the
maximum righting lever (Max GZ) attained at heeling thresholds pas 30° show the transom model reaching 8.14
meters, substantially outperforming the skeg configuration which remains constrained at 3,61 meters see figure 9.
Comprehensive compliance metrics across all tested IMO criteria are complied within Figure 10.
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Fig. 7 Cross curve of transom stern
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Fig. 9 (a) stability curve stern barge ; (b) stability curve transom stern barge

Minimum design criteria applicable to all ships
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Fig. 10 (a) Result criteria stern barge ; (b) Result criteria transom stern barge

IV. CONCLUSION
This study demonstrates that geometric alterations to a barge’s stern structure assert a definitive impact
on its baseline hydrostatic functions and its ultimate righting capabilities under high-load profiles. While both the
skeg-appendage hull and the pure transom model demonstrate full adherence to international safety metrics, the
transom-stern configuration delivers an initial metacentric height (Initial GM and GZ righting arm) attributes that
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are distinctly superior. This offers an elevated safety margin against open-sea capsizing vectors during heavy
cargo transit operations.

ACKNOWLEDGMENTS

The authors express their gratitude to the Department of Industrial Technology Vocational College, Diponegoro
University and School of Ship and Ocean Engineering, Jiangsu Shipping College, Nantong, China.

(1

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

(18]

REFRENCES

S. F. Khristyson, S. Sugeng, M. Ridwan, and A. K. Yusim, “Improved Design 5 (GT) Boat for Traditional Community Activities,”
Int. J. Eng. Invent., vol. 13, no. 1, pp. 50-57, 2024, [Online]. Available: http://www.ijeijournal.com/papers/Voll3-
Issuel/13015057.pdf

S. F. Khristyson, D. Bahtiyar, and 1. A. Kristanto, “Analisa Kekuatan Konstruksi V-Bracket Poros Propeller Kapal 5000 GT dengan
Metode Elemen Hingga,” Integr. Mech. Eng. J., vol. 3, no. 1, pp. 24-32, Jul. 2025, doi: 10.56904/imejour.v3i1.90.

S.-H. Park et al., “An experimental and numerical study on the hydrostatic collapse of a scaled HY -80 pressure hull,” Int. J. Nav.
Archit. Ocean Eng., vol. 18, 2026, doi: 10.1016/j.ijnaoe.2025.100731.

X. Wang et al., “Quantifying channel width thresholds for safe inland navigation under excessive cross-flow conditions,” Sci. Rep.,
vol. 16, no. 1, 2026, doi: 10.1038/s41598-026-46860-9.

S. Sugeng and S. Khristyson, “Bouyancy Calculation on Barge Ship in Process Loading Unloading Material Stockyard Ship to Port,”
Eng. Technol. J., vol. 8, no. 8 SE-Atticles, Aug. 2023, doi: 10.47191/etj/v8i8.07.

S. Sugeng, M. Ridwan, S. Sulaiman, and S. F. Khristyson, “Optimization of Space Under Main Deck on Landing Craft Utility (LCU)
Ships to Increase Loading Capacity,” TransNav, Int. J. Mar. Navig. Saf. Sea Transp., vol. 16, no. 1, pp. 99-103, 2022, doi:
10.12716/1001.16.01.10.

C. Moon, S. A. Tronvoll, J. Ma, and T. Welo, “An experimental and numerical study of deformation characteristics in flexible stretch
bending using reconfigurable tools,” Manuf. Lett., vol. 44, pp. 434—441, 2025, doi: https://doi.org/10.1016/j.mfglet.2025.06.052.

H. Zhang, Y. Wei, S. Xiao, and Z. Zhao, “Ship hull resistance minimization using surrogate modelling and an improved dung beetle
optimizer,” Ocean Eng., vol. 322, p. 120588, 2025, doi: https://doi.org/10.1016/j.0ceaneng.2025.120588.

R. Yazdanmadad and A. Babazadeh, “Numerical Investigation of Fatigue Crack Growth in Cutouts of Ship Hull Web Frames,” J.
Mar. Sci. Appl., 2026, doi: 10.1007/s11804-026-00854-1.

Y. Han, Y. Yu, X. Gao, M. Zou, and J. Zhang, “A dueling double deep Q-network-assisted NSGA-II framework for multi-objective
ship subdivision optimization,” Int. J. Nav. Archit. Ocean Eng., vol. 18,2026, doi: 10.1016/j.ijnaoe.2026.100770.

A. Idris and M. Soliman, “Probabilistic demand models and analytical fragility quantification for ship hulls under ultimate bending
conditions,” Mar. Struct., vol. 106, p. 103944, 2026, doi: https://doi.org/10.1016/j.marstruc.2025.103944.

Y. Yang, Y. Shu, G. Li, L. Du, and H. Guo, “Research and implementation of an online platform for efficient and accurate ship hull
design,” Adv. Eng. Softw., vol. 202, p. 103870, 2025, doi: https://doi.org/10.1016/j.advengsoft.2025.103870.

H. Ji, J. Zhang, J. Liu, S. Hua, R. Liu, and A. T. Bekker, “Combined effects of thermal stress and ice impacts on polar ship hulls: A
numerical study,” Appl. Ocean Res., vol. 160, p. 104654, 2025, doi: https://doi.org/10.1016/j.apor.2025.104654.

D. S. Wibowo, A. K. Akbar, T. A. Da Rosta, H. N. Sukmawardana, and F. A. Rayhan, “Effects of Transom and Skeg Angle on Barge
Drag and Seakeeping,” IOP Conf. Ser. Earth Environ. Sci., vol. 1454, no. 1, p. 12012, 2025, doi: 10.1088/1755-1315/1454/1/012012.

C. HaiChao, H. Wenlong, L. Zuyuan, F. Baiwei, and Z. Qiang, “Enhancing surrogate model accuracy in ship design optimization
through intelligent constraint-aware sample selection,” Eng. Appl. Artif. Intell., vol. 163, p. 112716, 2026, doi:
https://doi.org/10.1016/j.engappai.2025.112716.

D. Zheng, L. Qian, J. Hu, Q. Zhou, and C. Zhang, “Numerical simulation study on motion response characteristics of barge docks
and moored vessels under surging waves action,” Port Waterw. Eng., no. 10, pp. 35-41, 2025, [Online]. Available:
https://www.scopus.com/inward/record.uri?eid=2-s2.0

105021376923 &partnerID=40&md5=9db01d0712d02bb6654b0ddb9171e548

D. Ariwibowo, W. Wahyuddin, M. Mumi, S. Sutrisno, and S. U. Handayani, “Design of Blowdown Line LNG Filling Station ISO
Tank,” J. Vocat. Stud. Appl. Res. 2019 JVSAR, Vol. 1 Issue 2 Year 2019 (October 2019)DO - 10.14710/jvsar.v1i2.4805 , Nov. 2019,
[Online]. Available: https://ejournal2.undip.ac.id/index.php/jvsar/article/view/4805

J. Han, X. Wen, M. C. Ong, D. Kitazawa, and M. Murai, “Influence of Key Design Parameters on the Stability of Suspension Ships,”
J. Mar. Sci. Appl., 2026, doi: 10.1007/s11804-025-00680-x.

DOI: 10.5281/zenodo.22244263 www.ijeijournal.com Page | 58


http://www.ijeijournal.com/

Comparative Analysis Hydrostatic and Stability Characteristics of Skeg Hull Shapes on Barge

[19]

[20]

[22]

[23]

X. Yong, P. Yang, Z. Zhou, Z. Huang, and D. Wu, “A Unified Approach to Estimate Ship Maneuverability and Seakeeping in Regular
Waves,” J. Mar. Sci. Appl., 2026, doi: 10.1007/s11804-026-00857-y.

H. Cheng, J. Chen, and R. Yu, “Strengthened T-mooring design of self-propelled deck barges under open wharf conditions and its
applicable metocean conditions,” Adv. Mech. Eng., vol. 18, no. 4, 2026, doi: 10.1177/16878132261444650.

Z.14,Y. Wang, L. Wang, and M. Ding, “A novel mathematical modeling and simulation of multi-tugboats assisted pushing operations
for a barge,” Ocean Eng., vol. 357, no. P3, 2026, doi: 10.1016/j.oceaneng.2026.125514.

B. Liu et al., “Numerical simulation and dynamic response analysis of a ship—train—bridge system under vessel collision,” Adv. Bridg.
Eng., vol. 7, no. 1, 2026, doi: 10.1186/s43251-025-00200-5.

G. M. Moatimid, M. A. A. Mohamed, and M. K. Abohamer, “Inspection of stability of a general roll-damping of a ship via non-
perturbative approach,” Sci. Rep., vol. 16, no. 1, 2026, doi: 10.1038/s41598-026-38505-8.

Y. H. Asyabdareh, “Technical Notes on Intact and Damage Stability Properties and Decks Distribution of Floating Hotels,” Trans.
Marit. Sci., vol. 15, no. 1, 2026, doi: 10.7225/toms.v15.n01.009.

DOI: 10.5281/zenodo.22244263 www.ijeijournal.com Page | 59


http://www.ijeijournal.com/


  S  (   x 0 )

