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This book presents the proceedings of SORTA 2026, the 27th Symposium on the 

Theory and Practice of Shipbuilding, held from 7 to 10 October 2026 in Belgrade, 

Serbia. The symposium is organized by the Department of Naval Architecture, 

Faculty of Mechanical Engineering, University of Belgrade, and is held in 

memory of Professor Leopold Sorta, whose name has become synonymous with 

one of the longest-standing scientific meetings in the field of shipbuilding, 

spanning more than five decades. 

SORTA 2026 marked the symposium's return to Belgrade after more than four 

decades. The previous Belgrade edition took place in 1984 and was likewise 

organized by the Department of Naval Architecture, Faculty of Mechanical 

Engineering, University of Belgrade. 

The long-standing tradition of SORTA demonstrates the enduring importance of 

shipbuilding science and practice for scientific progress and the sustainable 

development of the maritime industry. Continuing this tradition, SORTA 2026 

brought together researchers, engineers, designers, classification societies, 

shipyards, and maritime professionals to exchange knowledge and discuss recent 

scientific and technological developments in shipbuilding and offshore 

engineering for both maritime and inland navigation. 

The symposium program included keynote lectures, scientific and professional 

papers, and a panel discussion. The papers published in this volume cover a broad 

spectrum of topics, including ship structures and strength, hydrodynamics and 

stability, ship design, ship operation, maritime safety, offshore engineering, inland 

waterway transport, decarbonization, digitalization, artificial intelligence and 

deep learning applications, and other contemporary challenges. The proceedings 

reflect current research trends and practical engineering solutions and are intended 

for researchers, practicing engineers, and maritime professionals alike. 

The Book of Abstracts is divided into sections. The first section contains the 

keynote lectures (invited lectures), while the technical sessions start from the 

second section. Since the contributions cover maritime ships, inland vessels, 

offshore structures, and various other types of waterborne structures, the sections 

are organized according to fundamental topics rather than types of structures. For 

instance, the second section, Strength, covers the strength of these structures, 

including loads, structural response, structural design, and related subtopics. The 

same approach is applied to the other sections: Hydrodynamics, Stability, Design, 

Operation, Decarbonization & Energy Efficiency & Pollution, Construction, and 

Education & Heritage. Finally, a poster section is included, along with a list of 

organizations supporting the conference. 

Previous editions of the symposium were held in Zagreb (1974, 1976, 1978), 

Opatija (1980), Split (1982), Belgrade (1984), Pula (1986), Zagreb (1988), 

PREFACE 
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Dubrovnik (1990), Opatija (1992), Dubrovnik (1994), Zagreb (1996), Zadar 

(1998), Rijeka (2000), Trogir (2002), Plitvice Lakes (2004), Rijeka (2006), Pula 

(2008), Lumbarda (2010), Zagreb (2012), Baška (2014), Trogir (2016), Split 

(2018), Rijeka (2020), Malinska (2022), and Zadar (2024). 

We would like to express our sincere gratitude to all authors, reviewers, keynote 

speakers, members of the Scientific, Editorial and Organizing Committees, 

sponsors, and participants whose contributions made SORTA 2026 possible. 

The Editors 
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Main areas of interest include but are not limited to: 

Ship design and hydrodynamics 

Marine structures and strength 

Offshore engineering and floating systems 

Marine propulsion and energy systems 

Emission reduction and decarbonization 

AI and machine learning in marine engineering 

Ship production, repair and retrofitting 

Autonomous vessels and digital twins 

Education, training, heritage, legal, logistics and 

economic aspects of maritime transport 
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Dmitry PONKRATOVa,1   
a

 SIEMENS Digital Industries Software, London, United Kingdom 

ORCiD ID: Dmitry Ponkratov https://orcid.org/0000-0001-5316-5317 

Abstract. When you launch a CFD run to compare and validate your case against a 
ship-scale benchmark, what comes to mind about sea trial measurements? Can you 

imagine performing sea trials on a cruise liner with 4000 passengers on board? Can 

you imagine performing sea trials on a tanker in the piracy risk area? And what about 
night sea trials to illuminate seawater particles and hence measure the flow coming to 

the propeller? Join Dr Dmitriy Ponkratov lecture to learn about these and other hidden 

stories associated with gaining ship operation data for CFD validation. Dr Ponkratov 
organised the first scientific project to collect such comprehensive datasets and 

attended all the sea trials for the vessels in the famous JoResJoint Research Project. 

Keywords. Seatrials, CFD, performance, research, joresproject. 

  

 
1 Corresponding Author: Dmitry Ponkratov, dmitry.ponkratov@siemens.com. 

Behind the Scenes of CFD Validation: How 

are Measurements on Actual Ships 

Performed?  
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Šime MALENICAa,1 

a
 BUREAU VERITAS, Paris, France 

Abstract. Evaluating the structural response of the floating body subjected to water 
waves represents an essential step in the design process. The practical procedure of 

design verification considers two main structural failure modes namely the yielding 

and buckling in extreme conditions and the cracks initiated by fatigue. Even though 
these two failure modes are fundamentally different, the hydro structure interaction 

tools and methodologies have many points in common. The structural response 

basically means the stress distribution as a consequence of the external loading. 
Various physical phenomena can be of importance depending on the wave conditions 

and on the structural characteristics of the body. Numerical models need to be able to 

take those effects into account consistently, which requires rather complex numerical 
models where the competencies of relevance to both marine hydrodynamics and 

structural dynamics need to be combined wisely. Strictly speaking, the structural 

response can be classified into two main categories: static and dynamic. However, in 
the context of marine structures, there is often a certain misunderstanding observed 

regarding this separation. The misunderstanding occurs mainly because both the static 

and the dynamic structural responses are induced by the time varying (i.e. dynamic) 
loading. However, the fundamental difference in between the static and dynamic 

structural response lies in the fact that the static response does not account for the 

structural dynamics (vibrations) while the dynamic response does. At the same time 
the different variants of the static and dynamic responses are sometimes introduced 

and denoted as quasi-static or quasi-dynamic, where the term “quasi” is related to the 

structural loading which is considered to be independent of the structural response (in 
“quasi -***” approach). In addition, very often the denomination one-way, two-way, 

full, loose… coupling procedure are used and the clear separation in between these 

procedures is sometimes confusing. The purpose of the present lecture is to discuss 
these different aspects of hydro-structure interactions, by considering the practical 

examples of relevance for marine industry. 

Keywords. Hydro-structure interactions, diffraction-radiation analysis, quasi-static 

and dynamic structural response. 

  

 
1 Corresponding Author: Šime Malenica, sime.malenica@bureauveritas.com. 

Some Aspects of Hydro-Structure 

Interactions for Offshore and Naval 

Applications  
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Pentti KUJALAa,1 

a
 Taltech, Estonian Maritime Academy, Tallinn, Estonia 

ORCiD ID: Pentti Kujala https://orcid.org/0000-0003-2665-9957 

                   

Abstract. Shipping activities in ice-covered water and the design of such ships date 
back to over one century ago. With ongoing climate change, the number of polar ships 

is on the increase. Ships sailing through ice-covered regions should be powerful 

enough to overcome the additional resistance due to ice, and meanwhile strong enough 
to bear the impact with ice. The methodology of designing polar ships, therefore, 

differs from that for open-water ships. The keynote talk concentrates on the main 

challenges related to the design of ships for these harsh environmental conditions. The 
main topic of the presentation is how to determine adequate ice-strengthening for 

polar ships through rule-defined scenarios for ice conditions, ice-induced loads, and 

scantling requirements. This approach has provided a practical and widely accepted 
basis for polar and ice-going ship design. However, ice class rule based polar ship 

design has limitations such as: limited ability to account for diverse operational 

profiles in varying ice conditions, ship varying speed and maneuvering modes are not 
taken into account, stochasticity of ice loads is not taken into account and current rules 

cannot distinguish consequence differences among ship types. All these topics will be 

covered in detail in the keynote and advanced solutions will be presented to overcome 
the challenges. 

Keywords. Ship hull, ice-strengthening, ice class rules, ice loads.
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Abstract. Offshore platform decks are frequently subjected to localised equipment 

and storage loads during module installation, equipment layout, maintenance 

operations, and temporary deck storage. The loaded area and loading position can 
significantly affect the stress distribution and deformation response of deck grillage 

structures. With reference to a typical steel deck grillage used in offshore platform 

topside structures, a finite element model of a local deck grillage is established in this 
study. The local equipment/storage load is idealised as a uniformly distributed static 

pressure acting over a rectangular area, and the maximum von Mises stress, vertical 

deflection, and safety factor of the structure are investigated under different loaded 
areas and loading positions. The results show that, for a constant load weight, a 

smaller loaded area leads to a higher equivalent local pressure and more pronounced 

stress concentration and local deformation, whereas increasing the supporting area 
can effectively reduce the structural response. The loading position changes the load-

transfer path; the response is most unfavourable in regions without direct support from 

primary supporting members, while the strength margin is markedly improved when 
the load is located close to primary supporting members or their intersections. The 

findings provide a reference for equipment arrangement, temporary deck storage 
planning, and local strength assessment of offshore platform decks. 

Keywords. Offshore platform deck, equipment/storage load, loaded area, loading 

position, finite element analysis. 
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Abstract. Rapid ship seakeeping methods are particularly attractive when 

computational efficiency is of primary importance or when detailed hull geometry is 
unavailable. However, even under these constraints, ensuring a reasonable level of 

accuracy remains essential. This study compares two widely used rapid methods for 

estimating transfer functions of the vertical wave bending moment (VWBM) at 
midship, namely Sikora’s method and a closed-form expression (CFE). The 

comparison is carried out using the Frequency Independent Model Error (FIME) as a 

measure of model uncertainty, obtained by benchmarking both methods against 
model-scale experimental data. The results indicate the consistently better 

performance of Sikora’s method for the considered dataset, particularly by 

demonstrating reduced variability in the model error. 

Keywords. Wave bending moments, transfer functions, model uncertainty. 
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Abstract. This paper extends previous research on the structural failure of the river-

sea tanker MV Arvin by introducing a probabilistic assessment of hull girder collapse 

under Black Sea environmental conditions. Ultimate strength values obtained through 
the nonlinear finite element method (NLFEM) are adopted as the structural resistance 

of the vessel, whereas wave-induced bending moments are evaluated by means of 

linear seakeeping theory for 146,090 representative environmental and operational 
conditions. A reliability assessment is then performed to evaluate the probability of 

hull girder failure for each simulated sea state, assuming the loading condition 

corresponding to the time of the accident. For each realization, the total vertical 
bending moment is compared with the ultimate hull girder strength to determine 

whether structural collapse occurs. The proposed methodology enables the 

quantification of collapse risk under different sea states and provides an overall 
estimate of the vessel's structural reliability under representative environmental 

conditions. The results contribute to a better understanding of the structural 

vulnerability of river-sea vessels operating in exposed maritime environments. 

Keywords. Probabilistic assessment, structural reliability, Black Sea environment, 

MV Arvin, river-sea vessel. 
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Abstract. The structural design of inland cruise ships faces numerous challenges, 
primarily due to their operational and architectural demands. With limited draft and 

beam constraints imposed by inland waterways, these vessels must maintain adequate 

structural strength while incorporating passenger-centric features such as large glass 
windows, expansive superstructures, and open decks. The paper discusses and 

highlights the basic challenges in the structural design and analysis of large inland 

cruise vessels. Inland cruise ships are multi-deck ships characterized by large 
superstructure side openings generating complex hull-superstructure structural 

interaction. The length and height of the superstructure is approximately equal to the 

length and height of the lower hull and its influence on longitudinal strength is very 
important and should be taken into consideration during the determination of 

structural elements in the very early design phase. The main results and challenges of 

80/110/135m long inland cruise vessels have been briefly presented for all three 
structural design phases : (1) Concept design phase: design challenges in structural 

scantling definition of midship section based on prescribed Rule calculation and 

partial 3D FE model have been described; (2) Preliminary design phase: Global 
response analysis and verification of longitudinal strength and feasibility calculation 

(yielding and buckling) has been performed based on the global full ship FE model; 

(3) Detail design phase: Detail response stress analysis have been performed based on 
fine mesh FE models of critical details embedded into the global full ship FE model. 

Keywords. Inland cruise ship, structural design, hull-superstructure interaction, 

longitudinal strength. 
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Abstract. In recent years large inland waterway (IW) passenger vessel designs are 

oriented to reduce draft. Vessel structure is therefore further optimized by using 

thinner plating where acceptable, making buckling criteria more dominant than before. 
Different classification societies provide different approaches in estimating plate 

buckling capacity. Also, plate buckling capacity can be estimated using non-linear 

analysis on sub-models of the vessels where different load combinations, thicknesses 
and boundary conditions are considered. The objective of the study is to compare the 

results and limitations of three approaches for assessing plate buckling: (i) a gross 

scantling-based rule approach, (ii) a net scantling-based rule approach, and (iii) a non-
linear finite element analysis (NLFEM) approach. Panels are loaded to mimic stresses 

resulting from global loads combined with anticipated local loads. The scantlings of 

the plating, stiffeners, and girders are based on typical European IW passenger vessels 
built by Vahali Shipyards. For the analyzed case, both the net-based and gross-based 

rules show good agreement with the analytical solution at larger length-to-width ratios, 

whereas noticeable deviations among the different approaches are observed at smaller 
ratios. While the NLFEM approach accounts for factors such as lateral pressure and 

manufacturing imperfections, the predicted buckling stress is highly sensitive to the 

assumed imperfection shape and magnitude. However, the method can also reveal 
additional buckling capacity beyond that predicted by simplified approaches, although 

at the expense of increased modeling effort and computational cost. 

Keywords. Inland passenger vessel, non-linear FEA, buckling, structural design. 
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Abstract. Safe launch and recovery operations of man riding tenders depend on lifting 
arrangements capable of withstanding both operational and proof-test loads while 

meeting applicable safety regulations. This paper presents the structural assessment 

and verification of lifting point supporting structures installed on a 6.4 m tender 
intended for service aboard a commercial yacht. The lifting arrangement consists of 

three lifting points, one located at the bow and two at the stern, supported by welded 

stainless-steel structures manufactured from AISI 316L steel. Load distribution 
among the lifting points was determined using static equilibrium calculations based 

on the fully loaded condition of the tender, including fuel, equipment, and personnel. 

The supporting structures were subsequently assessed through finite element analysis 
(FEA) using detailed 3D models. The analyses considered elastic-plastic material 

behaviour and were performed in accordance with the requirements of the IMO Life 

Saving Appliances (LSA) Code and Shipping Notice 04/2021 governing man riding 
tender lifting arrangements. The numerical assessment identified a localized area 

within one stern support assembly where the required factor of safety was not 

achieved. To satisfy the statutory requirements, design optimization was performed 
by increasing the thickness of the critical structural component. The modified 

arrangement significantly reduced the maximum von Mises stress and increased the 

factor of safety above the minimum required value. To validate the analytical results, 
a full-scale static proof load test was carried out in the presence of an attending 

surveyor. The tender was loaded in accordance with regulatory requirements and 

suspended from its lifting arrangement for a specified holding period. Measured loads 
confirmed the intended loading condition, while post-test inspections revealed no 

signs of permanent deformation, cracking, or structural damage. The study 

demonstrates how the combination of finite element analysis, design optimization, 
and proof-load testing can provide a reliable methodology for verifying lifting 

arrangements on man riding tenders and ensuring compliance with flag-state and 

statutory safety requirements. 

Keywords. Man riding tender, finite element analysis, structural verification, lifting 

arrangements, static load testing. 

  

 
1 Corresponding Author: Nemanja Ilić, nemanja.i@oceanpro.eu. 

Structural Assessment of Tender Lifting 

Points by FEA and Proof Testing  

mailto:nemanja.i@oceanpro.eu


7-10 October 2026, Belgrade, Serbia                  

12 

Davor BOLFa,1, Albert ZAMARINa, Marko HADJINAa and Marino BRČIĆ 
b 

a
 University of Rijeka, Faculty of Engineering, Department of Naval Architecture and 

Ocean Engineering, Vukovarska 58, Rijeka, Croatia  
b

 University of Rijeka, Faculty of Engineering, Department of Engineering Mechanics, 

Vukovarska 58, Rijeka, Croatia  

ORCiD ID: Davor Bolf https://orcid.org/0000-0001-5266-2194, 

Albert Zamarin https://orcid.org/0000-0003-2691-5973, 

Marko Hadjina https://orcid.org/0000-0001-7131-4750, 

Marino Brčić https://orcid.org/0000-0002-7283-005X 

Abstract. The paper presents a methodology for determining the shear properties of 
the foam core of composite sandwich panels and selecting an appropriate material 

model for use in ship structures, thus enabling a more systematic and reliable 

application of sandwich panels in shipbuilding. The methodology defines the path 
from experimental determination of material properties to the selection of an 

appropriate calculation method and material model. In the experimental part, the 

ASTM C273 and ASTM C393/C393M procedures are analysed, defining the 
conditions for their application, their limitations, and the criteria for selecting a 

suitable testing method. In the numerical part, classification-society tools and the 

finite element method are considered, with emphasis on selecting the optimal material 
model in the LS-DYNA software package. The Analytic Hierarchy Process (AHP) 

multi-criteria decision-making method is applied to evaluate and compare several LS-
DYNA material models based on experimentally accessible and literature-based 

parameters. The results show that the MAT_012/013 model is the most favourable 

among the observed alternatives for marine sandwich-panel cores. The contribution 
of this work is threefold: (i) it proposes an integrated workflow that links the choice 

between ASTM C273 and ASTM C393/C393M with the intended structural 

application, (ii) it formalises the transfer of experimental shear data into classification-
society tools and finite element models, and (iii) it provides a transparent AHP-based 

procedure for selecting a material model that balances accuracy with practical 

parameter availability. 

Keywords. Sandwich panel, shear test, ASTM C273, FEA, testing methodology, LS-

DYNA, AHP method, calculation methodology. 
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Abstract. This paper consolidates two complementary research studies on 3D-printed 

polymer sandwich structures into a single manuscript focused on the structural response 

under bending and tension loading, as an extension of previous work on composite 

sandwich panels and 3D-printed polymer structures. One study examined three‑point 

bending of sandwich specimens with honeycomb, trapezoidal, and triangular cores, 
followed by numerical verification and evaluation of hybrid acrylonitrile butadiene styrene 

(ABS)/polylactic acid (PLA) sandwich configurations. The other investigated tensile 

behaviour of trapezoidal‑core sandwich structures and base polymer specimens made of 

PLA, ABS, polyethylene terephthalate‑glycol (PET‑G), and acrylonitrile styrene acrylate 

(ASA), along with finite element modelling and low‑cycle fatigue assessment. By 

combining these works, the paper establishes a unified design and analysis framework for 

mechanically interlocked multi‑material sandwich panels manufactured by fused‑filament 

fabrication. The combined analysis shows that core geometry, material layout, and joining 
strategy strongly affect stiffness, stress distribution, and experimental repeatability. In 

bending, triangular PLA sandwich cores gave the best response among single‑material core 

geometries. At the same time, for hybrid trapezoidal configurations, the PLA–ABS–PLA 

arrangement was mechanically more favorable than ABS–PLA–ABS because it produced 

higher reaction force and lower core stress at a given displacement, a trend consistent with 

typical performance differences between corrugated and honeycomb cores. In tension, the 

adopted trapezoidal mechanically interlocked concept enabled systematic comparison of 

mixed‑material combinations, and nonlinear numerical simulations reproduced the 
measured trends with acceptable agreement while also revealing stress concentrations in the 

interlocking zones. The results support the use of additively manufactured sandwich 

structures as customisable lightweight components and, by relating the measured behaviour 

to established sandwich design principles from the literature, highlight the need for careful 

selection of core topology, material sequence and joining method in future structural 

applications, in line with design recommendations for composite sandwich structures in the 

literature. 
 

Keywords. 3D printed sandwich structures, corrugated core geometry, FFF polymer 

composites, three‑point bending and tension, finite element analysis. 
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Abstract. Offshore cranes (OCs) are increasingly employed in offshore engineering 

applications, including marine construction, cargo handling, and the installation and 

maintenance of offshore platforms, vessels and renewable energy systems. Driven by 
the expansion of offshore construction activities around the world, increasing safety 

requirements, and growing scientific interest, the number of publications related to 

OCs has increased during the last decade, covering a broad range of topics associated 
with their design, operation, and performance. However, review studies remain 

limited. Therefore, this study presents a review of more than 100 relevant publications 

with the aim of examining the development of OCs research, and identifying potential 
research gaps. OCs operate at the interface between shipbuilding and crane 

engineering, where differing regulatory frameworks and numerical approaches have 

resulted in limited research on the global response of crane–vessel systems. In contrast 
to ship structures and land-based cranes, for which advanced structural and direct 

calculation procedures are well established, corresponding methodologies for OCs 

have received less attention in both studies and regulations. The review indicates that 
most studies focus on operational dynamics to describe crane motions. Few studies 

address structural behavior, with most focusing on local strength, such as fatigue and 
buckling of components. The global structural response, including nonlinear behavior, 

ultimate strength, the influence of movable foundations, and reliability in a coupled 

OCs–marine environment, remains largely unexplored. These findings identify 
potential directions for future research on the structural assessment and reliability of 

OCs. 

Keywords. Offshore cranes (OCs), systematic analysis, offshore engineering, global 

strength. 
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Abstract. The International Maritime Organisation’s Second Generation Intact 

Stability Criteria address complex dynamic failure modes, including excessive 
acceleration. While Level 2 vulnerability assessments significantly improve safety, 

they remain computationally intensive during the early stages of ship design. Previous 

research has demonstrated that surrogate models, particularly Artificial Neural 
Networks, can provide rapid assessment of these criteria with high predictive accuracy 

conducting a systematic parametric analysis to quantify the influence of specific hull-

geometry parameters on vulnerability to excessive acceleration. Utilising a dataset of 
5,000 unique hull configurations generated via parametric CAD modelling (CAESES) 

and evaluated using automated stability software, the research examines the 

sensitivity of the long-term probability index C to variations in both primary 
dimensions and local hull features. Analysed parameters include Length Between 

Perpendiculars, beam, bilge radius, deadrise, and flare angle. The results identify 

critical geometric thresholds for SGISC compliance, providing naval architects with 
a clearer understanding of the design space. By moving beyond ”black-box” AI 

predictions toward a transparent evaluation of geometric influences, this work offers 

actionable guidance for optimising vessel safety during the conceptual design phase. 

Keywords. Stability, SGISC, geometry, design. 
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Abstract. This paper proposes a novel approach to intact stability assessment of river-

sea ships, grounded in the Second-Generation Intact Stability Criteria (SGISC) - 

regulatory framework currently under development by the International Maritime 
Organization. Due to their distinctive hull characteristics, river-sea ships are identified 

as vulnerable specifically to the Dead ship condition and Excessive acceleration 

failure modes, making roll motion in beam wind and waves the central focus of the 
research. Several important modifications to the SGISC procedures are introduced 

and justified: the adaptation of environmental conditions to reflect the actual 

operational areas of river-sea ships, a correction to the eddy damping component of 
the Simplified Ikeda's Method, and the development of regression-based prediction 

models for the natural roll period and effective wave slope coefficient as replacements 

for the SGISC standard methods. The concept of operational limitations with respect 
to maximum significant wave height is introduced as well. The results demonstrate 

that, with the proposed modifications, river-sea ships can be effectively assessed 

within the modified SGISC framework, and that an extended operability range can be 
achieved while maintaining an adequate level of safety. 

Keywords. River-sea ships, ship safety, stability assessment, regulations, ship 

dynamics, SGISC. 
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Abstract. Hard-chine hulls, characterized by an angular intersection between the 

bottom and the topsides, are widely adopted in motor yachts, patrol vessels, and 

workboats for their balance between speed, fuel efficiency, comfort, and operational 
range. However, valid models for stability assessment developed for displacement and 

planning vessels are inadequate for hard-chine hulls, given their different hull shapes. 

This paper presents the development of metamodels to predict intact and damage 
stability parameters of hard-chine small motor yachts, intended for use during concept 

design and within multi-criteria decision-making frameworks. Starting from a 

database of real hull forms, a representative hull dataset was generated using Design 
of Experiments, employing a Central Composite Design. Stability evaluations were 

conducted in accordance with the Red Ensign Group Yacht Code 2024. Numerical 

results were processed using Response Surface Methodology to derive polynomial 
regression models as functions of non-dimensional geometric parameters. The 

proposed metamodels show good accuracy within their validity ranges, enabling rapid 

estimation of stability limits and significantly reducing the need for computationally 
intensive analyses in early-stage yacht design. 

Keywords. Concept design, hard-chine, motor yacht, intact stability, damage stability, 

multiple linear regression. 
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Abstract. Although modern sailing yachts are generally designed in accordance with 
established stability criteria and safety regulations, recent accidents have raised 

concerns about the effectiveness of these methods in extreme conditions. This paper 

presents a case study analysis of the sinking of the sailing yacht Bayesian off the coast 
of Sicily. The vessel reportedly encountered an intense downburst or waterspout 

before capsizing and sinking. A reverse-engineering approach was employed using 

Maxsurf naval architecture software to reconstruct the vessel geometry and evaluate 
its intact stability characteristics under various loading and centerboard configurations. 

The study examines the applicability and limitations of current yacht stability criteria 

when assessing vessels with exceptionally high rigging, large sail areas, and elevated 
vertical centers of gravity. Attention is given to aerodynamic heeling moments, rapid 

wind loading and transient dynamic effects, which are not fully represented in 

conventional static stability assessment methods. Preliminary findings suggest that 
compliance with existing stability regulations may not guarantee sufficient resilience 

against extreme localized meteorological phenomena. The sinking of the sailing yacht 

Bayesian provides an important reference point for discussing potential improvements 
to stability assessment procedures for modern large sailing yachts with 

unconventional proportions and high-performance design characteristics. 

Keywords. Yacht stability, Bayesian, sailing yacht, capsize, stability criteria, 

Maxsurf, reverse engineering, severe weather, naval architecture. 
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Abstract. This paper presents a numerical investigation by using Computational Fluid 
Dynamics (CFD) of a wing-assisted propulsion system intended to reduce the fuel 

consumption of a RO-RO vessel. The study evaluates a stern-mounted hydrofoil as an 

Energy Saving Device (ESD) by comparing the original vessel configuration with 
several wing geometries and angles of attack. Two hydrofoil profiles were considered: 

a conventional NACA-type profile and a high-lift profile. The assessment combined 

calm water resistance calculations and self-propulsion simulations using an actuator-
disk approach across representative vessel drafts and speeds. The results show that the 

wing increases viscous resistance because of its added wetted area, but selected 

geometries reduce pressure resistance, improve dynamic trim, reduce stern-wave 
amplitude and can generate useful forward thrust. The best performance occurred for 

the high-lift profile at negative angle of attack, with the optimum indicated at 

approximately –3 degrees. For the investigated arrangement, fuel oil consumption was 
reduced by up to 7.7% at design draft and 18 kn, while operation at lower draft showed 

limited or negative benefit. The findings indicate that wing-assisted propulsion can be 

an effective ESD when the foil profile, angle of attack and vertical position are 
matched to the vessel operating envelope. 

Keywords. CFD, ESD, energy efficiency. 
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Abstract. The nominal wake is a key parameter in propeller design, as it directly 

determines the inflow conditions to the propeller and consequently affects propulsion 
characteristics. Numerical simulations have proven to be a reliable tool for predicting 

ship hydrodynamic characteristics, and the nominal wake can be extracted from CFD 

simulations of the resistance test. However, the nominal wake is susceptible to scale 
effects because the boundary layer developing around the model is relatively thicker 

than that of the full-scale ship. This study investigates the scale effects on the nominal 

wake of the Japan Bulk Carrier by means of numerical simulations performed at 
several model scales and at full scale using the real fluid. The numerical predictions 

are validated against available experimental measurements and benchmark data from 

the NMRI workshop. An additional numerical simulation at model scale is conducted 
using the virtual fluid method in order to simultaneously satisfy Reynolds and Froude 

similarities. The scale effects on the nominal wake are analysed using contours of the 

dimensionless axial velocity over the propeller disc, the radial distribution of the 
circumferentially averaged dimensionless axial velocity, and its integral value. The 

results demonstrate significant differences between the nominal wakes obtained at 

model scale and those obtained at full scale with real fluid. In contrast, the nominal 
wake predicted at model scale using the virtual fluid shows very good agreement with 

the results obtained at full scale with real fluid. 

Keywords. CFD, Japan bulk carrier, scale effects, virtual fluid, Froude similarity, 

Reynolds similarity. 
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Abstract. Ducted propellers are an efficient type of thruster for vessels operating with 

high specific power loading. The earliest experiments with ducted propellers involved 

installing existing marine propellers in makeshift nozzles. Since then, propellers and 
nozzles specially designed to operate together have been developed. In particular, the 

Ka-screw series of the NSMB and their modifications, such as the Kv-screw series 

designed by A. Vučinić (Superina), have played, and still play, an important role in 
ship design. Further improvement of their hydrodynamic efficiency remains 

promising, especially under realistic behind-hull operating conditions, where the local 

characteristics of the wake velocity field may lead to intensive cavitation and vibration. 
A known approach for addressing similar problems in isolated propellers is 

hydrodynamic adaptation to the wake velocity field based on lifting-line theory. 

However, this well-established method cannot be applied directly to ducted propellers, 
because the nominal wake is significantly modified by the nozzle. An alternative, 

which is combining individually designed wake-adapted nozzles with standard 

propellers, provides only a partial effect and considerably complicates production of 
such asymmetrical nozzles. In the present paper, the authors propose a hydrodynamic 

design approach for adapting ducted propeller blades based on indirect analysis of the 
wake velocity field inside the nozzle. The method uses the distribution of thrust forces 

obtained from self-propulsion CFD analysis. The proposed approach therefore 

follows the logic of conventional wake-adapted propeller design, but its 
implementation relies on detailed CFD data that are not accessible through model 

experiments or other classical methods. 

Keywords. Ducted propeller, wake-adapted propeller, CFD, self-propulsion 

simulation, nozzle-propeller interaction, ship propulsion. 
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Abstract. Experimental investigations of the Series 60 hull forms carried out during 
the 1950s and 1960s remain one of the most comprehensive hydrodynamic databases 

available for merchant ship hulls. At that time, available propulsion power was 

relatively limited and costly, making hull-form optimization one of the most effective 
ways to improve ship performance. Consequently, systematic experiments covering a 

wide range of block coefficients were conducted and have remained a benchmark for 

ship hydrodynamics ever since. Despite their continued use for CFD validation, these 
hull forms no longer represent contemporary merchant ship geometry, limiting their 

applicability for investigating modern design concepts. This study aims to reconstruct 

and validate an extended numerical Series 60 database that preserves direct 
comparability with the original experimental results while providing a reference 

platform for future hull-form development. Three-dimensional models of the original 

Series 60 parent forms were reconstructed from the published geometric definitions, 
while additional hull forms with block coefficients of 0.55, 0.85, and 0.90 were 

generated to extend the original series. CFD simulations were performed using 

Simcenter STAR-CCM+ under conditions corresponding to the historical towing tank 
experiments, and the numerical predictions of resistance and free-surface wave 

patterns were compared with the available experimental data. The validated database 

represents the first stage of a broader research programme aimed at systematically 
investigating the hydrodynamic effects of contemporary stern and bow modifications 

while maintaining continuity with one of the most widely recognized experimental 
benchmark series in ship hydrodynamics.  

Keywords. Series 60, computational fluid dynamics (CFD), hull-form reconstruction, 

hydrodynamic resistance, towing tank validation, merchant ships, hull-form 

optimization, bow and stern modifications. 
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Abstract. Fully parametrized hull geometry model is a powerful tool increasingly 

used in the ship design process. It facilitates hull geometry optimization both locally 
and globally, both in terms of hydrodynamic performance as well as other aspects, 

such as cost and weight. However, generating fully parametric models requires 

significant effort, know-how, and/or expensive specialized software. This prohibits 
its use in many ship design projects with limited budgets. In this work, a quasi-

parametric description of local hull geometry changes is proposed. This approach 

describes certain local geometry changes of the existing surface geometry, by using a 
small number of independent parameters. Low-cost software is utilized for this 

purpose, namely the Rhinocerous 3D software together with its plug-in Grasshopper. 

A formal Bayesian optimization is conducted with the use of a surrogate model 
representing the parameter space. Parameter space evaluation is carried out using 

RANS CFD to predict calm water resistance or propulsion power for different 

parameter sets. The initial parameter set is generated using the Design of experiments 
approach. The proposed workflow produces significant improvements in 

hydrodynamic hull performance by reducing hull resistance and powering. 

Keywords. Hull form parametrization, hull form optimization, Bayesian optimization, 

CFD. 
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Abstract. The design of cryogenic hydrogen carriers presents significant thermal and 

structural challenges due to the extreme operating conditions associated with liquid 
hydrogen storage (−253 °C). Accurate prediction of temperature distributions within 

hull structures is essential to ensure structural integrity, material selection and 

compliance with safety regulations. However, conventional approaches based on 
simplified analytical models and iterative finite element (FEM) procedures often 

suffer from limited accuracy in the estimation of convective heat transfer coefficients 

and high computational costs. This work presents a validated multi-fidelity 
framework integrating high-fidelity computational fluid dynamics (CFD), reduced-

order Models (ROM) and FEM for the thermal assessment of ship structures 

containing cryogenic tanks. Parametric CFD simulations based on Conjugate Heat 
Transfer (CHT) are used to generate a database of thermal and convective fields under 

varying environmental conditions. These data are employed to train data-driven 

ROMs based on Proper Orthogonal Decomposition (POD) and interpolation 
techniques, enabling rapid reconstruction of heat transfer coefficients and temperature 

fields. The ROM outputs are coupled with FEM analyses, replacing traditional 
iterative procedures. Compared to conventional workflows requiring up to 1–2 days 

per loading condition, the proposed approach enables near real-time assessments, 

reducing computational time by more than one order of magnitude. The framework is 

validated through experimental campaigns and applied to a liquid hydrogen carrier 

design, including vacuum loss scenarios. Results demonstrate good accuracy and 

computational efficiency, supporting safer and more efficient cryogenic ship design. 

Keywords. Cryogenic hydrogen carriers, thermal analysis, Computational Fluid 

Dynamics (CFD), Reduced Order Models (ROM), Finite Element Method (FEM). 

  

 
1 Corresponding Author: Marco La Valle, techdep@mes.it. 

A Validated CFD–ROM–FEM Framework 

for Near Real-Time Thermal Assessment of 

Cryogenic Hydrogen Carriers  

mailto:techdep@mes.it


7-10 October 2026, Belgrade, Serbia                  

27 

Anton TURKa,1, Marijana MARJANOVIĆa,  

Marko HADJINAa and Jasna PRPIĆ-ORŠIĆa 
a

 University of Rijeka, Faculty of Engineering, Rijeka, Croatia 

Abstract. A preliminary numerical investigation is presented for the deliberate 

excitation of parametric rolling in a conical wave-energy buoy operating in regular 
longitudinal waves. In conventional ship design, parametric resonance is an 

undesirable dynamic instability to be suppressed. Here the logic is reversed, and the 

phenomenon is intentionally induced as a mechanism to enhance the energy captured 
by an ocean wave-energy conversion (OWEC) device. The buoy is modelled as a 

simple conical form whose hydrostatic and inertial properties are available in closed 

analytical form, thus enabling efficient and systematic surveys of the geometric 
conditions most favourable to parametric resonance. Buoy responses are computed in 

six degrees of freedom (6 DOF) using a nonlinear time-domain seakeeping solver. 

The restoring coefficients are evaluated for the instantaneous wetted hull at each time 
step and the equations of motion are integrated with a fourth-order Runge-Kutta 

scheme, while roll damping is estimated using Miller's method. Simulations were 

carried out over a range of wave heights (2-6 m) and wavelength-to-length ratios 
(0.75-2.25). Parametric rolling is found to develop when the wavelength is 

approximately twice the buoy length, with roll amplitudes reaching about 18° and 

increasing almost linearly with wave height. Onset occurs at wave heights as low as 
2.5 m, well within realistic sea states. The results demonstrate the feasibility of forcing 

parametric resonance in an unrestrained buoy and motivate further work coupling the 

device with mooring and power take-off (PTO) systems. 

Keywords. Parametric rolling, wave energy conversion, conical buoy, roll damping, 

ocean wave energy converter, parametric resonance. 
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Abstract. Floating offshore wind turbines (FOWTs) are one of the pivotal elements 
of sustainable energy generation with their main advantage being the possibility to 

install them in areas with stronger and more consistent winds. This, however, also 

generates challenges, among which are those related to inspection and maintenance 
operations, during which human crews may be exposed to safety risks. Unmanned 

aerial vehicles (UAVs) have emerged as a promising alternative for such operations, 

enabling remote inspection and reducing personnel exposure to hazardous conditions. 
Nevertheless, their use introduces new operational issues: FOWTs and offshore 

supply vessels are both subject to wave-induced motions which complicate close-

range flights, increase the risk of collision, and make landings more demanding for 
the UAV. This contribution presents two projects that address the aforementioned 

challenges. The project EAGLE, financed by the Spanish Ministry of Science, 

Innovation and Universities, focused on the development of algorithms for 
autonomous UAV-performed inspection operations and landing. In the second, still 

ongoing INTERREG POCTEP project AEROGANP, a specialized motion-
compensating UAV landing platform is designed for installation on supply vessels to 

improve landing safety and reliability. In both projects, the development of the 

corresponding algorithms and control strategies depended on the accurate 
characterization of the platform and vessel motion responses in mild and moderate 

wind and wave conditions typical for inspection and maintenance operations. To this 

end, three experimental campaigns were carried out in the towing tank of the 
University of A Coruña, providing the motion time series and crucial motion statistical 

descriptors. 

Keywords. Offshore wind, seakeeping, experimental testing, UAV landing, ship 

motions. 
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Abstract. Cruise ships are complex object to design, requiring the knowledge of 

multiple aspects of naval architecture and marine engineering. During the concept 

phase of design, the first step consists in estimating the ship main dimensions as a 
function of the desiderata of the ship owners. Therefore, it is necessary to provide 

designers with suitable tools for a fast estimation of the principal ship parameters. The 

literature reports the availability of simple regression methods and the application of 
modern machine learning techniques for assessing this issue. The present paper 

focuses on the traditional regression methods, providing for the first time on cruise 

ships multiple linear regressions that could be directly applied by designers in the 
early stages of design. Starting from a database of modern cruise vessels, models have 

been developed not only for the main dimensions but also for other relevant 

preliminary attributes like the deadweight, displacement and installed power. The 
results highlights how the multiple linear regressions provide a good estimate for all 

the considered parameters, giving to designers an instrument easy to apply. 

Keywords. Ship design, regression models, cruise ships, multiple linear regressions. 
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Abstract. The growing popularity of floating residential units and houseboats has 

created a demand for simplified preliminary design methods supporting rapid 

estimation of displacement and mass during early-stage naval architectural 
calculations. One of the key challenges in conceptual design is the estimation of the 

interior outfit mass, which depends on furnishing arrangements, finishing materials, 

and the functional layout of accommodation spaces. This paper presents an empirical 
method for estimating the interior outfit density of floating residential units intended 

for preliminary design applications. The study is based on a database of 30 

contemporary European houseboats produced by 12 manufacturers from Poland, 
Lithuania, Finland, and the Netherlands. The analysed units were classified according 

to principal dimensions, residential area, interior layouts, furnishing configurations, 

and finishing materials. Based on the identified furnishing and finishing solutions, 
mass calculations were carried out for accommodation spaces, sanitary compartments, 

kitchen areas, and living spaces. The obtained results were used to derive size-

dependent density coefficients and a power-law regression relationship between 
residential area and interior outfit density. The proposed approach enables simplified 

prediction of interior outfit mass without the need for detailed interior modelling 

during conceptual design stages and may support feasibility studies and early-stage 
optimization of floating residential units. 

Keywords. Floating residential units, houseboats, preliminary design, outfit weight 

estimation, empirical modelling. 
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Abstract. Traditionally, ship structural design is developed through a sequence of 2D 

drawings from which the corresponding 3D model is subsequently created. Modern 
CAD-based design is gradually reversing this workflow, with the 3D model 

increasingly serving as the primary design representation and 2D production drawings 

being derived from it. In practice, however, this transition remains incomplete. 
Although the structural 3D model exists, 2D drawings are still frequently maintained 

separately and manually updated whenever structural members are revised, layer 

conventions change, or new details emerge. The consequence extends beyond 
increased labour: when the cost of propagating a design change to drawings is high, 

engineers are implicitly discouraged from iterating. Decisions get committed earlier 

than the design warrants, the gap between intent and documentation widens, and the 
manufacturing phase absorbs what the design phase did not resolve. This work 

describes an approach to closing that gap through purpose-built code for Rhinoceros 

3D that provides a hierarchical modelling framework and automates the derivation of 
2D section drawings and manufacturing outputs from the organized structural model. 

Topics covered include the implementation of drafting standards through rule-based 

automation, consistent generation of drawings across projects, the practical balance 
between automated output and engineer-controlled annotation, and the current 

limitations of the approach. The objective is not to replace engineering judgement, 

but to ensure that engineers focus their effort on designing the vessel rather than 
maintaining its documentation. 

Keywords. Rhinoceros 3D, RapiDraft, ship structural design, structural drawing 

automation, section drawings, shipbuilding. 
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Abstract. Wing-in-Ground (WIG) vehicles combine the efficiency of marine 

transportation with the speed of aircraft by operating in ground effect, close to the 
water surface. Since the pioneering work of Finnish engineer Toivo Kaario in the 

1930s and large-scale Soviet ekranoplan programs of the 1960s-1980s, WIGs have 

demonstrated their potential, yet publicly available experimental data on their 
performance remains scarce. The SEAWINGS project is developing an electric WIG 

vehicle demonstrator. This work presents the hull design methodology and the initial 

water test campaigns. The prototype features a floating fuselage, a high rectangular 
wing with four electric motors, and a T-tail. It has a length of 6 m, a wingspan of 5.5 

m, and a maximum take-off weight of 160 kg, with a total installed power of 24 kW. 

The hull was designed following established seaplane design guidelines. Water trials 
were conducted under representative operating conditions. The first campaign 

occurred in May 2026 at El Burguillo reservoir near Madrid, with short runs of 50 m. 

It revealed excessive hydrodynamic drag from the floaters and water spray ingestion 
by the propellers. The design was subsequently modified: spray rails were added and 

floaters were raised. A second campaign followed in July 2026 at the Montemor-o-

Velho nautical center in Portugal, with runs of up to 300 m. The vehicle reached 
planing mode with good lateral stability, and propeller spray ingestion was eliminated. 

These results provide experimental data for small-scale WIG development and 

validate SEAWINGS hull design ahead of next test phase: water take-off. 

Keywords. Wing-In-Ground vehicle, WIG, ekranoplan, hull design, planning, water 

trials, SEAWINGS. 
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Abstract. The expansion of the offshore wind farms has increased the need for safe 

and efficient operations of vessels such as Service Operation Vessels (SOVs) and 

Crew Transfer Vessels (CTVs) which support offshore operation and maintenance 
(O&M) activities. Traditional vessel operations remain largely manual, constrained 

by human limitations and environmental conditions. There are major gaps in 

understanding emerging technologies such as autonomous SOVs and CTVs, ice 
strengthened offshore vessels and challenges in operating them. To address these gaps, 

this review brings forward recent advancements in sensor technologies, vessel 

automation, and risk assessment methods. Autonomous vessels have the potential to 
improve operational efficiency, enhance safety, and reduce operating costs in 

comparison with conventional CTVs and SOVs. However, practical validation of 

these systems remains limited. This review identifies the key enabling technologies 
and operational challenges while outlining priorities for future research and 

development of autonomous CTVs and SOVs. 

Keywords. Crew transfer vessels, service operation vessels, wind farms, autonomous 

vessels. 
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Abstract. Autonomous vessel collision avoidance has become a critical research area 
in response to the growing development of Maritime Autonomous Surface Ships 

(MASS) and the increasing complexity of maritime traffic environments. In recent 

years, machine learning techniques have gained significant attention due to their 
ability to support adaptive decision-making, trajectory prediction, and situation 

awareness under uncertain operating conditions. This paper presents a focused review 

of machine learning approaches for autonomous vessel collision avoidance published 
between 2021 and 2025. A systematic literature review was conducted across four 

major scientific databases, resulting in 832 initial records. Following duplicate 

removal and relevance screening, 445 studies were selected for detailed analysis. To 
accurately capture methodological diversity, hybrid frameworks were decomposed 

into individual techniques, yielding 891 method occurrences. From these, 179 
machine learning and artificial intelligence methods were identified and analyzed. The 

results reveal a rapid increase in the adoption of machine learn-ing approaches after 

2022, with reinforcement learning emerging as the dominant paradigm. Deep 
Reinforcement Learning (DRL), Proximal Policy Optimization (PPO), and Deep Q-

Network (DQN)-based approaches were the most frequently reported methods. The 

findings highlight current research trends, identify key challenges related to real-
world deployment, and provide insights into future developments of machine 

learning-driven autonomous vessel collision avoidance systems. 

Keywords. Maritime Autonomous Surface Ships (MASS), collision avoidance, 
intelligent navigation, Machine Learning (ML), Artificial Intelligence (AI), situation 

awareness. 
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Abstract. Digital twin (DT) technology is gaining attention in marine engineering, as 
it may improve the operation of marine engines under variable loads, harsh operating 

conditions, and strict emission limits. This study covers research from 2017 to 2025 

dealing with the application of the digital twin concept to marine engines. Based on 
that, a framework for building a marine engine DT is developed and it comprises five 

elements: physical asset, data collection, digital model, data processing and analytics, 

and user interface. DTs founded upon that framework are useful for condition 
monitoring, fault diagnosis, and performance improvement. Additionally, a SWOT 

analysis has been conducted to assess the main strengths, weaknesses, opportunities, 

and threats of introducing the DT concept into marine engines. The possibility of 
applying the DT technology in the existing marine diesel engine is assessed through 

the project “The development of Marine Diesel Engine Digital Twin (TwinMarine)”, 

and the results of the initial study are presented. Overall, it can be concluded that DT 
technology has clear potential, but further development is still needed before it can be 

used more widely in everyday marine engine operation. 

Keywords. Digital twin, marine engine, condition monitoring, predictive 

maintenance, emission control, maritime digitalization. 
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Abstract. This paper examines how digital Twin concepts can support retrofit, repair, 
and maintenance decision-making in hybrid maritime power plants. It addressed the 

increasing complexity of hybrid and multi-fuel ship power systems, where subsystem 

interdependence, operational variability, fragmented lifecycle information, and 
hydrogen-related safety and maturity constraints make lifecycle interventions more 

difficult to interpret and justify than in conventional maritime power plants. The 

results showed that Digital Twin support is strongest where lifecycle decision 
difficulty is primarily informational in nature. Monitoring and diagnostics were found 

to be most relevant for improving system visibility and interpretation of anomalies, 

prediction was relevant mainly for maintenance timing and bounded continued 
operation reasoning, and simulation was most relevant for comparative retrofit 

reasoning. At the same time, the study showed that Digital Twin does not remove 

structural complexity, eliminate uncertainty, or replace engineering judgement. Its 
contribution remains incomplete where lifecycle decision-making is limited by 

fragmented data, limited interoperability, organisational readiness, and technological 

and regulatory immaturity with respect to hydrogen. 

Keywords. Digital Twin, hybrid maritime power plants, lifecycle decision-making, 

retrofit, repair, maintenance, system complexity, predictive maintenance, hydrogen 

integration, maritime digitalisation. 
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Abstract. This paper presents a study of main engine replacement onboard a seismic 
survey vessel following a severe overspeed incident that resulted in catastrophic 

engine damage. Technical assessment confirmed that the engine was beyond 

economic repair, making complete renewal the only viable option. The primary 
challenge was the highly constrained engine room arrangement, typical of offshore 

seismic vessels, where machinery is installed within a compact space offering limited 

access for major maintenance activities. To evaluate replacement possibilities, a 
comprehensive 3D laser scanning survey of the engine room was performed. The 

acquired point cloud data were used to develop an accurate as-built structural model, 

including the engine foundations, surrounding hull structure, decks, and adjacent 
equipment. This digital model enabled assessment of several engine removal concepts 

while considering the existing geometric and structural constraints. Three alternatives 

were investigated: vertical extraction through deck openings, lateral removal through 
a side-shell cut-out, and removal of a dedicated hull section incorporating the engine 

foundation. Each concept was evaluated from structural, operational, and practical 

perspectives. The analysis demonstrated that conventional extraction methods would 
require extensive structural modifications and introduce significant operational 

challenges. In contrast, removal of a predefined hull section was shown to be 

technically feasible while maintaining structural integrity through temporary 
reinforcement arrangements. The selected solution allows the engine and foundation 

structure to be extracted as a single unit, enabling replacement and alignment activities 
to be carried out in a controlled workshop environment. The proposed approach 

improves accessibility, installation accuracy, and safety while reducing risks 

associated with onboard operations. The study demonstrates the value of integrating 

3D laser scanning, digital modelling, and engineering assessment when developing 

practical solutions for complex ship repair and machinery renewal projects. 

Keywords. Engine renewal, hull section removal, ship repair, 3D scanning, structural 

assessment. 
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Abstract. A large share of Croatia's coastal passenger fleet consists of small, ageing 

vessels below 5,000 GT, the threshold at which the European Union's main climate 

instruments for shipping, the Emissions Trading System and the FuelEU Maritime 
Regulation, currently apply. For now, temporary exemptions covering scheduled 

island links keep these smaller ships outside the binding targets. That grace period, 

however, will expire before the decade is out, and as the oldest units approach 
replacement, their operators will face the tightening greenhouse-gas (GHG) agenda 

of the International Maritime Organization and the EU with little slack left. Against 

this backdrop, the study puts methanol at the centre of fleet renewal and appraises it 
through a ship-design lens. Two routes are set side by side: dual-fuel conversion of 

in-service vessels, and purpose-built methanol newbuildings. Each is examined for its 

well-to-wake GHG intensity across grey, bio- and e-methanol, for the design 
consequences of a low-flashpoint fuel (tank volume, energy-density penalty, onboard 

safety), and for its fit with maturing class rules and IMO instruments. Preference goes 

not to what merely clears a single near-term threshold, but to configurations that 
remain defensible as limits are ratcheted down. From this, a staged renewal 

framework is distilled for sub-5,000 GT passenger ships that ties each choice to its 
regulatory deadline, its achievable emission cut, and the best-matched propulsion 

option, from early retrofit to eventual newbuilding. For operators, yards, and the 

national administration, it turns the remaining exemption window into an opportunity 
to prepare for decarbonisation rather than to postpone it. 

Keywords. Passenger ships, fleet renewal, methanol, well-to-wake analysis, 

alternative marine fuels. 
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Abstract. The increasing focus on maritime energy efficiency and emission reduction 
has placed greater importance on understanding the operational impact of ballast 

conditions on ship performance. This paper examines the influence of heavy ballast 

on the energy efficiency of bulk carriers, with particular emphasis on its role as a non-
preferential, last-resort operational measure due to its significant hydrodynamic and 

engineering drawbacks. A marine engineering approach is adopted to evaluate how 

heavy ballast affects the operational draft, resulting in an increase in wetted surface 
area and consequently higher hydrodynamic resistance. As a result, propulsion power 

demand increases, leading to higher fuel consumption during voyage operations. 

Although heavy ballast may be required to ensure stability and safe operation under 
specific conditions, it introduces substantial penalties in terms of energy efficiency 

and overall vessel performance. The Admiralty Constant is used as a simplified 

performance indicator to evaluate the relationship between speed, displacement, and 
required power under different ballast conditions. The comparative assessment shows 

that increased ballast generally reduces energy efficiency despite its operational 

benefits for maintaining seaworthiness and stability. Operational measures such as 
route selection and voyage planning under favorable meteorological conditions can 

often provide a more energy-efficient alternative to sailing with heavy ballast in 

adverse weather. In many cases, avoiding severe sea states through route optimization 
is more effective than increasing ballast to improve seakeeping. Overall, heavy ballast 

should be regarded as a last-resort operational measure, while integrated strategies 

combining weather routing and ballast minimization offer greater potential for 

improving the energy efficiency of bulk carrier operations. 

Keywords. Heavy ballast, bulk carriers, energy efficiency, Admiralty Constant, 

hydrodynamic resistance, wet surface area, voyage optimization. 
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Abstract. Container shipping has been subjected to increasing pressure to reduce 

greenhouse gas emissions and improve energy efficiency. The IMO's short-term 

measures have accelerated this process and thus significantly influenced both ship 
design and operation. However, an important question remains largely unanswered: 

have container ships become genuinely more energy efficient, or have the observed 

improvements been achieved primarily through reduced operating speeds? In this 
context, this work presents trends in the development of container ships, ranging from 

small feeder vessels to ultra-large container ships. Changes in principal dimensions, 

deadweight, propulsion power, propeller diameter, speed, and energy-efficiency 
indicators are given to identify the key drivers behind the evolution of container ship 

design. The results show that, although the overall energy efficiency of container ships 

has improved, compliance with IMO energy-efficiency regulations has generally 
declined. The predominant strategy for achieving compliance remains slow steaming, 

resulting in significant speed reductions across the investigated fleet, achieved 

through the application of Engine Power Limitation (EPL). As operating speeds 
continue to decline, the remaining potential for further efficiency improvements 

through conventional measures becomes limited. 

Keywords. Container ships, decarbonization, energy efficiency. 
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Abstract. The maritime sector is facing increasing regulatory and environmental 

pressures to reduce greenhouse gas (GHG) emissions while maintaining operational 
efficiency and economic sustainability. Although alternative marine fuels are widely 

recognized as a key strategy for maritime decarbonization, their large-scale 

implementation remains constrained by substantial capital investment requirements, 
fuel storage and handling limitations. In this context, fuel additives represent a 

potentially viable short- to medium-term measure for improving the environmental 

and operational energy efficiency of ships. This research is part of the project Smart 
Emissions, which aims to reduce exhaust gas emissions and optimize the energy 

efficiency of passenger ships. The initial exhaust gas measurements were concluded 

on one stationary marine diesel engine for research tests. Furthermore, this research 
assesses the potential impact of fuel additive implementation on key maritime energy-

efficiency indicators and regulatory frameworks, including the Carbon Intensity 

Indicator (CII), the Ship Energy Efficiency Management Plan (SEEMP), and the 
Energy Efficiency Operational Indicator (EEOI). The results demonstrate the 

potential of fuel additives as an operational measure to enhance energy efficiency, 

reduce fuel consumption, and support greenhouse gas emission reduction objectives 
in passenger ship operations. 

Keywords. Energy efficiency, fuel additives, exhaust emissions, passenger ships. 
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Abstract. The global shipping industry is increasingly embracing a decarbonisation 

agenda aimed at reducing greenhouse gas (GHG) emissions through the adoption of 
modern, energy efficient systems powered by alternative low-carbon fuels, such as 

natural gas, methanol, ethanol, and carbon-free ammonia. This paper focuses on ship 

energy systems fuelled by methanol or ethanol as primary fuels. It provides a review 
of suitable marine dual fuel diesel engines and an analysis of the associated fuel 

systems, including fuel storage, supply, and distribution subsystems. To this end, 

contemporary marine dual-fuel engine technologies and their corresponding fuel 
system configurations are presented in a concise manner. The implementation of 

methanol fuelled energy systems in the maritime sector is gaining momentum, 

particularly in container, passenger, and Ro-Ro vessels, driven by regulatory 
requirements, environmental considerations, and techno-economic incentives. 

Available data indicate that the widespread adoption of methanol fuelled ships is 

currently constrained by economic barriers, primarily higher capital investment costs 
compared with conventional fuel oil-based propulsion systems. These additional costs 

are largely associated with the technological solutions required for methanol (or 

ethanol) storage, handling, and utilisation, including specialised fuel-system 
equipment and safety measures. Nevertheless, future prospects remain favourable, 

supported by anticipated technological advancements, economies of scale, and policy 

mechanisms such as subsidies and incentives promoting maritime decarbonisation. 

Keywords. Decarbonisation, methanol, ethanol, ship energy systems, marine dual-

fuel engines, economic barrier. 
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Abstract. The continuous growth in the size of container vessels has significantly 

increased the hydrodynamic impact in shallow and restricted port areas. Although the 
main engines of modern Ultra Large Container Ships (ULCS) are often operated at 

reduced power during port maneuvers, the limited under-keel clearance and confined 

geometry of the basin may still generate intense propeller-induced bottom wash and 
substantial sediment resuspension. These processes can negatively impact port 

infrastructure, water quality, sediment transport dynamics, and the redistribution of 

potentially contaminated seabed material. This paper presents an integrated 
methodological approach to assessing the effects of bottom wash in shallow port 

environments, using the Port of Koper as a representative case study. The research 

combines real maneuver observations, AIS-based traffic analysis, sediment sampling, 
and numerical hydrodynamic modeling using the MIKE 3 framework. Attention is 

given to the interaction between vessel propulsion regimes, under-keel clearance, 

basin geometry, and tug assistance during maneuvering operations. Measured and 
reconstructed maneuvering scenarios were also implemented in a full-mission bridge 

simulator to evaluate the potential for operational optimization and reduce 
environmental impacts through modified maneuvering strategies. The study shows 

that, even with reduced propulsion power, large container ships can generate 

significant near-bed flow velocities that can cause sediment erosion and resuspension 

in shallow port basins. The results obtained contribute to an improved understanding 

of the hydrodynamic impacts of ships in modern ports, supporting the development 

of environmentally sustainable maneuvering practices, port planning measures, and 
advanced simulation-based decision-support tools. 

Keywords. Bottom wash, sediment resuspension, container ships, Port of Koper, 

shallow water, propeller wash, maneuver optimization, MIKE 3, ship simulation, 

environmental impact. 
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Abstract. Biofouling development on marine vessel hulls significantly affects 
hydrodynamic resistance, fuel consumption, emissions and maintenance. 

Conventional engineering approaches typically represent this process through 

simplified roughness increments, thereby neglecting the underlying complex 
biological processes and variability of biofouling formation. In this context, the 

present work highlights the need for a structured, data-driven biofouling growth 

modelling approach and introduces the concept of a World Biofouling Database as a 
foundation for improved prediction and management of hull biofouling. The proposed 

database is envisioned as a comprehensive repository of species-specific and 

environment-dependent parameters, including settlement intensity, growth rates, 
lifespan, and seasonal dynamics. By integrating dispersed experimental results, 

historical datasets, and literature sources into a standardized framework, the database 

would enable consistent characterization of biofouling processes across different 
regions and operational conditions. This, in turn, facilitates comparability between 

studies and provides normalized input data for advanced modelling techniques. The 

establishment of such a global data infrastructure represents an important step toward 
bridging marine biology and naval architecture, supporting informed decision-making 

in hull maintenance, antifouling strategies, and lifecycle optimization, while 

simultaneously reducing operational costs and environmental impact. 

Keywords. Marine growth, biofouling modeling, vessel performance, ship and 

offshore structure maintenance, sustainable shipping. 

  

 
1 Corresponding Author: Andrej Erceg, aerceg@fsb.hr. 

A Data-Driven Framework for Biofouling 

Modelling: Toward a World Biofouling 

Database 

mailto:aerceg@fsb.hr


7-10 October 2026, Belgrade, Serbia                  

48 

Okechukwu Julius ANYANWUa,1, Vivian IKEOGUb and Catherine OBASIa  
a

 Department of Transport and Nautical Science, Nigeria Maritime University, 

Okerenkoko Warri Delta State, Nigeria 
a

 Federal University of Technology, Owerri, Nigeria 

Abstract. Air pollution generated by shipping, cargo-handling equipment, heavy-

duty vehicles, and industrial activities has become a major environmental and public 
health concern in Nigeria's busiest seaports. This study assessed the constituents of 

air pollution and evaluated the effectiveness of mitigation measures in Apapa and Tin 

Can Island Seaports, Lagos State, Nigeria. A mixed-methods research design was 
adopted, combining experimental air quality monitoring with a descriptive survey of 

343 respondents drawn from port operators, terminal operators, regulatory agencies, 

and other stakeholders. Air quality parameters were measured using calibrated 
environmental monitoring equipment, while questionnaire data were analyzed using 

descriptive and inferential statistics at the 0.05 level of significance. Results showed 

mean carbon monoxide (CO) concentrations of 26.15 ppm in Apapa and 25.74 ppm 
in Tin Can Island, exceeding both the World Health Organization (WHO) guideline 

(4.00 ppm) and the Nigerian National Ambient Air Quality (NAAQ) standard (8.73 

ppm). Nitrogen dioxide (NO₂) and sulphur dioxide (SO₂) concentrations were below 
NAAQ limits but above WHO guideline values, while carbon dioxide (CO₂) and 

hydrocarbons (HC) reflected continued emissions from port activities. Mitigation 

measures, including truck traffic management, cleaner fuel initiatives, equipment 
maintenance, environmental monitoring, vehicle inspections, and regulatory 

enforcement, contributed to improved air quality but were limited by weak 

enforcement, aging infrastructure, inadequate monitoring facilities, and poor 
compliance with environmental regulations. The study concludes that current 

mitigation measures are inadequate for sustainable air quality management. It 

recommends strengthening regulatory enforcement, implementing Emission Control 
Areas (ECAs), and enhancing stakeholder collaboration to improve environmental 

sustainability in Nigerian seaports. 

Keywords. Air constituents, mitigation measures, Apapa Seaport, Tin Can Island 

Seaport, air quality. 
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Abstract. The paper addresses the investigation and description of the preparation of 

a ship for launching after an extended period of construction downtime, due to 
shipyards financial collapse and client’s subsequent contract termination. The 

research is based on the specific case of the vessel Yard 526 at the Uljanik Shipyard, 

whose construction had been suspended. The construction stoppage required a 
detailed assessment of the current condition of the slipway and associated equipment. 

Particular attention was given to determining the vessel’s settlement on the slipway 

and establishing its actual position on the blocks. As part of the analysis, a thorough 
inspection of the blocks and launching equipment was conducted, with special 

emphasis on identifying and rectifying inadequate or damaged blocks. Factors 

influencing the ship’s keel height relative to the slipway line were analyzed, as this 
relationship has a significant impact on safety during the launching process. Due to 

the novel circumstances, a revision of the launching methodology was performed, and 

the timelines for all phases of pre-launch activities were accordingly adjusted and 

described. 

Keywords. Shipbuilding delays, ship launching, livestock carrier, corrosion, 

preparatory works. 
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Abstract. The fabrication of the transport frame for an offshore wind turbine 

substructure relies on precise welding procedures, strict dimensional control, and 
optimized resource management. Central to the process is the elimination of any 

additional machining and hot work for and after flange installation, while clearly 

defining pre-welding methods. Used welding method is gas metal arc welding. The 
process requires high precision, allowing a maximum addition of +1 mm per joint 

element, which can be trimmed after assembly if necessary. Each weld is ground flush 

with the parent material. Visual and non-destructive testing control is emphasized at 
every stage. According to the welding procedure specification, two or four welders 

work simultaneously on diametrically opposed positions, ensuring uniform heat 

distribution and minimal distortion. After welding the main structure, inspection 
focuses exclusively on dimensional accuracy and the positioning of the flange 

substructure. Dimensional inspection is conducted along 11 defined control lines and 

18 control points. Any deviations are corrected strictly by cold pressing if necessary. 
Gap tolerances are limited to 3 mm for full penetration fillet welds and 0 mm for butt 

welds, ensuring full contact and structural integrity. The primary task and objective 

achieved was to assemble the flange without the need for final metal machining and 
additional hot work. It was also ensured that the structure itself, prior to flange 

installation, levels and aligns without dimensional deviations, by using a minimal 

over-dimension approach combined with carefully prepared WPS lists. In the end this 
method proved to be more cost-effective, but slower and somewhat more complex. 

 

Keywords. Offshore, wind turbine, nacelle transport, WPS list, welding procedures 

optimization. 
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Abstract. This paper presents the current development state and on-site validation of 

a novel extended reality (XR)-based inspection tool designed to support on-site 

inspection processes in shipbuilding industry. The system is primarily based on the 
Open Class 3D Exchange (OCX) standard, enabling integration of shipbuilding 

engineering data along with an interactive, spatially aligned XR environment. The 

proposed solution addresses limitations of conventional inspection workflows, which 
typically rely on 2D documentation and manual interpretation of spatial information 

under demanding industrial conditions. The developed system was evaluated in 

representative inspection use cases defined in collaboration with a partner shipyard. 
These included practical tasks such as 3D model alignment, locating inspection points, 

identifying structural elements, verifying construction features, and recording 

detected issues. Validation was conducted under real shipyard construction site 
conditions with participation of practicing engineers and technical staff. Evaluation 

focused on usability, task performance, and operational feasibility within realistic 

working environments. Observations from on-site usage indicate improved situational 
and spatial awareness, more efficient access to relevant information, and reduced 

reliance on traditional paper-based documentation. The system functions as a support 

tool for engineers, enhancing decision-making rather than replacing human expertise, 
consistent with emerging human-centric approaches in industrial digitalization. The 

paper discusses system architecture, implementation challenges, validation 

methodology, and insights from real-world deployment, providing a basis for further 
development towards fully integrated digital inspection workflows in shipbuilding. 

Keywords. 3D, hull structure, visualization, inspection, XR, AR, MR, headset, OCX, 

interoperability, innovation. 
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Abstract. Shipbuilding is a complex and demanding technological process that 

involves a large amount of materials, information and people. At the same time, 

shipyards are in a global market where they can survive if they meet the conditions of 
competitiveness, which include parameters such as costs, deadlines and quality. It is 

in the interest of every shipyard to try to shorten the duration of the entire process in 

any way possible, and to reduce production costs. The shipbuilding process is divided 
into sub-processes, and one of the most demanding sub-processes is the ship outfitting, 

especially when the shipyard's production program is oriented towards complex 

vessels. The improvement of the sub-process of ship outfitting can be achieved by 
introducing the procedure of Arc stud welding, which belongs to highly productive 

procedures. This will affect the increase in productivity and the reduction of costs in 

the shipbuilding process. The paper will analyze the application of Arc stud welding 
in ship outfitting with ventilation ducts. First, the usual work procedure for ship 

outfitting will be presented, and then a new work procedure using Arc stud welding 

will be proposed. Using the example of a selected ship, the work methods will be 
compared according to parameters such as the number of activities, material costs, 

and the duration of the outfitting process. In conclusion, the advantages and 

disadvantages of applying Arc stud welding method in ship outfitting will be stated 
and the steps of future work on the development of the method will be defined. 

Keywords: Arc stud welding, ship outfitting, productivity. 
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Abstract. Artificial intelligence is modifying our environment day by day and 
changing the way we approach certain problems in and out of work hours.  It is 

currently used in shipbuilding to improve efficiency, reduce costs and increase safety. 

This paper examines the possible uses of artificial intelligence (AI) to digitalise 
shipbuilding production processes, identifying opportunities to improve efficiency, 

quality, and sustainability across design and manufacturing stages. We investigate 

different strategies for optimising placement of polygons on a discrete grid (nesting) 
implemented in Python and guided by large language models (LLM). The strategies 

include evolutionary algorithms, gradient-free and gradient-based solvers and 

metaheuristic methods. Empirical evaluation examines solution quality, runtime, and 
scalability. The study also explores the potential application of artificial intelligence 

in robotic welding systems. The focus is placed on enhancing process execution 

through real-time adaptation, intelligent control, and automated quality assurance. A 
conceptual framework of an AI-driven robotic welding system is presented, 

integrating sensor data acquisition, data preprocessing, and machine learning models 

for defect detection and weld quality prediction. The paper surveys two 
complementary domains and proposes their integration as future work. The 

integration of artificial intelligence into shipbuilding production processes represents 

a key step toward fully automated and data-driven manufacturing systems, providing 
a strong foundation for the development of intelligent and interconnected production 

environments. 

Keywords. Artificial intelligence, nesting, Python, robotic welding, production 

optimization. 
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Abstract. To fulfil the contract requirements during ship/offshore facility 

construction, an efficient quality control system is needed for document control and 
materials traceability, planning and monitoring of welding and NDT control, as well 

as for (pre)commissioning and start-up activities. According to the contract 

requirements for the construction of the offshore gas production platforms, a system 
of specific database applications has been developed and further integrated into the 

PROFF software. The software provides real-time data for efficient project 

management and quality control. It enables the integration of fabrication information 
and better coordination of work. Finally, it enables the reduction of man-hours spent, 

timely completion of the work, and an efficient handover procedure. 

Keywords. Ship, offshore facility, project management, EPC, quality, construction, 

commissioning, welding, NDT, software. 
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Abstract. Recent international labour market analyses indicate a substantial 

transformation in employer competence expectations. While engineering education 
has traditionally emphasised immediate software proficiency and operational 

readiness, contemporary employer-based surveys consistently prioritise adaptability, 

analytical thinking, communication, and systems-level understanding. This paper 
presents a structured synthesis study of five major international labour-market and 

skills reports combining employer surveys and workforce analytics (World Economic 

Forum 2023 and 2025; McKinsey Global Institute 2021; OECD Skills Outlook 2023; 
NACE Job Outlook 2024). The analysis demonstrates strong convergence around 

transferable competences and limited emphasis on software-specific tool mastery. 

These findings are further supported by established engineering education research. 
Based on this synthesis, the paper proposes curriculum redesign implications for 

mechanical engineering and naval architecture programmes, particularly through 

increased elective flexibility in master-level studies. It contributes to ongoing 
discussions on employability, curriculum innovation, and university–industry 

alignment within technical higher education. 

Keywords. Engineering education, employability, transferable competences, 

adaptability, curriculum redesign, naval architecture.  
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Abstract. The Department of Naval Architecture at the Faculty of Mechanical 
Engineering, University of Belgrade, established in 1948, is the only higher education 

institution in Serbia dedicated to the education of naval architects. For more than 

seven decades, it has played a central role in the development of the national 
shipbuilding industry through education, research, and cooperation with industry. The 

Department has educated more than 550 naval architects whose expertise has 

contributed to the design and construction of over 2,500 vessels operating worldwide. 
Its graduates have built successful careers in shipyards, design offices, classification 

societies, research institutions, and universities in Serbia and abroad. Today, the 

Department combines a strong tradition with modern engineering education, 
advanced computational methods, and international scientific collaboration. Its study 

program is accredited by the Royal Institution of Naval Architects (RINA), 

confirming compliance with internationally recognized standards of naval 
architecture education. Building on this foundation, the curriculum integrates 

knowledge of both seagoing and inland waterway vessels within a unified framework. 

Inland waterway design, while not a separate specialization, is reinforced through 
cooperation with the Society of Naval Architects of Serbia (SNAS), partnerships with 

local shipyards, and participation in European research projects involving Department 

staff. These collaborations extend academic expertise into applied practice and ensure 
continuity in inland waterway innovation. Within the Danube region, the Department 

is distinguished as one of the few institutions maintaining sustained engagement in 

this field, thereby strengthening the link between education, professional practice, and 
industry needs. Closely associated with the Department since its establishment, SNAS 

(Društvo Brodograđevnih Inženjera i Tehničara “Belgrade”, DBIT), founded in 1969, 

has become the leading professional organization in Serbia in the field of naval 
architecture and marine engineering. Through lectures, seminars, conferences, and 

international activities, including membership in the Confederation of European 

Maritime Technology Societies (CEMT), SNAS has promoted lifelong learning, 
professional networking, and enhanced the visibility of Serbian naval architecture in 

Europe. Together, the Department and SNAS have made a lasting contribution to the 

advancement of naval architecture and to the international recognition of the Serbian 
naval architecture community. 

Keywords. Naval architecture education, University of Belgrade, shipbuilding 

industry, inland waterway vessels, Danube region, Society of Naval Architects of 
Serbia, SNAS – DBIT, professional development, Confederation of European 

Maritime Technology Societies.  
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Abstract. At one point in time, more than 20 years ago, the pontoon bridge, or so 
called The Bridge on the Barges, consisting of longitudinally connected standard 

inland barges, was to be built on the river Danube. The first step of the design was to 

evaluate vertical displacements and forces at the points of hinge connection of the 
barges, for various cases of traffic load distribution along the bridge. Instead of 

performing standard hydrostatic calculations of immersion and trim of the vessels, 

whole structure was modeled as a chain of rigid beams elastically supported by 
buoyancy – and analyzed using the finite element method. Besides some practical 

benefits in calculation time saving, applied technique did not bring any true theoretical 

novelty. However, it introduced rather original method and stands as an interesting 
Case of Unconventional Use of Finite Element Method in Ship Hydrostatic 

Calculation. 

Keywords. Finite element method, pontoon bridge, barge. 
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