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Abstract: It is well known that the analysis of the consequences that the interaction of the ship's body with the navigation 

environment has on its behaviour is one of the difficult problems of naval architecture. The responsibility of a naval architect 

is to develop design methodologies and building technologies that, considering the complex actions of the navigation 

environment, allow the efficient operation of ships, in accordance with their functionality. For ships operating in the proximity 

of offshore drilling platforms, more than in the case of others, it is essential to anticipate, well know and control the 

consequences that the navigation environment has on the general behaviour of the ship. The paper aims to make some 

contributions to solving the complex problem of the movements of a supply ship (understood as a rigid solid with a complex 

architecture) in the hydrometeorological conditions of the North Sea and Baltic Sea. The aim is to substantiate a model for 

the analysis of static and dynamic nautical qualities, computer-assisted by advanced software instruments (AutoHydro and 

Octopus Office). To exemplify the study, a supply ship built in Tulcea Shipyard was used. The authors were interested in 

modifying the architecture of the original hull by introducing a cylindrical portion in the stern area of the ship. This 

architectural choice was justified by the need to provide, on the deck, additional spaces for various equipment intended for 

work near the offshore drilling platforms, and, below deck, additional storage spaces for various purposes. Using the analysis 

facilities offered by the two software tools mentioned, the consequences that these changes have on nautical qualities have 

been analysed (the study exemplifies, with comments and interpretations, the hydrostatic diagram and the stability diagrams). 

The study was computerized by AutoHydro software for the analysis of static nautical qualities. For the analysis of the 

dynamic behaviour of the wave profile characteristic of the North Sea, with the help of Octopus software, the oscillatory 

movements of roll and pitch were analysed, both for the original hull and for the modified version. The paper aimed to support 

the advantages of computerized studies in the initial design phases, without minimizing the importance of tests in towing 

tanks or sea trials. For scenarios such as the one proposed in this paper (modification of the length of a ship already built, 

while maintaining the rest of the initial dimensions) the computer-aided study, with software tools specific to the field of 

naval engineering and navigation, highlights the following advantages: elaboration of various architectural variants, precision 

in design, speed in the realization of constructive solutions, simulations of the dynamic behaviour on the wave according to 

various parameters (draft, speed, encounter angle). 

Keywords: naval architecture, platform supply vessel, nautical qualities, comparative study, AutoHydro software, Octopus 

software 

 

1. INTRODUCTION 
 

Platform Supply Vessels (PSVs) operate in open seas (sometimes severe) near offshore drilling platforms, with 

an increased risk of collision. This is the reason why they must have an architecture capable of ensuring: good 

nautical qualities (both static – stability – and dynamic – maneuverability) but also a safe construction, with 

structural elements that meet the resistance requirements both in open seas and in the vicinity of offshore 

platforms.  

The correlation of the ship's architecture with its functionality and operation was analyzed by Gernez [5], 

highlighting an aspect that naval architects must consider as a priority – the ability of the onboard personnel to 

easily, safely and efficiently operate a body with a complex architecture, equipped with various facilities and 

equipment, in a relatively unpredictable hydrometeorological environment, constantly changing. It becomes 

evident, therefore, the importance of the architecture of the body and the complexity of the problems that the naval 

architect must solve.  

The problem of the geometry of the ship's hull has always been a concern of naval architects who are constantly 

looking for solutions to optimize working methods. The use of mathematical methods for generating the shapes 

of the ship is a first aspect considered by various researchers, knowing the complexity of the lines that make up 

the body lines. Paper [9] proposes a principle of modeling curves that express the architecture of the ship's hull, 
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using differential geometry. Recently, Krivoshapko [8] has prospected of the possibility of studying the geometry 

of the ship's body through analytical methods, proposing six models for generating hydrodynamic surfaces that 

ensure the optimization of ship shapes and a rationalized geometry. The Radial Basis Function (RBF), as a method 

with high precision in describing the geometry of the ship [1], represents real progress, highlighting good 

properties of approximation and interpolation of complex curves in the body lines of the ship. 

For the description of the geometry of the ship and the drawing of body lines, various computerized drawing and 

design tools are used. Of course, Autodesk's products (AutoCAD being the best known) are the ones that have 

prevailed, and naval architects have immediately become interested in their use. For example, [13] it shows the 

3D design of a ship using Autodesk Inventor software that then facilitates the 3D printing of the generated models. 

Realistic 3D modeling of different ships is being tested by researchers [16] proposing an original dynamic method 

of generating 3D ship shapes by combining Neural Radiation Field (NeRF) with Signed Distance Field (SDF). 

To create a quick and easy working environment, Kitamura and his colleagues used Prime Ship-Hull software [6], 

which includes the dimensions of the ship as the design variables, exploiting the ability of this software to 

recognize the structural elements of the ship. Papanikolaou [11] has shown an interest in tools and software 

platforms dedicated to integrated design, an approach that allows the exploration of a huge design space in a 

relatively short time. Virtual reality testing in naval design was another topic of interest for this author.  

Given the multitude of software tools dedicated to naval design that have appeared on the market and considering 

the deep specialization of some, the problem of data transfer between two typical types of software has become a 

reality that can no longer be ignored. The authors of the paper [17] analyzed these aspects for data transfer between 

CAD CATIA and Tribon. 

In ship design, for a new series of ships, reverse engineering principles are also used, which involve the redrawing 

of the shape plans of existing ships, the calculation of hydrostatic curves, the stability calculation, and the 

compartmentalization of the ship according to the layout plan. It has been proven [12] that the reverse engineering 

method almost eliminates uncertainty in the design process of a new generation ship. 

Chalfant and Chryssostomidis [3] have shown that ship design, being a complex, time-consuming and effort-

consuming process, can be streamlined, at least in the preliminary phases, through automation and have proposed, 

as a solution, the Rapid Ship Design Environment (RSDE) which allows the use of template formats that involve 

the introduction of a relatively small number of input data.  

[14] has highlighted the possibilities of using the MATLAB programming language to analyze the static nautical 

qualities of the ship (buoyancy and stability), and [7] presents an algorithm related to the On-Board Stability 

System (OBSS) study. 

With reference to dynamic nautical qualities, especially for the analysis of the ship's hydrodynamic performance 

on calm water and waves, [2] it analyzes the use of advanced numerical methods, mainly computational fluid 

dynamics (CFD). The possibilities of using the Seakeeping software for the analysis of the ship's behavior on 

regular and irregular waves (using as input data the main dimensions of the ship and the characteristics of 

buoyancy and stability) are illustrated by [2]. The software implements functions for approximating the amplitude 

characteristics of roll, pitch and gyration movements, developed by the author through artificial neural networks. 

Sometimes, the operating needs of ships involve modifications (even structural ones in some situations), 

modernizations or reconversions. It is well known that ship design and shipbuilding are resource-intensive 

industrial processes: long time for all processes to be carried out; huge financial funds for the purchase of materials 

and equipment but also for the payment of salaries; large numbers of specialized personnel and huge consumption 

of labor. 

Software licenses dedicated to the marine industry are used with great interest because they offer the possibility 

of simulations and estimations before the decision to carry out the design and construction processes. Indeed, 

simulations do not provide an exact solution, but errors are acceptable and offer the opportunity for a correct 

decision. 

The paper aims to emphasize the advantages offered by working with various software licenses specific to marine 

engineering (meaning AutoShip [18] and Octopus Office [19]). The authors started from a reference ship (PSV 

type) built in the Tulcea Shipyard, Romania [17], for which the length has been modified (by 2 [m]) through 

identical multiplication of the constructive shape of the transverse-vertical section in the stern of the ship. The 

purpose of the simulation was to verify how this constructive decision could modify the nautical qualities of the 

ship.  

 

2. MATERIALS AND METHODS 

 

The algorithms for studying the ship's nautical qualities are well established in the literature and the authors 

considered that only a brief illustration of this aspect is sufficient. 

https://www.webofscience.com/wos/author/record/19705559
https://www.webofscience.com/wos/author/record/6730738
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Buoyancy is the property of the ship to float (to keep itself at the surface of the water – in the case of surface 

vessels, and respectively to maintain itself at a certain required depth – in the case of submersibles) [10]. 

Regarding buoyancy, mechanical equilibrium conditions are relevant, and they take into account the displacement 

and the Archimedes buoyant forces. To analyse this naval quality, it is important to know the displacement 

distribution diagram and hydrostatic diagram.  

Stability is the property of the intact ship to return to its original equilibrium position after the disappearance of 

the cause that disturbed its original condition [10]. It is the transversal stability that can usually raise problems. 

Quantities that define initial transversal stability are elevation of the transverse metacenter 𝐾𝑀𝑇 [m]; transverse 

metacentric radius, 𝐵𝑀𝑇 [m]; transverse metacentric height, 𝐺𝑀𝑇 [m]. Also, it is essential to know the metacentric 

stability formula 

 

MS = ∆ ∙ GMT
̅̅ ̅̅ ̅̅ ∙ φ = ∆ ∙ (BM̅̅ ̅̅

T − a) ∙ φ     [kNm]                    (1) 

where: MS – transverse stability moment [kNm]; ∆ - displacement force [kN]; φ – transverse angle of inclination 

[deg]; a – distance between the center of gravity and the buoyancy center of the hull.  

Quantities that define stability at large angles of transversal inclination are: 

-  the arm (or lever) of static stability, lS [m], given by the relation 

 

lS = yBφ
cosφ + (KB̅̅ ̅̅

φ − KB̅̅ ̅̅ )sinφ − asinφ     [m]  (2) 

where: yBφ
 and KB̅̅ ̅̅

φ represent the coordinates of the buoyancy center of the hull, for the transverse inclined 

flotation  

- the transverse stability moment or transverse restoring moment, M⃗⃗⃗ s, for which the next equation is valid: 

 

M⃗⃗⃗ S = ∆lSi      [kNm]  (3) 

 

The rotation around the longitudinal axis, called transverse oscillation or roll motion, is the periodic movement 

that the ship, considered as a rigid body, performs around the central longitudinal axis of its mass inertia, under 

the action of disturbance and resistance moments of the navigation environment [10]. The differential equation of 

damped transverse oscillations on calm water is 

 

𝐼𝑥𝑥1𝜑̈ + 2𝑁𝜑𝜑̇ + ∆ ∙ 𝐺𝑀𝑇𝜑 = 0 (4) 

where: 𝜑̇ – angular velocity [deg/s]; 𝜑̈ – angular acceleration [deg/s2]; 𝐼𝑥𝑥1 – momentum of inertia calculated in 

relation with the central longitudinal axis of the mass inertia [tm2]; 𝑁𝜑 – proportionality factor of the moment of 

resistance forces with angular velocity [tm2/s] 

The rotation around the transverse axis, called longitudinal oscillation or pitch motion, is the periodic movement 

that the ship, considered as a rigid body, performs around the central transverse axis of its mass inertia, under the 

action of disturbing and resistance moments of the navigation environment [10]. 

The differential equation of damped longitudinal oscillations in calm waters is 

 

𝐼𝑦𝑦1𝜃̈ + 2𝑁𝜃𝜃̇ + ∆ ∙ 𝐺𝑀𝐿𝜃 = 0  (5) 

where: 𝜃̇ – angular velocity [deg/s]; 𝜃̈ – angular acceleration [deg/s2]; 𝐼𝑦𝑦1 – momentum of inertia calculated in 

relation to the central transversal axis of the mass inertia [tm2]; 𝑁𝜃 – proportionality factor of the moment of 

resistance forces with angular velocity [tm2/s] 

 

The general equation of motion of the ship, in real sea, in vector version is [4] 

 

𝑀𝜂(𝜂)𝜂̈ + 𝐶𝜂(𝑣𝑟, 𝜂)𝜂̇ + 𝐷𝜂(𝑣𝑟, 𝜂)𝜂̇ + 𝑔𝜂(𝜂) = 𝜏𝑀𝜂 + 𝜏𝜂 (6) 

where: 𝝂𝒓 = 𝝂 − 𝝂𝒄 represents the relative velocity vector; 𝝂 – the general speed vector of the vessel; 𝝂𝒄 – the 

general velocity vector of the marine current; 𝜼 – the position and orientation vector of any point, belonging to 

the vessel; 𝑴𝜼 – the inertia matrix of the mass of the vessel and the inertia of the additional water masses; 𝑪𝜼 – 

the complementary matrix for the motion of the vessel and the additional water masses; 𝑫𝜼 – the damping matrix 

determined by the dynamic action of the surface of the water through which the vessel moves; 𝒈𝜼 – the generalized 

vector of restoring forces and moments; 𝝉𝑴𝜼 – the generalized vector of the disturbing forces and moments 

generated by the marine currents and waves on the wet surface of the hull, respectively the action of the wind on 
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the sail surface of the vessel; 𝝉𝜼 – the generalized vector of disruptive forces and moments due to command and 

maneuvering operations performed with the help of propulsion and steering installations. 

When writing the equation, the following were taken into consideration: the analysis of the interdependent 

phenomena and the changes generated by external disturbing factors; using the principle of superposing effects in 

assessing the irregularity of the navigation environment; applying modern analytical mechanics to determining 

the matrices: the mass inertia of the ship, complementary to the movement of the ship, the additional masses of 

water; adaptation and refinement of the strip theory for use in solving the problems raised by determining the 

hydrodynamic coefficients. 

For the case study, courtesy of the Tulcea Shipyard, Romania [17], the PSV 09 CD vessel was used. The main 

dimensions of the reference vessel are L = 52 [m]; B = 11 [m]; T = 5 [m]. The ship was designed and equipped 

for the supply of marine platforms, having an unlimited navigation area. The ship can carry cargo on the main 

deck, liquid bulk goods, solid bulk goods, pipes, and various technical equipment.  

To carry out the study, it was necessary to use the body plane and the offset table as input data for the software 

licenses used and which allowed the geometric modeling of the ship in AutoShip Software.  

Because the paper aims to highlight the advantages of computerized studies in the initial design phases (without 

minimizing the importance of tests in towing tanks or sea trials), the two software licenses used will be briefly 

presented below: AutoShip respective Octopus Office.  

AutoShip software analyzes the static nautical qualities (buoyancy and stability) of any type of floating body. 

ModelMaker component of the AutoShip software allows configuration of ship geometry.  

Autohydro is the component used to perform the calculations, which are finalized by visualizing the straight-body 

diagrams. 

Octopus Office software allows assisted study of the ship's behavior on waves, in real navigation conditions (based 

on ship geometry, provides creation of 2D hydrodynamic databases, generates various loading conditions, develop 

the wave specter and Response Amplitude Operator (RAO) of the ship). 

 

3. RESULTS AND DISCUSSIONS 

 

3.1. Ship geometry analysis 

The "Locus" command in ModelMaker serves as a fundamental tool for defining the geometry of a vessel’s 

structure, particularly when working with data from a table of offsets.  

The "Fill" command is employed to enhance the precision of the model by introducing additional spacing between 

the couples. In this case, a spacing of 0.5 mm was specified. This refinement process significantly increases the 

resolution of the model, resulting in a total of 128 defined couples. 

Figure 1 shows the 3D model of the reference ship after completing the commands in the ModelMaker component 

of the AutoShip software. 

 

 
Fig. 1. Reference ship geometry 
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In the same manner was generated the geometry for the modified ship (Figure 2).  

 

 
Fig. 2. Modified ship geometry 

 

3.2. Buoyancy analysis 

The hydrostatic calculation was made using the AutoHydro module of the AutoShip software. The hydrostatic 

calculus for the reference ship is illustrated in Table 1, the last line highlighting the numerical values of the 

characteristic quantities for the full-loaded ship. 

 
Table 1. Hydrostatic properties of the reference ship, made using the AutoHydro component of AutoShip software 

𝑇[𝑚] ∆[𝑡] 𝑥𝐵[𝑚] 𝑧𝐵[𝑚] 𝑥𝐹[𝑚] 𝑇𝑃𝐶[𝑡 𝑐𝑚⁄ ] 𝑀𝑇𝐶[𝑡𝑚 𝑐𝑚⁄ ] 𝐾𝑀𝐿[𝑚] 𝐾𝑀𝑇[𝑚] 

0.500 80.705 28.612 0.301 28.371 2.317 264.474 187.743 15.583 

1.000 213.381 28.241 0.586 27.649 2.936 431.301 115.799 9.451 

1.500 371.638 27.810 0.871 26.837 3.375 594.093 91.583 7.250 

2.000 549.476 27.373 1.157 26.085 3.732 758.043 79.036 6.210 

2.500 744.397 26.934 1.444 25.293 4.068 942.793 72.559 5.695 

3.000 956.404 26.473 1.735 24.418 4.412 1160.753 69.531 5.469 

3.500 1185.462 25.992 2.028 23.563 4.747 1404.522 67.877 5.382 

4.000 1431.221 25.501 2.324 22.740 5.078 1671.814 66.921 5.400 

4.500 1691.891 25.033 2.621 22.256 5.331 1886.351 63.875 5.469 

5.000 1966.298 24.670 2.886 22.078 5.498 2030.250 60.091 5.552 

 

Figure 3 illustrates the hydrostatic diagram (generated with the AutoHydro component of the AutoShip software) 

for the reference ship. 

 
Fig. 3. Hydrostatic diagram for the reference ship 
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The hydrostatic calculus for the modified ship is illustrated in Table 2, the last line highlighting the numerical 

values of the characteristic quantities for the full-loaded ship. 

 
Table 2.  Hydrostatic properties of the modified ship, made using the AutoHydro component of AutoShip software 

𝑇[𝑚] ∆[𝑡] 𝑥𝐵[𝑚] 𝑧𝐵[𝑚] 𝑥𝐹[𝑚] 𝑇𝑃𝐶[𝑡 𝑐𝑚⁄ ] 𝑀𝑇𝐶[𝑡𝑚 𝑐𝑚⁄ ] 𝐾𝑀𝐿[𝑚] 𝐾𝑀𝑇[𝑚] 

0.500 80.665 28.611 0.301 28.370 2.316 264.345 187.743 15.581 

1.000 213.337 28.240 0.586 27.650 2.936 431.482 115.871 9.453 

1.500 371.584 27.809 0.871 26.838 3.375 594.056 91.590 7.252 

2.000 549.417 27.373 1.157 26.087 3.731 757.782 79.017 6.210 

2.500 744.314 26.934 1.444 25.293 4.068 942.803 72.568 5.696 

3.000 956.323 26.473 1.735 24.418 4.412 1160.826 69.541 5.469 

3.500 1185.384 25.992 2.028 23.563 4.747 1404.540 67.882 5.382 

4.000 1433.187 25.458 2.327 22.111 5.194 1827.963 73.071 5.402 

4.500 1704.200 24.813 2.633 20.816 5.626 2256.443 75.855 5.504 

5.000 2498.927 24.234 2.910 20.131 5.920 2543.731 74.190 5.649 

 

Figure 4 illustrates the hydrostatic diagram (generated with the AutoHydro component of the AutoShip software) 

for the modified ship. 

 

 
Fig. 4. Hydrostatic diagram for the modified ship 

 

In both Figures 3 and 4, the plotted hydrostatic data are shown, with each element represented at different scales 

for clarity.  

The diagram highlights significant increases in displacement, volume (V), waterplane area (AWL), vertical center 

of buoyancy (VCB), longitudinal center of flotation (LCF), tons per centimeter immersion (TPC), and moment to 

change trim (MTC) as the draft increases. In contrast, a slight decrease in the longitudinal center of buoyancy 

(LCB) is observed as the draft increases. For the longitudinal and transverse metacentric heights (KML and KMT), 

the diagram shows an exponential decrease, starting from high values at shallow drafts and progressively 

diminishing as the draft increases.  

These trends are critical for understanding the vessel's stability and hydrostatic behavior under varying loading 

conditions. 

 

3.3. Stability analysis 

The calculation for stability analysis was performed using the AutoHydro module of AutoShip software. 

Figure 5 illustrates the static stability diagram. In the calculations, the ship was considered to be fully loaded, 

having a displacement of 1966.298 [t] and the elevation of the gravity center of 4 [m]. The numerical results 

indicate that the maximum value for the stability arm is 2.619 [m], which is reached for an angle of 38.75 [deg].  

Figure 6 illustrates both the numerical values (on the left side) and the static stability diagram (on the right side). 
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In the calculations, the ship was considered to be fully loaded, having a displacement of 2498.927 [t] and the 

elevation of the gravity center of 3.5 [m]. 

The numerical results indicate that the maximum value for the stability arm is 1.661 [m], which is reached for an 

angle of 30.00 [deg].  

 
Fig. 5. Static stability diagram for the reference ship 

 
Fig. 6. Static stability diagram for the modified ship 

 

It is recommended that ships have positive initial stability, with the center of gravity being positioned above the 

center of the hull and below the transverse metacenter (Figure 7). 
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Fig. 7. Recommended positioning for B and G 

For the reference vessel,  

𝐾𝑀̅̅ ̅̅ ̅
𝑇 = 5.552 [m] 𝐾𝐺̅̅ ̅̅ = 3.7 [m]  

therefore, 

𝐺𝑀̅̅̅̅̅
𝑇 = 𝐾𝑀̅̅ ̅̅ ̅

𝑇 − 𝐾𝐺̅̅ ̅̅ = 5.552 − 3.7 = 1.852 [m] 

For the modified vessel 

𝐾𝑀̅̅ ̅̅ ̅
𝑇 = 5.649 [m] 𝐾𝐺̅̅ ̅̅ = 4.2 [m]  

therefore, 

𝐺𝑀̅̅̅̅̅
𝑇 = 𝐾𝑀̅̅ ̅̅ ̅

𝑇 − 𝐾𝐺̅̅ ̅̅ = 5.649 − 4.2 = 1.449 [m] 

A reduction in the height of the transverse metacentric 

of 0.4m is observed. 

 

3.4. Simulation of motions in real navigation conditions  

To study the ship's behavior in real conditions of navigation, the Octopus Office license was used.  

For both the reference vessel and the one whose length has been modified, in the direction of increase, by 2 [m], 

the navigation route has been established in the North Sea and Baltic Sea.  

Figure 8 illustrates the navigation path and distribution chart for the 100,000 recorded waves (depending on the 

ratio of significant height of the wave to zero-crossing period).  

 

   
Fig. 8. Navigation route 

 

Octopus Office license permits simulation the wave specter and calculating the ship response (RAO spectrum) to 

wave action.  

The simulation for the reference ship suggests, for an envelope of the ship's travel speeds (2.8 and 8.3 [Kn]) and 

a heading of 90 [deg], an amplitude of roll motion of 10.6 [deg] for a wave frequency of 1.75 [rad/s] (Figure 9). 

 

 
Fig. 9. Roll motion for the reference ship 

 

The simulation for the reference ship suggests, for an envelope of the ship's travel speeds (2.8 and 8.3 [Kn]) and 

a heading of 90 [deg], also indicates an amplitude of pitch motion of 0.555 [deg] for a wave frequency of 1.40 

[rad/s] (Figure 10). 
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Fig. 10. Pitch motion for the reference ship 

 

Table 3 presents, for the reference ship, some suggestive situations for these two specters – roll and pitch motions 

were emphasized.  

 
Table 3. Wave specter and RAO specter for the reference ship (Draft 5 [m]; Speed 8.25 [Kn]; Heading 90 [deg]) 

  
Wave Specter 

  
RAO Specter 
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Table 3. (continuation) 

 
Wave Specter 

 
RAO Specter 

 

The simulation for the modified ship suggests, for an envelope of the ship's travel speeds (2.8 and 8.3 [Kn]) and 

a heading of 90 [deg], an amplitude of roll motion of 10 [deg] for a wave frequency of 1.75 [rad/s] (Figure 11). 

 

 
Fig. 11. Roll motion for the modified ship 
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The simulation for the modified ship suggests, for an envelope of the ship's travel speeds (2.8 and 8.3 [Kn]) and 

a heading of 90 [deg], also indicates an amplitude of pitch motion of 1.03 [deg] for a wave frequency of 1.30 

[rad/s] (Figure 12). 

 

 
Fig. 12. Pitch motion for the modified ship 

 

Table 4 presents, for the modified ship, some suggestive situations for these two specters – roll and pitch motions 

were emphasized.  

 
Table 4. Wave specter and RAO specter for the modified ship (Draft 5 [m]; Speed 8.25 [Kn]; Heading 90 [deg]) 

 
Wave Specter 

 
RAO Specter 
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 Table 4. (continuation) 

 
Wave Specter 

 
RAO Specter 

 

4. CONCLUSIONS 

 

For the study carried out, it is proposed to change the length of the ship from 52 [m] to 54 [m], the other dimensions 

remaining unchanged. 

With the help of the available software licenses (AutoShip and Octopus Office) the consequences of this change 

on nautical qualities were analyzed. 

The conclusions are as follows. 

The geometry of the ship was easily modified; for the additional 2 [m] in length, the shape of the transverse-

vertical section at the stern of the ship was preserved. 

The ship's displacement increases from 1966.298 [t] to 2498.927 [t], which means an increase of 27.088%. 

The position of the hull center is changed longitudinally by a slight displacement on the stern of the ship, with 

0.436 [m] (from 𝑥𝐵 = 24.67 [m] to 𝑥𝐵 = 24.234 [m], the measurement being made from the stern of the ship). 

Also, the center of the hull rises with 0.024 [m] (from 𝐾𝐵̅̅ ̅̅ = 2.886 [m] to 𝐾𝐵̅̅ ̅̅ = 2.910 [m], the measurement 

being made from the baseline). 

The geometric center of the water line for the fully loaded ship moves towards the stern with 1.947 [m] (from 
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𝑥𝐵𝐹 = 22.078 [m] to 𝑥𝐹 = 20.131[m], the measurement being made from the stern of the ship). 

A slight reduction in transverse stability is also demonstrated by the reduction in the angle for which the maximum 

value of the stability arm is recorded (angle that corresponds to the moment when the ship enters the water with 

the deck) from 38.75 [deg] to 30.00 [deg]. 

As far as dynamic behavior is concerned, it is found that the pitch motion is the one that worsens, the amplitude 

of the movement increasing from 0.555 [deg] to 1.03 [deg] while the roll motion is improved, the amplitude of 

motion decreasing from 10.6 [deg] to 10 [deg]. 

Although the desired construction solution leads to a slight decrease in the stability of the ship, however, this 

nautical quality remains within the parameters recommended by the classification societies. The dynamic behavior 

also remains within parameters that do not endanger the ship. Therefore, it can be considered that the proposed 

constructive solution can be put into practice. 
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