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ABSTRACT: This paper is focused on the seakeeping analysis of a FSU Floating Storage Unit 
ship, with 292 m length. The study includes wave induced loads computation for heading angle 0 
to 360 deg., sea state Western North Atlantic and zero speed on exploitation location. The 
numerical seakeeping analysis is carried out by BV HydroStar for Experts software, with a 3D 
flow radiation and diffraction method. Short term analysis, with reference period of 3 hours, and 
long term ship dynamic analysis, with exceeding probability of 10-8, are performed by BV 
StarSpec software. The maximum values of wave induced loads are obtained. 
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METODĂ AVANSATĂ DE CALCUL A DINAMICII ÎN VALURI A UNEI NAVE FSU ÎN 
CONDIŢII DE MEDIU IMPUSE  – REZUMAT: Articolul are ca obiectiv analiza dinamicii în 
valuri a navei FSU tanc de stocare, cu lungimea de 292 m. Studiul include calculul solicitărilor 
induse de valuri pentru unghiul de curs 0-360 grade, starea mării corespunzătoare Vestului 
Atlanticului de Nord și viteză zero la locaţia de exploatare. Analiza dinamicii în valuri este 
realizată folosind programul BV HydroStar for Experts, cu formulare 3D a curgerii, radiaţie şi 
difracţie. Analizele răspunsului dinamic al navei, pe termen scurt, cu perioada de referinţă de 3 
ore, şi pe termen lung, cu probabilitatea de depăşire de 10-8, sunt realizate folosind programul BV 
StarSpec. Se obţin valorile maxime ale solicitărilor induse de valuri. 

Cuvinte cheie: dinamica în valuri a navei, navă FSU, analiza răspunsului pe termen scurt şi lung. 

1. INTRODUCTION 

Advanced design of offshore moored systems, like 
FSU Floating Storage Unit ships, require to assess 
the resonant low frequency wave induced loads, 
corresponding to the oscillation ship's dynamic 
response (BV 2014a). Using a frequency domain 
approach and a 3D hydrodynamic model of an FSU 
ship, the wave induced loads and ship's motions 
responses are obtained. Based on statistical short and 
long term analyses of the ship's dynamic response, 
the maximum values of  wave induced loads for the 
design of the ship's structure are obtained (BV 2014b).  

 

1.1.  FSU ship description 

For this study an FSU Floating Storage Unit ship, 
with internal turret mooring system, is selected. 
Table 1 presents the main characteristics of the FSU 
ship (FleetMon, 2014). The full load and ballast 
loading conditions are analyzed.  

The FSU ship operation area is in WNA - Western 
North Atlantic, having the long term wave scattering 
(Fig 1) and wave directional sector (Fig 2) diagrams 
from Global Wave Statistics  (BMT, 2014). 

 
Fig.1. Wave scattering diagram for WNA Sea (BMT, 2014) 
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Fig.2. Directional sector of waves for WNA Sea (BMT, 2014) 

Table 1 FSU ship main characteristics (FleetMon, 2014). 

Length between perpendiculars LBP 292 m 
Breath B 48 m 
Depth D 31.6 m 
Draft – full load Tmax 20 m 
Draft – ballast  Tmin 14 m 
Speed v 0 m/s 

 
Fig 3 presents the initial FSU lightship mass 
distribution. Two additional mass elements are added 
in the fore peak (Table 2).  

 

Fig.3. FSU Lightship mass distribution (FleetMon, 2014) 

Table 2 FSU fore peak additional mass elements. 

Structure xG [m]  yG [m] zG [m] Mass [t] 
Gantry 240.0 0.0 39.0 1300.0 
Turret 240.0 0.0 22.0 8500.0 

2. NUMERICAL APPROACH 

The numerical analyses are carried out using BV 
HydroStar for Expert (BV, 2014c) software. The 
wave-induced loads and the ship motions (oscillations) 
response amplitude operators (Domnisoru, 2001) are 
obtained. The seakeeping software is based on the 
potential theory and computes the 3D three-
dimensional flow of wave diffraction and motion 
radiation hydrodynamic components around floating 
bodies, with speed or fixed on location, in deep or 
shallow water conditions (BV, 2014c). The 3D 
potential flow model involves the  singularity method 
of Kelvin's sources applied to solve the first order 
hydrodynamic problem and Molin's method is 
applied to solve the second order wave loads (Molin, 

2002, Chen, 2004, Chen and Rezende, 2009). For the 
seakeeping analysis, where the oscillations rigid body 
motions are  required, from the dynamic response are 
selected only the low frequency wave induced 
components. The computation is done for 79 
frequencies, in the range 0.05 to  2.0 rad/s, with a 
step of 0.025 rad/s, and wave’s headings from 0 to 
360 deg. with step of 15 deg. 

 

Fig.4. Heading angle definition (BV, 2014c) 

The characterization of the sea state for long term is 
based on the scattering diagram for WNA - Western 
North Atlantic (BMT, 2014) and for short term is 
based on the JONSWAP power density wave 
spectrum (Domnisoru, 2001, BV, 2014a,d), with 
peak enhancement factor of 3.3. Using BV StarSpec 
(BV, 2014d) software, the short term analysis is 
performed for the duration of one sea state, with 
reference period of 3 hours. The long term analysis is 
performed for an exceeding probability of 10-8. 

3. FULL LOAD CONDITION 

For the seakeeping analysis at full load case with 3D 
HydroStar models (BV, 2014c), we have generated the 
hydrodynamic mesh, on the basis of lines plan, 
including a total number of 5942 BEM elements. 

 
Fig.5.  FSU hydrodynamic mesh for full load condition 

 
Fig.6.  FSU hydrodynamic mesh for full load condition 

Fig.7, Fig. 9, Fig. 11 contain the FSU ship response 
amplitude operators RAO for heave, roll and pitch 
motions. Fig.8, Fig.10, Fig.12. contain the FSU ship 
response amplitude operators RAO for heave, roll 
and pitch accelerations. 
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Fig.7.  FSU ship, Heave RAO motion [m/m], full 

 

Fig.8.  FSU ship, Heave RAO acceleration [m/s2/m], full 

 

Fig.9.  FSU ship, Roll RAO motion [deg/m], full 

 

Fig.10.  FSU ship, Roll RAO acceleration [deg/s2/m], full 
 

 

Fig.11. FSU ship, Pitch RAO motion [deg/m], full 

 

Fig.12.  FSU ship, Pitch RAO acceleration [deg/s2/m], full 

 

Fig.13.  Heave signifiant response h1/3 [m] polar diagram, full 

 

Fig.14.  Roll signifiant response h1/3 [m] polar diagram, full 
 



ADVANCED SEAKEEPING COMPUTATION FOR AN FSU SHIP 167

 

Fig.15. Pitch signifiant response h1/3 [m] polar diagram, full 

Fig.13, Fig.14, Fig.15. contain the FSU ship response 
significant response h1/3[m] polar diagrams for heave, 
roll and pitch oscillations, at full load condition, 
considering seakeeping limit criteria on motions and 
acceleration short term amplitudes for moored 
offshore units (BV, 2014a,d). 

Based on short term response and wave scattering 
diagram (BMT,2014), the full load long term analysis 
is performed. Fig.16. contains the distribution of the 
long term Vertical Wave Bending Moment (VWBM) 
over the length of the FSU ship. Fig.17. contains the 
distribution of the long term Vertical Wave Shear 
Force (VWSF) over the length of the FSU ship.  

 

Fig.16.  FSU, long term VWBM distribution [kNm], full 

 

Fig.17.  FSU, long term VWSF distribution [kN], full 

 

Fig.18.  FSU hydrodynamic mesh for  ballast condition 
 

4. BALLAST CONDITION 

For the seakeeping analysis at ballast load case with 
3D HydroStar models (BV, 2014c), we have generated 
the hydrodynamic mesh, on the basis of lines plan, 
including a total number of 5202 BEM elements. 

 
Fig.19.  FSU hydrodynamic mesh for ballast condition 

Fig.20, Fig. 22, Fig. 24 contain the FSU ship 
response amplitude operators RAO for heave, roll 
and pitch motions. Fig.21, Fig.23, Fig.25. contain the 
FSU ship response amplitude operators RAO for 
heave, roll and pitch accelerations. 

 

Fig.20.  FSU ship , Heave RAO motion [m/m], ballast 

 

Fig.21.  FSU, Heave RAO acceleration [m/s2/m], ballast 

 

Fig.22.  FSU ship, Roll RAO motion [deg/m], ballast 
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Fig.23.  FSU, Roll RAO acceleration [deg/s2/m], ballast 

 

Fig.24.  FSU ship, Pitch RAO motion [deg/m], ballast 

 

Fig.25.  FSU, Pitch RAO acceleration [deg/s2/m], ballast 

 

Fig.26.Heave signifiant response h1/3[m] polar diagram, ballast 
 

 
Fig.27. Roll signifiant response h1/3 [m] polar diagram, ballast 

 

 

Fig.28. Pitch signifiant response h1/3 [m] polar diagram, ballast 

Fig.26, Fig.27, Fig.28. contain the FSU ship response 
significant response h1/3[m] polar diagrams for heave, 
roll and pitch oscillations, at ballast condition, 
considering seakeeping limit criteria on motions and 
acceleration short term amplitudes for moored 
offshore units (BV, 2014a,d). 

 

Fig.29. FSU, long term VWBM distribution [kNm], ballast 

 

Fig.30. FSU, long term VWSF distribution [kN], ballast 
 



ADVANCED SEAKEEPING COMPUTATION FOR AN FSU SHIP 169

Based on short term response and wave scattering 
diagram (BMT, 2014), the ballast load long term 
analysis is performed. Fig.29. contains the distribution 
of the long term Vertical Wave Bending Moment 
(VWBM) over the length of the FSU ship. Fig.30. 
contains the distribution of the long term Vertical 
Wave Shear Force (VWSF) over the length of the ship. 

5. CONCLUSIONS 

This study made possible to assess the short term and 
long term seakeeping maximum dynamic response for 
a large FSU ship, for a exploitation location sea state 
corresponding to WNA - Western North Athlantic 
(BMT, 2014). Based on the dynamic response on 
motions, acceleration and loads the accuracy of FSU 
ship design assessement has increased. 

The next figures represent the long term vertical 
analysis vertical wave bending moments and shear 
forces distribution over the FSU ship length, for the 
analyzed loading conditions, compared to the limit 
criteria for wave induced loads according to the 
Bureau Veritas Rules (BV, 2014a,b). 

 

Fig.31. FSU ship long term extreme values for VWBM along 
ship length and BV Rules limit criteria [kNm] 

 

Fig.32. Extreme values for VWSF along ship length [kN] 

Fig.31. presents the distribution of vertical wave 
bending moment VWBM along ship length. For 
ballast loading condition the VWBM is below the 
limit criteria. For full loading condition the VWBM 
is above rules by 19%. Fig.32. presents the 
distribution of vertical wave shear force VWSF along 
ship length. For all loading conditions the VWSF is 
above limit criteria by 50 %. 

In conclusion, the structural design of the FSU ship 
has to be updated in order to satisfy the limit criteria 
for maximum long term wave induced loads, at 10-8 
exceeding probability condition. 
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