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ABSTRACT 
Commercial vessels have recently shown a common 

trend in increasing their sizes to meet the growing demand for 
transportation and operations. This trend may however result 
in more flexible or ‘softer’ hulls. The flexible hull structure 
reduces the ship natural frequency close to the wave 
encounter frequency, increasing the probability of resonance 
or high-frequency vibrations. Meanwhile, the resulting 
structural deformations from flexible hull could significantly 
affect the flow field and the hydrodynamic loads cannot be 
estimated accurately. Hence, it is important to treat a flexible 
hull and its surrounding flow field as an interacting system to 
predict a ship’s dynamic behaviour based on the hydroelastic 
theory. In this study, a novel fluid-structure interactions 
coupling scheme using the “preCICE” library to 
communicate with the fluid solver “OpenFOAM” and 
structure solver “calculiX” was first proposed to study the 
hydroelastic behavior of a container ship with a forward 
speed in regular waves. With the advantage of this numerical 
model, the flexible behaviour of this ship, such as its vertical 
bending displacement and corresponding bending moment 
can be quantified, and the “springing” and “whipping” 
responses can be calculated. It is believed that the present FSI 
model will exhibit more advantages over the traditional rigid-
body methods currently used in the ship seakeeping field.  

Keywords: Ship hydrolasticity, Fluid-structure 
Interaction, slamming, ship motion, CFD, FEA, vertical 
bending moment 

1. INTRODUCTION  
For the structural integrity and safety concerns of the 

large vessels, such as container ships operating in waves, the 
hydroelastic response of these ships is of particular 
importance since the vibration induced loads are superposed 

to the wave-induced load that may enlarge the structure 
responses [2]. In such cases, the deformation of the structure 
may significantly violate the surrounding flow fields, forming 
a fully coupled system. The original rigid ship assumption 
may lead to inaccurate prediction of hydrodynamic loadings 
as well as the ship motions. Therefore, a quantitative Fluid 
Structure Interaction (FSI) method for predicting the accurate 
hydrodynamic forces and subsequent hydroelastic responses 
of a container ship under wave excitations is required. 

The pioneering work of Bishop, R. E. D. et al. developed 
a linear Fluid Structure Interaction model on the basis of 2D 
potential flow theory and linear beam model [1]. Their 
calculation in the frequency domain was faster and valuable 
in providing insight in the early design stage of a vessel [13]. 
Great deal of progress has been made since then in the 
development and application of the frequency domain of 2-D 
and 3-D hydroelasticity analyses on ship structures [3, 4, 14, 
15, 16, 25]. 

However, some physical phenomena such as wave 
breaking, slamming and viscous effects cannot be included in 
potential flow method. To account for these effects, a fully 
nonlinear CFD method, which solves the Navier-stokes 
equations is commonly used as an alternative to potential flow 
theory. The hydroelastic behavior of a flexible ship with 
surrounding fluids using the above nonlinear method can be 
modelled by coupling it with a structural Finite Element 
Analysis (FEA) method [12]. This CFD-FEA coupling forms 
a partitioned approach of FSI, which reduces the efforts to 
adapt the original computational models [23] and preserves 
both the advanced features of the CFD and FEA solvers [22] 
against the monolithic approach [26]. 

The implicit coupled method between CFD and FEA has 
been employed to simulate the flexible ship responses in 



 
 

2 
 

nonlinear seaways and to predict the corresponding wave-
induced motions and loads [17, 18]. Paik, K. J. et al. [23] 
designed a structure model using rigid ship segments 
intersected with small elastic beams using ABAQUS and 
solved the fluid flow by CFDShip-lowa. Two software 
packages were strongly coupled using data communications 
gluing method. Ma, S. et al. [8] investigated the local strength 
behaviors of a composite catamaran hull by discretizing the 
whole ship geometry in the ANSYS structure solver. The 
surrounding ship flow field was resolved by a CFX solver. A 
two-way coupling framework was established between the 
structure and fluid solver based on ANSYS workbench. The 
local fragile region was highlighted at the sandwich plating 
between hull layers by using this coupling framework. EI 
Moctar, O. et al. [11] proposed an implicit interaction method 
to assess wave-induced structural loads of three slender 
containerships in regular and irregular waves using a ship-
beam segments model. The computational model was built 
with an in-house structure solver and linked to RANSE solver 
COMET and interFoam [11]. Lakshmynarayanana, P. A. et al. 
[13], Takami, T. et al. [27] and Jiao, J. et al. [6] investigated 
the symmetric motions and loads on a S175 containership 
undergoing severe waves based on the commercial co-
simulation packages (Star-ccm+ & Abaqus). Their results, 
including ship RAOs and VBM, were validated well with the 
experiments. In addition, the ship springing and whipping 
responses induced by high frequencies were captured 
accurately. Moreover, Jiao, J et al. [5] further investigated on 
the slamming pressure and green water on deck of the S175 
container ship under severe wave conditions.  

As a brief review of the above indicates, the numerical 
studies on the ship hydroelasticity have mostly relied on the 
commercial coupling software or in-house codes, which a 
license is required, or it is hard to reproducible. To extend the 
possibilities and test the performance of existing open-source 
FSI packages, in the present paper, a peer-to-peer coupling 
library “preCICE” which coupled OpenFOAM and CalculiX 
is first used to investigate the hydroelastic motion and loads 
of a containership (S175) in regular waves. The rest of this 
paper is organized as follow: in Section 2, the numerical 
setting ups and the methodology used in the present study are 
discussed. In Section 3, the numerical results for the study on 
the dynamic motion of the flexible S175 ship in waves are 
presented and compared with another commercial FSI 

package as well as the experimental results. Both global ship 
motions and hydroelastic behavior are included. The 
conclusions are drawn in the final section.  

2. NUMERICAL METHODS 
In the present Fluid Structure Interaction study, we used 

a partitioned coupling scheme to separate the solution domain 
into a fluid domain and structure domain and solving them 
iteratively. The detailed numerical methods of both fluid and 
solver solvers are described in the following sub-sections. 

2.1 Fluid dynamics 
2.1.1 Governing equations 

The mass continuity and momentum equations for a 
transient, incompressible, and viscous fluid can be written as  
∇ ⋅ 𝑈𝑈 = 0                                      (1) 

𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ ∇ ⋅ (𝜌𝜌𝜌𝜌𝜌𝜌) − ∇ ⋅ 𝜏𝜏 = −∇𝑃𝑃𝑑𝑑 + 𝜌𝜌𝜌𝜌 + 𝐹𝐹           (2) 

where U refers to the velocity of flow field, 𝜌𝜌  is the 
mixed density of water and air, 𝑔𝑔 is the gravity acceleration, 
𝑃𝑃𝑑𝑑 refers to the dynamic pressure, 𝜏𝜏 is the dynamic viscosity, 
𝐹𝐹 is the surface tension.  

The VOF technique was adopted to simulate the free 
surface using an additional transport equation to solve for the 
volume fraction a. In multiphase flows, the volume fraction 
is assigned a value of 0 when the cells are filled with air, and 
when it is 1 the cell is filled with water.  
2.1.2 Computational domain and mesh generation  

The finite volume mesh was generated by the mesh 
generation tool “SnappyHexMesh” based on a cell splitting 
and body fitting technique [9]. The numerical domain used to 
simulate ship motions in waves extends in three directions, 
i.e., -1.5L < x < 2.0L, -1.0L < y < 1.0L and -1.5L < z <1.0L, 
where 𝐿𝐿  refers to the ship length between perpendiculars 
(4.375m, see Table 1) [7]. The grids density at the free surface 
zone was progressively refined several times to fulfil the 
guideline from ITTC (2017) [21]. According to these 
recommendations, a minimum of 120 cells per wavelength 
and 12 cells per wave height were used on the free surface in 
this study as shown in Figure 1 [7]. The choice of the K-
omega SST turbulence model further required a more refined 
mesh at the area immediately around the ship hull, primarily 
maintained the adjacent wall layer thickness coordinate y+ 
close to 30 associated with the higher Reynolds number flow 
[24].  
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FIGURE 1: THE COMPUTATIONAL DOMAIN MESH 
LAYOUT. 
2.1.3 Boundary conditions 

The boundary conditions of the present CFD model were 
defined as follows. At the left boundary inlet, the velocity was 
prescribed as the incident wave and current, while the 
pressure was set as zero gradient. At the right boundary outlet, 
the current velocity outlet was applied to preserve the 
conservative of flux inside the computational domain. The 
boundary condition of the domain top part was set as 
atmosphere. The domain bottom boundary was set as 
symmetry plane which represented a deep-water condition as 
well as the lateral sides. The moving wall boundary condition 
with zero pressure gradient was defined on the surface of the 
ship hull. 
2.1.4 Wave generation and absorption 

The wave generation library “waves2Foam” was 
integrated to the OpenFOAM solver “interFoam” to generate 
and absorb waves in the computational domain [9, 10]. The 
second Stokes waves theory was used to generate the regular 
waves throughout all the cases. The forward speed of ship was 
modelled by combining a uniform-velocity current at the 
wave boundary inlet. The service speed of the ship in full 
scale was 20 knots, which was modelled by applying a 
reversed uniform flow speed of 1.32m/s at domain boundary 
inlet. The wave absorption relied on the relaxation zone 
technique using Eqn. 3 and Eqn. 4 [10].   

𝑎𝑎𝑅𝑅(𝜒𝜒𝑅𝑅) = 1 − exp�𝜒𝜒𝑅𝑅
3.5�−1

exp(1)−1
                          (3) 

𝜙𝜙𝑅𝑅 = 𝜔𝜔𝑅𝑅𝜙𝜙𝑅𝑅
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + (1 − 𝜔𝜔𝑅𝑅) 𝜙𝜙𝑅𝑅

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡             (4) 

where 𝜙𝜙𝑅𝑅 refers to either the velocity or volume fraction of 
water a. The definition of 𝜒𝜒𝑅𝑅 is that the weighting function 
𝑎𝑎𝑅𝑅  is always 1 at the interface between the non-relaxed 
computational domain and the relaxation zones, and 𝜒𝜒𝑅𝑅 is a 
value between 0 and 1. 

2.2 Solid dynamics 
2.2.1 Governing equations of Timoshenko beam 

In the present study, the equations for transverse 
vibration of the uniform Timoshenko beam with a constant 
cross section can be expressed as given below: [19, 20] 

Force equation  

m(x) ∂2y(x,t)
∂t2

− ∂Q(x,t)
∂x

= 𝑓𝑓3(𝑥𝑥, 𝑡𝑡)                     (5) 

Moment equation  

−∂M(x,t)
∂x

+ Q(x, t) − 𝐼𝐼𝐼𝐼 ∂2Θ(x,t)
∂t2

= 0                  (6) 

where m(x)  is body mass per unit length, y(x, t)  is 
displacement amplitude, Q(x, t) is shear force, calculated by 
Q(x, t) = 𝐺𝐺𝐺𝐺γ(x, t), 𝐺𝐺 is shear modulus, 𝐴𝐴 is cross section, 
M(x, t)  is bending moment, has an equation of M(x, t) =
𝐸𝐸𝐸𝐸 ∂Θ(x, t)/ ∂x, where EI is the flexural stiffness, 𝑓𝑓3(𝑥𝑥, 𝑡𝑡) is 
time dependent vertical hydrodynamic force per unit length.  
2.2.2 Ship description 

The benchmark S175 type of containership with a scale 
ratio of 1:40 was used in this study. The body plan of full-
scale ship is shown in Figure 2. The main dimensions of the 
ship in the model- and full-scales are shown in Table 1.  

 
FIGURE 2: BODY PLAN OF THE S175 HULL [6]. 

TABLE 1: MAIN PROPERTIES OF THE S175 
CONTAINERSHIP. 

Ship Geometry description Full 
scale  

Model 

Scale 1:1 1:40 
Length between perpendiculars (L) 175 m 4.375 m 

Breath (B) 25.4 m 0.635 m 
Draft (T) 19.5 m 0.488 m 

Displacement (A) 23,711 t 370 kg 
Block coefficient (𝐶𝐶𝑏𝑏) 0.562 0.562 

Longitudinal center of gravity 
(LCG) from after perpendicular  

84.980 m 2.125 m 

Vertical center of gravity (KG) 
from base line 

8.5 m 0.213 m 

Transverse radius of gyration 9.652 m 0.241 m 
Longitudinal radius of gyrations 42.073 m 1.052 m 
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2.2.3 Structural model 
In this study, a ship-beam segment model based on a 

beam-shell coupling approach which comprises a massless 
ship surface shell (including main deck) and a backbone beam, 
was built in the open-source FEA software CalculiX [30]. The 
hull surface was lengthwise cut for 20 sections as shown in 
Figure 4, and then discretized using 3-node triangular shell 
elements (S3), which in total 50,247 elements were used 
(mesh in Figure 3). The elements at hull surfaces were rigidly 
connected with the nodes at backbone beam, which allowed 
the forces and moments at the shell surfaces transferring to 
the beam nodes. 

 

FIGURE 3: SHIP HULL DISCRETIZATION. 

The backbone beam based on Timoshenko beam theory, 
whose governing equations are shown in Section 2.2.1, was 
modelled using B32R beam elements. It is worth noting that 
the B32R beam element was the preferred beam element of 
selections. It performs well for bending behavior and avoids 
the shear locking and volumetric locking against other beam 
elements supported by CalculiX [30]. The backbone beam 
was positioned at a height of vertical center of gravity of ship 
model. The ship mass modelled as distributed point mass, 
which was placed on the beam elements as shown in Figure 4 
and Figure 5. The material property of beam was defined as 
steel, i.e., elastic stiffnessE = 210𝐺𝐺𝐺𝐺𝐺𝐺 and Poisson ratio 𝑣𝑣 =
0.3.  

The cross section of backbone beam was determined by 
calibrating the natural frequency of the beam to match with 
the 2-node dry natural frequency of ship hull. The detailed 
estimation of both beam and ship natural frequencies is 
presented in Section 2.2.4. The FE model was constrained for 
the y-axis translation and rotation by imposing constraints on 
the beam and shell nodes. Moreover, the beam center node 
was restrained in the direction of x-axis to avoid ship drift by 
the waves. 

 
FIGURE 4: SHIP BEAM SEGMENT MODEL SETTINGS. 

 
FIGURE 5: THE MASS DISTRIBUTION AT EACH SHIP 
SECTION ALONG THE LONGITUDINAL AXIS. 

2.2.4 Dry frequency analysis  
The natural frequencies of the dry ship were estimated in 

vacuum, which assumed the free-free beam structure stayed 
in the absence of any external actions or internal damping. To 
avoid asymmetric effects (i.e., torsion or horizontal bending), 
the y-symmetry boundary conditions were applied for the FE 
model. The first three modes were calculated as listed in Table 
2 and its deformation were shown in Figure 6. 

When bending or torsional loads are not applied on the 
beam symmetry line, the beam may produce warping or 
nonuniform out of plane displacement. Although the warping 
effects due to the pure bending are small, a box-shaped beam 
section is assigned to the beam profile since this closed-type 
cross section is free from warping effects compared with open 
sections. The beam thickness and section dimensions were 
determined by matching the second node natural frequencies 
of the ship-beam model with the full-scale ship. After 
calibration, the beam profile with a cross-section of 0.07m * 
0.05m and thickness 0.005m, as shown in Figure 4, was used 
through all later cases in this study.  
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FIGURE 6: DRY SHIP NATURAL FREQUENCY 
VISULIZATION. 

2.2.5 Wet frequency analysis  
An additional natural frequency estimation of the wet 

mode of hull was modelled based on a continuum-based fluid 
modelling approach using a commercial finite element 
software Abaqus/CAE 2020. In this type of application, the 
added mass effect was an important parameter to consider by 
modeling the surrounding infinite of water. The wet surface 
of ship hull was encapsulated in a fluid zone, and a pair of 
fluid-solid coupling surfaces were generated between the free 
surface and ship wet surface. 

 
FIGURE 7: ACOUSTIC FLUID DOMAIN. 

The acoustic medium, modelled by S4 acoustic element 
assigning with water density 1,025kg/𝑚𝑚3 was used to 
simulate the sea water condition. Figure 7 shows the 
dimension of the acoustic computational tank used in this 
study. It has 9.0 meter in length and 6.0 meter in width, and it 
is discretized in 46,589 number of elements. The mesh region 
adjacent to the ship was kept a consistent grid density to the 
ship surface mesh (red square), and the mesh density was 
reduced outwards to the far field. Two boundaries were 
applied; a non-reflection boundary condition via a surface 

impedance for the outer surfaces of the domain to avoid the 
water reflection and a kinematic coupling boundary for the 
ship wet surface to ensure the displacement field in the 
structure was coupled with the fluid pressure field. The first 
three modal shapes of ship in wet frequency analysis were 
shown in figure 8. 

 
FIGURE 8: WET SHIP NATURAL FREQUENCY 
VISULIZATION. 

Both dry and wet natural frequency models were solved 
using the SPOOLES solver. The results were shown in Table 
2 and compared with the experimental results listed in Error* 
columns. As expected, wet natural frequencies of the ship 
were significantly lower than dry natural frequencies due to 
the consideration of hydrodynamic added mass. 

TABLE 2: CALIBRATED BEAM NATURAL 
FREQUENCY PROPERTIES AND ERRORS. 

Order Mode Dry 
condition 
(Hz) 

Error* 
(%) 

Wet 
condition 
(Hz) 

Error* 
(%) 

1st 2-node 9.54 5.9% 8.17 7.6% 
2nd 3-node 25.02 4.6% 21.28 6.6% 
3rd 4-node 48.04 3.4% 40.70 5.9% 

2.3 Fluid structure interaction model  
A two-way Fluid Structure Interaction framework is 

proposed in this study as a first time to study the hydroelastic 
response of a containership in regular waves via an elaborate 
 coupling library “preCICE” [28].  
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F I G U R E 9 ： F L UI D S T R U C T U R E I N T E R A C TI O N W O R K F L O W .

T h e m ai n c o nfi g ur ati o n  is s h o w n i n Fi g ur e 9. A p ar all el  

i m pli cit  al g orit h m w as  a p pli e d  t o  c o u pl e  t h e  fl ui d  s ol v er 

“ O p e n F o a m ”  a n d  s oli d  s ol v er  “ C al c uli X ”  u si n g  a  p e er -t o-

p e er a p pr o a c h  as s h o w n i n Fi g ur e 9. T w o offi ci al a d a pt er s, 

O p e n F O A M a d a pt er [ 2 9 ] a n d C al c uli X a d a pt er [ 3 1 ] ar e  pl u g 

i n f or d at a c o m m u ni c ati o n s. A n i m pr o v e d I Q N-I L S m et h o d 

w as  e m pl o y e d  t o st a bili z e  a n d  a c c el er at e  t h e  c o u pli n g  

it er ati o n s. T o m a p t h e d at a b et w e e n  a p air of n o n -m at c h e d 

gri d s of  fl ui d a n d s oli d m es h es , th e n e ar est n ei g h b or m a p pi n g 

s c h e m e w as  u s e d  w hi c h is a fir st or d er m et h o d a n d it  dir e ctl y 

m a p p e d  t h e  d at a  t hr o u g h t h e cl o s est n o d es . As  s h o w n  i n  

Fi g ur e 1 0 , t h e fl ui d m es h d e n sity w as d esi g n e d fi n e r t h a n t h e 

s oli d m es h , i n or d er t o c al c ul at e t h e fl ui d f or c e m or e pr e cis el y  

a n d eli mi n at e  t h e n u m eri c al i nst a bilit y at t h e i niti al c o n diti o ns . 

T h e c o n sist e nt m a p pi n g w as  a p pli e d f or t h e tr a n sf or m ati o n of 

dis pl a c e m e nts,  w hil e  a  c o n s er v ati v e  m a p pi n g  w as  u s e d f or 

f or c es f or e n er g y b al a n c e.  

 

F I G U R E 1 0 :  W E T S U R F A C E S  B E T W E E N  F L UI D  A N D 

S O LI D . 

3.  R E S U L T S  

I n  t his  s e cti o n,  th e gl o b al  s hi p  m oti o n s a n d 

c orr es p o n di n g h y dr o el asti c b e h a vi or s of t h e S 1 7 5 

c o nt ai n er s hi p at w a v e l e n gt h (λ/ L = 1. 2)  wit h a f or w ar d s p e e d 

of 𝐹𝐹 𝑛𝑛 = 0. 2   ar e  a n al y z e d.  T h e c as e w as r u n p ar all el u si n g  

m ulti -n o d es  (8 0 c or es ) o n H P C, t h e a v er a gi n g ti m e st e p w as 

s et as 0. 0 0 2 s. T h e si m ul ati o n w as r u n u p t o 5 c o m pl et e w a v e 

p eri o d s f or att ai ni n g st a bl e r es ults a n d t h e r e q uir e d p h y si c al 

ti m e w as a b o ut 3 0 0 h o ur s.  

T h e  ti m e  s eri es  of  fl e xi bl e s hi p  h e a v e  m oti o n s w er e  

m o nit or e d o n t h e  r e al-ti m e dis pl a c e m e nt of t h e b e a m n o d e 

cl o s e t o t h e s hi p gr a vit y c e nt er, as s h o w n i n  Fi g ur e 1 1 . T h e 

fl e xi bl e  s hi p  r es p o n s es  of  c urr e nt s hi p -w a v e  m at c hi n g  

r es o n a n c e c as e s h o w e d a sli g htl y l o w er v al u e at t h e p e a k b y 

a b o ut 1 5 % w h e n c o m p ar e d t o t h e ri gi d b o d y c as es.  

 

F I G U R E 1 1 : C A L C U L A T E D  H E A V E  M O TI O N  A T  λ

/ L = 1. 2. 

I n  a d diti o n,  t h e  c orr es p o n di n g  pit c h  m oti o n s  of  b ot h  

fl e xi bl e a n d ri gi d b o d y c as es ar e  pr es e nt e d i n Fi g ur e 1 2. B ot h 

h e a v e a n d pit c h r es ults ar e  i n r e g ul ar a n d si n u s oi d al s h a p es, 

w hi c h  i n di c at e  t h e  s uit a bilit y  of t h e pr es e nt  s ol v er s  o n  

s e a k e e pi n g. 

 
F I G U R E 1 2 : C A L C U L A T E D PI T C H M O TI O N A T λ / L = 1. 2. 
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It is w ort h m e nti o ni n g  t h at t h e str u ct ur e s ol v er C al c uli X 

d o es n ot h a v e a n i nt er n al r ot ati o n al d e gr e es of fr e e d o m [ 3 0]. 

T h er ef or e, t h e pit c h a n gl e w as  c al c ul at e d u si n g t h e r el ati v e 

diff er e n c e r ati o b et w e e n t w o a dj a c e nt n o d es of v erti c al a n d 

h ori z o nt al dist a n c e s b as e d  o n a li n e ar a p pr o xi m ati o n e q u ati o n 

as gi v e n i n E q u ati o n  7.    

θ = a r ct a n �
𝐹𝐹 𝑛𝑛 − 𝑧𝑧 𝑐𝑐 + 1

𝑥𝑥 𝑐𝑐 − 𝑥𝑥 𝑐𝑐 + 1
� ∗

1 8 0

𝜋𝜋
                        (7)  

w h er e , θ  is t h e pit c h a n gl e i n d e gr e e, s u b s cri pt c  p oi nts t o  

t h e b e a m n o d e  at s hi p gr a vit y c e nt er ,  a n d 𝑐𝑐 + 1   m e a n s  t h e 

c orr es p o n di n g a dj a c e nt n o d e  s e q u e n c e. T h e r a w pit c h d at a is 

gi v e n i n r a di a n s, t h er ef or e, a f a ct or of 1 8 0/ π  is m ulti pli e d t o 

c o n v ert it i nt o d e gr e es.  

T h e R A Os of s hi p m oti o n s w er e esti m at e d  b y u si n g  t h e 

m oti o n d at a  a n d  w a v e  a m plit u d e s fr o m t h e  l ast  t w o  st a bl e  

w a v e p eri o d s . T h e s e  R A O  r es ults w er e  t h e n c o m p ar e d wit h 

t h e  c o-si m ul ati o n  r es ults  fr o m Ji a o  et  al.  [ 5]  a n d  t h e 

e x p eri m e nt al d at a fr o m C h e n et al. [ 3 2] as  s h o w n i n Fi g ur e 

1 3.  T h e  h e a v e  ( z)  a n d  pit c h  ( θ  ) m oti o n s ar e  n o n -

di m e n si o n ali z e d  b y  z / ξ   a n d θ / k ξ  ,  w h er e ξ   is esti m at e d 

w a v e  a m plit u d e , r es p e cti v el y. Fr o m  Fi g ur e  1 3,  t h e  pr es e nt  

h e a v e R A O s ar e  f o u n d t o  b e  1 6. 3 % l o w er t h a n  t h e  c o-

si m ul ati o n  r es ults  a n d  1 8. 0 %  l o wer  t h a n  t h e  e x p eri m e nt al  

d at a. T h e  d efi ci e n ci es  m a y  b e  c a u s e d b y t h e i n c o n sist e nt 

s el e cti o n s  of c o u pli n g  m et h o d s,  str u ct ur e  s ol v er  

d e m o n str ati o n s, as w ell as t h e ti m e st e p r es ol uti o n s b et w e e n 

t h e  e xisti n g  s ol v er s  a n d  c o m p ar ati v es . A  c o m pr e h e n si v e  

c o n v er g e n c e t est i n cl u di n g m es h d e n siti es  a n d ti m e st e p si z es 

will b e st u di e d i n t h e f ut ur e. M or e o v er, th e c al c ul at e d pit c h 

R A Os  s h o w  a g o o d  a gr e e m e nt  wit h  t h e  e x p eri m e nt al  d at a  

[ 3 2].   

 

F I G U R E 1 3 : S HI P R A O s A T λ/ L = 1. 2  C O M P A R E D WI T H 

LI T E R A T U R E S . 

T h e p e a k s  of  v erti c al  b e n di n g  m o m e nt  ( V B M)  w er e  

e xtr a ct e d  at t h e  s hi p  mi d -s e cti o n a n d  c o m p ar e d  wit h  t h e  

r es ults fr o m  c o-si m ul ati o n  [ 5] as s h o w n  i n  d as h e d  li n es i n 

Fi g ur e 1 4. I n a d diti o n, t h e fir st h ar m o ni c of w a v e b e n di n g 

m o m e nt  w as  e xtr a ct e d  fr o m  t h e  t ot al  V B M  c o m p o n e nt  b y  

u si n g  b a n d wi dt h  p ass filt eri n g,  a n d  its p e a k s  ar e  s h o w n  i n  

s oli d li n es i n Fi g ur e 1 4. O v er all, t h e m a g nit u d e s of t h es e p e a k 

v al u es fr o m t h e pr es e nt F SI m o d el w er e  g e n er all y l o w er t h a n 

t h e r es ults fr o m t h e c o -si m ul ati o n. 

 
F I G U R E 1 4 : C O M P A RI S O N S O F V B M P E A K V A L U E S . 

T h e  h o g gi n g  a n d  s a g gi n g  p e a k  v al u es  at  e a c h  s hi p  

s e cti o n s i n t h e c as e of λ / L = 1. 2 w er e f urt h er c o m p ar e d wit h 

t h e c o-si m ul ati o n r es ults [ 5], w hi c h  ar e pr es e nt e d i n Fi g ur e 

1 5. T h e  V B M  (M ) is n o n -di m e n si o n ali z e d b y  M / ρ g 𝐿𝐿 2 𝐵𝐵 𝐵𝐵 . As 

c a n b e s e e n i n Fi g ur e 1 5, t h e r es ults i n di c at e si mil ar tr e n d s of 

t h e  h o g gi n g  a n d  s a g gi n g  c ur v es b et w e e n  t h e pr es e nt  F SI  

m o d el a n d  t h e c o -si m ul ati o n m o d el , e x c e pt w h e n t h e  p e a k 

v al u es ar e  l o w er i n g e n er al as n oti c e d a b o v e . F r o m Fi g ur e 1 5 , 

b ot h m o d els s u c c essf ull y c a pt ur e d  t h e as y m m etr y b e h a vi or of 

h o g gi n g a n d s a g gi n g m o m e nts  al o n g t h e s hi p s e cti o n s. T h e 

p e a k  v al u e  of  h o g gi n g  V B M  o c c ur r e d at s hi p  1 0 t h s e cti o n, 

w hi c h  w as  e vi d e n c e d  fr o m  b ot h  t h e pr es e nt  F SI  a n d  c o -

si m ul ati o n m o d el . H o w e v er, t h e p o siti o n of t h e tr o u g h p e a k 

v al u es  of  s a g gi n g  V B M  fr o m  c o-si m ul ati o n  a p p e ar s  at  9 t h 

s e cti o n c o m p ar e d wit h 1 0 t h s e cti o n fr o m t h e pr es e nt m o d el.  

 

F I G U R E  1 5 ：： C O M P A RI S O N S O F V B M A L O N G S HI P 

S E C TI O N S . 
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4. CONCLUSION 
In this study the seakeeping and hydroelastic behavior of 

a flexible S175 containership has been modelled through an 
open-source coupling FSI framework. The resonance case of 
the ship in question in head waves was investigated and 
validated by comparing the ship motions and VBM results 
with the experimental measurements [32] and co-simulation 
FSI packages results [5]. The vertical motions predicted by 
the present FSI model generally agreed well with 
experimental results, except the heave RAOs. The peak 
values of ship total VBM and hogging/sagging moments 
showed similar trends with the co-simulation results. In 
general, this study showed the present FSI codes capacity to 
predict the hydroelastic behavior of a containership in 
heading waves. Future pieces of work will focus on more 
extensive studies on different wave conditions as well as ship 
forward speeds and on the extreme wave effects on flexible 
ship responses by performing the models in short-crested 
irregular waves.  
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