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ANALYZE OF THE DYNAMIC PERFORMANCE IN WAVE
FOR A FLOATING TYPE WHARF IN SANSHA, SOUTH
CHINA SEA

ABSTRACT

Due to the effect of seabed topography in Sansha South China Sea, water depth dips when it
closes to islands. In this situation, some ships can not be berthed near the islands, especially for
those ships which have large draft. In order to deal with this problem, a typical type of floating
type wharf is applied to the area.

By means of the CFD solver called naoe-FOAM-SJTU, which is designed for naval
architecture and ocean engineering by our team, we can analyze the dynamic characteristics of the
floating type wharf and its mooring system with CFD method. This paper analyze and compare
the motion response of the floating type wharf in six degree of freedom and the variation of
tension for the mooring lines in different types of incident waves. In addition, we will discuss the
influence of different types of materials which the mooring lines adopt.

In this paper, two values of the period for incident waves are discussed, and two types of
mooring-line materials are compared through control variate method, and also the influence of
wave direction is analyzed in detail. The work of my research can be separated into three steps.
The first step is to establish the model of the Sansha floating type wharf through Pro/Engineer
wildfire 5.0, and divide gridding for future calculation through Pointwise software. The second
step is to numerical simulate the model in corresponding working conditions and record the data.
The last step is to analyze the data we get in step two and make a general conclusion. As is
discussed above, the key point of establishing the model of the floating type wharf is to make an
appropriate assumption for physical parameters of the Sansha floating type wharf. Because the
physical parameters are not given completely, | have to set the density for the model according to
some relevant references, and the other parameters can be calculated out by Pro/Engineer.

The results of this paper give a prediction of the dynamic performance for the Sansha floating
type wharf. And because satisfactory results are obtained, we consider naoe-FOAM-SJTU is
capable to handle motion response problem and mooring-line tension problem of floating structure
in waves.

Key words: floating type wharf, Open-FOAM, naoe-FOAM-SJTU, 6 Degree of Freedom,

mooring system
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ANALYZE OF THE DYNAMIC PERFORMANCE IN WAVE
FOR A FLOATING TYPE WHARF IN SANSHA, SOUTH
CHINA SEA

Due to the effect of seabed topography in Sansha, South China Sea, water depth dips when it
closes to islands. In this situation, some ships can not be berthed near the islands, especially for
those ships which have large draft. In order to deal with this problem, a typical type of floating
type wharf is applied to this area. Compared with traditional methods for solving the berthing
problem of large-draft ships, such as sea reclamation or excavation of seabed, setting floating type
wharf has its unique advantages. Firstly, setting floating type wharf doesn’t have to change the
form of seabed in this area, thus protecting the marine environment, and this is especially
important for an area which depends on tourism industry like Sansha. Secondly, floating type
wharf costs relatively less if well-designed and mass-produced. Thirdly, most floating type wharfs
can be recycled thus saving resources and energy. And because we can benefit a lot from floating
type wharfs, it is significant for us to study the dynamic performance of floating type wharfs in
wave to help design it.

A floating type wharf is combined with a trestle and a floating body. By appropriate
designing, the floating type wharf can be applied to deep water area which make the berthing
available for large-draft ships. By means of the CFD (Computational Fluid Dynamics) solver
called naoe-FOAM-SJTU, which is designed for naval architecture and ocean engineering by our
team, we can analyze the dynamic characteristics of the floating type wharf and its mooring
system with CFD method. Compared with methods based on potential theories, CFD method takes
flow viscosity into consideration while the methods of potential theories don’t. The solver
naoe-FOAM-SJTU developed on the foundation of open source CFD toolkit OpenFOAM.
Through elaborate development, the naoe-FOAM-SJTU now has many capabilities, such as the
wave generating module, 6DoF module and naoeFOAM-ms module. The wave generating module
can generate different types of waves. The 6DoF (6 degree of freedom) module enables
naoe-FOAM-SJTU solver to handle large-motion problem of ships and floating structures. And
the naoeFOAM-ms module enables naoe-FAOM-SJTU solver to deal with mooring systems. The
three modules which are described above are the main tools | used to deal with the floating type
wharf problem.

In this paper, two values of the period for incident waves are discussed, and two types of
mooring-line materials are compared through control variate method, and also the influence of
wave direction is analyzed in detail. The work of my research can be separated into three steps.
The first step is to establish the model of the Sansha floating type wharf through Pro/Engineer
wildfire 5.0, and divide gridding for future calculation through Pointwise software. The second
step is to numerical simulate the model in corresponding working conditions and record the data.
The last step is to analyze the data we get in step two and make a general conclusion. As is
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discussed above, the key point of establishing the model of the floating type wharf is to make an
appropriate assumption for physical parameters of the Sansha floating type wharf. Because the
physical parameters are not given completely, | have to set the density for the model according to
some relevant references, and the other parameters can be calculated out by Pro/Engineer.

This paper consists of seven chapters and the brief introduction of each chapter is as follows:

In chapter one, the background information of my subject is introduced, and also the purpose
and significance of this research is discussed. Moreover, a brief introduction to the concepts of
floating type wharfs and several types of common mooring systems is given. In addition, this
chapter points out my research methods and working direction.

In chapter two, the theories those related to the software | used in this research are
systematically introduced. And the way the naoe-FOAM-SJTU realize these theories is also
discussed simply. From my perspective, the two main theories of this research are the so-called
6DoF motion theory and mooring-line force theory. To be more specific, the 6DoF theory bases on
three-dimension kinematics and can solve motion response problem in 6 Degree of Motion if
initial conditions, boundary conditions and acting force are given. The mooring-line theory based
on differential method and can calculate out the tension of mooring lines. However, the progress
of the calculation is simplified and some data is approximated, and the result of the mooring-line
force can be regarded as part of acting force which is applied to the floating type wharf.

In chapter three, the model of Sansha floating type wharf and its working condition is
introduced. And the progress of how the model established and how the gridding divided is briefly
illustrated. Additionally, this chapter gives detailed parameters about the sponge area, the
simulation of incident waves and the materials which the mooring lines adopt. This chapter is the
foundation of my numerical calculation.

In chapter four, the influence of the period of incident wave on motion response of the wharf
and tension variation of the mooring lines is discussed in detail through control variate method.
According to some information about the Sansha sea conditions, 5s and 6s are chosen for the
period of the incident wave as my object of study. Through carefully comparing and analyzing, |
find that the main effect of incident-wave period on wharf is the range of motion response and the
magnitude of mooring-line force. To be more specific, the bigger the value of incident-wave
period is, the larger the motion range and force magnitude is, and this can simply be explained as
the difference of wave energy that is delivered to the wharf. No matter the period of incident wave
is 5s or 6s, the wharf has a tiny excursion in the surge dimension along the wave direction. And
just as expected, the floating type wharf moves periodically according to the period of incident
wave. As for the mooring-line force, the tension of mooring line #1, #4, #5 and #8 change more
evidently because their tension has more component force along the wave direction.

In chapter five, the influence of materials which the mooring lines adopt are discussed in
detail through control variate method. The result of my calculation indicates that the performance
of the so-called material one is better than material R4S for the mooring lines of this floating type
wharf. On account of different geometrical form of the mooring lines, larger initial tension should
be given for mooring lines of R4S material than that of material one to provide equal initial
vertical tension. In this situation, the R4S mooring lines provide larger initial horizontal tension
than mooring lines of material one, thus making the magnitude of the excursion for the moving
center of wharf less. However, the difference of initial horizontal tension doesn’t, at least not
distinctly, affect the amplitude of motion response in six degree of freedom. Moreover, just like
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the phenomenon in chapter four, the floating type wharf moves periodically according to the
period of incident wave as well.

In chapter six, the 6DoF motion response of the floating type wharf in oblique incident wave
which is 45-degree angle to x-axis is discussed in detail, and the variation of tension is also
analyzed. The result shows that the range of motion for the wharf is relatively smaller compared
with that in head wave, and this phenomenon can be simply explained that the size of this wharf in
y-axis direction is larger than that in x-axis direction. And of course, the motion response of the
floating type wharf is more complicated in oblique incident wave situation. In the condition when
the floating type wharf is in head wave, because of geometrical and mechanical symmetry in
y-axis direction, the magnitude of motion response in yaw, roll and sway dimension is so tiny that
can be ignored. While in the condition when the floating type wharf is in oblique incident wave,
on the contrary, there is no more symmetry and the motion response in surge, sway, heave, pitch,
roll and yaw is all significant. And as for the mooring-line force, the tension of mooring line #1,
#2, #5 and #6 change more evidently because their tension has more component force along the
incident wave direction.

Chapter seven summarizes the whole work of this paper and gives an organized conclusion
of my research. Additionally, the prospect of my future research work is also given in this chapter.
From my perspective, the dynamic performance of multi-material mooring lines is worthy of
being further studied. And the detailed influence of incident wave direction is worth more
attention and consideration. And in order to improve and develop the capability of
naoe-FOAM-SJTU solver, | will concentrate more on theory study and computer programming.

The results of this paper give a prediction of the dynamic performance for the Sansha
floating type wharf. And these results can also be referred to when similar type of floating type
wharf is designed or manufactured. And because satisfactory results are obtained, we consider
naoe-FOAM-SJTU is capable to handle motion response problem and mooring-line tension
problem of floating structures in waves.



