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Abstract. In rough seas, large masses of water will exceed the freeboard and cause violent
slamming on the deck, known as green water. Due to its high destructive power, many scientists
have devoted themselves to the study of green water. Given the complexity, various simplified
methods have been used to study the mechanism and stresses of green water. In this paper, the
loads and patterns of green water events on a fixed structure with rigid or flexible sidewalls were
investigated using the solver MPSFSI-SJTU based on the Moving Particle Semi-Implicit (MPS)
method coupled with the Finite Element Method (FEM). The rapid flow-structure interaction is
generated by the wet dam-break method. Firstly, the numerical simulation of the water shipping
events with the rigid structure was carried out, which was in good agreement with the existing
numerical simulation results. Secondly, numerical simulations were carried out for different
cases of fixed structures with elastic side wall and elastic upper wall. The influence of elastic
modulus on wave loads and waveform was analyzed.

1. Introduction

Marine structures are vulnerable to wave intrusion. In severe sea conditions, these incoming waves are
likely to exceed the freeboard, board the deck and spread on the deck. This phenomenon is called green
water or water shipping 1. Green water in rough sea conditions will cause adverse effects such as
damage to superstructure and hull structure, accidental overloading of ships, injury to people, damage
to equipment, etc. For ships and other marine structures, it is of great practical importance to study the
physical mechanism of the wave on deck, to predict the wave on deck and to assess the impact on the
safety and performance of ships and offshore platforms.

The phenomenon of green water has been studied by experimental @, theoretical ! and numerical
methods. The current research mainly focuses on the identification of types of green water events 1, the
evolution process of the water on the deck I, the wave loads [ and so on. With the development of
computer technology, Computational Fluid Dynamics (CFD) methods based on the meshless method
and mesh-based method [®1 have been used to study the green water phenomena. The meshless method
needs to introduce special free surface processing methods when dealing with problems such as wave
surface rolling, crushing and splashing. Compared with the mesh-based method, the particle-based
method does not require additional interface capture or reconstruction algorithms, and can follow free
surfaces with arbitrary large deformation. It has natural advantages in simulating large deformation of
free surface ¥, and scholars have done a lot of research work, for instance, dam-break flow 1011 water
entry problems 129, the liquid sloshing problems 2, wave-ship interaction [*31, multiphase flow &4, fluid-
structure interaction [*>16 and so on.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



The 12th International Workshop on Ship and Marine Hydrodynamics IOP Publishing
IOP Conf. Series: Materials Science and Engineering 1288 (2023) 012016 doi:10.1088/1757-899X/1288/1/012016

Many scientists have used particle methods to study the phenomenon of green water. Shibata et al.
[171 simulated the water shipping phenomenon on the bow deck of a three-dimensional fixed ship under
the action of solitary waves, using the MPS method to predict the impact pressure on the deck. The wave
pattern, wave height and impact pressure on the deck were compared with the experiment, and good
consistency is obtained. Kawamura et al. [*8 applied the Smoothed Particle Hydrodynamics (SPH)
method to predict the motion of fishing vessel under green water conditions produced by steep regular
wave and this SPH simulation presented the shipping water events and wave reflection well. Based on
the MPS method, Zhang et al. 2% studied the green water phenomenon of solitary waves impacting a
plate structure, analyzed the trend of the impact loads on the plate and the wave evolution process under
the interaction between solitary waves and structures.

It is worth mentioning that the above simulations simplify the structure as a rigid model. In the recent
CFD numerical simulation of the deck wave, some scholars have also carried out numerical simulation
of the elastic structure: Qin et al. 2% studied the wave phenomenon on the deck caused by freak waves
and the structural response of the deck. A horizontal elastic bare deck with elastic support in the middle
of the deck was set in the flume. Qin et al. ?% compared the results of rigid deck, elastic bare deck and
elastic deck with intermediate elastic support, and found that although deck elasticity has little effect on
the overall evolution of fluid motion, it has a great influence on local fluid pressure. The stiffener
(intermediate elastic support) will significantly affect the structural response frequency and deformation.
Yu et al. 1 developed a fully coupled nonlinear three-dimensional hydroelastic method to study the
vibration response of large ships. The numerical model consists of three-dimensional boundary element
method, one-dimensional Euler-Bernoulli beam model and two-dimensional generalized Wagner model.
In the experimental research part, the wave load on the deck is considered. The ship model is tested in
large amplitude regular waves. The impact pressure and nonlinear vertical bending moment are
measured. It is found that the nonlinear model proposed by numerical simulation produces similar results
to the experimental model. In addition, the effects of elastic mode and nonlinearity on the numerical
results are analyzed. Zhang et al. ??proposed a coupled MPS and FEM method for the numerical study
of the interaction of regular waves with horizontally suspended structures. The fluid domain calculated
by the MPS method was discretized into fluid particles and the structural domain solved by the FEM
method was discretized into beam elements. The interaction of the regular wave with the rigid structure
was analysed and was in good agreement with the experiment. On this basis, the dynamic response of
the structure under the action of wave impact was investigated by considering the elasticity of the
structure, including the evolution of the free surface, the variation of the wave impact pressure, the
velocity distribution and the deformation response of the structure.

Green water events are complex phenomena that occur rapidly. To investigate the features and loads
generated by isolated green water events, systematic alternative method has been used. Herndndez-
Fontes et al. (*] proposed the use of the wet dam-break approach to identify patterns of shipping water
on a barge-shaped fixed structure. This method is simple and easily reproduced and can be used to
observe the mechanism of the green water phenomenon. In this paper, a numerical simulation study
would be carried out based on this approach. The loads and patterns of green water events on a fixed
structure with rigid or flexible sidewalls were investigated using the solver MPSFSI-SJTU 22 based on
the Moving Particle Semi-Implicit (MPS) method coupled with the Finite Element Method (FEM) in
this paper. The rapid flow-structure interaction is generated by the wet dam-break method.

2. Numerical methods

In this paper, the fluid-structure interaction problems were investigated by the MPS-FEM coupled
method. The fluid domain was solved by the MPS method, and the deformation and force of the structure
were calculated by FEM method. The detailed content of this part of the theory can be found in the paper
of Huang et al 24,

2.1. Numerical method for fluid analysis
Our previous papers have introduced the MPS method in detail, including the governing equation,
boundary condition, and so on. In this section, these theories are briefly introduced.
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The governing equations of the fluid particles for the MPS method are the continuity equation and
the momentum equation. And the equations are expressed in Lagrangian form as follows,
V-V=0 (1)
5=V 4 g )
As can be seen from the above formulas, due to the Lagrangian nature of the MPS method, there is
no convection term as there is in the mesh-based methods.
The interaction between particles is determined by the kernel function in MPS method. Various forms
of kernel functions have been proposed. The kernel function used in this paper can be written as

Te
W(r) = {0.85r+0.15re —10sr<r 3)
0 Te<T
where r is the distance between two particles, r. denotes the influence radius of the target particle. The
value of re is also different in different particle interaction models. It can be seen that when two particles
are quite close together, the value of the kernel function is not too large because the denominator is not
close to 0. This avoids the oscillation of the fluid pressure field and makes the calculation more stable.
In order to solve the governing equation, the velocity divergence V - V, the pressure gradient Vp and
other terms must be discretised. This is accomplished by the interaction model between particles. The
models that are used in this paper can be written as,

V) = 5 E ey o (= 1) Wl — 7] @
j—ri
V- @), = 55 LT Wy — ) )
j—ri
(V2); = == Tjui( B — 1) - W(|r; = 74]) (6)

SjeiW(lrj=ri))Irj=ril’ @
LjeiW(|rj-ri])

where ¢ and @ represent to arbitrary scalars and vectors respectively, D is the number of space

dimensions, r; ; is the position vector, 4 is a parameter and expressed as equation (7), and n’ is the initial

particle number density. The value of r. in different particle interaction models is shown in table 1. In

the table, /, is the initial spacing of particles.

A=

Table 1. The value of re in different particle interaction models.

Particle interaction model re
Gradient model le gra = 2.1*lo
Divergence model re div=2.1*lo
Laplacian model re 1ap = 4.01*1o

In the MPS method, the pressure of particles is calculated using the Pressure Poisson Equation (PPE).
Unlike the explicit method for solving the equation of state in the SPH method, this is a semi-implicit
method.

In this paper, a mixed source term method is used to solve the PPE. This solution combines the
velocity divergence-free condition and the constant particle number density condition, which can be
written as:

ky._,0
(V2pAHhy = (1 —p) Loy -y L0 ®
where P!, At and V;" represent the pressure of the step k+/, time step and temporal velocity
respectively. y is the weight parameter. In this paper, the value of y set to 0.01. #*is the temporal particle
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number density and it is defined as the sum of the kernel functions of all particles in the support domain,
which can be written as:

M) =X W(|r; — 1)) )

Dirichlet boundary conditions must be imposed on the free surface particles to solve the PPE.
Therefore, accurate detection of free surface particles is very important for accurate calculation of fluid
pressure. In this paper, the particle number density is used to judge the free surface particles. If the
particle number density satisfies the expression,

(<")i/n0) <08 (10)

the particle will be determined as a free surface particle. When (<n)i/n0) > 0.97, the particle is
regarded as an internal particle. For the particle with number density which satisfies the expression0.8 <

(<n>i/n0) < 0.97, additional judgment conditions need to be introduced. There is an improved surface

particle detection method based on the asymmetry arrangement of neighbouring particles for the surface
particles. And a vector function (F); is introduced for this method which can be written as:

D (rj-ry)
(F); = FZjiiJ—Wdrj -7 (11)

|rj—r

here particles satisfying (F);> 0.9|F|° will be regarded as free surface particles, and |F|° is the initial
value of |F| for surface particles.

There are two types of boundary conditions in the MPS method, the free surface boundary conditions
and the solid boundary conditions. For the free surface boundary, the pressure of the free surface
particles is set to zero. In the MPS method, the solid boundary consists of several layers of particles,
including one layer of wall particles and two layers of ghost particles. The wall particles are used to
exert repulsive forces on the fluid particles, and the function of the ghost particle is to complete the
support domain of the fluid particles near the boundary to avoid the phenomenon of the fluid particle's
influence domain being truncated by the boundary. The pressure of the wall particles is calculated by
the PPE to be the same as that of the fluid particles. While the pressures of the ghost particles are
obtained by interpolation.

2.2. Numerical method for structure analysis

The structure domain is calculated using the FEM method. In this paper, the two-dimensional plate
element is used to discretise the structure. The governing equation is the dynamic balance equation of
discrete elements, which can be written as:

My +Cy+Ky=F (12)

In order to simplify the calculation process, Rayleigh damping matrix is used in this paper, as the
equation 13 shows, the matrix C is assumed to be a linear combination of M and K, where 1 and /3, are
the Rayleigh damping coefficients. According to Newmark, the structural node displacement at t=t+At
can be solved with the help of Taylor’s expansions of velocity and displacement:

Vewar = Ve T (L= V)VeAt + ¥ Vi42:4,0 <y < 1 (14)

. 1-206 .. .
Yerar = Ve + YAt + Tﬁytﬂtz + BYrracdt?,0< B <1 (15)
where £ and y are parameters in the Newmark- 8 method and set as = 0.25, y = 0.5 in this paper. The

nodal displacements at ¢ = ++A¢ can be solved by the following formula:
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Kyeine = Froae (16)
R= K+a0M+a1C (17)
Fiiae = Fr + M(apy: + azye + azje) + C(ayye + agye + asyy) (18)
-1 - v -1 -1 _ Y _ _At(y
Qo = paez' 1 T a0 G2 = g 43 = 50 1'a4_ﬁ 1as = Z(ﬁ 2)’
ag = At(1—vy),a; =yAt (19)

where K and F are effective stiffness matrix and effective force vector, respectively.

2.3. Determination of time step
For the fluid domain, the Courant-Friedrichs-Lewy (CFL) condition is used to set the time step Ats for
MPS method. The CFL condition can be written as:

Aty < 20 (20)

Umax

where C is the Courant number between 0 to 1.
For the structure domain, the time-step Ats for the FEM method should satisfy the central difference
method, which can be written as:

Aty < Zmin (21)
Cs

_ Es(1—us)
Cs = \/ ps(1+us)(1-2p5) (22)

where Es, us and ps denote the Young’s modulus, Poisson’s ratio, and density of structure, respectively.
To ensure numerical stability, the time-step At, employed in FSI solver needs to satisfy both the
requirement for the fluid and structure domain, which can be written as:

At < min {Aty, Atg} (23)

For the flexible structures, the time step of the structure domain is larger than that of the fluid domain.

However, for the simulation between the stiff structure and the high velocity fluid, the time step of the

structure domain would become smaller than that of the fluid domain. Therefore, when dealing with the

fluid-structure interaction problem, the time step for the fluid domain and the structure domain should

each be judged according to the specific situation. The correct setting of the time step can improve the
efficiency and keep the calculation stable.

where C can be defined as,

2.4. Coupling algorithm between the MPS and FEM method
As shown in Figure 1, the coupling between the MPS method and the FEM method is realised by the
CSS method. In Figure 1, u represents the velocity of the structure and p represents the pressure of the
fluid. Once the nodal displacement and velocity of the structure at the nth time step are known, we can
get the velocity and pressure from the fluid solver. Then, if we load the pressure on the structure as an
external force, we can get the new displacement and velocity from the structure solver. These new
structural node displacements and velocities are then transferred to the fluid solver in the next step.
The interface condition of displacement and traction equilibrium needs to be satisfied. Thus, an
interface interpolation algorithm is employed, which can be written as:

uf =u’ (24)

p'n” = —p*n’ (25)
where n® and n™ are normal vectors for interface particles in the structure and fluid domain respectively.
The Kernel Function Based Interpolation Technique (KFBI) is then used for data interpolation,
including force transformation and displacement transformation. The force is transformed from the fluid

F
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domain to the structural domain, and the displacement is transformed from the structural domain to the
fluid domain. The schematic diagram of the transforms is shown in Figure 2.

As shown in figure 2, for structure node n, if the distance between the boundary particle and structure
node is smaller than the interpolation effective radius re ; of interpolation, the boundary particle j of the
fluid domain will be denoted as a neighbour particle of structure node. In this paper, according to
previous research, the value of effective radius re ; is set as 0.5*r. gra, Which is slightly larger than lo.
The weighted value of the fluid force of the neighbour particle W(|rj-rx|) is calculated based on (3). Then,
the equivalent nodal hydrodynamic pressure p,° corresponding to the node n is estimated by the weighted
value of pressure components regarding to the neighbour boundary particles and defined as,

s Spptw(r-ra)
— 26
m = S W) (26)

Figure 2 also shows the deformation transformation. If the distance between the structure node and
boundary particle m is smaller than the interpolation effective radius re ; the displacement of the
boundary particle m is calculated by the neighbouring node displacement. Then displacement of
boundary particles ws" can be obtained by the interpolation based on the kernel functions W(|ri-rm|), and
the nodal velocity ui, which can be written as:

Fo_ Zi8eWri=rml)
Wm = S Wiri—rm) @7)
tn @ t n+l
Fluid solver — / /

structure solver

CSS coupling algorithm

Figure 1. Schematic diagram of partitioned coupling strategy between
fluid and structure field.

Element Element

®
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® 9 °
'y
| ®
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® °
®e
®
@ Fluid particle ® Node @ Fluid particle ® Node
@ Wall particle Ghost particle @ Wall particle Ghost particle
(a) The force interpolation (b) The displacement interpolation

Figure 2. The schematic diagram of the force interpolation and the displacement interpolation
method.
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3. Numerical Simulations

3.1. Rigid-body case

In this section, the structural dynamic response is ignored. The effectiveness of the MPS method and
the rigid body solving part of solver MPSFSI-SJTU was verified by the SPH simulation 2°. SPH
simulation used the wet dam-break method to generate the incident wave, and a fixed rectangular
structure was placed on the right side of the tank. The right wall of the tank can be regarded as the side
wall of the superstructure on the fixed structure.

L| | | ]
WP WP1! WP2! 4
i i i
i i i =
i i i &
i i i !
i H i Elementl
1 ] 1
e i 150 250 i 1 A
—r < A
- i i 120 < N
47 _ | i N i ' Element2
| X vi Water i I v
300 e 505 e 195
< _ 1000 T i

(Dimcnsions in mm)

Figure 3. The sketch of the water shipping model studied by Areu-
Rangel™], indicating the positions of the three wave probes and two
structural elements for the investigation of the hydrodynamic loads.

The simulation model of Areu-Rangel et al %1, is shown in Figure3. Three wave probes WP0, WP1
and WP2 have been arranged. The upper part of the right side two-dimensional fixed structure is a force
measuring element with a length of 0.18 m and a 0.15 m high force measuring element is arranged on
the left side of the structure. These settings were to measure water elevations of the incident wave (WPO
and WP1, Figure3), freeboard exceedance (WP2, Figure3), vertical loads on the deck (Element 1,
Figure3) and the horizontal loads of left side of structure. The remaining specific dimensions are also
shown in Figure3.

Figure 4. The model used in validation of MPS simulation.
In order to save computing resources, the model showed in Figure4 was used in MPS simulation,

which can achieve the same simulation goals as Areu-Rangel et al ?°1. Corresponding to the simulation
of SPH, the start time of MPS simulation in this paper was also set to 0.5 s. The simulation time interval
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was 0.0002 s, and the initial particle spacing was 0.001 m in this paper while the time-step algorithm
used was the Verlet and the initial particle spacing was 0.0005 m in SPH simulation.

Figure 5 shows the velocity field comparison diagram of SPH simulation and the simulation of the
MLParticle-SJTU solver used in this paper. It can be seen that the wave patterns and velocity fields of
these two simulations were very similar. After the incident wave reached the left side of the structure, it
broke, then the incident wave attacked the upper deck of the structure and climbed up along the right
side of the tank wall, then fell back and flowed down from the deck. In this process, a cavity appeared
near the left edge of the deck and then disappeared.
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Figure 5. Snapshots of the velocity fields of some relevant stages observed during
the simulations using the SPH method®?® and the MPS method.

038t +-+-+--SPH.Areu-Rangel (2021) o ---=--SPH.Areu-Rangel (2021) ] wskE o e SPH.Arcu-Rangel (2021) 4
—— MLParticle-SITU o030l MLParticle-SITU ] — MLParticle-SJ1U

Elevation (m)

Elevation (m)
§ =
3 o

\

g 8

f

),

Llevation (m)

1 ' L L 1 L
0.6 08 10 12 14 16 ]
Time (s)

(2) WPO (b) WP1 (c) WP2

Figure 6. Validation of the numerical approach: comparison of the wave elevations between the
SPH results and MPS results. (a) Water elevations at WPQ. (b) Water elevations at WP1. (c) Water
elevations at WP2.
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It can be seen from the water elevations measured at WP0O, WP1and WP2 in Fig.6 that the
elevations of SPH and MPS simulation were roughly the same, which proved that the wave
patterns of MPS simulation and SPH simulation in the left side of the tank were basically the same.

160 T T T T T T 140

4o L SPH.Areu-Rangel (2021) ] ok e SPH.Areu-Rangel (2021)

ML Particle-SJTU —— MLParticle-SJTU

100 -
100

Load (N)
Load (N)

80 - i 80
60 |- i

1
60
40 |-

40

1 L 1 L
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Ti s
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(a) Elementl (b) Element2

Figure 7. Validation of the numerical approach: comparison of the loads of elements between the
SPH results and MPS results. (a) Vertical loads of element 1. (b) Horizontal loads of element 2.

Figure7 shows the loads on Elementl and Element2, and the results of SPH and MPS were highly
consistent in terms of trends and values. In summary, the numerical simulation results using the MPS
method shown in this paper had a high similarity with the results of Areu-Rangel et al. 2%, which verified
the accuracy of the numerical simulation method of MPS used in this paper.

3.2. The influence of structural elasticity

In this section, the influence of structural elasticity is considered. Elementl and Element2 were taken as
elastic sidewalls respectively in this section. The density of the elastic sidewall was 7600 kg/m3, the
thickness was 8 mm and the modulus of elasticity was 35, 55 and 75 MPa respectively. The element
type used was beam and the effective radius of interpolation re ; was 0.003 m. Element2 is divided into
151 beam cells and Element1 into 186 beam cells.

L] | | |
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1 ] 1 =
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Figure 8. The sketch of the water shipping model studied by
Hernéndez-Fontes et al. %, indicating the positions of the three wave
probes and two structural elements for the investigation of the
hydrodynamic loads.
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Figure 9. The sketch of the model used in structural elasticity
simulation.

The time step of structure and fluid is 0.0002s. For comparison with the experimental results of
Hern&ndez-Fontes et al. %! for a rigid structure, a gate was added to this part of the numerical simulation
to simulate the opening of the gate in the experiment, which opened at a uniform speed of 1.6 m/s. Figure
8 shows the scale of the model and the location of the measurement points. Figure 9 shows a schematic
of the numerical model.

The simulation was first carried out with the left side of the structure being the elastic side wall.
Figure 10 shows the velocity diagram of the flow field and it can be seen that the higher the elastic
modulus, the smaller the deformation of the left-hand wall. In the elastic Element 2 case, the edges of
the waveform of the wave forming green water events started to become irregular and the velocity field
of the wave was less smooth.

Experiment:

Rigid:

35Mpa:

55Mpa:

75Mpa:

Velocity Magnitude
o] 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Figure 10. Snapshots found in the experiment of Hern&dez-Fontes et al. %] and MPS
simulations with different Young’s modulus.
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The results from the time history curves in Figure 11 show that the simulations in the rigid sidewall
condition are in good agreement with the experiments of Hern&ndez-Fontes et al. ?®l. The elastic sidewall
did not have a significant effect on the waveform of the left-hand side flow field of sidewall. The wave
heights calculated for the left side of the structure with or without the elastic sidewall are similar to the
experimentally measured wave heights calculated for the rigid object.

3 o MPS- 35Mpa (WP2)
MPS- 35M)] (WPO) = MPS- 35Mpa (WPI)

i cE0) o [ —— MPS- 55Mpa (WP2)|

MPS- 55Mpa (WPI) 4 G T R

MPS- 75Mpa (WP1) [ 'S- 75Mpa ( :v

—— MPS- Rigid (WP1) 4 —:\"'\—\l\lvildl\\l.v

- ExpAWPI) xp.(WP2)

|—— MPS- Rigid (WP0)
‘‘‘‘‘‘‘ Exp(WF0)

Elevation (m)
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Time (s) Time (s) Time (s)

(a) WPO (b) WP1 (c) WP2

Figure 11. Comparison of the wave elevations in the case of different elastic left walls. (a) Water
elevations at WPO. (b) Water elevations at WP1. (c) Water elevations at WP2.

As can be seen from the pressure time history curves in Figure 12, the pressure on the rigid body
measured using the MPSFSI-SJTU solver was greater than the experimentally measured pressure, but
the trend of the loads was very similar. The peak horizontal load on the Element 2 was greatest when
the modulus of elasticity was 75Mpa. The load on the Elementl decreased as the modulus of elasticity
decreased and the time of arrival of the peak value was also delayed. When the modulus of elasticity

was small, the deformation of the left-hand wall delayed the time at which the vertical load on the
Elementl reached its peak.
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Figure 12. Validation of the numerical approach: comparison of the loads of elements between the

experimental results and MPS results. (a) Vertical loads of element 1. (b) Horizontal loads of
element 2.

Next the simulation of the Element 1 as an elastic sidewall was carried out. Figure 13 shows the

velocity diagram of the flow field and it can be seen that the higher the elastic modulus, the smaller the
deformation of the Element1.
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Figure 13. Snapshots found in the experiment of Hern&dez-Fontes et al. 2l and MPS simulations
with different Young’s modulus.

The results of the time history curves for the wave probes show that the elastic Element 1 also had
less influence on the flow field on the left side of the structure.

035 . . . . - - - 28

—— MPS- 35Mpa (WP2)
Mpa (WP2)

—— MPS- 35Mpa (WPD) 026 — MPS- 35Mpa (WF1) | 0.16 |

—— MPS- $5Mpa (WPD) [ MPF5- 53Mpa (WPL) —— MPS- 75Mpa (WP2)
0.30 M. 75 4 — T5Mpa (WP i

MPS- 75Mpa (WPO) o2l MPS- 75Mpa (WPT) 014 - —— MPS- Rigid (WP2) | ]
—— MPS- Rigid (WPO) s, MPS- Rigid (WP1} Exp{WP2)

Exp(WPD)

e EXp(WPT)

022

020 F

0.18

Elevation (m)

Elevation (m)

0.16

0.14

0,12 [

010 L P P R . L 0 s
0 02 04 06 0.8 10 12 14 0 02

Time (s) Time (s) Time (s)

(2) WPO (b) WP1 (c) WP2

Figure 14. Comparison of the wave elevations in the case of different elastic right walls. (a) Water
elevations at WPO. (b) Water elevations at WP1. (c) Water elevations at WP2.

As can be seen from the pressure time history curve in Figure 15, the peak horizontal load of
Element2 did not differ for different modulus of elasticity of Elementl because the moment of peak
value of Element2 was reached when the wave did not reach Element1, independent of the modulus of
elasticity of Elementl. As the modulus of elasticity of Elementl becomes smaller, the smaller the peak
vertical load applied to Elementl1 and the more delayed the time to reach the peak load.
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Figure 15. Validation of the numerical approach: comparison of the loads of elements
between the experimental results and MPS results. (a) Vertical loads of element 1. (b)
Horizontal loads of element 2.

4. Conclusions

This paper used the MPSFSI-SJTU solver to numerically simulate green water events with fixed
structures with elastic sidewalls as well as rigid sidewalls. The rigid sidewalls were first simulated
numerically and the numerical simulation results were in good agreement with those of the SPH
numerical simulation. Subsequently, gate was added to the model and numerical simulations of fixed
structures with rigid sidewalls as well as elastic sidewalls were carried out and compared with
experimental results with rigid sidewalls. From the results we can see that the elastic sidewalls have
little effect on the flow field on the left side of the structure. In general, the higher the elastic modulus,
the smaller the deformation of the elements. The peak load on the Elementl decreased as the modulus
of elasticity decreased and the arrival of the peak value was also delayed.
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