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Numerical Modelling of coastal structure using SPH-based
DualSPHysics model
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Abstract. Coastal structures are implemented along the coasts as measures to counter coastal erosion and the
detrimental effects caused by sea waves. In order to maximize the efficiency of these structures, sea conditions
during extreme events should be taken into consideration as to avoid the occurrence of wave overtopping,
erosion and thus leading to structure failure. This study with the objective to identify the force exerted on several
coastal structures and overtopping occurrence under a variety of wave conditions will be compared with the
numerical results done by Dang et al., (2021). This study, however, focuses on three different structures; the
vertical wall, the trapezoidal wall and the stepped wall, and is simulated using DesignSPHysics, a new addition
to the open-source code named DualSPHysics. A simulation with no coastal structure is also presented in this
study. The cases take damping systems into account, particularly active wave absorption system. Furthermore,
overtopping simulations were conducted as to assess the various structures under the chosen wave conditions.
Results signifies that, the stepped wall has the least overtopping occurrence in comparison to the other structures.
The simulation presented in this study well replicates that of the study done by Dang et al., (2021).

Keywords: Coastal Structures, Overtopping, DualSPHysics, Smoothed Particle Hydrodynamics,
Numerical Modelling
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e|mportant hydraulic response of a coastal structure.

*Occurs when crest height is lower than the run-up level

Introduction -
Wave Overtopping

of the highest waves.

eSignificantly affect functional efficiency and structural

safety of structures.

Incident wave  Wave impact:  Run-up and Wave Wave
breaking wave run-down zone owertopping at overtopping at the
the crest landward slope
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Introduction - Measuring Qualities

Overtopping
eReferring to the available database (CLASH and Neural Network)

eUndergoing experiment in wave flume/ Physical Model.

eNumerical modelling

Forces
e Application of Formulas

eNumerical model



DualSPHysics

l” ParaView

DualSPHysics

®|s a software based on the Smoothed Particle

Hydrodynamic model known as SPHysics.

|t is developed to study free-surface flow phenomena

where Eulerian methods are difficult in application.

e Method used is a Lagrangian meshless method (widely
used in the field of CFD)

e Particles represent flow, interaction and significant

deformation with the boundary.

e Current code: DualSPHysics can run on multi-GPUs



Numerical Setup
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Fluid domain
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Wave Parameters

Non-Breaking Wave Parameters:
1YH: 0.10 m, T: 2.0 s, d: 0.60 m
2)H:0.11m, T:2.2s,d: 0.60m

3)H:0.12m, T: 1.8 s,d: 0.60 m

Breaking Wave Parameter:

1YH: 0.25m, T: 2.2s,d: 0.65 m



Non-Breaking Wave - Vertical Wall

Vel Magnitude
2.1e04 0. 0.2 0.3 04 0.55.7e01

Force Magnitude
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Maximum Horizontal Force: 4.1 sec, 1773 N/m



Non-Breaking Wave - Trapezoidal Wall

Vel Magnitude
2.1e-04 0.1 0.2 0.3 4.5e01

e

Force Magnitude
00e+00 10 20 30 40 4.8e+01
|
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Maximum Horizontal Force: 14.15 sec, 1778 N/m



Non-Breaking Wave - Staired Wall

Vel Magnitude
1.0e-030.1 02 03 04 05 6.6e-01

Force Magnitude
0.0e+00 10 20 30 40 4.8e+01

——— -

Maximum Horizontal Force: 12.25 sec, 1756 N/m



Numerical & Analytical

Vertical Wall
W1 W2 W3 W1
Numerical-Maximum Horizontal Force [N/m] 1773.57 195473 1846.77 1778.61

Analytical Bao-Maximum Horizontal Force [N/m] 1734.70 1817.50 1793.70 1715.20

Error (%)

Average Error (%)

2.24 7.55 2.96 3.70

4.25

Trapezoidal
1926.29 1821.90

1794.60 1772.10
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Breaking Wave -
Vertical Wall Mu
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Breaking Wave - - k
Trapezoidal Wall

W\J |
_ SRR

| sl Maximum Horizontal Force: 15.1 sec, 3033 N/m
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Breaking Wave -
Staired Wall
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Conclusion

1) Overtopping (Greatest to Least):
Vertical
Trapezoidal

Staired

2) Force (Greatest to Least):

Staired
Trapezoidal

Vertical
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