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The submergence depth directly affects the safety of semi-submersible marine structures due to that the submergence depth significantly impacts on the hydrodynamic characteristics and wave loads of structures excited by extreme wave. This paper studies the influence of submergence depth on the hydrodynamic and wave load characteristics of semi-submersible structures by establishing a numerical model of the interaction between solitary waves and semi-submersible structures based on the SPH model and Rayleigh theory. Furthermore, equations for transmission coefficient, reflection coefficient, and wave load are fitted. The calculated wave heights of solitary wave propagation test case are in good agreement with the theoretical values. The maximum relative error of the wave peak is 8.4%. The calculated wave loads of submerged horizontal plates test case has a consistent trend with the experimental data. The maximum relative error of wave load peak and valley is 54% (absolute error 0.37 N). Furthermore, the interaction between solitary waves and structures with different submergence depths is investigated by using the meshless numerical model. It is found that the reflection coefficient first increases and then decreases with increasing submergence depth, and reaching a maximum value of 0.39 at the submergence depth equal to 0.0 m. On the contrary, the transmission coefficient decreases first and then increases with the increase of submergence depth. The minimum value of transmission coefficient is 0.36 with the submergence depth of 0.3 m. As the submergence depth increased, the horizontal wave load peak of the structure gradually increases, and the maximum value of 0.13 is obtained at the submergence depth of 0.7 m. The peak of vertical wave load rapidly increases with the increase of submergence depth and then gradually decreases while the trough gradually decreases with increasing submergence depth.
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1 Introduction

Semi-submersible platforms have been widely used in the deep-sea marine engineering due to its widely applicable water depth and strong resistance to harsh environments. However, the frequent occurrence of extreme waves, induced by the complex and harsh marine environment, poses a serious threat to the safety of semi-submersible structures. For the structure safety, the submergence depth has a significantly effect. With high submergence, the green water and wave attacks are prone to occur, leading to huge damage to the structure, equipment, and even human life. Although to reduce the submergence depth by increasing the deck height can diminish the green water and wave loads on the structure, the overtopping cannot be complete avoided. On the other hand, the submergence cannot be too low considering the platform stability and economy. Therefore, it is of great significance to determine the appropriate submergence depth of semi-submersible platforms by studying the influence of submergence depth on the hydrodynamic and wave load characteristics induced by extreme wave in order to ensure the safety of the semi-submersible structure.

At present, the wave-structure interaction has been extensively studied by researchers (Ding et al., 2020; Gao et al., 2020b; Gao et al., 2024a; Gao et al., 2024b; Gong et al., 2024; He et al., 2019, 2023). The interaction between extreme waves and structures has also been investigated. Sun et al. (2015) investigated the nonlinear characteristic of the interaction between solitary waves and rectangular cylinders. Tai et al. (2024) studied the interaction between vertical cylinder and extreme waves based on a finite-water-extent slamming theory. Moreover, the interaction between extreme waves and semi-submersible structures has also been conducted to a certain extent. Hu et al. (2016) introduced a new wave boundary condition in OpenFOAM and conducted numerical simulations on the interaction between solitary waves and fixed/floating truncated cylinders as well as simplified floating oil production platforms. Geng et al. (2021) simulated the interaction between solitary waves and a three-dimensional submerged horizontal plate based on a parallel three-dimensional boundary element method under the potential flow assumption. They analyzed the wave height, horizontal and vertical forces of the plate, and pitching moment. Wang et al. (2020) studied the interaction between solitary waves and a horizontal plate submerged in 1/4 of water depth based on physical experiments using a multi lens stereo reconstruction system and underwater load cells. The characteristics of horizontal force, vertical force, and pitching moment of the horizontal plate were discussed. In the aforementioned studies, solitary waves were used to replace extreme waves due to its strong nonlinearity for high wave heights. This substitution has also been widely applied in other studies of wave structure interactions (Ai and Jin, 2012; Ai et al., 2022; Wang et al., 2018; Tripepi et al., 2020; Gao et al., 2019; Gao et al., 2020a).

Although the extreme wave hydrodynamic characteristics of semi-submersible structures have been studied, the relevant research is not sufficient. The influence of submergence depth on the hydrodynamic characteristics and wave loads of semi-submersible structures needs further analysis. Therefore, this paper investigates the effects of submerged depth on the hydrodynamic and wave load characteristics of the semi-submersible structures by establishing a meshless numerical model based on the SPH model and Rayleigh theory. The SPH model has unique advantages in dealing with complex problems such as wave fragmentation and large deformation due to its meshless nature. In recent years, it has received widespread attention (Luo et al., 2021; Zhan et al., 2025). For example, He et al. (2018) established a numerical wave current water tank and studied the wave current interactions exploited the SPH model. Pan et al. (2015) investigated the interaction between solitary waves and floating marine structures by using the SPH model, and analyzed the drift motion of tension leg platforms. Wen et al. (2016) analyzed the changes of the free surface near the vertical breakwater, and the horizontal forces and overturning moments acting on the vertical cylinder based on the parallel SPH-LES model.

This paper establishes a meshless numerical model that can simulate the wave breaking and large deformation of strong nonlinear solitary waves interacting with semi-submersible structures based on the meshless SPH method combined with Rayleigh theory. The effects of submergence depth on the wave surface, vorticity, velocity, transmission coefficient, reflection coefficient, and wave load of the semi-submersible structure are analyzed. The influence of submergence depth on the hydrodynamic and wave load characteristics of the interaction between solitary waves and semi-submersible rectangular structures is summarized. Furthermore, the empirical equations for transmission coefficient, reflection coefficient, and wave load are obtained by the polynomial fitting method to provide a theoretical basis and technical reference for the design of semi-submersible structures. The accuracy of numerical model is verified by comparing the calculated wave height and wave load with theoretical solutions and experimental data of the solitary wave propagation and submerged horizontal plates test cases.




2 Methodology



2.1 Governing equations

The governing equations for viscous flow of the SPH model are made up with the Lagrangian continuity and momentum equation (Dalrymple and Rogers, 2006; Crespo et al., 2015; Antuono et al., 2010).

 

 

where, ρ is the density, m is the particle mass, u is the velocity, uij = ui - uj, rab = ra – rb is the particle distance between particle a and b. The subscripts i and j are the interpolation point and its neighboring particles. P is the pressure,   represents the viscosity, g = (0, 0, -9.81) m/s2 is the gravitational acceleration. Wij = W (rij, hs) is kernel function, rij = ri - rj is the particle distance.  /2, η2 = 0.01hs2, δ = 0.1is delta-SPH coefficient. hs is the smoothing length. ca and cb are the numerical sound speed of a and b particle.

The kernel function in the model adopts a quintic kernel function (Altomare et al., 2014), which can maintain moderate computational complexity while providing high-order interpolation characteristics. Due to the simple form and ability to prevent nonphysical penetration between approaching particles, the artificial viscosity (Altomare et al., 2014) is selected for the viscosity term. To avoid solving the pressure Poisson equation and improve the computational efficiency of the model, the Tait state equation (Altomare et al., 2014) is adopted to calculate the pressure. The Tait equation of state is  , where  , ρ0 = 1000 kg/m3 is the reference density, γ = 7.   represents the sound speed at reference density. c0 is usually set to more than ten times of the maximum velocity in the flow field. Here, the Mach number M = umax/c0 ≤ 0.01. Accordingly, the change in density does not exceed 1% (Barreiro et al., 2016). The Symplectic method (Crespo et al., 2015; Omidvar et al., 2012), which is time reversible and has explicit second-order accuracy in the absence of viscosity or friction, is adopted for the time advancement. The time step is automatically calculated using a variable time step scheme (Crespo et al., 2015) and updated at each time step.




2.2 Boundary treatment

Due to the meshless nature of the SPH method, free surfaces can be naturally captured without special treatment. The wall boundary is treated using the dynamic boundary method (Crespo et al., 2007). Dynamic boundaries consist of a set of wall boundary particles that satisfy the same continuity and state equations as the fluid, but not the momentum equations. As a result, the density and pressure of boundary particles also undergo evolution, leading to a repulsive mechanism when a fluid particle approaches a boundary particle. However, the position of boundary particles is not determined by integrating velocity over time. The static wall boundary will exhibit zero velocity. In contrast to explicit boundary treatment, the dynamic boundary method seamlessly integrates boundary treatment into the governing equations’ solution process, rendering it ideally suited for simulations with complex boundaries. This is due to its straightforward implementation and low computational complexity. Nevertheless, a fluctuating pressure field may be generated near the wall boundaries, attributed to the anomalously high-density gradients between the boundary and fluid particles.




2.3 Wave generation

Assuming that the average horizontal velocity of water particles at the wave peak is the same as the velocity of the wave paddle, coupled with Rayleigh theory (Domínguez et al., 2019), solitary waves are generated by using the wave paddle. The solitary waves generated by Rayleigh theory have minimal amplitude loss during propagation. The displacement equation of the wave paddle (Domínguez et al., 2019) is as follow:

 

where xs is the displacement of wave paddle, c is the speed sound, k is the edge coefficient that describes the way in which the elevation of the free surface tends toward the average water surface at infinity, d is the water depth, H is the wave height. The distribution of solitary waves can be expressed as

 

Equation 4 is an implicit equation that can be solved in several ways. Based on Rayleigh theory, the theoretical free-surface elevation can be rewritten as

 

where   corresponds to the half stroke of the wave paddle. The origin of the wave paddle is x = 0. Tf represents the generation time of solitary waves. The equation for each parameter in the above equation (Domínguez et al., 2019) is as follows:

 

 

 

 





3 Model validation

To validate the SPH model of the interaction between solitary waves and semi-submersible structures, test cases of solitary wave propagation and submerged horizontal plates were simulated. The calculated wave surface and wave load are compared with the exact values and experimental data. The exact values of the wave surface for the solitary wave propagation test case are calculated using Equation 5. The experimental data of wave loads for the submerged horizontal plate test case stem from Seiffert et al. (2014).



3.1 Solitary wave propagation

To verify the accuracy of the solitary wave generation and propagation, a test case of solitary wave propagation with an initial water depth d0 = 1.0 m and a relative wave height H0/d0 = 0.3 was simulated. The calculated wave heights at four measurement points are compared with the exact values. The length of the numerical wave tank is L0/d0 = 65. A wave paddle is installed on the left side of the tank. The particle distance is set to Δx = 0.06 m, 0.03 m, and 0.015 m. The output time interval is 0.15 s. The total physical time is 20 s.

The history of the calculated and exact wave heights at four measuring point x/H0 = 2, 10, 20, and 50 are shown in Figure 1. The calculated results of Δx = 0.06 m are underestimating the wave peak while the calculated results of Δx = 0.03 m and 0.015 m are basically consistent with the experimental data. Therefore, the particle spacing Δx ≤ 0.03 m is enough. The calculated wave heights for the first three measurement point are good agreement with the exact solution. The phase and amplitude are basically consistent with the exact values. The phase of the numerical results at x/H0 = 50 is consistent with the exact solution while the amplitude is slightly lower than the exact solution. The reason is the solitary wave peak slightly decreases with the solitary waves propagate forward due to the viscosity. The maximum absolute error of the wave peak is 0.025 m with the relative error of 8.4%.




Figure 1 | Comparison of the wave heights between numerical results and exact values.



To quantitatively analyze the accuracy of the calculated wave heights, Table 1 presents the L2 error of solitary wave height at different measurement points. The L2 error at x/H0 = 2 is the smallest, with a minimum value of 0.107. As solitary waves propagate forward, the L2 error gradually increases. The maximum L2 error is 0.137 obtained at x/H0 = 50.


Table 1 | L2 errors of the wave height.



 

where,   and   represent numerical results and exact solution, respectively. N represents sample number.

In summary, except for a slight decrease in the wave peak with increasing distance, the numerical results are in good agreement with the exact solutions. The maximum absolute error of the wave peak is 0.025 m with the relative error of 8.4%. The maximum L2 error of the wave heights is 0.137.




3.2 Submerged horizontal plate

To verify the accuracy of the calculated wave load, a test case of interaction between solitary waves and submerged horizontal plate is simulated (Figure 2). The numerical wave load results are compared with the experimental data (Seiffert et al., 2014). The initial water depth d0 = 0.144 m. The relative wave height H0/d0 = 0.301. z=0. To reduce computation time, the length of the wave tank is reduced to 11 m with the height of 0.3 m. The length of the horizontal plate is 0.305 m and the thickness is 0.0127 m. The particle spacing is Δx/H0 = 0.04 m. The physical time is 15 s with an output time interval of 0.15 s.




Figure 2 | Model layout of the submerged horizontal plate test case.



A comparison of time series of the calculated wave loads with the laboratory measurements is shown in Figure 3. We note here that t = 0 does not indicate the time when calculation start. The arrival time of solitary waves at the structure is different resulting from the different geometric dimensions between the numerical and experimental wave tank. In order to compare the calculated results with experimental data, the numerical results are corrected based on the peak time of the x-direction force. The numerical wave loads in the horizontal direction are in good agreement with the experimental data while the accuracy in the vertical direction is slightly lower. The calculation results overestimate the magnitude of the vertical force acting on the horizontal plate. The peaks of the numerical and experimental wave load in the horizontal direction are 1.06 N and 0.69 N, respectively, with an absolute error of 0.37 N and a relative error of 54% while the troughs are -0.41 N and -0.51 N, respectively, with an absolute error of 0.1 N and a relative error of 20%. The numerical and experimental peak in the vertical direction are 9.11 N and 7.59 N, respectively, with an absolute error of 1.52 N and a relative error of 20% while the valleys are -3.44 N and -2.07 N with an absolute error of 1.37 N and a relative error of 40%.




Figure 3 | Comparison of the wave loads between numerical results and experimental data.







4 Study on the effects of submergence depth on the hydrodynamic and wave load characteristics of semi-submersible structures



4.1 Model layout

To analyze the effects of submergence depth on the wave surface, velocity, vorticity, and wave load of the semi-submersible structure, the interaction between solitary waves and semi-submersible rectangular structures at different submergence depths is simulated. The length and height of the numerical wave tank are 100 m × 2 m. The water depth is d0 = 1.0 m. The size of the structure, fixed near the still water surface, is 5.0 m × 0.6 m. The distance between the structure bottom and the wave tank bottom is dr. Accordingly, the initial submergence depth ds = d0 - dr, as shown in Figure 4. The wave height H0 sets to 0.5 m. dr adopts 0 m, 0.2 m, 0.4 m… 1.6 m, for a total of 9 conditions (Table 2). Model 1 – Model 5 are submerged cases where the structure is semi-submerged or submerged while Model 6 – Model 10 are overwater cases where the structure is above the water surface. The relative particle spacing H0/Δx is set to 40 (Lin et al., 2023). The physical time is 40 s with an output time interval of 0.25 s.




Figure 4 | Schematic diagrams of the model.




Table 2 | Parameters of models (unit: m).






4.2 Wave heights

Figure 5 gives the wave height history of the interaction between solitary waves and structures with different submergence depths at the upstream measurement point (x = 35 m). Figure 5A is the results of submerged cases while Figure 5B is the results of overwater cases. All of the Figures 5-8(A) depict the wave height history of the Model 6 (ds = 0.0 m) in order to facilitate the comparison of wave height and wave load between submerged cases and overwater cases. The solitary waves arrive the measurement point at t = 9 s and reaches maximum value at t = 11 s. Then, the solitary waves continually propagate downstream and interacted with the structure to form a leftward reflected wave. At t = 20 s, the leftward reflected wave reaches the measurement point, again, resulting in a second wave peak and a valley accompanied by a series of complete waves with gradually decreasing wave height. For the submerged cases, the reflected wave height increases with the decreasing submergence depth. On the contrary, for the overwater cases, the reflected wave height decreases with the submergence depth decreases. The maximum reflected wave height 0.20 m is obtained at Model 6.




Figure 5 | History of the wave height at x = 35 m. (A) Wave height of submerged cases. (B) Wave height of overwater cases.



Figure 6 shows the wave height history of the interaction between solitary waves and structures with different submergence depths at the downstream measurement point (x = 60 m). For Model 1 – Model 3, the interaction between the wave and the structure is strong due to the structure is basically submerged under the water surface, resulting in the arrival time slightly later around t = 18 s. For Model 4 – Model 5, the interaction is weak due to the semi-submerged structure. Therefore, the arrival time of the solitary wave is slightly earlier. It is around t = 17 s. The structure is above the water surface for Model 6 - Model 10, the interaction between the solitary wave peak and the structure is relatively strong. The arrival time of the wave peak gradually shifts backwards. The arrival time is t = 17 s for Model 6 while it is t = 17.5 s for Model 10. The wave peak of downstream measurement points gradually decreases for Model 1 - 4 while it is increases for Model 4 - 10. The minimum wave peak obtained at Model 4 is 0.19 m.




Figure 6 | History of the wave height at x = 60 m. (A) Wave height of submerged cases. (B) Wave height of overwater cases.






4.3 Transmission coefficient and reflection coefficient

The transmission coefficient and reflection coefficient of the structure, calculated according to the following equations, are shown in Figure 9.

 

 

where, Hi is the incident wave height, Kt is the transmission coefficient, Ht is the transmission ware height, Krf is the reflection coefficient, Hrf is the reflection wave height.

The transmission coefficient of the structure decreases first and then increases with the increase of submergence depth. The minimum transmission coefficient is 0.36 obtained at ds = 0.3 m. For the ds ≥ 0.7 m, the transmission coefficient basically reaches a stable value of 0.71. The reflection coefficient first increases and then decreases with increasing submergence depth. The maximum reflection coefficient is 0.39 obtained at submergence depth ds = 0.0 m. Empirical equations for the transmission and reflection coefficient with submergence depth can be obtained by using polynomial fitting method to fit the calculated results of transmission coefficient and reflection coefficient, respectively.

 

where A0-A4 are coefficients which have been listed in Table 3. The comparison between the fitted curve and the numerical results is shown in Figure 9. The determination coefficients of the equation for transmission coefficient and reflection coefficient are R2 = 0.975 and 0.966, respectively, indicating well-fitting results. The transmission, reflection coefficient can basically be expressed as a quartic function of submerged depth.


Table 3 | Empirical coefficients in Equation 13.






4.4 Wave loads

Figures 7, 8 depict the time history of the horizontal and vertical wave loads coefficient Cx and Cz. The Cx and Cz are calculated by the follow equations.




Figure 7 | History of the wave load coefficient in x-direction. (A) Cx of submerged cases. (B) Cx of overwater cases.



 

where, Fx and Fz are the horizontal and vertical wave loads. A = 0.6 m  5 m is the area of the structure. Fx and Fz are obtained by summing up the force of all the structure particles.

 

 

where, Fa is the force acting on particle a that constitutes the structure. F (Fx、Fz) is the total force of the structure.

In Figure 7, there is a slight fluctuation at the initial stage (before t = 4 s). The large initial oscillations in time series of the wave loads are induced by the dynamic boundary method. The wall particles of the obstacle verify the same equations of continuity and of state as the fluid particles, but their position remains unchanged. This method intertwines the boundary treatment into the solution process of the control equations, making it suitable for simulations involving complex boundaries due to its straightforward implementation and low computational complexity. However, the initial density and pressure of obstacle particles are zero which did not match the actual state. Therefore, it takes some time to stabilize the parameters of obstacle particles. The arrival time of horizontal wave load peak is basically the same around t = 15 s. The peak gradually increases with the submergence depth increases. The trough also increases with the increase of submergence depth. There is overtopping for the Model 2 - 5, resulting in wave oscillations and fluctuations in horizontal wave loads.

Similarly, there is a significant fluctuation induced by the dynamic boundary method at the initial stage in Figure 8. The fluctuation basically reaches stability after t =12 s. For Model 1 - Model 3, the structure contact with more fluid particles resulting in large instability due to the large submergence depth. On the contrary, the instability is small and quickly reaches stability due to the smaller submergence depth for Model 4 - Model 10. Therefore, for the dynamic boundary method, the greater the submergence of the structure, the longer the initial stability time. The arrival time of the wave load peak in the vertical direction is basically the same as that in the horizontal direction, which is around t = 15 s. In Figure 8A, for the submerged cases, the vertical wave loads peak decreases with increasing submergence depth, but the amplitude of the change is relatively small. For the overwater cases (Figure 8B), the vertical wave load peak first increases rapidly and then decreases rapidly with increasing submergence depth with a large amplitude of the change. For Model 2 – Model 6, the overtopping collides with downstream water accompanied by wave break resulting in significant wavefront oscillations and wave load fluctuations. The amplitude of the oscillations first increases and then decreases.




Figure 8 | History of the wave load coefficient in z-direction. (A) Cz of submerged cases. (B) Cz of overwater cases.






Figure 9 | Transmission and reflection coefficient for different submergence depth. (A) Transmission coefficient. (B) reflection coefficient.



To analyze the quantitative relationship between the submergence depth and the wave load peak of the structure. The relation of maximum (Cxmax, Czmax) and minimum (Cxmin, Czmin) horizontal and vertical wave loads on the structure with the submergence depth are given in Figure 10. The point represents the numerical results while the curve represents the fitting results. Cxmax gradually increases and then slightly decreases with the submergence depth increases. The maximum value 0.13 is obtained at ds = 0.7 m. Cxmin decreases and reaches a minimum value of -0.05 at ds = 0.7 m with increasing submergence depth. Czmax rapidly increases and then gradually decreases with increasing submergence depth, reaching a maximum value of 0.78 at ds = -0.1 m. Czmin gradually decreases with increasing submergence depth. The minimum value is -0.39 obtained at ds = 0.9 m.




Figure 10 | Relation between wave load peak and submergence depth.



The empirical equations for the maximum and minimum wave loads in the horizontal (Equation 17) and vertical (Equation 18) directions as a function of submergence depth by polynomial fitting of the calculation results are as follows.

 

 

where B0 - B2 and C0 - C3 are coefficients which have been listed in Tables 4, 5. Figure 10 shows the comparison between the fitted curve and the numerical results. The fitting results of Czmax have slightly larger errors for ds < 0.0 m. Except for the R2 = 0.788 for the Czmax fitting results, the R2 of Cxmax, Cxmin, and Czmin fitting results are all exceed 0.9 indicating good fitting results.


Table 4 | Empirical coefficients in Equation 17.




Table 5 | Empirical coefficients in Equation 18.






4.5 Velocity and vorticity field

Figure 11 shows the velocity field of the interaction between solitary waves and structures at different submergence depths. The velocity field gradually stabilizes with the submergence depth decreases. There are overtopping and wave breaking at the top of the structures for Model 1 - 6. Solitary waves propagate downstream from both the top and bottom of the structure. The collision between the overtopping and the downstream water results in a complex flow field with a maximum velocity of over 3.5 m/s. For Model 7- 9 overtopping basically disappears. Solitary waves propagate downstream from the bottom of the structure. There is also some wave breaking due to the interaction between solitary waves and structures. As for Model 10, solitary waves completely pass the structure from the bottom without interaction with structures, resulting in a stable velocity field.




Figure 11 | Velocity field of the interaction between solitary wave and semi-submersible structure.



The vorticity field of the interaction between solitary waves and structures at different submergence depths is given in Figure 12. Consistent with Figure 11, the vorticity field also gradually stabilizes with the submergence depth decreases. For Model 1 - 6, the collision between the overtopping and downstream water induces a drastic variation in vorticity. The wave breaking leads to the complex vorticity field due to the aeration. Both clockwise and counterclockwise vortices appear simultaneously with maximum and minimum vorticity exceeding ± 10 s-1. The overtopping basically disappears for Model 7 - 9. The vorticity has a small size and mainly concentrates at the bottom of the structure. For Model 1, the distance between the structure bottom and the bottom board of the wave tank is small resulting in an underdeveloped vorticity field and low vorticity. For Model 2 - 9, the vorticity field at the lower left foot of the structure is relatively developed. The counterclockwise vortex has a larger size accompanied by small clockwise vortex. Model 10 has basically no vorticity.




Figure 12 | Vorticity field of the interaction between solitary wave and semi-submersible structure.







5 Conclusions

A meshless numerical model of the interaction between solitary waves and semi-submersible structures is established based on the SPH model and Rayleigh theory. This model can simulate large deformation and wave breaking in the interaction between strongly nonlinear waves and semi-submersible structures. The effects of submergence depth on the wave surface, velocity, vorticity, and wave load of the semi-submersible structure are analyzed. The main conclusions are as follows.

	The calculated results of solitary wave propagation test case are in good agreement with exact solution with a maximum absolute error of 0.025 m and a relative error of 8.4% for the solitary wave peak. The maximum L2 error of the wave height is 0.137. The calculated wave loads of the submerged horizontal plate test case are basically consistent with the trend of the experimental data. The maximum relative error of the wave load peak and valley is 54% (absolute error 0.37 N).

	The reflection coefficient first increases and then decreases with the increase of submergence depth with a maximum value of 0.39 at ds = 0.0 m. The transmission coefficient basically decreases first and then increases with the increase of submergence depth with a minimum value of 0.36 at ds = 0.3 m. In addition, the transmission coefficient basically reaches a stable value of 0.71 for ds ≥ 0.7 m.

	The horizontal wave load peak gradually increases with the submergence depth increases with a maximum value of 0.13 at ds = 0.7 m while the vertical wave load peak rapidly increases and then gradually decreases with the increase of submergence depth with a maximum value of 0.78 at ds = -0.1 m.

	As the submergence depth increases, the complexity of the velocity and vorticity field increases. There is overtopping at ds ≥ 0.0 m. The collision between the overtopping and downstream water induces the wave surface to break and oscillate resulting in a complex velocity and vorticity field. The maximum velocity is above 3.5 m/s while the maximum and minimum vorticity are above ± 10 s-1.



This conclusion only applies to the interaction between solitary waves and rectangular semi-submersible structures of constant size.
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