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Fig. 1 Layout of the experimental water tank (unit: m)
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Table 1 Position of the wave height gauge
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Table 2 Solitary wave test conditions
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Fig.2 The reflection coefficients and maximum run-up of solitary waves under different wave elements as required by the experiment
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Table 3 Numerical simulation verification

conditions for solitary waves

h/m H,/m L,/m cota

0.655 0.125 0.974 8.271
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Fig. 3 Time series comparison of flow velocity and run-up (left for flow velocity, right for run-up)
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Table 4 Numerical simulation working conditions for

33.2

solitary waves under different incident wave heights

Hy/m h/m H,/m L,/m cota

0.02, 0.04, 0.06, 0.08, 0.1 0.655 0.125 0.974 8.271
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Fig. 6 Distribution of maximum wave height along the path of
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solitary waves under different incident wave heights
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Fig. 7 Distribution of maximum pressure along the seawall under different incident wave heights

(left: including static water pressure, right: dynamic water pressure)
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Table S Numerical simulation working conditions for

solitary waves on reef flats at different water depths

hf H,/m Hp/m Lp/m cot a
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Fig. 9 Distribution of maximum wave height along the path of

solitary waves under different reef flat water depths
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(left: including static water pressure, right: dynamic water pressure)
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Table 6 Numerical simulation working conditions for

solitary waves at different heights of the second reef
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Fig. 12 Distribution of maximum wave height along the

path of solitary waves under different second reef flat heights
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Fig. 13 Reflection coefficients, maximum run-up, maximum total force, and maximum total moment

on the seawall for solitary waves under different second reef flat height conditions
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Fig. 14 Distribution of maximum pressure along the seawall under different second reef flat heights

(left: including static water pressure, right: dynamic water pressure)
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Table 7 Numerical simulation working conditions for

solitary waves at different reef platform step positions
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(left: including static water pressure, right: dynamic water pressure)
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The propagation and evolution characteristics of tsunami-like waves over
complex reefs topography and their impact on sea walls

Wang Zijun', QuKe"?*?, Wang Xu', Wang Chao', Wang Aoyu'

(1. School of Hydraulic and Environmental Engineering, Changsha University of Science & Technology, Changsha 410114, China; 2. Key
Laboratory of Dongting Lake Aquatic Eco-Environmental Control and Restoration of Hunan Province, Changsha 410114, China; 3. Key
Laboratory of Water-Sediment Sciences and Water Disaster Prevention of Hunan Province, Changsha 410114, China)

Abstract: In real ocean environments, natural reefs typically exhibit complex topography, with reef platforms
presenting non-uniform characteristics. Previous extensive research has mainly focused on simplified stepped reef
models and has not conducted in-depth studies on the impact of non-uniform reef platforms on the propagation and
evolution characteristics of waves. To address the shortcomings of previous research, this paper conducted physic-
al model experiments to systematically study the propagation and evolution characteristics of tsunami-like waves
over complex reef platforms. Previous studies did not consider the impact of the non-uniformity of reef platform to-
pography on solitary waves, therefore, this paper also analyzed the effects of incident wave height and reef plat-
form water depth. To investigate the impact of non-uniform reef platform geometric characteristics on the propaga-
tion and evolution of tsunami-like waves and the load characteristics of sea walls under different incident wave con-
ditions, this paper further carried out a series of high-resolution numerical calculations. First, physical experiments
were used to verify the accuracy of the numerical simulation method, and then numerical calculations were used to
study the effects of two wave parameters, incident wave height and reef platform submergence depth, and three
complex reef topography factors—the height of the second reef platform, the position of the reef platform steps, and
the slope of the reef front slope—on the maximum wave height along the path, reflection coefficient, maximum run-
up height, distribution of the maximum impact pressure on the sea wall, and the variation of the maximum total
force and total moment on the sea wall. The research results indicate that the reflection coefficient of solitary waves
decreases with increasing incident wave height and increases with increasing reef platform water depth. The maxim-
um run-up height increases with increasing incident wave height and decreases with increasing cot a of the reef

front slope. The maximum total force and maximum total moment on the sea wall increase with increasing incident
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wave height and reef platform water depth, and decrease with increasing height of the second reef platform. The po-
sition of the maximum impact pressure on the sea wall rises with increasing incident wave height, increasing reef
platform water depth, and decreasing distance between the reef platform steps and the sea wall. The research res-
ults can provide a reference for further protecting coastal facilities from the impact of extreme marine environ-
ments.

Key words: tsunami-like waves; non-uniform reef; sea wall; maximum run-up height; impact pressure
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