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Table 1  Experimental scaling
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Fig.1 Experimental flume (70 m X 1.2 m X 1.7 m)
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Fig.2 Baseline generalized section
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Fig.3 Distribution of the pressure sensors
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Table 2 Measured overtopping rates during the hindcast storm Table 3 Concentrated measurement of overtopping rates
A Z1 WG /m  Hise/m RE/m? « (mes) ! R /m? e (me s) !
154000 3.11 1.92 0 jER e
FEEWT PSR B 1 om R o DR TR TR TR B

15:50:00 3.84 2.36 <20.000 1
16:00:00 4.55 2.78 0.002 9 1 0.424 0.386
160500 4.90 3.00 0.015 2 0.389 0.355
16:10:00 5.25 3.20 0.036 3 0.338 0.321
16:12:30 5.45 3.30 0.052 4 0.326 0.259
16:15:00 5.65 3.40 0.085 5 0.305 0.207
16:17:30 5.85 3.50 0.117 6 0.263 0.180
16:20:00 6.00 3.65 0.138

7 0.222 0.145
16:22:30 6.20 3.75 0.209

8 0.209 0.124
16:25:00 6.40 3.85 0.263

9 0.172 0.110
16:27:30 6.60 3.95 0.326

10 0.138 0.092
16:30:00 6.68 4.06 0.424
16:35:00 6.95 1.22 0.574 1 0.117 0.088
16:40:00 7.22 4.38 0.701 12 0.105 0.041
16:45:00 7.39 4.48 0.837 13 0.085 0.034
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Fig.4 The vertical change of the maximum pressure that the wave wall experienced
correspondingly to the four grades of wave overtopping rates (m?®/s)
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Fig.5 The vertical change of the 4% of the maximum pressure that the wave wall

experienced correspondingly to the four grades of wave overtopping rates (m”/s)
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Fig.6 The maximum pressure corresponding to the four grades of wave overtopping

rates (m”/s) and its distribution along the dike top and the landward slope
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Fig.8 The overall distribution of the maximum overtopping pressure on the dike surface
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Fig.9 The 3 instant snapshots of the dike failure process
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Table 4 Initiating velocity for concrete pavement Table 5 Measured failure overtopping rates
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Table 6 Measured failure overtopping rates Table 7 Measured failure overtopping rates with or
for varying landward slope without the dike-mounted wall
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RRVEYE 1:1.5 0.066~0.085 A
Fithn 1:2 0.085~0.105 T 1:2 1 0.105~0.117
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Fig.10 The overtopping rates measured with and

without wave wall in the encryption tests
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Experimental Study on Mechanism of Sea-dike Failure
due to Wave Overtopping

ZHANG Yao', CHEN Gang®, HU Jin-chun’, GUO Zhi-xing', TAN Jun', LIU Qin-zheng'
(1.National Marine Hazard Mitigation Service s State Oceanic Administration, Beijing 100194, China;
2. Zhejiang Institute of Hydraulics and Estuary, Hangzhou 310020, China)

Abstract: This study as one of the keys in the marine hazard mitigation service system in China reveals ex-
plicitly the major mechanism of sea dike failure caused during wave overtopping. A large number of groups
of wave flume experiments conducted for the sea dikes with different geometric structures and armor block
materials indicate that the landward slope erosion and the armor block sliding of the dike caused by strong
shearing force of the overtopping water body are proved to be the major trigger factors for the sea dike in-
stability. It is, therefore, recommended that the competent velocity and shearing force of the overtopping
process should be taken into account in the engineering standards and specifications, which would be help-
ful to the evaluation and anticipation of the dike failure risk. However, the experimental data indicate that
the order of the peak pressures that the sea dike experienced in the overtopping process is dike top-wave
wall-landward slope. Therefore, the fatigue failure caused by the instantaneous hydrodynamic impact
might be probably another mechanism of the dike failure. Although this does not occur in the experiments,
it should be kept in mind always. Instead of the tolerable overtopping rates that have been adopted widely,
the recommended values of the wave overtopping threshold causing the sea dike failure are proposed for the
typical types of sea dikes present along the coast of China. This makes the empirical formula calculation
and prediction of the dike failure risk becomes possible. The overtopping rate for the dike failure is to a
large extent influenced by the armor block material, the falling gradient of the landward slope and the
height of the wave wall, but shows little sensibility to the width of the dike top in the experiments. The
experimental results show that under the case that the sea dike has the same structure and dike-top eleva-
tion, the adding of wave wall may reduce the stability of the sea dike, relatively to the dike without wave
wall. But, this will need to be tested and verified further by other researchers and engineers in the future.
Key words: wave overtopping; sea dike; dike failure; armor block; shearing force;pressure; load; wave wall
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