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Abstract: With the comprehensive consideration of natural environment and the requirements for bank slope protec-
tion, the research on the hydrodynamic characteristics of vegetated ecological revetments is crucial for the develop-
ment of ecological revetments, as well as the management and protection of bank slopes. To study the hydrodynamic
characteristics of a composite revetment system combining flexible vegetation and honeycomb structures under irregu-
lar waves, a revetment system consisting of Suaeda salsa which is typical in the coastal area of Tianjin and honey-
comb structures is taken as a research object in this paper, and water-tank model experiments were conducted under
irregular waves, so as to examine the effects of plant density and plant height on the irregular wave run-up,

overtopping and near-bed flow velocity. Results demonstrate that both the wave run-up and the overtopping of irregu-
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lar waves decreased with the increasing plant density and plant height. The attenuation rates of irregular wave run-up
ranged from 10% to 50% across the tested conditions, while the maximum attenuation rate of overtopping exceeded
90%. At the design high-water level, a smaller plant height was found to slightly increase the near-bed flow
velocity, whereas a greater plant height can effectively reduce the velocity, thereby mitigating the impact of poten-
tial slope scour. Compared with the experimental results under regular waves, the attenuation rate of irregular wave
run-up was as low as 40%, while the attenuation rate of overtopping can reach over 90%. These findings confirm that
the plants are more effective for the attenuation of irregular wave run-up, but they are conducive to the attenuation of
overtopping under both the regular and irregular waves. Therefore, the vegetated ecological honeycomb revetment
can effectively dissipate the incoming wave energy under both waves, and its protective performance can be en-
hanced by increasing the plant density and height. The exploration of the effects of the density and height of flexible
vegetation on the hydrodynamic characteristics of ecological honeycomb revetments can provide a reference for the
design and construction of similar ecological revetment engineering.

Keywords: irregular wave; vegetated ecological honeycomb revetment; overtopping; run-up; water-tank model
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Fig.2 Elevation view of revetment cross-section model
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Fig.3 Schematic of layout of eight sensors on revetment
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Tab.1 Selected plant parameters for experiments
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Tab.2 Comparison of parameters between prototype and
model tests
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Fig.4 Results of comparison between standard JON-
SWAP wave spectrum and actual wave spectrum
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Fig.5 Variations in wave run-up (plant density is 500 plants/m* and water level is 46.0 cm)
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Fig.6 Variations in wave run-up (water level is 46.0 cm)
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Tab.3 Overtopping data under irregular waves
N/ q/(10° m*/(m + s))
) H/cm
(#k/m”) T=126s T=158s | T=1.90s
— 0.832 1.120
0 8 1.200 10.700 14.700
10 10.900 27.400 52.500
6 — 0.385 0.294
500 8 1.010 5.420 7.190
10 3.970 14.700 25.500
8 — 1.880 1.340
750
10 1.680 7.420 10.600
8 — 0.072 0.264
1 000
10 0.108 1.550 4.250
0.030
--e- H{=6cm
0.025 |

0.020
0.015 |

0.010

g/(m*/(m +s))

0.005 &

8 HTETEIHIRITW MR E R 500 H/m®, KALN
46.0 cm)
Fig.8 Variations in overtopping per unit width (plant
density is 500 plants/m? and water level is 46.0 cm)
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Fig.11 Rate of change of near-bed flow velocity under irregular waves at different plant heights
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Tab.4 Overtopping data under different wave conditions
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