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Numerical simulation study on multi-factor synergistic disaster reduction on muddy coasts

Cen Lin'*, Ni Xingye', Feng Xi'?, Tao Aifeng'*, Zheng Jinhai'’
(1. Key Laboratory of Coastal Disaster and Protection, Ministry Education, Hohai University ;
2. College of Harbour, Coastal and Offshore Engineering, Hohat University)

Abstract: By taking two typical eco-friendly wave-dissipating elements on muddy coasts, namely oyster reefs and mangroves, as
research objects, a numerical simulation was conducted on the hydrodynamic characteristics of regular wave propagation and evolution
over oyster reefs and mangroves based on the non-hydrostatic wave SWASH model. Furthermore, the wave dissipation variation laws of
a single oyster reef, a single mangrove, and their synergy on muddy coasts under different combinations of water levels and waves were
explored. The results indicate that the combined condition of oyster reefs and mangroves effectively improves the overall disaster
reduction efficiency, and the wave dissipation process exhibits nonlinear variation characteristics. In the synergistic wave dissipation
condition, mangroves have a significant enhancement effect on oyster reefs, and engineering layouts can prioritize increasing the
planting scale of mangroves to achieve efficient disaster reduction. Under low-water-level conditions, the wave dissipation contribution
rate of oyster reefs can reach more than 50% , while at high water levels, mangroves play a dominant role in wave dissipation relying on
the canopy structure, and the sequential coordination of the two can achieve progressive energy dissipation and disaster reduction.
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Fig.1 Validation results of wave dissipation by porous media
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Fig.3 Layout of numerical simulation test for synergistic wave dissipation by oyster reefs and mangroves (unit: m)
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Table 1 Drag coefficient values of roots, stems, and leaves of mangroves
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Fig.4 Variation of transmission coefficient along oyster reef
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Fig. 6 Variation of transmission coefficient along course during synergistic wave dissipation by mangroves and oyster reefs
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wave under varying condition

\ o B AR
Ho/m L ﬁ;f,&"‘“/(bk/mz) d=0.20m d=0.25m d=0.30m d=0.35m d=0.40m d=0.45m
M1 0. 806 0.7795 0. 843 0. 898 0.929 0.937
80 0. 805 0. 800 0. 636 0.557 0.534 0.528
M2 60 0. 838 0. 840 0.697 0. 624 0. 601 0.598
0.05 40 0.870 0. 884 0.772 0.710 0. 689 0. 690
80 0. 688 0. 626 0.563 0.518 0.505 0.507
M1-2 60 0.714 0. 646 0.616 0.574 0.567 0.572
40 0.741 0.677 0.672 0. 646 0. 649 0. 658
M1 0.583 0. 706 0. 831 0. 850 0.925 0.933
80 0. 603 0. 609 0.482 0.398 0. 381 0. 365
M2 60 0. 632 0. 664 0. 546 0.462 0.438 0.442
0.10 40 0. 664 0.713 0. 626 0.556 0.530 0.541
80 0.482 0.511 0.435 0.376 0. 361 0.361
M1-2 60 0. 501 0. 544 0.487 0.429 0.417 0.424
40 0.522 0.589 0.558 0. 505 0.504 0.516

d ARELIE T SRR IV TR P37 8T R 0O B v 1) SRR D59 AR A D T RS R R R 4
W RER X BRI DB K SRS, d AR 0. 25~0. 35 m I, TR 55 R 4 e 2 422 fih T AR 5 D (S 754 9k 2 07 1) BE K
FEIR K, BI/NES . d H0.35m B E 0. 45 m B LI AR XS K, 5 d BSCR A 52, i T4t i
THIRAE AR S0 , A R ZER AR LT K, e AR, 302 i T Z0R AR B2 O, O R ASCR BE d 34 m
AT TR O A I 35 DRI E 2R PR S A R A 250 B SR T 2R R 80 R/ m? I, K, B o P93 DR S ik
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Fig.7 Verification of transmission coefficients and water depth influence mechanism for oyster reef-mangrove

combined wave dissipation structures
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Fig. 8 Synergistic effect coefficients
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Table 3 Contribution rate of oyster reefs to synergistic disaster mitigation under different mangrove densities

TURRAE/ %
d/m Hy=0.05m Hy=0.10m
80 Fk/m* 60 #/m? 40 £/m? 80 Fk/m* 60 Fk/m* 40 #/m?

0.20 51 55 61 81 84 89
0.25 53 55 59 64 67 73
0. 30 35 38 42 25 28 31
0.35 31 33 37 23 23 25
0. 40 17 18 20 16 17 16
0.45 18 19 22 18 18 19

4 & &

a. Zo-HHFIA] B A1 B A AR B — TR W R B S AR B A 42 e A AR ISR B T B S A
SR N R 4 T BEIL R A FIE ), EHLASHBE B KR )N | 375 56 2R B0 N s DR AR B — S TR AT
FIZAE T B R BCT R D R 5 DSR2 - A IR O, s i 8 T8 o e DB 21, 0 B
P AR PP TR AT ) o RO TLORAR BE R 00 T, B W B EE R, il T MOE 2 4
B RAARE N
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