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Study on the safety of sea dikes against coastal erosion in a strong
tidal estuary
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Abstract: High resolution bathymetric data along the Huadianhuiba sea dike, a typical
eroding coast on the northern coastline of Hangzhou Bay, was collected to analyze seabed
evolution. A wave model covering the Changjiang Estuary and Hangzhou Bay was built to
obtain the wave elements along the sea dike. Then, sensitivity analyses were carried out to
calculate the impacts of coastal erosion on the wave elements, the required crest elevation,
and the intensity of the seaside dike revetment. The results indicate that under a design
condition of a 200 year return period with increasing water depth in front of the sea dike,
the mean wave height and wave period are almost stable, while the wave length and H,¢
are significantly increased. The increased wave length, due to the topography deepening,
is found to be a major factor for the subsequent wave run-up, which reduces the defense

standard of sea dikes at crest elevation. In addition, the required intensity of the seaside
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dike revetment increases significantly with the depth of water in front of the sea dike. This
indicates that a safety margin should be accounted for in design of the sea dike.
Keywords: coastal erosion; safety of sea dike; wave elements; crest elevation;

intensity of the seaside dike revetment
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Fig.1 The coastline of the north coast of Hangzhou Bay and position of the Hudianhuiba
(HDHB) sea dike
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Fig.2 The cross sections of the HDHB sea dike (a) and the siltation-promoting project (b)
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Fig.3 The distributions of 0, 2, and 5 m isobaths in front of the HDHB in 2005 and 2009 (a)
and the distributions of water depth along Sections 1—5 (b—f)
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Fig.4 The model domain and mesh (a) and enlarged area in the Fengxian Coast (b)
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Fig.5 Comparison of the observed and modeled significant wave height and period at
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Tab. 1 The wave elements under current bathymetry and different erosion depths

in the 200 year return period

T8 M /m PR /m W /s B /m Hyp/m Hyp/m Hizp/m

TR —0.50 1.92 6.56 47.95 3.77 3.31 2.81
TEL m —1.50 1.94 6.56 50.44 3.90 3.41 2.87
TR2 m —2.50 1.94 6.54 52.44 3.99 3.47 2.91
RS m —3.50 1.94 6.53 54.23 4.07 3.53 2.94
R4 m —4.50 1.95 6.53 55.85 4.15 3.58 2.97
RS m —5.50 1.96 6.53 57.32 4.21 3.63 3.00

A R AR A S a6 oy

WERL PPN T SR IR EEZR ) NI RGN T BRI &1, R AT fe il RS s b s A 2. 5
= THT, YRR G IO TR T ), AR AT e R A S TR R . B MO B v S
RGN T 2 A P 7 T 52 8 ATt e e Vg B 22 A R S
4.1 Xt ARBREGEEN

WL BT B IR e A SR I E N, R GRESE TR XS TR e
THIRLE, SET0 Rt e v il (KO BRI & S e ATy 3 3B o v, L rb YR e A s L
P BB IR I 5 2 T S w5 | A PR 0 YR R B, R LR i P YR IC iy, AT T
BRI B 2 A A 5.

HE BRI () BT SR TR RE N 10.33 m. 7E 200 4E— B 4E T, BRRMEH R o510k
TRME A 2.84 m, i A B2 A R T FE N 10.17 m, A BRI (LR 2). IR F
HpPIR 2 m ), PRI EIE A 3.06 m, AHNIR TR FE N 10.39 m, OB RSE TSR AR, K
SEA IR MRS, UBERTMERL TR 5 m S, PIRIE SIS 2 3.20 m, AHR BT SR 10.53 m, #id
WA TR 0.20 m. FEESE AT P id 15 m, BORIERBEN 5% 8%+ 10%. 11% Al 13%,
PR RN 1% 2% 3% 3% H1 4%. KA MM B AN bR, B T i R 180 b () 348 W 2%,



54 B, S BT LR RO SR 22 AT R 9T 209

PEHD AIIRAS AL R 1 m, BT AR 0 0.13 m. 1 M A PFVR 4 m 2B E iR 5 m, SE T
FEAEIN T 0.04 m. 2 BISERTARBRIR, T AH RV XS RS [ 22 4 XU 5% i /)

Fz 2 200 F—@EpERETKIEE R EIHRRE THBERESZIHERSE
Tab. 2 The wave run-up and design crest elevation under current bathymetry and different
erosion depths in the 200 year return period

To M fe/m PR /m AN/ WK /m Hyg/m  JPORIEE/m  SENiERE/m

TR —0.50 1.92 6.56 47.95 3.77 2.84 10.17
M1 m —1.50 1.94 6.56 50.44 3.90 2.97 10.30
P2 m —2.50 1.94 6.54 52.44 3.99 3.06 10.39
PR3 m —3.50 1.94 6.53 54.23 4.07 3.12 10.45
M4 m —4.50 1.95 6.53 55.85 4.15 3.16 10.49
M5 m —5.50 1.96 6.53 57.32 4.21 3.20 10.53
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Fig.7 The increased of water depth (a) and increased percentage of wave length and wave

height (b) induced variations of wave run-up
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Tab. 3 The wave run-up and design crest elevation under current bathymetry and different erosion
depths in the 100 year return period
TH e /m P/ m o BAM/s BWK/m Hyg/m  BORERE/m  SETIER/m

TR —0.50 1.79 6.41 46.09 3.55 2.72 9.86
MK 1m —1.50 1.81 6.40 48.43 3.68 2.84 9.98
M 2 m —2.50 1.82 6.38 50.38 3.76 2.91 10.05
MR 3 m —3.50 1.82 6.37 52.11 3.83 2.97 10.11
MK 4m —4.50 1.83 6.37 53.64 3.90 3.01 10.15
MR 5 m —5.50 1.84 6.37 55.04 3.97 3.04 10.18
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Tab. 4 The design thickness of barrier board under current bathymetry and different erosion depths

in the 200 and 100 year return periods cm
T4 200 i 100 4F—if8
AR 25.2 23.9
MK 1 m 26.9 25.6
MK 2 m 28.4 27.1
MK 3 m 29.9 28.6
MK 4 m 31.4 30.1
MR 5 m 33.0 31.6
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