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Anti-scour Sensitivity of Levees Based on Scour-Structure Coupling

JIANG Hao
(Shanghai Embankment, Pump and Gate Construction and Operation Center, Shanghai 200080, China)

Abstract ; [ Objective ] In typical plain tidal river networks at the Yangtze River Delta front, dense waterways and
frequent navigation significantly impact levee safety through channel operations and bed scour. Focusing on two typi-
cal levee structural types along the Huangpu River and its main tributaries, this study investigates the scour re-
sponse under the coupling of structural dimensions and scour depth. The findings aim to provide a scientific basis for
accurately identifying high-risk bank sections, optimizing bank protection structures, and enhancing the targeted
management of levee engineering in tidal navigable rivers. [ Methods] To examine the scour resistance sensitivity
and its variation of levee structures in tidal navigable rivers, the theoretical scour depth was calculated based on the
actual operating conditions of a navigable tributary in the upper Huangpu River. Using these calculated values as a
reference, finite element models were developed to analyze the displacement responses of gravity-type and pile-foun-
ded levees under coupled conditions of varying structural dimensions and scour depths. This approach allowed for
the determination of the scour resistance sensitivity and evolutionary trends for different levee structural types.
[ Results | The scour resistance sensitivity of gravity-type levees is primarily influenced by the base slab width and
embedment depth. When the base slab width is <4 m or the embedment depth is <2 m, a toe scour 0.5-1.0 m trig-
gers a sharp increase in the displacement rate at the wall top. Conversely, when the base slab width exceeds 5 m or
the embedment depth exceeds 2 m, further increasing the dimensions yields significantly diminishing returns in
scour resistance. The scour resistance sensitivity of pile-founded levees is mainly governed by the pile length. When
the pile length is <15 m, the displacement growth rate accelerates markedly once the scour depth 1.0-1.5 m.
Beyond a pile length of 15 m, the effectiveness of increasing pile length to enhance scour resistance weakens.

[ Conclusion ] (1) The sensitivity of different structural types to toe scour must be fully considered during the selec-
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tion and sizing of levee structures in tidal navigable rivers. Under the given typical boundary conditions, the scour
resistance sensitivity increases with the base slab width, embedment depth, and pile length. However, beyond cer-
tain thresholds, the marginal gain in sensitivity decreases, making it economically inefficient to further improve
scour resistance solely by enlarging structural dimensions. Instead, altering the structural type or controlling the
scour depth is recommended to enhance levee safety. (2) For the design of gravity-type levees, it is advisable to
maintain a base slab width of =4 m and an embedment depth of =3 m. If the anticipated scour depth exceeds 1 m,
gravity-type structures are not recommended. For existing gravity levees, the impact of scour should be mitigated
through strengthened vessel traffic management and the installation of protective structures. (3) For the design of
pile-founded levees, the pile length should be controlled at =15 m. When the anticipated scour depth reaches 1 m,
measures such as enhanced vessel traffic management and protective structures should be implemented to reduce

scour impacts. The proposed structural dimensions and structural adaptability under varying scour conditions provide

a scientific basis for the design and management of levees in tidal navigable rivers.

Key words ;: embankment engineering; navigable tidal rivers; scour depth; scour resistance sensitivity
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Fig.1 Distribution of failure points location of Huangpu
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Table 1 Summary of Huangpu River levee failures

River levee
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Table 2 Proportional distribution of the causes of levee

failure
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Table 3 Theoretical calculation results of river scouring
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Table 4 Computational boundary conditions of the finite

element model
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Fig.3 Coupled sensitivity analysis results of base slab
width and scour depth
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Table 5 Model parameters of hardening soil with small strain stiffness

+2 v/ o/ % 2 E5y/ Ey/ Exl/ Yo/ Gy/ et
5 (kN-m™) kPa °) (°) KPa kPa kPa 104 \Pa p*/kPa Vo
A 18.4 18 26.5 0 6 026 5022 40 176 2 160 704 100 0.2
3 17.7 12 16.5 0 3121 2 601 20 808 2 83 232 100 0.2
@ 17.2 13 11.5 0 2 624 2187 17 496 2 69 984 100 0.2
@H 17.5 16 13.0 0 2916 2 430 14 580 2 58 320 100 0.2
® 19.8 44 17.5 0 6 588 5 490 32 940 2 131 760 100 0.2
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Table 6 Calculation results of wall top displacement

change rate under different base slab widths
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[1.0,1.5) — 78.44 15.60 7.84
[1.5,2.0) — — 65.34 34.90
[2.0,2.5] — — — 60.00
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Table 7 Calculation results of wall top displacement

change rate under different slab burial depths
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[1.0,1.5) — 20.38 7.90 4.16
[1.5,2.0) — 53.60 39.40 15.56
[2.0,2.5] — — — 55.40
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Table 8 Calculation results of wall top displacement

change rate under different pile foundation lengths
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R

JEE/m 9m 12m 15m 18 m
[0.0,0.5) 5.08 2.50 1.18 0.96
[0.5,1.0) 23.80 3.22 1.48 1.24
[1.0,1.5) — 16.64 3.30 3.00
[1.5,2.0) — — 3.64 2.70
[2.0,2.5) — — 8.36 2.94
[2.5,3.0) — — 14.64 7.40
[3.0,3.5] — 10.48
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