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On the Design of Bank Revetments at Inland Waterways Subjected to
Ship-Induced Water Level Drawdown: A Probabilistic Infinite Slope Analysis

ShuangShuang Liang
School of Civil Engineering, Guizhou University, Guizhou 550025, China

Abstract: To protect embankments along German inland waterways against local slope sliding failure caused by
ship-induced water level drawdown, they are mainly secured by bank revetments. Often, large embankment sections are
designed on the basis of a limited number of field and laboratory tests. Thus, uncertainties arise with regard to the
mechanical and hydraulic ground properties. Current design standards account for these uncertainties by conservative
design assumptions and empirical knowledge. This paper investigates the effects of vertically non-homogeneous ground
properties on the required armour layer thickness using 1D random fields and an infinite slope model, which was
modified to account for ship-induced drawdowns. Within the limitations of the infinite slope assumptions, the effects of
a spatially variable friction angle and hydraulic conductivity are investigated and compared to deterministic benchmark
cases. The investigations show that the level of safety obtained with the deterministic design depends strongly on the

choice of the characteristic values. Particularly, the hydraulic conductivity determines the reliability of the design. In

Copyright © 2026 by author(s) and Ufascience Publisher.
This work is licensed under the Creative Commons Attribution international License (CC By 4.0)
http://creativecommons.org/licenses/by/4.0/

D _Jopen [ access

SCESI BN, SZAAT B F ¥ PR AR R P T vk — SR BRI 0T (7], IR AR 5 R, 2026, 4(4): 62-73.
DOL: https://doi.org/10.61784/mea2042



http://creativecommons.org/licenses/by/4.0/
https://ufascience.com/mea

ZEXUR

some cases, the 5 % quantile of the hydraulic conductivity does not yield a conservative estimate of the required armour
layer thickness. In the case of the effective friction angle, the 5 % quantile may overestimate the required armour layer
thickness for permeable soils. For less permeable soils, the 5 % quantile meets the solution of the random field analyses.
For the combination of random effective friction angle and random hydraulic conductivity, all investigated benchmark
studies seem to ensure engineering safety, but on different reliability levels. Based on these findings, recommendations
regarding site exploration and choice of characteristic values of hydraulic conductivity and effective friction angle are
provided.

Keywords: Slope stability; Ship-induced drawdown; Revetment design; Non-homogeneous ground properties;
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Figure 1 Schematic Illustration of Ship-Induced Drawdown Heights at Bow and Stern and Corresponding

Drawdown Times over Time
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Figure 2 Hydrostatic Pore Water Pressure and Excess Pore Water Pressure during Ship-Induced Drawdown
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Figure 3 Schematic Diagram of the Random Field Method Applied to an Infinite Slope
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Figure 4 Calculation Procedure to Determine the Layer Thickness with a Random Field
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Figure 5 Parameter Definition to Compare the Random Field Analyses to the Benchmark Solution
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WERRER pf 7EIA K — BIE 2 5 B2 A 200 i N B covk,g’  BEK, pf 8K 10 0ko' Xt
pf MR, AL AR NI EEN 0ke'  $/NT derite covk,d'  BEKHF, Wifh 0k Frfe
pf HEWIE.
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FKrorEE, L Su2 il —UGERUE R EE (=887 (=) ) XM covk,g'  =0.20/0.02 I pf=_80%,
XN covk,d’!  =0.40/0.04 Bf pf=40%. HIT covk,d' =0.20/0.02 (IR M LAE VT X | N BEEEEBE, T
BB KRNNT covk,d'  BIKFH.

% JCSS, MR 5 RERT 22 At M AR i & R B R IR BRIRES, BRI B =3.1 (pf=1X10" *)
LAz . Lh 5% “bm” HE Z UGERIZED R R Z RRTE K3 2 EE, XM pf ~ 0.00%~1.14%, K11 ARiE
iz HARATEERE . FEFTIE SOOI R, B RS BT I O 22 B A S MRS ORISR, g K A i 22 KT 59
B AR HIAT R AKAETT DAEESZ, T R FROIRAS 26 A0 5 H AR S8 FE R U T 18 s B0, At SUET
AT O RRAE (DR U TV
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ARSCHTFE UL 1A BEE A K % 5 R BCE RIS SR I R R . BT RIEANE & 5 18 E BT AR HE B
PRILEL, UA%ET Biot 751004 BRITIETL B g i FLIGUK IS 7, ANIR] T 45 SCHR AT R AT i AL 5345 1) R LB /K T
J1o A, ZHOT TR WA RS FL RS 7K M 77 0] T v S AU, 3K PR i A8 IR LR A I 0 R FE R T i
HENE,

BEAh, ASSCWEFEARTE NI AR 113 B SZ R 2 DR OR BRI B SR B I 7 T S 28 sl S BT s 47 T V2 R o ool
AHEFCHT H B0 5, X T T A2 s SBUI SORAN R AR BTl g2 BURI LA, R S Al A SR A 2 5 0
Ko —BRTLUAN, BB ISR AT E BTG 97 2 R BN 0.60~0.90 m.
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SERTRENS AL ko RZIRIR . U SRR T H 99 i R S AR . SR, 25 R 5 AL NI Ks
RIAHORNE, AT e BRI P 5 9 TR R M SE 0L ¢ 5 k BOMSCIE R EHRHIGT S, M Ksy k S5HE
FLBEZ n BOARSCHE N 2 ALK R J R R e PRI 7 BE 2 0F

REAHAE LR R, SRR ENE (SRR SO ITE T ARSI 22 227K e 9 B AR TR (i (B RO S B
11 453 A0 AL AR B OSCAN 2 2 ) B B, SRR T AR BB R PR T 22 S R il ¢ T &, XiEK A4,
5% 3L AELFTRE il Bl 7 90 TR SRR O = 20 e DR ST B 2 TR R BB VP SE N 3 M X g9iE K+
W B 5% SAAESENRHEE AT ORIE LR 4. Bt k &, 2 0 k>derit B, 5% ({8 Al 8T
A2t X ¢ 5 k MG, HEESHEAMK, W 5% HAERTRE A HIE R R T F3
HZER. Y covkd' 5 0k¢' TE, “of” MR mRALE 5% “bm” f#/ 10~30 cm.
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Dz ALK R D S PR 2 R . Ak, JeHARR X, JEE/NT 1.0m K12 BITthMHA
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IR B 22 K X IO AR A
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