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Analytical solutions and mechanism analysis of seepage failure

ZHOU Jian, YAO Zhi-xiong, JIANG Jian-hong
(1Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China)

Abstract: The solution of Laplace equations by using the method of separation of variables in the cylindrical coordinate system is

discussed. Through a series of case studies, the solution of Laplace equations is gotten and used to study the phenomenon of seepage

failure and exemplify some instances. It concludes that the ununiformity of the permeability coefficients is the main reason for the

seepage failure; and the seepage failure always develops along the direction of high gradient of the permeability coefficients. The

authors also try to probe into the complicated mechanism of piping. This study is of great significance to some engineering problems,

such as piping, flowsoil, etc.
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Fig.1 Problem of water pressure distribution of vertical
layered soil in cylindrical fields
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Table 1 Properties of soil Kalin (1976)

SO K /N Wt wt2
/NHAE /mm 0.075 0.075
KHEME /mm 1.180 0.600
SFHEAE /mm 0.682 0.334
PRy % Ngdr 0.182 0.087
ERSEY 3 2.300 1.400
Hohith T 2.637 2.598

. 20(n=33%) 0.56 (n=33%)
BIEZRL /mm -

27(n=48%) 1.2(n=33%)

£ 2 Kalin (1976 ) BB AL MF 4 AL R
Table 2 Typical results of seepage tests by Kalin (1976)
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3 23763 TF2

4 231.10 +TFE2

2 60 50 40 0.58 1.29 2 17291 TZ2
3 16253 +T)ZF2

5 152.10 +)ZF2

3 30 15 95 1.06 0.93 2 125.61 TZ2
3 12206 +JZ2
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Fig.2 Water head distribution as y =2 in test 1
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Fig.3 Water head distribution as the soil is uniform
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Fig.4 Hydraulic gradient distribution when y =2 in test 1
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1.0 0.100 0.100 0.95 0.94 0.22 10 H
1.2 0.116 0.100 1.08 0.94 0.22
15 0.145 0.102 136 0.96 0.23 B 7 BB RIS A S E R
20 0.180 0.102 175 0.97 023 Fig.7 Water head and velocity distribution when the soil is
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