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Laboratory tests on development of seepage failure of overlying layer during
piping of two-stratum dike foundation
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Abstract: The piping erosion process in two-stratum dike foundation is simulated by means of laboratory tests to study the
influence on the overlying clay layer after piping of the dike foundation. Through the macroscopic observation, camera
auxiliary shooting and change of piezometric level, flow rate and sand production during the tests, the occurrence of damage
and developing process of clay layer under the rigid plate are analyzed. After piping, the fine sand particles on the top are
gradually eroded, and a concentrated leakage passage gradually developing upstream is formed. Due to the gap between the
leakage passage and the clay layer, slight settlement and flows lead to inhomogeneous deformation in the clay layer, so cracks
are produced and become larger and larger under the action of hydraulic fracturing. So water rapidly flows between the
collapsed clay and the cover through the crack. Under this effect, the clay layer is scoured and the range of damage develops
upstream with the piping. The destruction of the clay layer promotes the occurrence of piping, and the piping passage
continuously developing upstream also accelerates the destruction of the clay layer. Two kinds of processes are interactive.

Key words: piping; two-stratum dike foundation; clay layer; leakage passage; laboratory test
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Fig. 1 Structure of model and distribution of piezometer tubes
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Fig. 2 Grading curves of samples before and after mixing
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Table 1 Test results

1
0 10 20 30 40

N T/min H/cm O/(mLs™) J

1 20 8.5 0.99 0.154
2 50 14.0 2.50 0.254
3 80 30.0 6.30 0.545
4 110 45.0 11.40 0.818
5 140 50.0 13.30 0.909
6 185 54.2 15.80 0.985
7 240 58.9 25.30 1.071
8 320 63.8 30.00 1.160
9 390 69.0 39.20 1.254
10 460 73.6 46.90 1.338
11 530 80.9 61.90 1.471
12 610 87.5 72.70 1.591
13 650 91.6 85.30 1.665
14 700 97.5 97.70 1.772
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Fig. 5 Variation of piezometric level under different hydraulic
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Fig. 7 Accelerated erosion process of embankment



Mrad/t, A5 XURSEEEEROOARE b B8 ZS B0 KA R SR IR 0 B 1781

5510
275
250
mﬁ 225
& 9l BB
E 150 - y=1728.75x-1687.23
) L
% loof N
E T3 4=73.63:—61.96 &+ BRI A
gm S0 \
25+
(()).6 0.7 0.8v 09 1.0 11 12 13 14 15 1.6
A7 H o

B8 ERMIMEEKETHLETHRITBEYE

Fig. 8 Variation of cumulative sand production under various
hydraulic gradients after piping
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Fig. 9 Centralized leakage passage induced by seepage erosion
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Fig. 10 Seepage erosion process of clay stratum under

embankment
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