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Upstream movement of piping channel of double-layer dike foundation
based on tip hydraulic gradient
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Abstract: After piping channel appears, the length of the channel may elongate or remains stable. The traditional method is to
calculate the hydraulic gradient between river and piping port, and it is not precise enough. In fact, the hydraulic gradient at the
tip of the channel determines the results. Considering the effects of the channel expansion, the stability of particles at the tip of
the channel is analyzed, and change of the hydraulic gradient at the channel tip after channel elongation is also investigated. If
the hydraulic gradient continues to grow with the channel elongation, the channel will be extended. If the hydraulic gradient
keeps steady, the channel will be stable. The finite element program is compiled, to simulate the cross-section expansion and
up-tracking of the channel. The program speed is accelerated by the equivalent substitution of the channel section for
concentrated seepage. The model tests are carried out to observe the development of the piping channel. By comparing with the
laboratory test data, it is proved that the theoretical method and the finite element program are feasible and usable.
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Fig. 1 Laboratory test model box
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Fig. 2 Relationship between channel length and tip gradient of

experiment 1
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Fig. 3 Relationship between channel length and tip gradient of

experiment 2
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Fig. 4 Relationship between channel length and tip gradient of

experiment 3
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Fig. 5 A equipotential line
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Table 1 Equivalent depths of perimeter of channel section
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Fig. 6 Numerical simulation model
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Fig. 7 Results of piping channel expansion

4 % @
ARSI I SR 1 R TR, 4R34 T
EATERE G L S % R B TR

LIRSS HH DA R &5 8

(1) SRl B mT SR ) 52 OO 8 e 2 75 4k
SRR 1207 IR G I B R 3 B ) A B o LB

(2) &R TE S v B 1) 840 5 E YRR - A
W T PRI i 5 DA O ﬁLW&%ﬁ@%#@T%&
BCTE F 5 Jeun g G EA  L R, AR O I
ANEGREE i

(3) K P 8 1 W 1] 45 AR AT A R oo 1
THE, $e T ARG BUE B TR . AR
A RIE 7B I — ok FUm TE YRR S A W R
(R

SE -

(1] FHEE, X2, piREE b IRRsmeEsl[I]. KA
%, 1962(1): 33 - 43. (JIANG Guo-cheng, LIU Hong-mei.
Seepage control of earth dam on gravel foundation[J]. Journal
of Hydraulic Engineering, 1962(1): 33 - 43. (in Chinese))

2] YkE. AN BB RO KK REATT,
1981(3): 89 - 93. (SHA Jin-xuan. Piping study in porous
media[J]. Hydro-Science and Engineering, 1981(3): 89 - 93.
(in Chinese))

[3] XI 7. :RBE BRI HI]. AR, 1984(5):
24 - 28. (LIU lJie. Soil seepage deformation characteristics
and control[J]. Yellow River, 1984(5): 24 - 28. (in Chinese))

(4] JEEE, RS, RS Al RNEE AT AR T T[] R
HRIB K 224K, 1984(2): 67 - 76. (QU Zhi-jiong, WU

Jian-ming. Experimental study on seepage deformation of

[7]

(]

[10]

compacted stone[J]. Advanced Engineering Sciences, 1984(2):
67 - 76. (in Chinese))

RarE, ZEMar, RAYER. SEBTEN AR P BN EE L
PSR T ERE T[], KFIZEAR, 2000(9): 48 - 54. (CHEN
Jian-sheng, LI Xing-wen, ZHAO Wei-bing. Study on piping
leakage mechanism[J]. Journal of Hydraulic Engineering,
2000(9): 48 - 54. (in Chinese))

IR, TR, SRR A A R I R i B AL ).

JKFIK R HERE, 2005(6): 21 - 24. (LI Guang-xin, ZHOU
Xiao-jie. Experimental simulation of the development

Advances in Science and

2005(6): 21 - 24. (in

process of the embankment[J].
Technology of Water Resources,
Chinese))

skoWIL R A, Wk ME. SEIUE T E A e S KL
YA AR LA FT[T]. K SCHLBR TAEHLSE, 2007(6): 83 - 86.
(ZHANG Gang, ZHOU lJian, YAO Zhi-xiong. Study on
mesomechanical simulation of piping with model tests and
PFC?"[J]. Hydrogeology & Engineering Geology, 2007(6):
83 - 86. (in Chinese))

MR, sk R, B, L ZREIREP RSN
XoF B A R RIS T AT 0], A b TR, 2014, 36(12):
2213 - 2219. (CHEN lJian-sheng, ZHANG Hua, WANG
Shuang, et al. Experimental researches on effect of
foundation structure on piping in multilayer embankment[J].
Chinese Journal of Geotechnical Engineering, 2014, 36(12):
2213 - 2219. (in Chinese))

MEZE, PhKEe, TR, S SREE/N RSB 4
Wﬁ%ﬂﬁm.mﬂ%WJm¢4ﬁ%ﬂ2y%—wxuu
Chang-jun, YAO Qiu-ling, DING Liu-gian, et al. Meso-
experimental research on piping failure with small size model
test for dike foundation[J]. Journal of Hydraulic Engineering,
2014, 45(S2): 90 - 97. (in Chinese))

Bt Bt XM WURSEIREHIEE Y AL A
THITER ). A4 %5 TR, 2013(11): 2368 -
2376. (JIA Kai, CAO Hong, LI Xing-hua. Research on
mechanism and computational method ofPiping channel
expansion of double-layer dike foundation[J]. Chinese

Journal of Rock Mechanics and Engineering, 2013(11): 2368
- 2376. (in Chinese))



