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Critical hydraulic gradient
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Critical average hydraulic gradient
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piping in dikes, Journal of Hydraulic Research, 2017.



Critical average hydraulic gradient

Sellmeijer (1988)

Sellmeijer et al. (2011)
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Sellmeijer, J. B. (1988). On the mechanism of piping under impervious structures

(Doctoral thesis). Delft University of Technology, Delft.

Figure 9-1 shows the computed
relations between H/L and 1/L. It
can be clearly seen that a critical
value of H exists. Beyond that,
equilibrium cannot be reached. To
the left of the «c¢ritical H the
erosion length 1 1s stable. Here a
fluctuation in H 1is compensated for
by a small increase in 1. But to the
right of the critical head a
variation in 1 demands a subsequent
decrease of H . If the hydraulic
head stays constant a progressive
process of erosion 1s set 1n motion,
resulting 1in the total collapse of
the dike. This behaviour - a stable
situation followed by progressive
erosion at full swing - exactly
coincides with observations in
practice.
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Sellmeijer, J. B. (1988). On the mechanism of piping under impervious structures
(Doctoral thesis). Delft University of Technology, Delft.

This equation supplies a range of values for H/L as function
of 1/L from which the maximum possible one must be calculated
in order to obtain the critical head. One may observe 1in
figure 9-1 that the desired maximum value 1s fairly well
represented by the head for 1=H/2. Therefore the critical head
will be defined as that for 1=H/2.
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Types of internal erosion

- Pipe or crack internal
erosion

- Contact erosion

- Backward erosion

- Suffusion
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Pipe or crack internal erosion

Buckward internal erosion (generalized or
local, i.e. ar the bottom of the pipe)
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Internal comtact erosion (between gravel
and silt)

Suffusion, or the internol instability of a
soil, or volume erosion
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S. Bonelli: Erosion of Geomaterials, Wiley, 2012




Prediction level
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Pipe or crack internal erosion
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C.F Wan and R. Fell: Investigation of Rate of Erosion of Soils in Embankment
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Pipe or crack internal erosion
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Pipe or crack internal erosion
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Contact erosion
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S.S. Tomlinson and Y.P. Vaid: Seepage forces and confining pressure effects on piping erosion, Can. Geotech. J., 2000.

J.R. Valdes and J.C. Santamarina: Clogging: bridge formation and vibration-based destabilization, Can. Geotech. J., 2008.
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S.S. Tomlinson and Y.P. Vaid: Seepage forces and confining pressure effects on piping erosion,
Can. Geotech. J., 2000.
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Suffusion

Criteria: Internal instability
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M. Li and R.J. Fannin: Comparison of two criteria for internal stability of granular soil,
Can. Geotech. J., 2008.



Suffosion

Suffusion
(Ch Lok H, EEELL)

!

Suffosion

(B, WHEEIK AR O TR ZE4b)

l

Piping
(RZiR D)




Backward erosion
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Backward erosion 1 2 1# & o 2
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K. Vandenboer, F. Celette, A. Bezuijen
(2019): The effect of sudden critical and
supercritical hydraulic loads on backward

erosion piping: small-scale experiments,
Acta Geotechica, 14:783-794.
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Backward erosion O i &3 £ o Z-

J.C. Pol, W. Kanning and S.N. Jonkman
(2021):  Temporal = Development  of
Backward Erosion Piping in a Large-Scale

Experiment, J. Geotech. Geoenviron.
Eng.,147(2), 04020168.
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We should try ...
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