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L S H Hydro-mechanical constraints and premonitory factors of

landslide dam failure caused by seepage
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Landslide dams inevitably demonstrate the potential for catastrophic failure with high-risk
damage to life and property at the downstream site. The formation of a landslide dam is a
natural process; thus, minimizing the risk due to its failure is important. Landslide dam failure
can be categorized into three types: seepage failure, overtopping and slope failure. As
described by other researchers, the established premonitory factors of landslide dam failure are
hydraulic gradients, seepage, and turbidity as well as vertical displacement and inflow rate into
the reservoir. Knowledge of the internal instability of dam material is the key factor to predict
the seepage failure of the landslide dam. Failure time is another factor to reduce the adverse
effect of catastrophic floods. The objective of this study is to support field engineers for
predicting the failure time of the landslide dam caused by seepage, based on the possible
available data in the field without disturbing the dam body.

An experimental study has been conducted with a different mix of silica sand for failure and
not failure cases to find the possible condition for dam crest failure and its stability. Three
groups of samples that represented fine, medium and coarse particle sizes were prepared by
Silica sand S4, S5, S6, and S8 of different proportions. These samples were used to conduct the
flume experiments of failure and not failure cases. Premonitory factors of landslide dam failure
behave differently in different particle size samples. From the experiment, it is found that the
TSS trend line may be the initial factor for checking the stability of a dam crest. A landslide
dam with an increasing TSS order will fail and a decreasing order may not fail. Based on all
experiments, it can be concluded that the hydraulic gradient has three stages: 1) it starts to



increase and reaches a peak value; 2) it starts to decrease from the peak value and reaches a
minimum, and 3) it starts to increase again where the seepage water begins to come out and the
vertical displacement starts to increase. Dam failures always occur when seepage water comes
out with an increasing TSS and increasing vertical displacement. Repeated experiments on
samples having more fine particles show that if a landslide dam is formed by fine particles,
then there would be a high chance ofits failure. In the case of a constant hydraulic gradient, the
landslide dam would be stable whenever there is an increasing vertical displacement and
presence of TSS. Similarly, in case of constant vertical displacement and a decreasing TSS, a
landslide dam would be stable.

Extensive laboratory work was done with mixed samples of silica sands to find the relation
between seepage water volume and TSS. Seepage water was collected from a flume tank with
the facility to measure the hydraulic gradient, vertical displacement, and seepage water volume.
Grain size affected the life span of the dam. The seepage volume increased with the increase in
the percentage of silica sand S4, whereas TSS increased with the increase in the percentage of
silica sand S8. With the increase in the reservoir size with constant quantity of inflow, TSS
decreased, and the total seepage volume increased.

Dam failure depends on the particle size, dam geometry, inflow rates, reservoir size, hydraulic
gradient, and seepage water volume, and TSS of seepage water. Results indicated that with the
increase in fine particles, the life span decreases, and TSS increases. With the increase in the
inflow rate into reservoir, the dam life span decreases, and the TSS and seepage volume rate
increase. With the increase in the reservoir size, for a same quantity of inflow, the total seepage
water volume decreases.

These experiments of flume tanks provide a framework for a better understanding of the
possibility of seepage-induced failure of landslide dams. The results of this comprehensive
research would aid in the development of accurate dam breach models and these results can be
used in the field to predict possible failure time, which can reduce the disaster.
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