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Landslide dams are formed in valley-confined settings where favourable
geomorphological and hydro-climatic factors result in the downslope movement of
weathered slope materials, causing the blockage of river valleys and the creation of
barrier lakes. Landslide dams are potentially dangerous natural phenomena which are
made up of heterogeneous masses of unconsolidated or poorly consolidated sediments,
and thus may fail by seepage or piping. Failure of landslide dams could trigger
catastrophic outburst floods and debris flows which could inundate the downstream areas,
causing loss of lives and infrastructural damage. Therefore, timely evaluation of
landslide dams is important for prevention of catastrophic dam failures and mitigation of
disasters caused by downstream flooding of the released water masses. This research
performs a series of field investigations, flume experiments and large-scale physical
experiments to study the potentials for internal erosion and piping failure of landslide
dams.

An integrated geophysical approach comprising the microtremor chain array and
self-potential surveys were successfully used to characterize the internal structure of
landslide dams and delineate potential seepage zones. The microtremor chain array
survey results revealed the internal structure of the landslide dams while the
self-potential survey results indicated areas of anomalous seepage or zones of high water
saturation. In most of the surveyed sites, the presence of an anomalous seepage was
confirmed by a very good correlation between the areas of low phase velocities (80 to
200 m/s) and high negative SP anomalies.

A series of experiments were performed to study the hydromechanical constraints for



landslide dam failure by piping. The experiments were conducted in a 2m*0.45m*0.45m
flume, with a flume bed slope of 5°. Uniform dams of height 0.25 m were built with
either mixed or homogeneous silica sands. Two laser displacement sensors were used to
monitor the behaviour of the dams during the internal erosion process while a linear
displacement transducer and a water-level probe were deployed to monitor the onset of
internal erosion and the hydrological trend of the upstream lake. Five major phases of the
breach evolution process were observed: pipe evolution, pipe enlargement, crest
settlement, hydraulic fracturing and progressive sloughing. Two major failure modes
were observed: seepage and piping-induced collapse. It is found that an increase in soil
density and homogeneity of the dam materials reduced the potential to form a continuous
piping hole through the dams. The rate of pipe enlargement is related to the erodibility of
the soil, which itself is inversely proportional to the soil density.

Extensive laboratory experiments were performed to evaluate the critical hydraulic and
geometrical conditions for seepage-induced failure of landslide dams. The experiments
were conducted in a flume tank specifically designed to monitor time-dependent transient
changes in pore-water pressures within the unsaturated dam materials under steady-state
seepage. Two critical hydraulic gradients corresponding to the onset of seepage erosion
initiation and collapse of the dam crest were determined for different upstream inflow
rates, antecedent moisture contents, compactive efforts, grain size ranges, and dam
geometries. The deformation behaviour of the dams was significantly influenced by
particle density, pore geometry, hydraulic conductivity, and the amount of gravel and
pebbles present in the materials. The results indicate that the critical seepage velocity for
failure of the dams decreased with an increase in downstream slope angle, but increased
with an increase in pore geometry, dam height, dam crest width, upstream inflow rate,
and antecedent moisture content.

Large-scale (outdoor) physical experiments were conducted to evaluate the premonitory
factors for internal erosion and piping failure of landslide dams. Several monitoring
sensors comprising pore-water pressure sensors, linear displacement transducers, and
turbidity sensors were installed at different parts of the dam to monitor the hydrodynamic
changes that occur during the internal erosion and piping. Furthermore, self-potential
measurements were made during the experiments by installing several electrodes on the
dam crest. The experimental results indicated that the emergence of a high turbidity
(300~450 NTU) effluent seepage at the downstream face of the dam coincided with a
very high negative self-potential anomaly. This was also found to correlate with the
development of high pore-water pressures (4~8 kPa) which subsequently led to a gradual
decrease in the dam height (settlement). These large-scale (outdoor) physical experiments
provide important information regarding the premonitory factors for piping failure of
landslide dams.



Integration of the geophysical surveys, flume experiments, and large-scale (outdoor)
physical experiments provides a framework for a better understanding of the likelihood
of piping-induced failure of landslide dams. The results of this comprehensive research
would aid in the development of accurate dam breach models for the prediction of the
breaching time, flood hydrograph and an early warning system for disaster risk
reduction.
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