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Using particle image velocimetry for failure prediction in an experimental vertical cut
of unsaturated soil
Ning Lu, Colorado School of Mines, Department of Civil and Environmental Engineering,
Golden, CO 80401, USA

Abstract Controlled laboratory experimentation is instrumental in understanding
unsaturated slope failure conditions. The critical height of a slope is where the ratio of shear
strength to shearing stress along a potential failure plane is lowest. Critical height
predictions of a vertical cut are often made using a plane-strain, finite slope analysis
assuming a planar failure surface in soils with cohesion. Using a novel suction stress
concept, this work extends the vertical cut analysis to cohesionless soils bound by two
sidewalls in the third dimension. To test the slope’s critical height, we compacted an
unsaturated sand to a uniform porosity and moisture content in a laboratory simulator. The
simulator had a sliding door that extended the height of the free face until the critical height
was reached. Digital photos of the slope’s cross section and top-view were taken
concurrently. A recently developed particle image velocimetry (P1V) tool designed to detect
soil deformation. Results of the PIV analysis from the top-view showed strain localization
at a given distance from the sliding door prior to failure. The strain areas along the slope
crest coincided with the location of the slope crest post-failure. Angle of the failure plane
was then calculated assuming the area of highest strain was incipient motion of the critical
failure plane extending to the toe. Strength and soil-water characteristic parameters of the
sand were tested for use in the extended vertical cut analysis, along with the failure plane
angle. Comparisons of the experimental failure heights to those calculated by predicted
method developed in this work showed agreeable results to predicting height of vertical cut
failure. This paper lays the groundwork for using the PIV method, along with soil strength
and moisture testing, to predict the critical height of a vertical cut of unsaturated soils.
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A unified effective stress for variably saturated soils

Ning Lu, Colorado School of Mines, Golden, CO 80401, USA, ninglu@mines.edu
Abstract A unified effective stress concept based on the suction stress characteristic curve
(SSCC) for variably-saturated soil is discussed. Particle-scale equilibrium analyses are
employed to distinguish three types of interparticle forces: (1) active forces transmitted
through the soil grains (Terzaghi’s); (2) active forces at or near interparticle contacts
(physicochemical); and (3) passive, or counterbalancing, forces at or near interparticle
contacts (Born’s and steric). It is proposed that the second type of forces, which includes
physicochemical forces, cementation forces, surface tension, and the force arising from
negative pore-water pressure, can be conceptually combined into a macroscopic stress
called suction stress. Suction stress is an internal stress that is completely balanced by
Born’s repulsion and is independent of the external or total stress. Suction stress
characteristically depends on degree of saturation, or soil suction, thus paralleling well-
established concept of the soil-water characteristic curve in soil physics. The existence and
behavior of the SSCC are experimentally validated by considering unsaturated shear
strength and volumetric behavior data for a variety of soil types in the literature. The
characteristics and practical determination of the SSCC are demonstrated. A closed form
equation for predicting the suction stress for all soils is found. A case study of shallow
landslide initiation induced by heavy rainfalls in Seattle area illustrates that variation in
suction stress can well reconcile the spatial and temporal characteristics of the event.
Suction stress provides a potentially simple and practical means to describe the state of
stress in unsaturated soil.
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