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Global warming increases precipitation in wet climate regions, especially in East Asia.
Heavy rainfalls frequently occur in Japan, especially during the summer monsoon
season, causing geoenvironmental disasters such as shallow landslides and debris flows.
This research aims to understand the initiation mechanism of heavy rainfall-induced
shallow landslides on steep slopes with impermeable bedrock and propose a method for
time prediction.

Three events of heavy rainfall-induced shallow landslides at Aso caldera, Izu Oshima
Island and Hiroshima in Japan are selected as the study sites for this research. These
study sites present two kinds of widespread landslide-forming materials in Japan. One
kind of materials is the pyroclastic-fall deposits. The other kind of materials is the
residual soil from weathered granite. These shallow landslides were triggered on steep
slopes with impermeable bedrock by heavy rainfall related to typhoons or low-pressure
troughs. This research is specifically focused on examining the soil behavior with
pore-water pressure increase of two kinds of landslide-forming materials through
conducting pore-water pressure controlled triaxial tests. The pore-water pressure
controlled triaxial tests simulate the soil behavior with the increase of pore-water
pressure in slope due to rainfall infiltration during heavy rainfall. Meanwhile, the
results describe the initiation mechanism of these two kinds of heavy rainfall

induced-shallow landslides on the steep slopes with impermeable bedrock. For the



pyroclastic-fall deposits, the axial strain starts to increase rapidly when the pore-water
pressure reach to relatively high value. Then, excess pore-water pressure builds up with
rapid increase of axial strain. This will result in the obvious decrease of effective stress
of soil. Finally, static liquefaction will occur, leading to the generation of shallow
landslides on the steep slopes. For the residual soil from weathered granite, the increase
of axial strain starts at low pore-water pressure. With the increase of pore-water
pressure, the axial strain increase gradually. Different with the pyroclastic-fall deposits,
there is no pore-water pressure buildup. The soil behavior with the increase of
pore-water pressure provides the possibility of failure prediction through the monitoring
or simulation of groundwater level in slopes during heavy rainfall.

A method for time prediction of rainfall-induced shallow landslides on steep slopes with
impermeable bedrock is developed based on the study on the initiation mechanism of
heavy rainfall-induced shallow landslides. Based on the field investigation on slopes and
laboratory experiments on soil samples, a database can be built for the target area. The
relationship between slope stability and pore-water pressure can be obtained through
slope stability analysis according to the slope features and soil properties. The
simulation tests also can be used to understand how subsurface-water dynamics
influence the landslide initiation. Pore-water pressure controlled triaxial test is a
recommended method for this simulation test. Because the pore-water pressure
controlled triaxial test can simulate the field condition to determine the soil behavior
response to the increase of pore-water pressure. The critical pore-water pressure can be
obtained based on the analysis of the effect of pore-water pressure on slope stability.
During the heavy rainfall, the real-time data is inputted into the groundwater model to
simulate the generation of groundwater level in the soil layer. For the special area, the
piezometer can be installed in the soil layer to monitor the pore-water pressure during
heavy rainfall. If the pore-water pressure, which is obtained by groundwater simulation
or field monitoring, is higher than the critical pore-water pressure, the slope will be in
critical state and shallow landslide would probably occur. Through the method
application on the rainfall-induced shallow landslides in northeastern Shikoku, Japan,
in 2004, it can be observed that this method is feasible for the time prediction of

rainfall-induced shallow landslide during heavy rainfall.
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