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ABSTRACT

This study aims to investigate the mechanical behavior of embankments constructed
from volcanic soil under the independent and combined effect of rainfall and seismic
loadings. To accomplish this purpose, a series of 1g model experiments on embankments
were conducted with an apparatus that integrated both the spray nozzle and the shaking
table. The soil samples were prepared using Komaoka volcanic coarse-grained soils as
materials with 3 different amounts of fine particle contents while the initial water
content was chosen at dry cases and wet cases of optimum water content. In the
experiments, shear strain, acceleration, pore water pressure, and saturation degree were
monitored and measured to provide an understanding of the influence of different fine
particle contents and initial water content on the failure mechanism of the volcanic
embankment subjected to rainfall and earthquake. In post-rainfall earthquake tests, the
seismic loadings were applied at 3 different conditions of pore water pressure inside the
embankments to clarify the effect of dissipation time between rainfall and earthquake.
The results of post-rainfall earthquake cases in this study were compared with those in
the cases of post-earthquake rainfall in previous research to investigate the importance
of the order impact of external forces. The physical model test results were also compared
with previous research including element tests and disaster reports. Besides, modern
techniques of artificial intelligence were applied to predict the water retention
characteristic.

The results show that the previous rainfall plays an important role in evaluating the
stability of embankments under subsequent earthquakes through water retention
conditions inside the slope such as rainfall-induced residual pore water pressure and
saturation degree. The fine particle content has a great influence and must be taken into
account when studying the stability of the volcanic embankment under the independent
or combined effects of rainfall and earthquake. At the same degree of compaction, the
permeability of volcanic soils decreases with the increase in the fine grains content. The
earthquake resistance of the compacted volcanic embankments subjected to previous
rainfall increases as the fine content increase. Even so, this increment in seismic
strength is not significant when the fines content was higher than 27%. Initial water
content has a great influence on the mechanical behavior, infiltration characteristics,

and failure phenomenon of embankments due to rainfall and/or earthquakes. The



permeability of the compacted soil on the wet side of the optimum moisture content is
less than it is on the dry side when the fine grain content of the soil is sufficiently large.
In contrast, embankments compacted on the wet side exhibit less resistance to
subsequent earthquakes under the same shear strain due to previous rainfall. When
embankments are subjected to dual disasters, the slope stability may be various for
different orders of earthquake and rainfall even though the preceding received shear
strain is similar. Finally, a simple method to evaluate slope stability in practice with the
measured water content as the object of assessment was proposed based on the change
in soil infiltration capacity. Machine learning models can be applied to predict pore water
pressure values from historical data. Daily updates of the dataset and the climate data

can significantly improve prediction accuracy.
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