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Abstract

Japan has a variety of volcanic ash soils that cause complicated geotechnical engineering problems in
all the regions of the islands, i.e., in Hokkaido, Tohoku, Kanto, Chubu, Chugoku and Kyushu. The
distribution of volcanic ground was widespread and each volcanoes has acted numerously over geological
time. In Hokkaido, Japan, there are over forty Quaternary volcanoes, and pyroclastic materials cover over
40 % of its area. Sedimentary structure, components, distributional area and degrees of the weathering
greatly differ with the depositional environment. Therefore, it is anticipated that the mechanical property
of volcanic soil grounds will be diverged. Such volcanic soils have been also used as useful construction
materials, especially man-made earth structures (embankments and cut slopes, etc.). However, a large
number of earthquake- and rainfall-induced failures of artificial slopes such as cut slopes or embankments
have been reported in Hokkaido, Japan. Examples include embankment slope failures due to the 2003
Tokachi-oki earthquake, cut slope failure on the Hokkaido Expressway (1999) due to rainfall and snow-
thaw water in the spring. Therefore, volcanic soils have been classified as “problematic soils” in Japan
engineering researches. Notwithstanding, the research on volcanic soils from the engineering standpoint is
extremely superficial in comparison with cohesion and cohesionless soils.

Internal erosion is one of the major causes of failures and accidents for soil structures such
as embankments. Examples include slope failure of the Hokkaido heavy rainfalls in 2016 and
collapses of dykes around Kinugawa River (2015) due to internal erosion such as piping
phenomenon by heavy rainfall. Therefore, this paper aims at clarifying destabilization of
volcanic coarse grained soils caused by internal erosion in which soil particles within soil
structures are outflowed by seepage flow. In order to accomplish the purposes, field
observation of a full-scale embankment was firstly carried out. Thereafter, a series of upward
seepage test was conducted to grasp features of seepage behavior in volcanic soils and to
investigate effects of differences in compaction conditions and the shapes of grain distribution
curve on its behavior. Additionally, internal stability of volcanic soils under several
geotechnical conditions was elucidated by empirical criteria such as Kenny & Lau’s, Kezdi’s
and Li & Fannin’s criteria, etc. In this study, a volcanic coarse grained soil erupted from the
Shikotsu caldera in Sapporo city, Hokkaido was used in the seepage tests. The sample was
specified into pumice flow deposits (the notation is Spf), and was referred to as Komaoka
volcanic soils. In the experiments, the movement of soil particles in seepage flow tests was
observed using an X-ray CT scanner in detail. The test results showed that destabilization of
soil structures due to seepage flow is changed depending on an increase of amount of finer
soil particles, and that internal erosion is induced by loss of fine particles with the changes

in void ratio. As a result, a significant variation in hydraulic conductivity was generated. In



the consideration of the results, it was shown that volcanic coarse grained soil including
pumice particles with a low specific gravity is internally unstable. Finally, a new evaluation
method on internal erosion was proposed for the stability of soil structures constructed by
volcanic coarse grained soils by taking index properties and mechanical behavior of materials

into account.
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