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TN SOE H Failure mechanisms and motion simulation of landslides triggered
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Earthquake-induced landslides are widely recognized as destructive secondary geological hazards in
mountainous regions. They may involve small or large volumes of soil, rock or both, and could develop into
debris flows or avalanches characterized by high mobility and long runout distances. In particular, tephra-
mantled terrains in the vicinity of active volcanic centers are highly susceptible to catastrophic, regionally
distributed landslide clusters, owing to the presence of fully saturated and highly weathered pyroclastic fall
deposits. Therefore, understanding the material properties that govern the slope instability in such
environments is crucial for effective hazard assessment and mitigation.

Building on the susceptibility of tephra-mantled terrains to earthquake-induced slope failures, halloysite-
rich deposits within the sliding layers have been identified as a key material factor controlling slope
instability. This is because the formation of halloysite during the weathering induces structural, hydrologic,
and mechanical alterations that significantly weaken the slope stability. Moreover, the morphology of
halloysite, including spherical and other distinctive habits, has been reported to be closely related to the
mechanical behavior of halloysite-bearing pyroclastic fall deposits in volcanic terrains. These morphological
characteristics strongly influence water retention capacity, soil structure, and shear resistance, thereby
enhancing the susceptibility of tephra-mantled slopes to failure during earthquake shaking.

A representative example of such halloysite-bearing slope failures is provided by the 2018 Hokkaido Eastern
Iburi Earthquake. This event triggered numerous landslides, most of which were shallow debris slides, with
only two identified as deep-seated landslides. Previous studies indicated that the predominant controlling

factor in these slope failures was the widespread occurrence of halloysite within pyroclastic fall deposits.



However, the specific morphology of halloysite present in these deposits and its role in controlling slope
instability have not yet been clarified.

To address this knowledge gap, the comprehensive physical, mechanical, and mineralogical analyses were
conducted on landslide materials collected from the affected areas. Accordingly, this study presents a
detailed characterization of weathered Ta-d pumice (tephra derived from Tarumae volcano) from the Asahi
and Uryu landslides triggered by the 2018 Hokkaido Eastern Iburi Earthquake. The yellowish-brown Ta-d
pumice exhibited low dry density and high natural water content. Laboratory examinations included grain-
size distribution analysis, Atterberg limits, and one-dimensional consolidation tests and static triaxial
compression tests conducted on undisturbed and reconstituted samples. In addition, X-ray diffraction (XRD)
examination and scanning electron microscopy (SEM) analysis were carried out to identify the clay mineral
and to examine its micromorphology.

Laboratory results indicated that the weathered Ta-d pumices had liquid limit values of 89.34% and 61.76%,
plasticity index values of 24.13% and 17.52%, and permeability value of about 4x10°(-7) cm/s, as well as
peak effective cohesion of 11.2 and 5.8 kPa and peak effective internal friction of 20.8° and 23.1°,
respectively. XRD analyses showed that halloysite is the dominant clay mineral in all samples, and SEM
observations revealed that it dominantly occurs in “crinkly halloysite” habits. This morphology is associated
with the spherical halloysite that can facilitate saturation of the slip layer and a critical reduction in shear
resistance.

On the other hand, beyond understanding the material properties governing slope instability, predicting the
potential occurrence and post-failure behavior of earthquake-induced landslides, particularly those
characterized by rapid and long runout distances, has become increasingly important for landslide mitigation
and disaster prevention. Quantitative hazard assessment of such landslides is essential for to predicting the
spatial extent and characteristics of their motion. Given the complexity of complication of landslide
movement processes, numerical simulation is commonly regarded as an effective method for conducting
back analyses of post-failure motions.

Accordingly, this study reproduced the motion processes of two representative landslides using the LS-
RAPID program. The Aso-Bridge landslide occurred on April 16, 2016, and was characterized by the rapid
movement and a long runout distance. The Kataragai landslide occurred on April 9, 2018, and traveled with
flow-like behavior. This work presented features and mechanical parameters of these two landslides by
means of survey investigations and laboratory experiments. Pre-failure models of these two landslides were
established, and their motion processes were simulated using the LS-PAPID program. Two indicators,
consisting of the sliding speed and traveling morphology at different intervals, were employed to describe
the motion processes. Results indicated that the resultant maximum sliding speeds of the Aso-Bridge and
Kataragai landslides were approximately 297.1 m/s and 43.6 m/s, respectively, and that the post-failure
morphologies were consistent with those observed in field investigations.

By integrating field investigations and laboratory testing, this study provides a comprehensive understanding
of the role of material properties in controlling slope failure mechanisms of earthquake-induced landslides.
Moreover, building on the understanding of failure mechanisms, this study reproduces landslide motion
processes using numerical simulation. The findings not only advance fundamental knowledge of halloysite-
rich pyroclastic fall deposits and their influence on landslide occurrence, but also offer valuable insights for
quantitative hazard assessment, early warning, and slope mitigation strategies in seismically active or
rainfall-prone volcanic regions. In particular, the results highlight the critical role of halloysite-bearing
material behavior in governing both landslide failure.
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