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stability assessment of coseismic landslides--an application to the

2018 Eastern Iburi Earthquake, Hokkaido, Japan—

(HUERIZ K D3~ 0 OZERI AT 6 K OV =R oo 2 78 B AT
—2018 FRIZ A U 7= Ak E AR AT R S L T-)

S
=t
B
mt
i
bl

THE ERRPER E o OER
RR R P H HEH - EIR
RR K P H aiF =i
BARRTHERR WA 0
BRRZEWERS gk EfE

N D R

Generally, catastrophic earthquakes are accompanied or followed by large numbers of
concurrent landslides, and inflict a high number of casualties and extensive damage of houses
and infrastructures. In the last three decades, several strong earthquakes occurred in Japan
and numerous secondary geohazards were triggered during the mainshock and aftershocks.
Japan is located in one of the most tectonically active regions in the world due to the
subductions of Philippine Sea Plate and Pacific Plate to the Eurasian plates and the
convergence between the North American and Eurasian Plates. Numerous earthquakes
occurred in history and triggered substantial slope failures. The 1995 great Hyogoken-Nambu
earthquake (Mw 6.9) induced 674 landslides within an area of about 700 km? and was
responsible for 6,289 fatalities. 3,467 coseismic landslides were resulted and 50 people were
killed in the 2016 Kumamoto earthquake sequence.

The 2018 Hokkaido Eastern Iburi earthquake (Mj 6.7, Mw 6.6), occurred on the 6th of
September 2018 in eastern Iburi regions of Hokkaido, Northern Japan one day after the
Typhoon Jebi passed through the region. Thousands of landslides were triggered and
significant losses resulted from the earthquake sequence and thirty-six people were killed by
the landslides despite the afflicted area being sparsely populated. In addition, a sequence of



persistent aftershocks occurred, even though the regional seismicity attenuated thereafter. The
Iburi region is prone to major earthquake in the future. Thus, studies on spatial distribution
analysis of coseimic landslides and seismic slope stability assessment of pyroclastic fall
deposits are of great importance for understanding the characteristics of the Iburi landslides.
Moreover, these studies can provide a macroscopic perspective for further research and
hazards mitigation during a similar scenario in future.

Based on the on-site field reconnaissance in September 2018, it was confirmed that most of
the coseismic landslides are translational landslides of small to medium scale with high
mobility and long run-out distance. Coherent shallow debris slide and disrupted mobilization
of valley fill are two main types of slope failures. Slope failures were triggered in stratified
pyroclastic fall deposits, in the combination of strong seismic ground motion and intense
antecedent precipitation. In addition, sliding zone liquefaction phenomena were observed
during the field investigation.

In this work, a complete coseismic landslide inventory covering almost all the Iburi
landslides was delineated. On the basis of coseismic landslide inventory, the spatial
distribution of the Iburi landslides and factors controlling the occurrence of the slope failures
were analyzed. It is found that all the 5,625 landslides spread in an elliptic area extending
NNW?/SSE, running approximately parallel to the strike of (active) faults in this region. The
preferred aspect of the landslide-affected area is southerly, running nearly perpendicular to
the NNW/SSE striking (active) faults. Most coseismic landslides are distributed in regions
with seismic intensity of 7.0 to 8.0 (MMI Scale), with peak ground acceleration (PGA) of 0.4
g to 0.7 g. Most of the coseismic landslides occurred at elevations between 100 m and 250 m,
and slope angles between 15° and 35°. Miocene sedimentary rock is the predominant bedrock
type identified in the landslide area. The relationship between the old landslides (slope
failures occurred prior to the Iburi earthquake) and the coseismic landslides is also discussed
in this work.

In order to evaluate the seismic stability of slopes in the pyroclastic fall deposits, four
towns in western Atsuma (Tomisato, Yoshinoya, Sakuraoka and Horosato) where catastrophic
landslides occurred, were selected as target area. The source areas and deposition areas of the
345 coseismic landslides in the target area were classified. Based on the isopachs of different
pyroclastic fall deposits mantled in the study area, GIS was employed to process the input
soil layers and construct the 3D soil structure. By applying different horizontal
pseudo-acceleration coefficients in the Scoops3D program, the factor-of-safety maps of eight
cases were obtained. After validating with the coseismic landslide inventory, the performance
of the computed results were evaluated. A horizontal pseudo-acceleration coefficient between
1/2 and 2/3 of PHGA is suitable for seismic slope stability assessment in the pyroclastic fall
deposits. The catastrophic Tomisato landslide and Yoshinoya landslide were correctly
predicted. Scoops3D proves to be an effective and efficient method for guiding disaster
mitigation and management.
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