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Triggering Mechanisms and Rainfall Threshold of Shallow Landslides: Cases in the Hiroshima
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Synopsis

Triggering mechanisms and rainfall threshold of shallow landslides were discussed
based on field and laboratory surveys for the disaster by heavy rainfall on 20 Aug 2014
at Hiroshima, southwest Japan. Shallow landslides occurred in areas of maximum 3
h-rainfall >160 mm/3h with hourly rainfall intensity >70 mm/h. Hillslopes with bedrock
of granite and hornfels slid severely, while areas underlain by rhyolite suffered only
sparse landsliding. Three types of landslide were identified in field observation: 1)
planer translational landslide, 2) gash-out failure, and 3) wedge sliding. Lithological and
subsurface structural factors seem to affect the occurrence of these different types of
landslide. Majority of landslides in granite hillslopes and about half in hornfels were
planer translational landslides. This type forms a sliding surface within soil layer along
mechanical or hydraulic discontinuity at a depth of ~1 m. Other half of landslides in
hornfels area was gash-out failure with scars of 1-3 m deep, outcropping an openwork
gravel layer at the bottom. Water supply exceeding drainage capacity of this conduit
may generate excess pore-water pressure, leading to fluidization of overburden. Wedge
sliding was a minor type, with a shallow gullying of soil or a deeper slip surface in
bedrock (~5 m), occurring along geologic discontinuity such as joints, faults and dykes.
Prediction of potential sites, timings, and magnitude of such landslides requires detailed
investigations of thickness and mechanical strength of potential sliding material,
observation and modeling of subsurface hydrological processes.
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Fig. 1 Major landslide disaster on natural hillslopes

in Japan by heavy rainfall in 2014.
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Fig. 2 Hyetographs of rainfall events that triggered landslides in Japan in 2014.
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Fig. 3 Distributions of rainfall and landslides in the disaster at Hiroshima, south-west Japan on 20 August 2014.

Blue colors with contours show maximum 3 h-rainfall during the event, estimated by interpolation of data recorded

at rain gauges indicated as open circles. Hyetographs in the right column are hourly data from selected 8 sites (A-H

in the map). Red polygons indicate shallow landslides and debris flows, plotted based on aerial photos and DTM
(Digital Terrain Model) by air-borne LiDAR (Light Detection And Ranging).
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Fig. 4 Landslide distribution and geology in the central area of heavy rainfall. Blue contours are estimated maximum

3 h-rainfall, same as indicated in Fig. 3. Red dots with orange polygons are source of shallow landslide with areas of

debris runout. Lithological boundaries are based on 1/200,000 geologic map published by Geological Survey of

Japan, modified by field surveys and LiDAR-based topographic analysis.
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Hornfels

Photo 1 Landslides and debris flow runout (photo taken at 10 h later the disaster occurrence) in Yagi—Midorii

district nearby granite—hornfels geologic boundary (see Fig. 4 for location). Houses have built on debris flow fan

and are destroyed at catchment outlets by the present event. Note that hornfels forms hill terrain of higher relief

with steeper slopes than granite.
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Photo 2 Channels scoured by debris flow (see Fig. 4
for locations). (A) A channel along a fault in a
granite catchment. Almost all valley fill was
removed by debris flows. (B) Cubic granite bedrock
cut by low-angle sheeting joints and high-angle joint
sets nearby sites of photo A. (C) Debris flow trace in
a hornfels catchment. Sediment burying the channel
remains even after scouring by debris passage.
Boulders exist in the sediment, forming many steps

along the channel.
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Photo 3 Types of landslides (see Fig. 4 for

locations). (A) Planer translational landslide on a
granite hillslope. (B) Gash-out failure in a hornfels
hillslope. (C) Shallow wedge sliding, and (D)

deep, bedrock wedge sliding in the granite area.
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Fig. 5 Longitudinal and cross-sectional profiles and subsurface structures of hillslopes with a planar translational

landslide in the granite (A) and hornfels (B) areas (see Fig. 4 for locations) (modified from Watakabe et al., 2015).

Nc value is dynamic cone penetration resistance defined as knocking numbers needed for 10 cm penetration of a 1.5

cm-diameter cone with 60° tip angle by 50 cm fall of a 3 kg weight.
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Fig. 6 Soil structures and vertical changes in mechanical and hydraulic properties of subsurface material in

hillslopes of granite (A) and hornfels (B) (modified from Watakabe et al., 2015).

The soil pits were excavated at

scar heads of the landslides presented in Fig. 5. Red bands indicate potential sliding surface determined by

extrapolation of actual slip scars. Values of Nc for the hornfels profile were taken at 9 m upslope from the scar head.
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Fig. 7 Slope-long profile of a gush-out failure in the
hornfels area (see Fig. 4 for location) (modified from
Watakabe et al., 2015). A hole appeared at the scar
head, with outcropping of an openwork gravel layer.
Peaky Nc values also indicate existence of blocks in

the colluvial soil.
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