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Iwaki City located in the coastal area of Fukushima Prefecture experienced two large-scale earthquakes, the M9.0 Tohok
earthquake on March 11 and the M7.0 aftershock on April 11, 2011. In terms of the Japanese earthquake scale, both earthqual
experienced in this area registered in the lower 6 level. These earthquakes caused many landslides. We made a landslide dis
bution map using aerial photographs and Google Earth images and on the basis of the interpretation of these images using fie
survey data and clarify the characteristics of the landslide distribution.

The results of our study are summarized here.

1) The landslides can be classified into two types, namely, slide type and slope-failure type. The number of slide-type anc
slope-failure-type landslides are 52 and 1143, respectively.

2) The number of landslides induced by the April 11 aftershock alone accounts for 70% of all landslides.

3) The two surface active faults that caused the April 11 aftershock appeared on the western part of Iwaki City. The distributior
of landslides was relatively concentrated around these faults.

4) Most of the slide-type landslides were triggered by the April 11 earthquake. These slides broke out at the convex slope. Thi
is the characteristic difference between slide-type and rain-caused landslides.
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Subsurface fracture of sackung features quantified with electrical resistivity tomography
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Deep landslides often occur in mountain slopes which have sackung features resulting from deep-seated gravitational sloy
deformation. This study addressed the visualization of the internal structure below sackung features using electrical resistivit
tomography, to evaluate development of shear zones below sackung features. From August to October 2012, two-dimension
DC resistivity surveys were performed on 12 sackung features consisting of sedimentary rocks which were located above 2600 |
a.s.l. in the Japanese Alps (Mt. Chogatake, Mt. Ainodake, Mt. Senmaidake, Mt. Kamikouchi and Hyakkendaira). The setting of
the electrodes followed the Wenner array, which was a 46.5 m long profile roughly perpendicular to the focused sackung featur
in each line. Computed DC resistivity value ranged from 1 kohmm to 128 kohmm. Some sackung features had a subsurfac
layer of relatively low resistivity probably resulting from fractured and weathered rock mass. These layers were distributed at
the position of shear zones inferred from the geological structure and topographical feature. Such a consistency suggests tt
the layers of lower resistivity correspond with the shear zones below sackung features. In contrast, the tomographical image
of the other sackung features showed no distinct difference in resistivity following the feature. Difference in resistivity between
sackung features is supposed to reflect development of shear zones.
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To improve the accuracy of predictions of shallow landslide timing induced by rainfall, we focused on the mechanism of
subsurface hydrology at an artificial sandy slope of 32? that was 9 m long, 1 m wide, and 0.7 m deep. We measured por
water pressures and volumetric water content occurring prior to shallow landslides in a flume experiment using the artificial
slope with rainfall intensities of 80 mm/h. In addition, we evaluated changes in the internal stresses in the slope up to shallow
landslide initiation (i.e., effective soil weight, apparent soil cohesion, and seepage force under saturated and unsaturated s
water condition). Then, based on the local safety factors in the landslide body obtained by the internal stresses, we tried t
get quantitative information on the effect of the hydrological process on soil displacement and subsequent shallow landslide
initiation.

We found that:

1) The timing of the directional change in subsurface flow to parallel the slope in the deep part of landslide body coincided
closely with onset of soil displacement.

2) Changes in the local safety factors in the landslide body showed that the expansion of instable area at the up part of th
landslide body resulted mainly from the appearance of buoyancy and subsequent decline of the apparent soil cohesion.

3) Changes in the local safety factors prior to the shallow landslide initiation showed that the down part of the landslide body
had been holding the instable upslope.

4) Excess shear stress in the up part of landslide body, attributed to the changes in direction and magnitude of saturate
and unsaturated subsurface flows, caused both the sudden increase in shear stress in the down part of the landslide body
subsequent whole slope instability, and simultaneously the shallow landslide was induced.

5) Seepage force was more important factor to cause the shallow landslide than the effect of buoyancy and consequent chang
in the effective weight of soils. This implies that the changes in local safety factors combining the seepage force under saturate
and unsaturated conditions provided the accuracy to predict the timing of shallow landslide initiation.

Therefore, the seepage force controlled by changes in direction and magnitude of saturated and unsaturated subsurface flo
in slopes can be the important parameter of soil displacement and shallow landslide initiation.
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