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Fig. 1 Locations of ground failure hazards
Circles (©): Landslides by air-photo interpretation by Scarascia-Mugnozza
Crosses (x): Landslides in urban areas by Kamai et al

Plus signs (+): Liquefaction by the Geographical Institute, Japan
Small dots ( - ) : Epicenters of aftershocks by the DPRI, Kyoto University
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Phote 1 Long run-out rapid landslides
A (Left): Nikawa landslide in Nishinomiya city, Hyogo Prefecture (taken by K. Sassa on 21 January
1995)
B (Right): Takarazuka landslide in Takarazuka city, Hyogo Prefecture (by the Sankei Shim-
bun)
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Photo 2 Short moving rapid landslides
A (Left): A slope failure of embankment road in Kobe city, Hyogo Prefecture (taken by K.
Sassa)
B (Right) : Failure of retaining walls in Kobe city, Hyogo Prefecture (by the Hyogo Prefec-
tural Government)
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Photo 3 Slow and long moving Kotaki landslide (by the Asia Kosoku Co. Ltd.)
Left: About 6 hours later from the earthquake (17 January),
Center: 2 days later (19 January), Right: 4 days later (21 January)
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Photo 4 Short moving slow landslides in residential areas
A (Left): Side border of a slow landslide in a very gentle residential area in Ashiya city (by the
Hyogo-Prefectural Government)
B (Right): Deformed garage in the compressed zone of a slow landslide in Nishinomiya city
(taken by K. Sassa)
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Photo 5 The source area of Nikawa landslide (taken by K. Sassa on 21 January 1995)
A white arrow points the standing water on the secondarily moved debris due to flow-out of the
ground water from the head scarp
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Fig. 2 Plan of the Nikawa landslide and locations of borings and the sampling point
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Fig. 3 Geological section along A-A’ line of the Nikawa landslide
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Fig. 6 Test results by the undrained cyclic loading ring shear test
A) Stress path for the test of OCR=1. 0, Pore pressure coefficient Au/Ag=0. 35

B) Stress path and shear velocity & displacement for the test of OCR=1.9, Au/Ag=0. 35
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Fig. 7 Grain crushing in the sliding zone during
the constant normal stress ring shear test
for dry weathered granite sands (Fukuo-
ka 1991)

A: Volume change and the variation of
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B: Grain size distribution before and after
tests
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A. (Mass) Liquefaction
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Fig. 8 Stress path and illustration of mass liquefaction (A) and the sliding-surface liquefaction (B)
R.F.L.: Residual failure line, P.F.L.: Peak failure line
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Fig. 9 Steady state lines for same type of
sands with different uniformity coeffi-
cients and the same average diameter
(Matos 1988)
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Fig. 11 Stress path of loess in the undrained constant speed ring shear tests

A: Fully saturated loess in OCR=1.0, 2.0, 3.0
B: Partially saturated loess (Sr=32.6%) in OCR=1.0
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Fig. 12 Stress path and shear displacement in the cyclic loading test of the fully saturated Toyoura sands
(Shoaei and Sassa, 1993) , Au/Ac=0.97
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Earthquake Induced Ground Failures and their Disaster Magnification Mechanism
in the Metropolitan Area

By Kyoji SASSA

Synopsis
Distribution and types of ground failures due to the 1995. 1. 17 Hyogoken-Nanbu earthquake were firstly

reviewed. A landslide (1.1—1.2x10°m?) in the Nikawa area, Nishinomiya city destroyed eleven houses
and killed 34 persons. This landslide took place in a densely built-up residential area between Kobe and
Osaka and it gave a shock to citizens who are forced to live near/in slopes in Japan. The mechanism of this
landslide was investigated using a new cyclic loading ring shear apparatus which was developed in the Dis-
aster Prevention Research Institute, Kyoto University to reproduce stress and motion in the sliding surface
of earthquake induced landslides. This study revealed a new mechanism of rapid landslide, that is the
‘Sliding Surface Liquefaction’ caused by grain crushing along the sliding surface. The ground failure dis-
aster was magnified by the rapid and long run-out motion of failed mass and the existence of densely built-up
houses near/in slopes. Based on this study, the following four conditions for the identification of slopes
causing catastrophic landslides during earthquakes were proposed;

(1) slopes having a usually ar often saturated layer

(2) slopes consisting of soils subjected to grain crushing during shearing

(3) Slopes having a much greater gradient than the apparent friction angle during motion of the soils

(4) Existence of densely built-up houses within the landslide moving area.



