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INTRODUCTION
A snowmelt-caused landslide occurred at Koku-
gawa village, Itakura district, Joetsu City, Niigata 
Prefecture, Japan on 7 March 2012 (Fig.1) (Horio, 
2012; Marui and Koizumi, 2014). The average 
width of the landslide is approximately 150m and 
the length of the source failure area is approxi-
mately 500m. The depth of the sliding surface 
ranging from 20m to 30m was detected by observa-
tion of several drill cores. This landslide traveled 
out of the hillslope and changed the traveling 
routine and moved about 250m along the flat 
paddy field. In this paper, we performed a three-
step procedure: the residual strength parameters 
measured by ring shear tests, 3D slope stability 
analyses considering the variation of groundwater 
table and the fluid-mechanical interaction analysis 
using Flac3D to elucidate the occurrence of Kogku-
gawa landslide.

RING SHEAR TESTS
Soil samples were collected from the drill cores 
nearby the sliding surface. The specimen S1 were 
made of the drill cores from BV24-2 and BV24-4 
and specimen S2 from BV24-3 and BV24-5, respec-
tively. Ring shear tests were carried out at the 
shearing rates 0.1, 0.3 and 1mm/min. The meas-
ured residual shear strengths are listed in Table 1.

3D STABILITY ANALYSES
3D Janbu simplified method and Spencer method 
were adopted due to the non-circular and irregular 
nature of the sliding surface. The depth of the 
sliding surface before and after the landslide along 
the center line is detected by observation of the 
drill cores and Lidar data after the landslide. Three 
different cases of the presumed groundwater level 
were considered: (1) assuming water table located 
on the original slope surface; (2) assuming water 
table located 1m below ground level; (3) assuming 
water table located 1.8m below ground level. The 

calculated factors of safety are shown in Table 1.  
As the safety factors should be less than 1.0 for the 
Kokugawa landslide, the parameters  
cʹ=8.07 kPa, φʹ = 19.8º and cʹ=10.01 kPa, φʹ = 22.6º 
may represent the material properties for the slope 
failure.

ANALYSIS OF SHEAR FAILURE ZONE
The stress-strain analysis to elucidate the shear 
failure behavior of the Kokugawa landslide was 
performed by the fluid-mechanical interaction 
analysis using Flac3D. The geometry model run 
through the center line of the Kokugawa landslide 
body. The two pairs of soil strength parameters of 
cʹ=8.07 kPa, φʹ = 19.8º and cʹ =10.01 kPa, φʹ = 
22.6º are used in the analysis. The full saturation 
state for the model was satisfied by running the 
fluid-flow model in Flac3D. Fig. 2 illustrates the 
failure zone indicated by the shear strain rate 
contours using the parameters cʹ=8.07 kPa and φʹ = 
19.8º. The depth of the sliding surface interpreted 
from the borehole logs are also shown in Fig.2 and 
fallen into the shear strain rate contours zone. 
However, there are no failure zone formed in the 
solution process using the parameters 
cʹ =10.01 kPa and φʹ = 22.6º.

CONCLUSIONS
A three-step procedure in this study was presented 
to analyze the failure mechanism of the Kokugawa 
landslide. By analyzing the results of the shear 
strain contours zone derived by Flac3D, we think 
the parameters cʹ=8.07 kPa and φʹ = 19.8º are 
acceptable as appropriate values for interpreting the 
occurrence of Kokugawa landslide. We think that 
the scenarios of the presumed ground water table, 
the pre-failure slope stability analyses and the 
formation of the failure surface by the fluid- me-
chanical interaction analysis show the possibility 
for elucidating the occurrence of Kogkugawa 
landslide.
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Figure 1. Kokugawa landslide

Figure 2. The shear strain-rate contours and the depth of the sliding surface interpreted from the drill cores

Table 1: The measured soil strength parameters and 3D factors of safety
Table 1 The measured soil strength parameters and 3D factors of safety 

 

sample shear rate 
mm/min 

cʹ  
(kPa) 

ʹ  
(º) 3DLEM 

3DFoS 
(1) (2) (3) 

S1 0.1 8.07 19.8 
Janbu 

simplified 0.83 0.88 0.93 

Spencer 0.85 0.91 0.95 

S2 0.3 12.60 24.5 
Janbu 

simplified 1.08 1.15 1.21 

Spencer 1.11 1.18 1.24 

S1  1 10.01 22.6 
Janbu 

simplified 0.97 1.02 1.08 

Spencer 0.99 1.05 1.11 

φ


