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INTRODUCTION
The establishment of an effective system for warn-
ing and evacuation is essential for minimizing the 
influence of landslide disasters. Evacuation criteria 
are particularly important for residents faced with 
disasters. Saito (1965) proposed a method for 
predicting the time to failure of a landslide by 
monitoring the displacement during the landslide. 
If this method can provide an accurate prediction 
time, we will be able to gain useful and meaningful 
information for evacuation notices. However, the 
applicability of Saito‘s method has not been well 
recognized as there are few practical studies using 
the method.
On 23 April 2013, a landslide with rapid movement 
to failure occurred in Kadoshima, Japan. At the 
time, the residents were evacuated and the moni-
tored displacement was used to predict the failure 
time using Saito‘s method. In this study, we present 
a practical risk management of this landslide. We 
also examine the difference between the failure 
time estimated using Saito‘s method and the actual 
failure time to verify the accuracy of the estima-
tion.

GENERAL SETTING OF THE STUDY SITE
The study site is located in the northern area of 
Hamamatsu City in Shizuoka Prefecture in central 
Japan. The bedrock at the site consists of alternat-
ing beds of shale and sandstone from the Creta-
ceous and Paleogene periods. The landslide oc-
curred on the edge of a tea field that has a largely 
flat or gentle slope (6-10°). The edge of the field is 
about 150 m higher than the Sugi River. The 
landslide occurred on a steep slope (50-60°) be-
tween the edge of the field and the river.
Six houses housing 24 people were situated near 
the landslide. Two were located on the flat slope, 
about 50 m away from the cracks, and another four 
were located along the river. Residents detected 
precursor signs at the edge of the tea field on  

21 March 2013. In March, the total rainfall meas-
ured at approximately 5.7 km east of the site was 
209 mm, with a maximum daily rainfall of 93 mm, 
but the monthly and daily rainfall measurements 
were not unusual. It is thought that the landslide 
might have been caused by the weathering of the 
slope and long-term erosion by the river at the 
bottom of the slope. Eventually, the landslide 
occurred on the steep slope below the tea field at 
4:20 on 23 April 2013. The collapsed slope had a 
width of 80 m and a length of 90 m. The maximum 
depth was estimated to be 20 m.

METHODS
Monitoring system and risk management
The displacement records of the Kadoshima land-
slide were obtained from three extensometers 
installed at the crown of the landslide on 8 April. 
The electric transfer system of displacement of 
every  
10 minutes allowed monitoring of the landslide‘s 
behavior through a website. Risk management was 
conducted mainly by Shizuoka Prefecture and 
Hamamatsu city, supported by the Public Works 
Research Institute and a technical committee, 
which included a representative from Shizuoka 
University. Landslide rates of 10 mm/day and  
4 mm/hour were adopted as the criteria for evacua-
tion notice and precaution, respectively. These are 
the values used as the empirical criteria for evacua-
tion notices in Japan. 

Predicted failure times using the Saito  
method
The failure time can be estimated using the Saito 
method, which shows the relationship between the 
creep rupture time and the strain rate, leading from 
the kinetic theory of creep. Saito (1969) also 
proposed a method to predict failure time from the 
strain or displacement in the tertiary creep stage, 
the so-called ‚close estimation‘. Later, Saito (1980) 
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proposed the ‚precise estimation‘ method, which 
uses a semi-logarithmic graph. In this ex-post 
study, predicted failure times were calculated 
following the close estimation method, using 
monitoring data (hourly values) from the exten-
someters from 15:30 on 8 April to 4:20 on 23 April. 
The calculation period was set as 48 hours.

RESULTS
Landslide activity and evacuation notice
The rate of movement measured by the extensom-
eters showed increasing tendency immediately at 
the beginning of the monitoring period. At 8:00 on 
18 April, the rate of movement reached over 10 
mm/day. On 19 April, the prefectural and city 
government explained that the time to evacuate for 
the residents was getting closer. The predicted 
failure time using the precise estimation method on 
21 April at 0:00 was 23 April at 1:00. On 21 April at 
23:30, the rate of movement exceeded 4 mm/hour 
and the mayor of Hamamatsu city issued an evacu-
ation advisory. The landslide failure occurred on  
23 April at 4:20, after which the landslide extended 
to the upstream and downstream sides of the 
landslide. Since the residents had already been 
evacuated prior to the failure, no casualties were 
recorded. 

Comparison between the predicted and 
actual failure times
Using the close estimation method, the failure time 
predicted at 2:00 on 21 April, 2 days prior to the 
failure, was less than 24 hours (Figure 1). After 
18:00 on 22 April, 10 hours prior to the failure,  
the difference in time was only 3 hours. Therefore, 
the difference between the predicted and actual 
failure times became considerably smaller closer  
to the time of the failure.

CONCLUSIONS
The evacuation notices were successful in the 
Kadoshima landslide. The results of this ex-post 

study show that the Saito method‘s close estima-
tion gave crucial information for the evacuation 
notices closer to the failure.
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Figure 1. Predicted failure time using the Saito method
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