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Abstract: The Jinnosuke-dani landslide is a giant landslide 2,000 m long and 500 m wide in the Haku-san 

Mountain area, Japan. It was also the first landslide to be designated as a “Landslide Prevention Area” ac-

cording to the “Japan Landslide Prevention Law”. This landslide consists of alternating layers of sandstone 

and shale in the Tedori Formation, which was deposited from the Jurassic period to the Early Cretaceous. 

Based on deformation monitoring results for more than 7 years, the landslide is divided into upper and 

lower blocks. The upper block has moved at a speed of 80 to 170 mm/year, while the lower block has 

moved more slowly (3 to 15 mm/year). Monitoring data show that the variation of the groundwater level 

has a great influence on the landslide movement. The deteriorating effect of the weathering of the alternat-

ing layers of sandstone and shale on the landslide deformation has been confirmed by borehole exploration 

and monitoring. 

KEYWORDS: Jinnosuke-dani landslide, Japan, weathering; rockslide; reversal of topography; 

groundwater; deformation; monitoring 

1. Introduction 
Haku-san Mountain, an active volcano with summit elevation of 2,703 m, is located at the boundary be-

tween Ishikawa Prefecture and Gifu Prefecture in the Hokuriku district, Japan (Fig. 1). The studying area, 

Jinnosuke-dani area, is the source area of the Tedori-gawa River, which is the largest river in Ishikawa Pre-

fecture. The Tedori-gawa River is about 72 km long from its source to its estuary.  

According to historical records, many landslides have occurred in the studying area; most of them trans-

formed into rapid debris flows and caused human casualties and economic losses in the down-stream area. 

In 1934, a debris flow that was initiated by a landslide in the Bettou-dani near the Jinnosuke-dani landslide 

reached the Japan Sea and caused great losses (Note: “Dani” means valley in Japanese). For more than 100 

years, slope disaster-prevention measures have been conducted in this area by the central and local gov-

ernments. Resulting from these efforts, the frequency of occurrence of landslides in this area has decreased 

markedly. However, a few giant landslides, such as the Jinnosuke-dani landslide, are still active. 



Generally, “Jinnosuke-dani landslide” refers to the larger area of the “Landslide Prevention Area” des-

ignated by the central government in 1962 according to the “Landslides Prevention Law” (as shown with 

the dotted red line area in Fig. 2). It is located on the southwest slope of Haku-san Mountain. In the desig-

nated prevention area, many types of slope-failure phenomena, such as subsidence ponds, rockfalls, top-

pling, and even debris flows, can be observed. Table 1 describes related events concerning the landslide 

phenomena and prevention work in the Haku-san Mountain area, especially for the Jinnosuke-dani land-

slide. In this paper, we refer to the central ridge part of the large landslide prevention area as the “Jinno-

suke-dani landslide”; although it is formally called the “Central Ridge Block of the general Jinnosuke-dani 

landslide” (Here, “General Jinnosuke-dani land-slide” was used to mean the large general landslide area, 

and “Jinnosuke-dani landslide” to represent the central ridge part of the general landslide).   

Fig. 1 Location of the Jinnosuke-dani landslide in Haku-san Mountain area, Hokuriku district, Japan 

The Jinnosuke-dani landslide is about 2,000 m long and 500 m wide, and is sandwiched between the 

Bettou-dani valley on its right side and the Jinnosuke-dani valley and Yanagi-dani valley on its left side. 

Around the Jinnosuke-dani landslide, there are also several active sliding blocks that show high activity in 

the monitoring data. In the valleys of Jinnosuke-dani valley, Yanagi-dani valley, and Bettou-dani valley, 

more than 80 debris-retention dams (DRD) have been constructed to prevent debris-flow disasters. The 

Jinnosuke-dani landslide is the most actively moving landslide with a displacement velocity of about 10 

cm/year, and some of the DRDs in the valleys have also moved with the landslide. In 1980, Tedori-gawa 

Dam, a rockfill gravity dam, was constructed at the upper-middle part of the Tedori-gawa River. The dis-

tance from the landslide to the Tedori-gawa reservoir is about 20 km (see Fig. 1). There is a high risk of the 

Jinnosuke-dani landslide traveling to the reservoir. In the slight case of the dam being damaged by a seiche 

caused by a potential rapid landslide, the possibility of flooding would put the 1,200 people of the down-

stream area in danger. 



Fig. 2 Aero-photograph of the “Landslide Prevention Area” of the Jinnosuke-dani landslide (Photo Cour-

tesy of Kanazawa Office of River and National Highway, MLIT) 

To achieve an understanding of the landslide mechanism and to provide disaster warning and preven-

tion, deformation monitoring has been conducted on the Jinnosuke-dani landslide by the Ministry of Land 

Infrastructure and Transport of the central government of Japan. Based on the results of monitoring, coun-

termeasure works have been carried out and improved continually (Isobe 1996). This paper aims to analyze 

the deforming character of the Jinnosuke-dani landslide based on the results of monitoring, and to clarify 

the factors that influence landslide deformation. 



Table 1 Chronology of disaster and prevention events associated with Haku-san Mountain area

706

1042

1554

1579

1659

Eruption in Haku-san Volcano 

Eruption in Haku-san Volcano 

Eruption in Haku-san Volcano 

Eruption in Haku-san Volcano 

The latest eruption in Haku-san volcano 

Under the jurisdiction of Ishikawa Prefecture 

1891 Triggered by Nouo earthquake, slope failure occurred in Jinnosuke-dani valley. 

1896 Large scale avalanche triggered by intense rainfall. 

1911 Ishikawa Prefecture started the field investigation on slope instability 

1912 Reforestation was begun at Jinnosuke-dani valley and Yanagi-dani valley. 

Under the national jurisdiction 

1927 Changed to be a national government run project, and the full-dress Sabo works were 

started with the establishment of the Haku-san Sabo Work belonging to the Niigata Civil 

Engineering Branch Office of Home Affairs Ministry. From 1927 to 1939, the first step-

check-dams were originally constructed in Yanagi-dani valley and Jinnosuke-dani valley 

to control the slope failure.     

1934 Lots of Large scale avalanches were triggered by heavy rainfall in Bettou-dani valley 

and nearby area and became to debris flow. Houses of 172 families and also the Haku-

san Sabo Work were destroyed (The main scarp and sliding surface of the landslide oc-

curred in that time is also visible in the Bettou-dani valley). 

1937 The construction of the check-dam grouping Bettou-dani valley was started. 

1944 Because of the World War II, the construction of the check-dam was ceased. 

1957 No.5 check dam in Jinnosuke-dani valley displaced obviously. The investigation on 

the Jinnosuke-dani landslide was initialized in national level. 

1961 The countermeasure work on the Jinnosuke-dani landslide was started. 

Because of North Bino earthquake, landslides in small scale occurred in the Haku-san 

area.

1962 The Jinnosuke-dani landslide was designated as “Landslide Prevention Area” by cen-

tral government. 

1973 The countermeasure work plan for the Jinnosuke-dani landslide was finished temporar-

ily. 

1980 The Tedori-gawa dam was completed. 

1982 Because obvious displacement appeared in the Jinnosuke-dani landslide, anew counter-

measure work plan for the Jinnosuke-dani landslide was started. 

1990 Hillside reforestation was started in Bettou-dani valley.  

1999 A small scale landslide was induced by heavy rainfall in Bettou-dani valley, and a land-

slide dam was temporarily formed. 

2001 A landslide with 20,000
3
 in volume occurred in the left bank of Bettou-dani valley. 



2004 After a 216 mm precipitation in two days, a landslide with 176,000
3
 in volume oc-

curred in the left bank of Bettou-dani valley and became to debris flow. The sliding dis-

tance of the debris flow front exceeded 2,000 m. 

2. General conditions of the Jinnosuke-dani landslide 

2.1 Climatic conditions and topographic features 

The Hokuriku district of Japan is characterized by heavy precipitation and the Tedori-gawa River has a 

steep gradient. In winter, due to the strong influence of monsoons from Siberia, there is heavy snowfall in 

this area. The accumulative winter snowfall may exceed 12 m in the Haku-san Mountain area. In the other 

seasons, half of the days are rainy. For this reason, local annual average precipitation is 3,295 mm, about 

twice the national average of 1,700 mm (Fig. 3). 

Fig. 3 Annual rainfall in Haku-san Mountain area from 1993 to 2002 

The Tedori-gawa River is one of the steepest rivers in the world (Fig. 4). Its gradient is 1:70, while, for 

example, the gradient of the upper Colorado River (USA) is 1:1700. In Japan, steep rivers al-ways have se-

rious debris-flow problems. For example, the Gamahara torrent debris flow occurred in December of 1996 

in Hime-gawa river system in Nagano Prefecture (Sassa et al. 1997); a rapid landslide – debris flow oc-

curred in July of 1997 in Izumi city of Kagoshima Prefecture (Sassa et al. 1998), and a slide-triggered de-

bris flow occurred in July of 2003 in Minamata City, Kumamoto Prefecture (Sassa et al. 2004). Also, in the 

Gamahara debris flow case, workers constructing debris retention dams were killed by debris flow. This 

phenomenon caused great social and legal problems. In the case of Jinnosuke-dani case, the steep river 

beds supply high gravity potential for the displaced debris after slope failure. The steepness is also the ma-

jor reason for the long-traveling debris flow that occurred in 1934 in the Bettou-dani valley and reached the 

Japan Sea after traveling for 72 km. At this event, a village was completely destroyed by the debris flow. 

Fig. 4 The longitudinal torrent bed-slope of the Tedori-gawa River comparing with some famous rivers in 

the world 



Fig. 5 Geomorphological map of the Jinnosuke-dani landslide area, together with the locations of the moni-

toring devices (After Kanazawa Work Office, Ministry of Land, Infrastructure and Transport of 

Japan, 2002) 

Fig. 5 is a contour map of the Jinnosuke-dani landslide and the nearby area of the designated “Landslide 

Prevention Area”. Because of the large scale of the landslide, the crack distribution was not shown in this 

map. According to slope-surface-displacement monitoring, the upper part is active, while the lower part is 

almost stable. Because the central ridge is continued and the boundary between the active part and stable 

part is not clear, we divided the landslide into two blocks: an upper block and a lower block. Locations of 

some measurement devices in the upper block are also shown in this figure. The elevation of the landslide 

ranges from 1,200 m to 2,100 m. The average slope angle for the upper block and lower blocks is 22 and 

20 degrees, respectively. 

2.2 Geological and hydro-geological conditions 

The basal bedrock in the Haku-san Mountain area is the lower Paleozoic Hida gneiss. As a part of the 

1:50,000 geological map of Haku-san Mountain area, a geological map of the Jinnosuke-dani landslide and 

nearby area was completed by Kaseno (2001). From the Jurassic to Early Cretaceous periods, the Haku-san 

Mountain area was a lake near the sea. The series of lacustrine sediments de-posited in that period is called 

the Tedori Formation deposits. The deposits are sedimentary strata consisting of shale, sandstone, and con-

glomerate layers that have undergone hydrothermal alteration during the mountain-building process of 

Haku-san Mountain. General descriptions of the geology can be found in Kaseno (1993).  

Fig. 6(a)  is a DEM model for a large area around the Haku-san mountain area. The model is built on the 

elevation data with contour difference of 50 m. The image of lava deposit distribution around the summit of 



Haku-san (vent of the Haku-san volcano) is visible. Fig. 6(b) is the geological map of the corresponding 

area to Fig. 6(a). The Nohi Rhyolite of the Cretaceous period is distributed at the upper right corner in the 

figure and the alternating layers of sand-stone and shale of the Tedori Formation are distributed below and 

to the left. Both units form the bedrock of the Haku-san Mountain area. Volcanic lava deposits, which 

erupted 100,000 and 10,000 years ago, overlie the strata of the Tedori Formation and the Nohi Rhyolite. 

Fig. 6(c) shows an estimated longitudinal section of the Z-Z’ section (shown in Fig. 6(b)). The deposition 

subsequence of the strata and volcanic deposit is clear. The Jinnosuke-dani landslide area is indicated in the 

dotted line box. At the northwest corner of the dotted line area, the disconnection of H2 old volcanic de-

posit can be observed. The reason for this phenomenon maybe caused by erosion and land-slide, and this 

will be discussed in details later.  

(a)

 (b) 

(c)
Fig. 6 Topography and geological condition of the Haku-san and nearby area. (a) DEM model, (2) Geo-

logical map (after Kaseno, 1993), (3) Longitudinal section of Z-Z’ in (b) (after Kaseno, 1993). 



Fig.7 shows the detailed geological condition for the studying area. It is clear that all of the lava depositions came from 

the summit of the Haku-san Mountain as the vent of Haku-san volcano. In the southwest part, many landslides occurred in 

the Tedori Formation. Contrasting to this phenomenon, there are few landslides in the volcanic deposit (lava deposit) area. 

This difference may be due to the erosion-resistant difference of the two types of strata, which means that the lava deposition

has high erosion resistant comparing with sandstone and shale of the Tedori Formation. In the dotted line box area, besides 

the Jinnosuke-dani landslide, there are other five landslide blocks, and for some landslides, the main scarps are outcropped. 

Fig. 7 Detailed geological map of the Jinnosuke-dani land-

slide area and nearby area (after Kaseno, 1993) 



In the topography-forming process, during a volcanic eruption, lava will generally be deposited in val-

leys with a relative low elevation, rather than on mountain ridges. As shown in this area, lava de-posits are 

more difficult to be eroded than sandstone and shale. Looking at the geological map of this area, it is nota-

ble that the lava deposits are located on the mountain ridge around the Jinnosuke-dani landslide. The reason 

is, after a long period of eruption of the Haku-san volcano, due to the physical weathering and surface ero-

sion in the Tedori Formation deposits that made up the former mountain ridge, this ridge became lower 

than the former valleys that were filled by lava. Fig. 8 shows a schematic diagram of the topography-

changing process, which is called “reversal of topography” at the J-J’ section crossing the Jinnosuke-dani 

landslide and valleys at both sides (see Fig. 6(b)). In this topography-changing process, the former ridge 

that overlay the Jinnosuke-dani landslide was eroded away (Fig. 8b). The possible eroded thickness at the 

ridge of this area is estimated about 100 m in recent 0.01 Ma period (The elevation decrease caused by 

landsliding should also be considered for an exact estimation). Mechanically, this erosion was an unloading 

process of the alternating layers of sandstone and shale in the Tedori Formation. This unloading process re-

sulted in deterioration of the strength and deformation-resisting properties of these sandstones and shales. 

Moreover, the intensive progressive erosion in the valleys at both sides have caused the landslide to evolve 

in its current location. 

Many joints and small faults have also developed in the Tedori Formation (Okuno et al. 2004). Fig. 9 is 

a rose diagram showing the strike direction of the strata and discontinuities. The average strike direction of 

the strata was N54W, the average dip direction was S36W, and the dip angle was 40 to 45 degrees. Most 

discontinuities developed perpendicular to the strike direction of the Tedori Formation strata, and the strike 

direction of the discontinuities mainly ranged from N11E to N56E. This direction is parallel to the Bettou-

dani, suggesting that valley erosion was influenced by joint systems. 

Fig. 8 Schematic diagram showing reversal process of topography in the Jinnosuke-dani landslide area 

Fig. 10 shows a geological columnar section obtained from outcrop observations and measurements in 

the Bettou-dani valley. Soil sampling was carried out near an elevation of 1,780 m. Four-teen probable slid-

ing surfaces were detected in the strata in the 23.1-m-thick section. Even in the dry season, water oozed 

from the probable sliding surface, where the low permeability stopped ground-water flow and change the 

flow along the shale layer. As shown in the photograph of Fig. 10, the sliding surface probably developed 



in the thin shale existing between two sandstone layers. Shear-box tests were performed on disturbed soil 

samples that were taken from a general argillaceous probable sliding surface outcropped in Bettou-dani val-

ley. From the shear tests, an effective internal friction angle of 26.3 degrees for the residual state was ob-

tained. 

Fig. 9 Rose diagram of the strike directions of the Tedori formation strata and the discontinuities 

Fig. 10 Geological columnar section of the Tedori formation obtained from outcrop observation at the Bet-

tou-dani valley, photograph of the probable sliding surface examination, and results of shear box 

tests on the soil from the probable sliding surface 



Fig. 11 shows the grain size distribution of the argillaceous shale. The fines content of the sample, in-

cluding silt and clay, was 58%, the plasticity index was 8.3, the liquid limit was 20.1%, and the liquidity 

index was 0.99. This soil from the probable sliding surface was classified as “clay with low liquid limit”. 

Because the sandstone is highly jointed and this area is subject to heavy rainfall and snowfall, it may be 

conservative to assume that the shale in the alternating layers is always in a fully saturated condition, which 

is dangerous in regard to stability of the slope. 

Fig. 11 Grain size distribution of the soil sample taken from the probable sliding surface of Jinnosuke-dani 

landslide at Bettou-dani valley 

3. Deformation character of the Jinnosuke-dani landslide 

To understand the deformation character of the Jinnosuke-dani landslide for the purpose of land-slide pre-

vention and early warning, especially concerning the safety of the Tedori-gawa Dam and reservoir, defor-

mation monitoring of the landslide has been conducted by slope surface-displacement monitoring and 

borehole monitoring. This monitoring was carried out by the Ministry of Land, Infrastructure and Transport 

of Japan beginning in the 1980s (Kanazawa Work Office, Ministry of Land Infrastructure and Transport of 

Japan 2002). The following shows the details of the measurement principles and some results of monitoring. 

3.1 Slope surface-displacement monitoring 

The Electronic Distance Measuring (EDM) method and Global Positioning System (GPS) monitoring 

method have been used at this site to monitor slope displacements. Fig. 12 shows the initial locations of the 

monitoring points in the designated “Landslide Prevention Area” and the displacement vectors of the slope 

surface from 1994 to 2001. There are 9 survey points (A1 to A9) in the lower block of the landslide and 12 

survey points (B1 to B12) in the upper block. Six points (C1 to C6) were located outside of the Jinnosuke-

dani landslide. The monitored results show that the upper block displaced quite actively; the cumulative 

displacements of survey points B5 and B11 exceeded 1,100 mm in the 7 years. The main features of the 

monitoring results in the upper block are: (1) The points at the central part almost moved along the 

downslope direction; (2) The points near valleys had a component to the valley side, besides along the 

downslope direction. However, the lower block has been relatively stable. While, C1, C2, C3 and C4 which 

located on different landslide blocks also indicated the motion of the corresponding blocks. The boundary 

between the upper block and the lower block is not clear at the slope surface. So, the landslide is divided to 

blocks just according to the surface displacement. The average movement direction of the upper block of 

the Jinnosuke-dani landslide is S36W. This direction of movement corresponds well with the dip direction 

of the Tedori Formation. 



Fig. 12 Cumulative displacements of the landslide from 1994 to 2001 

Fig. 13 shows the time series of cumulative displacements for points B1 to B12 and C1 to C3. The dis-

placement rates for all of the monitoring points were almost constant during the 7-year period. The dis-

placement rate at point B5 at Bettou-dani side was 170 mm/year, and that of point B11 at Jinnosuke-dani 

side was 165 mm/year. They are the fastest points and obviously have a component directing to the valley 

sides (Fig. 12). The monitoring points near the central line were displaced 130 mm/year, almost at the same 

rate as at the valley sides. According to the displacement-rate distribution, it can be concluded that the dip-

slope structure and the erosion in both side valleys are the two main factors causing the landslide displace-

ment. From this viewpoint, debris-retention dams constructed in the side valleys are very important coun-

termeasure works for landslide stabilization in the long run, by protecting against toe erosion at the valleys 

in both sides. 

Fig. 13 Time series of cumulative displacements of survey points B1-B12 and C1-C3 from 1994 to 2001 

(Measurement at point B12 started from 1995) 



As a special case, point B12 in the lowest part of the upper block displaced in a direction different from 

the other points in the upper block (see Fig. 12). The displacement at point B12 turned left about 50 de-

grees from the central line. From this result, it can be estimated that the motion of the upper block is hin-

dered by the lower block. 

3.2 Borehole-inclinometer monitoring results 

Borehole-inclinometer monitoring was used to determine the depth of the sliding surface and the direction 

of movement of the landslide blocks. By comparing the measured results at different times, the deformation 

rates at different depths can also be evaluated.  

Fig. 14 shows the monitored results of inclinometer BV73 located in the upper part of the upper block 

near the central line (see Fig. 5 and 11). Figs. 14a and 14b are the results in the D-direction (perpendicular 

to the downslope direction) and E-direction (downslope direction), respectively. The monitoring began on 

October 23, 1997. Two results monitored on October 27, 2000, and August 6, 2001, are plotted to show the 

deformation velocity. Sliding occurred in two directions: one is down-ward along the slope, and the other is 

toward the Jinnosuke-dani. The maximum depth of the sliding surface is at about 38 m at this position. In 

addition, three shallow sliding surfaces exist at depths of 8 m, 13 m, and 20 m. The sliding surfaces were 

estimated to correspond to the argillaceous shale layers based on the boring logs, and the parts between the 

sliding surfaces to correspond to the sand-stone layers. Relatively smaller deformation was also observed in 

the sandstone layers.  

Fig. 14 Monitored results of borehole inclinometer at point BV73 

Fig. 15 shows the monitored results of inclinometer BV77 located below BV73. The two components 

similar to BV73 were shown. The monitoring began on November 13, 2001, and two results monitored on 

August 6, 2002 and August 23, 2003, respectively were shown. From Fig. 15(a), it is clear that the main 

sliding surface is located at about 128 m deep. At depth of 108 m, 102 m, 75 m, relative sliding between 

the two adjacent layers occurred obviously, and it indicated that the sand-stone and shale structure should 

not be disturbed so much at this position.  

Fig. 16 shows the monitored results of inclinometer BV66 located in the lower part of the upper block 

near the Jinnosuke-dani (see Fig. 5 and 12). Figs. 16a and 16b show the monitored results in the F-direction 

(dip direction) and G-direction (strike direction), respectively. The monitoring began on November 12, 



1989. Results obtained on August 2, 2000, and August 3, 2001, are plotted in Figs. 16(a), and (b). The 

main sliding direction is in the direction of dip. Except an obvious displacement occurred at 60-65 m, there 

was no obvious sliding surface in the sliding mass shallower than 60 m, which nearly at the same elevation 

of the adjacent valley bottom at this position, and the slope here deformed as a homogenous plastic sliding 

mass similar to that of a homogenous soil mass. It is estimated that the deformation properties of the sand-

stone and shale layers became uniform because of long-term weathering. 

Fig. 15 Monitored results of borehole inclinometer at point BV77 

Fig. 16 Monitored results of borehole inclinometer at point BV66 



Comparing the monitored results of boreholes BV73 and BV66, it is estimated that the weathering de-

gree of the sandstone in the Tedori Formation may control the deformation style of the landslide, and the 

weathering degree varies from place to place, and the weathering degree at valley side is relatively higher 

than the other locations. The sandstone at the valley side near BV66 is weathered more heavily than the 

upper part near BV73. Fig. 17 summarizes the influence of physical weathering on the deformation style by 

means of three simplified models, which represent deformation styles in the sandstone for three different 

weathering degrees compared to that of the shale layer. Fig. 17(b) corresponds to the situation at BV73, and 

Fig. 17(c) to that at BV66. As the weathering degree in-creases, the deterioration in the deformation prop-

erty of the sandstone layers increases, and the difference in deformation between sandstone and shale be-

come indistinguishable at BV66. 

Fig. 17 Deformation model of the alternative layers of sandstone and shale at different weathering degrees 
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Fig. 18 Longitudinal section (L-L’) of the upper part of the Jinnosuke-dani landslide 

The effect of physical weathering on the slope structure, as well as the forming of the landslide body, is 

supported by the longitudinal section of the upper part of the Jinnosuke-dani landslide (Except BV73, 

which was finished in the early period when the information of potential sliding mass thickness was very 

limited) (Fig. 18). This section is based on monitoring and exploration data in boreholes up to the end of 

2004 by the Kanazawa Work Office, Ministry of Land Infrastructure and Transport, Japan. The geometry 

of the longitudinal section is very similar to that of a homogenous soil slope, and the dip-slope structure of 

the original slope is not obvious in the section. 



3.3 Borehole-extensometer and groundwater-level monitoring 

Seven borehole extensometers with super-invar wire were installed in boreholes to monitor the relative de-

formation between the slope surface and the base rupture of the landslide. One end of the wire was fixed at 

the base layer of a borehole, and the other end was connected to a rotating disk on the slope surface. By 

monitoring the rotation of the disk, the extension or compression between the slope surface and the other 

end (generally, the bottom of the borehole) was measured.  

Fig. 19 Monitored results of borehole extensometer at BV66, ground water level at BC10 and rainfall in the 

Haku-san Mountain area 

Piezometers of pore-water pressure transducer style were installed in the boreholes to monitor changes 

in groundwater level. Because the boreholes used for the groundwater-level monitoring were the same or 

adjacent to those for extensometers or inclinometers, the effects of groundwater-level change on landslide 

deformation could be determined. In Fig. 19, the annual change of ground-water level (for 2004) is shown. 

Fig. 20 shows a comparison of the monitored results of the bore-hole extensometer located at point BV66, 

the groundwater-level change at the nearby borehole (BC10), and the rainfall data monitored at an eleva-

tion of 470 m at Haku-san Mountain. Because groundwater level was monitored by pore-water pressure 

transducers, although some fluctuations were recorded, the total tendency of the groundwater level changes 

can be observed.  The vertical grid lines in these figures indicate July of each year, the rainy season in this 

area. As a fact, snowmelt occurs until the end of May each year. On the whole, the groundwater level rose 

around July each year as a result of rainfall and snowmelt. Corresponding to the increasing groundwater 

level, the landslide movement entered an active state. When the groundwater returned to its normal level, 

movement stopped. Thus, it is considered that high groundwater level was a triggering factor for landslide 

displacement.  
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Fig. 20 Relationship between displacements measured at BV66 and groundwater level at BC10 indicating a 

critical groundwater level existing 

Fig. 20 shows the relationship between displacement measured at BV66 and the groundwater level at 

BC10 from January 1, 2000, to November 18, 2001. The groundwater level started to rise in April and re-

mained at a high level until the end of July, and it rose again at the end of October due to autumnal rain. 

Responding to the increased groundwater level, the landslide movement became active. In one cycle with a 

period of one year, the landslide movement accelerated from April to July, and then became dormant in 

winter. It was observed that the displacement started to increase when the groundwater level exceeded a 

depth of 37 m, which can be noted as the “critical groundwater level” at this position. When the groundwa-

ter level exceeded this critical level, displacement increased. The larger the height of the groundwater level 

over the critical level, the greater the landslide displacement. On the other hand, when the groundwater 

level became lower than this critical level, the landslide displacement stopped. 

4. Conclusions 

The giant Jinnosuke-dani landslide occurred in the Tedori Formation consisting of alternating layers of 

sandstone and shale. By topographical and geological analyses and deformation monitoring, especially 

based on the surface displacement monitoring results, the Jinnosuke-dani landslide is divided into two 

blocks. The upper block moves at an average velocity of 130 mm/year, while the lower block is relatively 

stable.

In the 7-year monitoring period, a critical groundwater level acted as a triggering factor for land-slide 

movement. This suggests that drainage at the landslide site will be an effective countermeasure for slope 

stability, and dewatering could reduce the potential for future movement. 

Field monitoring supported our conclusions that physical weathering, including erosion that caused re-

versal of topography, was a fundamental influential factor for deformation of the alternating layers of sand-

stone and shale. This weathering may cause deterioration of the strength of these rocks and sub-sequent de-

formation of the rockmass, and result in the weakening of the effect of the dip-structure. Especially at the 

lower part of the upper block near the valley side, weathering caused this landslide in a rockmass to deform 

in a manner similar to a slide in a homogenous soil mass. 
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Abstract
In May 2004, a landslide occurred at the right flank of the Jinnosuke-dani landslide; this slide was 

transformed into a debris flow after fluidization. By analysis of the monitored video images of the debris 

flow, field investigation of the source area of the landslide, and a series of simulation tests with a ring-shear 
apparatus on the initiation of the rainfall-induced landslide and its traveling process, the initiation and 

traveling mechanisms of the debris flow traveling in the valley were investigated. It is shown that 
concentrated groundwater flow was the main reason for the landslide initiation, and a rapid decrease of the 

mobilized shear resistance even under naturally drained condition caused the rapid landslide motion. 

During the debris motion in the valley, high potential for grain-crushing of deposits in upstream and lower 
potential for the downstream deposits controlled the traveling and stopping process. Different 

grain-crushing potential of the valley deposit played an important role in the debris flow traveling and 
stopping processes. 

Key words: landslide, fluidization, groundwater, grain-crushing, ring-shear test 

1. Introduction 
Haku-san Mountain is located at the boundary between Ishikawa Prefecture and Gifu Prefecture in 

Hokuriku district, Japan (Fig. 1). It is an active volcano with a summit 2,703 m in elevation, and the whole 
mountain is a national park. This park is famous for its beautiful scenery and about 50,000 mountain 

climbers visit here in the period from 15 May to 15 October every year. Tedori River, the largest river in 

Ishikawa Prefecture, originates in this area. The Jinnosuke-dani landslide (Fig. 2) is a giant landslide 
located on the southwestern slope of Haku-san Mountain (“dani” means valley or torrent in Japanese.). It 

was also the first landslide designated as a “Landslide prevention area” by the “Japanese Landslide 
Prevention Law” in 1958. Landslides frequently occur in this area, and commonly trigger debris flows that 

travel long distances and damage properties in the downstream valley of the Tedori River. In the 

photograph of Fig. 2, the areas not covered by vegetation are local slope failures. For example, at the left 
side of the photograph, the main scarp and sliding surface of the Bettou-dani failure, which occurred in 

1934, is visible. In that event, a debris flow initiated by a landslide reached the Japan Sea after traveling for 

72 km. The upper part of the central ridge sandwiched by the Bettou-dani at the left side and the 
Jinnosuke-dani at the right side is an active landslide, according to data obtained by monitoring, and is 

called the “Central Ridge Block” of the Jinnosuke-dani landslide. The width and length of this block are 
500 m and 2,000 m, respectively. In recent decades, accompanying the deformation of the Central Ridge 

Block, local landslides with different volumes occurred at both boundary valleys of the Central Ridge 

Block and caused damage, although many countermeasure works have been conducted in this area for more 
than 50 years. In May 2004, a landslide occurred at the upper part of the Bettou-dani from the Central 

Ridge Block. This landslide was transferred into a debris flow that traveled more than 2 km after it slid into 
the Bettou-dani. A suspension bridge was completely destroyed, and a local road with a simple bridge 

utilized for debris-retention dam construction at the middle of Bettou-dani was heavily damaged. 

Fortunately, nobody was injured because there were not many mountain climbers passing through the 

valley when the landslide  debris flow occurred. However, the risk for further landslide and debris flow 

activity still exists. This paper attempts to clarify the initiation and traveling mechanisms of the landslide 

debris flow, aiming to supply insight for future landslide disaster prevention in this area. 



2. General conditions of the Jinnosuke-dani landslide on Haku-san Mountain  
The Haku-san Mountain area is characterized by heavy precipitation and the Tedori River is characterized 

by its steep gradient (Wang et al., 2004; Okuno et al., 2004). In winter, due to the strong influence of 

monsoons from Siberia, the accumulative snowfall may exceed 12 m in the Haku-san Mountain area. In the 
other seasons, half of the days are rainy. For this reason, local annual average precipitation is 3,295 mm, 

about two times the national average of 1,700 mm for Japan. In this area, snowmelt generally begins in the 

middle of March and finishes at the end of May. In May 2004 when the landslide occurred, snow melting 
was on-going, and the accumulative rainfall for three days before the landslide occurred was 216 mm (Fig. 

3). It is also reasonable to think that the effective water that infiltrated into the slope was more than this 
value. Because the movement was recorded by a monitor video camera of the Kanazawa Office of Rivers 

and National Highways, Ministry of Land Infrastructure and Transport, Japan (KORNH- MLIT) (2004b), 

the actual failure time was also exactly recorded. 

Fig. 1 Location map of the Jinnosuke-dani landslide 

Fig. 2 Aerial photograph of the “Landslide Prevention Area” of the Jinnosuke-dani landslide (Photo 
Courtesy of Kanazawa Office of Rivers and National Highways, MLIT)



Fig. 3 Hourly rainfall before the landslide  debris flow occurred (The rainfall gauge was located at the 

central ridge block of Jinnosuke-dani landslide, and was measured by Kanazawa Office of Rivers 

and National Highways, MLIT) 

Fig. 4 Geological map of the area adjacent to the Jinnosuke-dani landslide (modified from Kaseno, 2003) 

As a part of the 1:50,000 geological map of the Haku-san mountainous area, a geological map of the 
Jinnosuke-dani landslide and the nearby area was completed by Kaseno (2001). The basal bedrock in the 

Haku-san mountainous area is Lower Paleozoic Hida gneiss. Overlying this gneiss are Jurassic to Early 

Cretaceous sediments, consisting of shale, sandstone and conglomerate, and lacustrine sediments known as 
the Tedori Formation. General descriptions of the geology can be found in Kaseno (1993). Fig. 4 shows the 

distribution of strata in this area. Alternating layers of sandstone and shale of the Tedori Formation are 



distributed at the left side of the figure, and the Cretaceous Nohi rhyolites are distributed at the right side. 
Both form the bedrock of this area. Volcanic deposits, which erupted 100,000 years ago and 10,000 years 

ago, overlie the strata of the Tedori Formation and the Nohi Rhyolites. 

3. The May 2004 landslide  debris flow 

As mentioned earlier, the landslide occurred on 17 May 2004 after continuous intense rainfall for two days. 
The elevation of the source area of the landslide was about 1,900 m, and the elevation of the toe part of the 

deposit of the debris flow caused by the landslide was about 1,200 m. Fig. 5 shows two aerial photographs 
taken before the event ((a): in the fall of 2003), and after the event ((b): on 24 May 2004, 7 days after the 

landslide  debris flow), and the trace of the debris flow with elevations at some key points (c). As shown 

in Fig. 5a, the source area is a steep cliff and there was not any vegetation on the lower segment of the 

landslide; however, at the upper part, the slope is relatively gentle and is covered by vegetation. For 

mountain climbers, after leaving Bettou Deai, which has facilities such as parking areas, rest rooms, simple 
restaurants, and a bus stop, most of the climbers have to cross the suspension bridge and access the Central 

Ridge Block of the Jinnosuke-dani landslide to get to the summit of Haku-san Mountain. At the middle of 

the Bettou-dani, an access road for construction of debris-retention dams crosses the valley and enters the 
Central Ridge Block. As shown in Fig. 5b, both the roads and the bridge were badly damaged when the 

debris flow hit them. The entire flowing process of the debris flow was recorded by a video camera, which 
was set at an elevation of about 1,860 m by the KORNH-MLIT (2004a). By means of the recorded video, it 

is estimated that the velocity of the debris flow may have reached a maximum of 20 m/sec. As shown in Fig. 

5c, the distance between the source area and the toe of the deposits of the debris flow was 700 m, and the 
horizontal distance that the debris flow traveled was about 2,000 m. Based on these data, the apparent 

friction angle of the debris flow is estimated to be 19.3 degrees.  

Fig. 5 The May 2004 landslide – debris flow, which occurred in the Bettou-dani from the Central Ridge 

Block of the Jinnosuke-dani landslide. (a) aerial photograph taken before the slope failure (in the fall 
of 2003); (b) aerial photograph after the landslide (taken on 24 May 2004); (c) trace of the debris 

flow  (Photos courtesy of the Kanazawa Office of Rivers and National Highways, MLIT) 



Fig. 6 shows the situation when the suspension bridge was completely destroyed. Large boulders 3-4 m 
in diameter were transported and deposited near the bridge site. Some thin debris was deposited on the top 

of the left pillar of the bridge, about 10 meters above the valley bottom. This shows that even near the 

terminus of the debris flow, the sliding potential was high and powerful. 

Fig. 6 The suspension bridge that was completely destroyed by the May 2004 debris flow in the 

Bettou-dani (Photo courtesy of the Kanazawa Office of Rivers and National Highways, MLIT) 

Fig. 7 Continuous images of the May 2004 debris flow in the Bettou-dani (Video courtesy of the Kanazawa 

Office of Rivers and National Highways, MLIT). Sliding mass is shown in white dotted lines. 



Fig. 7 shows a series of continuous images taken from the monitoring video of KORNH-MLIT. The 
location of the video camera was about 250 m downstream from the source area of the landslide. The time 

in seconds is shown at the top of each image. Fig. 7a shows the situation just before the debris flow arrived. 

The white color in the images is snow. The debris flow passed through the video from 16:32:37 to 16:33:16 
hrs; thus, the entire process continued for only 40 seconds. By analysis of the video images shown in Fig. 7, 

the debris flow can be divided into four separate waves. The first wave was from (b) to (h), which 

continued for 9 seconds; the second wave was from (h) to (m), which continued for 6 seconds; the third 
wave was from (m) to (r), which continued for 6 seconds; and the fourth wave was from (r) to (x), which 

continued for 9 seconds. It is obvious that all of the debris included snow. As compared to Fig. 7a, muddy 
fog can be recognized in Figs. 7d and 7e in the front of the first wave, and 7r, 7s and 7t in the front of the 

fourth wave, indicating rapid motion during downstream travel. 

Fig. 8 shows the situation at the source area of the landslide. The average slope angle was about 28 
degrees. The average thickness of the sliding mass was estimated as 30 m by KORNH-MLIT (2004b). In 

this figure, L1, L2, and L3 show the rear boundaries of the different sliding blocks, which moved for a 
limited distance; however, most of these blocks did not move far, but just rested on the slope. At the middle 

block, between L1 and L3, most of the debris material slid out of the source area, entered into the 

Bettou-dani, and joined the debris flow. Also, at the lower part of L2, most of the debris slid out into the 
valley. A common phenomenon at the source areas of these sliding blocks is that concentrated groundwater 

flow exited at W1, W2, and W3 at relatively high positions. This fact ensured that the debris, especially in 

the potential sliding zone, was fully saturated and that high water pressure was supplied to the back of the 
debris to make the slope unstable. The groundwater exiting at a high position at the head of the debris was a 

great triggering factor for the landslide which fluidized into a debris flow. Contrary to the case for the 
fluidized blocks, the groundwater exits at Block L3 were relatively low, and this may be the reason for the 

short sliding distance of this large block. 

Fig. 8 Source area of the May 2004 landslide  debris flow in the Bettou-dani 

Blue points represent the groundwater exits. Solid lines are the rear boundaries of the sliding blocks 
(Photo taken by FW Wang on 11 September 2005) 

To investigate the initiation and traveling mechanism of the landslide  debris flow, soil samples were 

obtained at the source area and along the travel path in the valley of the Bettou-dani. Soil sample Beto-1 
was taken from point “S” (Figs. 8 and 5b) at the source area. This sample was subjected to the ring-shear 

test, simulating a rainfall-induced landslide, to investigate the initiation mechanism of the landslide. Soil 
samples Beto-2, Beto-3, and Beto-4 were taken along the traveling path of the debris flow, and were 

subjected to ring-shear tests that simulated dynamic loading of the landslide mass on the valley deposits 



and the dynamic loading of the debris flow on the valley deposits to investigate the traveling mechanism of 
the debris flow traveling down the valley. 

In the soil sampling, coarse grains larger than 20 mm were excluded. Fig. 9 shows the grain-size 

distribution of the four soil samples. Sample Beto-1 is the finest sample among them, and all of the samples 
show a similar gradation. For sample Beto-2, 3, 4, Beto-3 has the least amount of fines. The grain-size 

distribution of the samples may indicate the potential of the water transport in the valley, i.e., upstream of 

the Beto-3 sample site, the fine part dominates because of the supply of the weathered material; while the 
downstream part is rich in fines, because of their transport by water. The average grain-sizes of the soil 

samples were 2.7 mm, 6.0 mm, 4.8 mm, 6.0 mm, while the uniformity coefficient was 20.9, 25.7, 7.6, and 
34.7, respectively. The specific gravity of the samples was 2.71. 

Fig. 9 Grain-size distribution of soil samples

4. Grain-crushing susceptibility of the valley deposits in different parts of the Bettou-dani 
It is believed that the difference in grain-crushing susceptibility should cause the difference in the traveling 

process of the landslide  debris flow. To confirm this concept, drained ring-shear tests were conducted 

under the same test conditions on all the samples. The test conditions were: consolidate the sample at 300 

kPa normal stress, and shear it under constant speed of 10.0 mm/sec until the shear displacement reaches 
6.4 m. For comparison, Toyoura silica sand which is known as a standard sandy soil that is difficult to crush, 

was also sheared under the same test conditions. 
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Fig. 10 Sample-height change with shear displacement during constant-shear-speed drained ring-shear tests 
on samples Beto-1, Beto-2, Beto-3, Beto-4, and Toyoura silica sand. Normal stress = 300 kPa, 

Shear velocity = 10.0 mm/sec. 



Fig. 10 shows sample-height change during the drained ring-shear tests. Soil with high grain-crushing 
susceptibility generally has large sample-height change (contraction) during drained shear. The 

sample-height changes that occurred in the samples taken from Bettou-dani were quite a bit larger than that 

of Toyoura silica sand. Among the samples taken from Bettou-dani, Beto-4 has the smallest sample-height 
change during shearing, showing a relatively lower grain-crushing susceptibility. 

Figs. 11a and b show the grain-size distribution of the tested samples before and after shearing, and the 

grain-crushing percentage Bp of all samples (Marsal, 1967), respectively. Bp is the summation of the 
difference of grain-size distribution at each sieve size of the sample before and after drained shear (taken 

from shear zone), and it indicates the grain-crushing susceptibility of the soil. It is obvious that 
grain-crushing susceptibility becomes lower from the upstream part to the downstream part of the 

Bettou-dani.  

Fig. 11 Grain crushing occurred in the drained constant-shear-speed ring-shear tests on samples Beto-1, 

Beto-2, Beto-3, Beto-4, and Toyoura silica sand 
(a) Grain-size distribution of the tested samples before and after shearing; (b) Marsal’s 

grain crushing susceptibility Bp (Marsal, 1967). 

5. Ring-shear tests on soil samples taken from the source area 
Ring-shear tests were conducted using ring-shear apparatus DPRI-5, which was developed by Sassa in 

1996 (Sassa et al, 2003). The diameters of the outer ring and inner ring are 180 mm and 120 mm, 

respectively. The sample, after placement in the shear box, had a donut shape with a width of 30 mm. To 
avoid possible grain-size effects on the shearing behavior, only grains with diameter smaller than 4.75 mm 

were included in the tested samples. 

The purpose of this test is to simulate the initiation of the landslide by water pressure. The initial slope 
condition was simplified as being 30 m in thickness and 28 degrees in slope angle. The landslide was 

triggered in the ideal slope by rainfall and snowmelt water. The initial normal stress and shear stress acting 



on the sliding surface were 420 kPa and 224 kPa, respectively. Pore-water pressure acting on the element 
increased as the result of rainfall and snowmelt. The test was conducted under the following procedure: 

(1) Saturate the soil sample to a high degree of saturation with carbon dioxide and de-aired water; it was 

confirmed that the BD value reached 0.96, showing a high degree of saturation. 
(2) Consolidate the sample under normal stress of 420 kPa; 

(3) Apply the initial shear stress of 224 kPa gradually at 41.7 Pa/sec to avoid pore-water pressure 

generation; 
(4) Increase the pore-water pressure gradually at a rate of 0.5 Pa/sec until failure occurs; 

(5) Measure the residual friction angle of the soil with constant shear speed, while increasing the normal 
stress gradually from a low stress level (about 90 kPa) to a high stress level (about 400 kPa). 

Fig. 12 Simulation test results of landslide initiation triggered by rainfall under naturally drained condition. 
BD = 0.96, Pore water pressure increasing rate = 0.5 kPa/sec. 

(a) Time-series data; (b) Stress paths; (c) Residual friction angle of the tested soil sample from the 

source area. 



Figs. 12a, b, and c present the test results. Fig. 12a shows the time-series data for the whole test series. 
From the beginning to nearly 200 sec, the normal stress and shear resistance were kept constant, while the 

pore pressure was increased gradually. From 200 sec to 330 sec, small displacement occurred, and the shear 

resistance mobilized a little bit higher, although the shear stress was kept constant. This may have been 
caused by the adjustment of the soil grains along the shear surface. After 330 sec, rapid failure occurred, 

which can be confirmed by the acceleration of the shear displacement. Corresponding to the rapidly 

increasing shear displacement, the shear resistance decreased rapidly to about 110 kPa. At that point, the 
apparent friction angle became 15.1 degrees, which is shown by the total stress path and effective stress 

path in Fig. 12b. The residual friction angle of the soil was measured at 33.7 degrees, which is shown in Fig. 
12c. Thus, it is possible that the slope can remain stable at its initial slope angle of 30 degrees, if there is no 

increase in pore-water pressure at the sliding surface. In addition, from Fig. 12b, it can be seen that the peak 

friction angle of the soil at initial failure is much higher than 33.7 degrees.  
The test results show that the slope failure was triggered by increase in pore-water pressure caused by 

heavy rainfall and snowmelt. In addition, after the slope failure, because of a rapid decrease in shear 
resistance, the displaced sliding mass moved downward to the Bettou-dani with increasing acceleration. 

This is a possible mechanism of the initiation in the source area of the May 2004 Bettou-dani landslide. 

6. Ring-shear tests on soil samples taken from the landslide travel path in the Bettou-dani
To simulate the landslide motion in the Bettou-dani, three other samples (Beto-2, Beto-3, Beto-4) were 
used in ring-shear tests to show the fluidization process of the landslide (see Fig. 5b). Beto-2 was taken 

near the uppermost debris-retention dam in the Bettou-dani; Beto-3 was taken near the destroyed bridge; 
and Beto-4 was taken below the suspension bridge and near the toe of deposit of the debris flow. 

Fig. 13 is a model proposed by Sassa et al. (1997) to simulate the undrained-loading behavior of valley 

deposits by a rapidly sliding mass. At the Bettou-dani, the sliding mass moved down the slope (I), and 
applied a load to the valley deposits at the foot of the slope (II). Because a surface-water stream or 

subsurface flow existed and some of the deposits were saturated, the valley deposit was sheared by 
undrained loading and transported downstream together with the sliding mass (III) (Sassa et al, 2004). The 

test results shown in Fig. 12 indicate that the landslide occurred at slope (I).  

Fig. 13 Model for undrained loading of saturated deposits by a displaced sliding mass (Sassa et al., 1997) 



To simulate the succeeding process, sample Beto-2 was used to simulate the situation at slope (II), while 
samples Beto-3 and Beto-4 were used to simulate the behavior at slope (III), and the local slope angles of 

the valley at the sampling points (Beto-3 and Beto-4) were considered.  

In Fig. 13, the valley deposit has a thickness of h0, an initial slope angle of the valley , and groundwater 
thickness on the sliding surface hw. The undrained loading from a rapidly moving displaced landslide has a 

thickness of h, an intrusion angle of  and a dynamic (impact) coefficient of Kd. Based on Sassa et al. 

(1997) and Sassa et al. (2004), it is reasonable for Kd to take a value of unity. Then, the increment of normal 
stress and shear stress from the rapidly sliding mass to the deposits can be determined. The initial 

conditions for the three sampling points, which were employed in the ring-shear tests, are summarized in 

Table 1.  

Table 1 Initial condition for undrained loading on the valley deposits from a rapid sliding mass, Bettou-dani 
landslide 

(deg.)

h0

(m) 
hw

 (m) (deg.)
h

 (m) 

Beto-2 18 5 3 10 30 

Beto-3 18 5 3 0 20 

Beto-4 5 5 3 0 5 

Fig. 14 Simulation test results on sample Beto-2. (a) Applied-stress signals (normal-stress and shear-stress 

increments); (b) Time-series data; (c) Stress paths. BD = 0.96. 



Fig. 14 shows the results of the simulation test on slope (II) using sample Beto-2. Fig. 14a shows the 
input stress signals of normal stress and shear stress before (0-5 sec), during (5-15 sec), and after the 

dynamic impact process (15-30 sec). 

As can be seen in the time-series data (Fig. 14b), pore-water pressure was generated at the same rate as 
the applied normal stress, and failure occurred as soon as the loading was applied. Shear resistance reached 

its peak strength at 7 sec, and arrived at its steady-state strength at 15 sec. As shown by the stress paths (Fig. 

14c), the apparent friction angle is only 2.6 degrees, showing a high mobility of the valley deposit after the 
dynamic loading. All of the series test results show that the valley deposits fluidized after the dynamic 

loading of the rapidly moving displaced sliding mass in an undrained condition. 

Fig. 15 Simulation test results on sample Beto-3. (a) Applied-stress signals (normal stress and shear stress 

increments); (b) Time-series data; (c) Stress paths. BD = 0.99. 

Fig. 15 shows the results of the simulation test on sample Beto-3 at slope (III). The intrusion angle was 
assumed to be zero because the displaced sliding mass came from the upper part of the same valley with the 

same slope angle. Fluidization also occurred, and the apparent friction angle mobilized at the steady state 



came to 4.4 degrees, slightly higher than that of the Beto-2 sample. 
Fig. 16 shows the simulation-test results on sample Beto-4, taken near the toe of the deposits. The 

apparent friction angle of Beto-4 was 5.0 degrees, the same value as the slope angle of the Bettou-dani at 

this part. For this reason, the shear displacement generated in this test was only 38 mm when the loading 
was completed. 

Fig. 16 Simulation test results on sample Beto-4. (a) Applied-stress signals (normal stress and shear stress 
increments); (b) Time-series data; (c) Stress paths. BD = 0.95. 

As a summary of the above dynamic tests, the shear resistance at steady state under the undrained 

condition, the minimum apparent friction angle, and the residual friction angle of the three soil samples 

taken from the Bettou-dani are presented in Table 2. Because all of the possible grain-crushing should have 
been completed when the shearing reached the steady state, the shear resistances at the steady state were 

almost the same. When the normal stress became smaller, the apparent friction angle became larger; and 
when it was larger than the slope angle, the debris flow should have decelerated and finally came to a stop. 

From the above simulation tests that reproduced rapid loading on valley deposits, the impact process, the 

traveling process, and stopping process of the debris flow that occurred in May 2004 were well reproduced 



in the laboratory. 

Table 2 Summary of ring-shear test results on sample Beto-2, 3, and 4 

Sample Shear resistance at steady state 

under the undrained condition 
(kPa) 

Total normal stress 

(kPa) 

The minimum apparent 

friction angle (degrees) 

Beto-2 About 35 620 2.6 

Beto-3 About 35 460 4.4 

Beto-4 About 35 205 5.0 

7. Conclusions 
The May 2004 landslide – debris flow that occurred in the Bettou-dani of the Jinnosuke-dani landslide, 

Haku-san Mountain, showed a fluidization process from landslide to debris flow. By analysis of the 

monitored video images of the debris flow, field investigation of the source area of the landslide, and 
laboratory ring-shear tests that simulated the rainfall triggering mechanism and the fluidization mechanism 

during the process of downstream travel, the followings were concluded: 
(1) Concentrated groundwater flows were a main triggering factor for the landslide initiation by increasing 

water pressure in the slope; 

(2) In the ring-shear simulation test of the landslide initiation, it was shown that even under naturally 
drained conditions, the mobilized shear resistance of the weathered soil in the source area showed a 

rapid decrease after landslide initiation, and this should be the instinctive factor for rapid landslide 
motion after its initiation;   

(3) In the ring-shear simulation test of dynamic loading on the valley deposits, it was shown that high 

potential for grain-crushing of upstream deposits and lower potential of the downstream deposits 
controlled the traveling and stopping process of the debris flow; 

(4) The shear resistance at steady state under undrained conditions is the same for the soil samples taken 

from different parts of the valley (Sample Beto-2, 3, 4). A possible reason is that although the initial 
grain gradations of these samples differ, the soil at the shear zone would become the same when the 

shearing process reached the steady state, when all of the possible grain-crushing is completed. 
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