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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).
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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.
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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 Eruption in Haku-san Volcano

1042 Eruption in Haku-san Volcano

1554 | Eruption in Haku-san Volcano

1579 Eruption in Haku-san Volcano

1659 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 20,000m? in volume occurred in the left bank of Bettou-dani valley.




2004 After a 216 mm precipitation in two days, a landslide with 176,000m” 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).
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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.
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Fig. 4 The longitudinal torrent bed-slope of the Tedori-gawa River comparing with some famous rivers in
the world
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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.
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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.
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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.
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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.
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Fig. 9 Rose diagram of the strike directions of the Tedori formation strata and the discontinuities
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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
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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.
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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 B5S 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.
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Fig. 12 Cumulatlve dlsplacements 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.
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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)
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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.
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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 BV 66 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,
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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.
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Fig. 15 Monitored results of borehole inclinometer at point BV77
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Fig. 16 Monitored results of borehole inclinometer at point BV66

,14,



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

_22_



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. 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.
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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.

Jinnosuke
Shelter-shed

Bettou da n1

F1g 8 Source area of the May 2004 landshde — 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

_24_



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.
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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.

—_
o

2f
! 3 Toyoura silica sand

Sample height change ratio (%)

2 | | | | | |
0 1 2 3 4 5 6 7
Shear displacement (m)

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.
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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 B, of all samples (Marsal, 1967), respectively. B, 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.
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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 B, (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
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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 Bp 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).
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Fig. 12 Simulation test results of landslide initiation triggered by rainfall under naturally drained condition.
Bp =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.
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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).

{a) =

A
aTs Sliding
o Mnss
g Debris
Depasits
e
—7 d

(b)

Om

Shaar stress

Normal stress

Fig. 13 Model for undrained loading of saturated deposits by a displaced sliding mass (Sassa et al., 1997)
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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 (I11), 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 4, an initial slope angle of the valley &, and groundwater
thickness on the sliding surface 4. The undrained loading from a rapidly moving displaced landslide has a
thickness of Ak, an intrusion angle of ¢, and a dynamic (impact) coefficient of Ky. Based on Sassa et al.
(1997) and Sassa et al. (2004), it is reasonable for K, 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
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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. Bp = 0.96.
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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.
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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. Bp = 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
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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.
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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. Bp = 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
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in the laboratory.

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

Sample Shear resistance at steady state | Total normal stress The minimum apparent
under the undrained condition (kPa) friction angle (degrees)
(kPa)
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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THLDEFE T A =2 R L7 ey 7IEERERE LT, LnL, 26O PRREIT ZRoch)e
DTHY, FE~DISHETITE STV, Sassa(1988)1 X =TT T — & & V= [Hid~<

OEBIET L] AHER LT, T 2004) (X2 [HIT Y EERET L) I, [T EORNT
DEEBIRIIALETT V) BINZ T, SBIT, IS8 A REL T IGHRRIFE - Bt m
e THERSENRF O St R A TAEE RO (APERIF 7’27 K, AL 13 4F~15 )
D—BgL LT, FHAHIC THdT R0 E# I 21— ar] YATLARKBLE, 22T, AV
Ralb—va VAT AOEANFHTHD [HIT_OEEFET V) & XY EORNT OREEER
FREZA T V) 2R 5 LS, FHIEAE L C, RV o b— 3 VORIMEEHITT 5,

U4, GIS(Geographic Information System, HEMEHR S AT L) I, HE, fE4, ALIEEIRE
DOZERIERAFERNE W2 570, FHEFIA Ui RtmfaRiaH i B3 298 S B AAAT> C
ETCWD, AGRSCTIE, GIS & Vi@ E g~ 0 OFAERTREME AT L, TEEHT D D5Z%
HiPHZ GIS L CTERRT 22 &IT L~ C, WEER-TT RV (2T 2 — N~ v TR DB 2 H 2o
WORT,

2. Mg EEh I L— 3

2—1 VIzlb—ra
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PN

Moving mass

A w
W / PY + E Ay

Pr> ...:A' E."' &X.

7 A T P+—AX

/ X

Py | . R .....

Q\Et>/7

N’

(@) HIF v iEHET L (DEEaVE: = FN(S: wsV)
X—1 M9 XVYEHHETT/L (Sassa, 1988 L 1)

[%]—1 % Sassa (1988) (2 &> TIREINI-HIT RV EBET L THY, 30 THPLE L T
LR Z T o> CWAER 2R L WD, BBk CHBERE x—y JAERE L, 2L T, Avia
NENEATH, AEBDA v 2l T HlOa T AEHGUT, x, y HlIaOEE)HFEZ L TH
b, ZOaZ NAEHTLINIEN W, TI0VEICE DRI N, BE R, Bt o oMl
TEHP, P, THD, LT, FE LT IO LD B 22N OIGEIZEE SN T, B
RAFANC L0, EER oG RN RD Hivd, X (1) & Q) ITENEhvx, y HoiEE)
FHREATHY, X Q) 1T TH D, HEIGEAND x, y HOITHOWETHL M, N
Zsk, Fadm R T D 2 LIk o T, ARERICHIT 590 HIOES h &Rk
Do INHLOFRREESTHILIZL ST, AT v 7T DA Y v allhHbH TR0 Lo
JES h SFHE S AL, D oo U7 S TR0 ORI & L, B L RAE C oML
FRIZZ Ofg Y OFFEHFAZER L T D,

oM 0 0 tana oh g u ()
(M) +—(M)=gh - Kgh—— . h.(q+1)+ht

o Ta Mt M)=gh T o e @ artawtyt et htng,)

ON 0 0 tan oh g v )
NNy + LNy = gh 2P koh - h(q+1)+ht @
o )y N R g ey DR

oh oM ON _, 3)
o  ox Oy

2L, h: TR0 BBOES K KFEHESRE ; M,N @ x, y FIZBT 5 BALET &
(M =uh,N =vh),u,vZENTivx,y HROFE ; tang, : TV (fZNT OBEELRE; b, fE
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J1H(c = pghe D X DITEFRIND, REFHEEEIHIT Y T, BrdIind, pldd 0 1ok
FE, g IXESNEE, ¢l T¥FES) ; tana, tan B xz VLN yz FHEIZEBT 590 moeER
q=tan’a+tan’; w=—(utano +vtan f).

ik LizeT oz

“&/\/[ﬁﬁ?&ﬁ@]:ﬁc:@i, ﬁ‘ 150_| L L L L L L L L L BN
70T DEEBRIRAK tand, g F :
WEENTNG, Fas = ; B
vy, 7o | & o / 3
Y i DOEEESR K tan g, § - “ Q‘T 7 CURs Test URS Test UR6 TestUR? £

> L -Iir-l | |eS| Lo dgr v v bl v v b g by b ]
LD LI O G0 50 100 150 200 250 300 350 400
¥ tang,, 2 Xl LT HMEH (kPa)
flioTnd, I, \ "

- B2 KBIRREORYEL 100 B 5 M1 COFHER U

N HHEAT R A

7R ARSI ARG (EFEROMBELIE 0.71 [ ZHii

ho CHEENT % & &I, )
Z77) (Okada et al. 2000)

T O B AR K
tan g, DMEDOIVTNDDITH L, B4 F 9 2@ H o508 BR A A — "\ —T7 1 —F 55572
ET R ABROWET CEAWNE L 256518, T30 I3RS tang,, 25, TV [EHD
RINT OB R tan @ (2B L C, REEBEFEHK Y o 7 AW i) B DAV A RIS SN
T, BT /ULEIT- T, B E LC, Okada et al. (2000)1Z - TITo723EHK U o 7 AT
RBROFERED LTS (—2), s Bdseefofn U KIEREOE L2 VT, B2 915
JISTITHEE L TnD, ZNENIEHEKEANGIRAIT o 7=, EEZOBEERDORBRIL A 12T EIC
LI OTHIAT, &

FEHEE AT, ERR T4

REIZIE LT-RFOH A A —type

LI e 1 2 e g
GRS T &

BtR7Z <, —ElE 72
ST, ZOFER AT
Y T O AWHRHT O
EUCHEHAT 5L, &
HREEEZ <0 O
TR [ O E FIRRE : :
TOHEAMHRPILT Pror Normal stress o (h)
_XY) T+ OE X LB
772, —EETHD

B —type
74 (Bg =1.0)

=3 FR0 D RANT OEEBIREA TSV (L, 2004)
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LA LTNA, Trabh, MR AL RO Ik FRR S T L2\ B HAME
FTDHZEERLTND, ZDX DBk SIS, Tl 2004) 133 1R d k57 [
) O RINT OEBHREAA LTIV B4R LT,

M3 1R 30 oD BT OB

LTIV ATSHBEBE TEDEN TV D, W% Hhg R 117

E L CWADRHEAMEDOFER (FlxIX, HE, &
W) CHEE L LT A, BEEHEOREIL LT, 5
SHEK & AR ORI 2 r— 2 (Adtype &
B-type) Z/RL T\ 5, 0 EihEfEic s
T, FEAHEREDSS (Atype) 13, JEIERE it BT
IS REED D, S NNEE, A
R A7 L, AR TR B, R0
0D R BB A I3~ Y i DA 2P
R LA LS, 0 P EREEER S L
W, o, R EEERC BT, TRY 1 &
PSERIFHIRIEDSE (Bype) 13, ERIRIR
AKFED 5 () 12 kT, B L,
NSV AL CEBNGT 5, BHMEERT 5 2 LICE 5T, 0 EASERRREICEREL,
AWM —FEEThHD [EHRREOE AW 12725, S5, HT<0#ERR—4 [OF
T IFROE EAMR )] & TR0 5 O BHECEIL TE BOT, T EA
TERARIBICEE L7k, 0 FOEAMHREED 572 < 720, THIEFRU £ DS AVE
b5, THId~Y 5] OIS H3H

) BB T B = S —
LR BTG, e B L e
0 E8 OESOEMCEST, B 1 ‘ ‘ |
D DEEBA AT 7%, B 5
RIS n IS5 L, Rind o
B N E OIS L 55 < 725,
K—5 1% =0 8 ESZ ki
LT _0m [T OBEESRE

@aﬂj_\‘/ftéi—\‘]‘/‘(b\éo 07\\\\\\\i L \\\HH;
0.1 1 10 100

FEERORHE TOHIS~ Y JEH) L gAY TEOES, hm)
HTR LI =0 — A0
HEBbhs, Zodpkomigs  F-S T) BRESORUC LTV EORNT

NEREMKESRSR) B, THbs  DEEREOZ(L

X—4 Hd~~D D2 JEEE

-

o
e
\

©
~
\
|

TRYTDR I DERFEL
o o
N [0}
\ !
i 3
| |
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N, RHEOHIE, fFngetE, HESMe L ORI T RN AN EE LI LTIk 5,
SERHEKRDYEAE, Bs=0 & L, 28K OEE, B=10 275,

22 PAERMEIZIT DHT D EH) Y X 2 L—3 g COfER
G2 HIRH-L LT BATDO/RT A= 0385,
1) TR RSN DA g, (Mg~ 0 EBEIGH%, KA CE D)
2) TR TR SN D EFARAE O AW 4
3) SN D L HEPEH CRE S D AR K
4) EE) TSRO BN AR B Ry
5) TN T BRPNER CHHE S D PRTEEER A (do) & KA T ()
6) EEE COMRIFIRKE DB B
U EORT-OFT, (1) & 2) OF0 EHONEREEES & EFIRIETO® AN, LD (6)
OB COMRIHRHFUKEDOZEREEED T30 i RANT OB OFRICKEE L 7> TWDHD

g~ OIFEEIGFEAL Y, Hirg~ 0 Eo

T, Mg~ OFEEFEHIR S A 52T D, ek,

- B
T

1) & Q) 12V 7AW X

27, RODHIEPTE D, HENBRIZIT D LB DOACT LRI T AU THAE S D VD
FERRA L IRIBUKIED DHEE SH, T30 DR O LS OREZROTIEETH Y, EEI MO
EATHIRDIR V5B % 52 %,

PLEDOHE <D &
ET L OEMED
KGRIET 5729012, X—
6 (2R Bl 22 AR
FHE OEB) 2 5] & L
THET D, 330
DIIRITFET & L, #
T I Rl A B X
FAUCEARZT 2R
DIEATH M OKES
M) (A AE <, F
7=, i & o~ HE
BEZ T, BipHE
DOEFBH IO I 2
L—ya v & ol

X—6

GRS -2l W LFL - vt SO ] —— ﬁl _ul

Ted Al R B0 MR TS AT

mEgurw ¥

SR T ST |
EEAE T |1 A |

Curarod Print I Mosh Data SRFTY O NEIRE

mihyi] 1 |7 [ a

1 R

WXy WK Ham
#a ey men (B
4 BF35 B A I:"_Iﬂl -
E nNT WM MM
a1z LT TRAE
nwy n g nu
GhAlE  BRAE  BEE
E [o1=x1] B 2] (R 1]
10 @5 @R ame
1 By BEL B
1 HET MER b7
i E0e) Bl Rmen
1 ATES ATHSS ATEIS
15 davE [Tk [TRL:]
I8 | MsW seT oam
| mEE  nEE At

T 37 Sy 2
o f

i

1]

| - = “EW'wi
HIT_Y I b—a DAL HEHE

£

X—6 1332 b— a3 DAL CIATHEIE T, Al OBEfRIET XY mORGLER LTS, X

=7 ZT ORI Y LD NRT A=FD

TEHEREIE TR D L TCW5,

==

AxX &
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+ENSA—BOGE x|

iﬂ&&zﬁiﬁﬁéi : Iw
.:tmmm*s@ir@ﬂﬂma- [ om0
LR () | 080
AUBORER CRD kP | 0000

i~ iJ’* fﬁ:ﬁi‘&(ﬁ
:(‘ %«Jﬁ@ﬁh&?”ﬁﬁ Ctanbs)

=l mmﬁﬂ-“

FAUBOR IR T |

NEEN NERN AR

st | weven |

e 103 T : IZID')S . Bdep o T4 T
Ui : 7.k enfs ‘~"n TOmis Thinas i lﬂ“m‘s '-’nrax B3 mwls

Step 1 2100 Time = 11,3209 Step 2500 Time @ 32,602
Tl - 944 mfs Vinse - 1314 e Thmis - 01 s Vi £ 0,2 %

X —8 { AR (RFE=5000m’) TOY I 2 b—3 9 UFEH ((=1.0sec, 1=7. 7sec,t=112sec,t=
32.6 sec)
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=9 133X 2 b= a3 VORERITHE SO TRDIFIO BT ORI (tand, « H9~V 5§
PEIRFTELR D 0 ESHOARGE CORTHEE L L $hERIEE H DT, HIL TRbanb) L3~
) TBOWROBIRE R LTV D, TR OOREREL Y, AT ORI~ HHUAROHIN
(Z LR C, D LT DEAARHER TE, ZORRITRE (1984) (R LR IOR R & IR
BEL TN,

0.40

035F @

0.30F e o

SER)D RLHNT O BEER L

10° 10*
H <) HEIOKFE  (m?)

0.25 ....l2

X—9 I 2 lb—3 3 USRI OREBYZEE 0 HHAEOBHS

23 HTE

B L7 R R EE) I 2 L— 2> DY 7 b (RAPIDLLS 457 C5) #HWT, %o
DIDFEAE LT MR FHNTEA L, S SITHIT 0 FAERBRIED & 2 Hid-= 0 JEB) D T %55
77

FA LT OFHIFFEIZEA LT, AR O ZH T,

(2) 2003 45 HHUERIC L D54~

Y (Tsukidate landslide) ; N
(b) 2002 4F 11 H#HgefERNIC K 5 (L <%%»
. . . Tsukidat
9V (Yamashina landslide) ; , ] Iasnudsl"gee
apan sea
() 1934 4F 7 ASEHIERIC £ % [l P
NI . Bettou failure & )
HfdL (Bettou failure) Jinnosuke landslide Eg:r?kfmig;r;?e

earthquake, May
26, 2003

Hid~_ 0 ERRIOxE L LT, A
I H HBETHIGE) L TV D HEZ R
19~  (Jinnosuke-dani landslide) % Hx I

F7-. {;3‘
PRI OBFTAR —10 1SR L @

TWo,

Pacific Ocean

X —10 FHIWFFEORGTH HHTY OALE
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2—3—1 HECIAFHEHT VDI I —T g

e

\‘\
No.g

SE

250

ha
st

AN

DD\I

)

source area
deposition area

—11 =g L A84Etv Goe
HRAAR— L~ — 10, 2003 45 H 27 AfRe OV —
L7= % DITHIEE) X—12 FYEHTD OFHEX

2003 45 H 26 A 18 K524 53 2 A, AL OB T, v 27 =F 2— R 7.0, RS 2% 71km
D=RERHENFEAE LTe, ZOHRIZE - T, AFEN O EHIRIC)NT TERE 6 390381 41, 5
AENT CRIpEEEEER R NFFR Sz (K—11, FircHiE, 2003),

SUEHT 0 [ IFLENTA X 0 T8 750m OfF FHIKIZAZE L TR0, BEfN 45 FEl ok L7 Bs
DKINEHEFEY) CRPHERRY) ORSETHYECRAE Uic (B HEERE, 2003), ZEAEHET DI,
VEIEFE T ~EE) U7, Seim OB ENEEE 35 130m C, PREEER O AIEILH 40m TH 7= (K(—12),
TEGE LR E 8IS, o7 FFETOKHEDO BITHERE LTz, F7-, ORI X DK E D OfER
b CE o, BIHGERE - IR LOENIFROMER L, KILIMHEREYAMBIORE 1L, @KL,
OMEN DA — PV T T, IRFeeffiL QW= EaEE sns, £7, BOEAEHTE
ND, HAWBREDNIEFIAR ) T2 2 E bHEESND, LIzn-> T, T35 G bz
O TRAELIZEEZ BND,

FEICY 2T, BT —4 & LG, 0 [HOEE &0 355D HEFO 30 HHIOE S 2305
PCh D, BRI TAER /KGR DI S/ 90 23R HREIO 1:2,500 OHIFEX,
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H9 R0 FEAEE A R SRR R SR T o & —IZ Ko Tl S 7z Hr R X

(Fukuoka et al., 2004), 35U %E}\uﬂ:ﬁﬁ@-f*% IZEEDWT, ) IO &0 3R]
HIE S AHER U, X—13 (338 2EIR FR Ui | 2in 5 HIg 0 FAERTE OHIE, HEET <D HEHoD
FIRERELCND, ZORMND, EPH&U?@T@@“« V) R &R0 HHIOIIE S 2 PE LTz,

Rice paddy e{

Before landslide \

Mot

After landslide —— |
Filling

////////%/////7//// -

M—13  HEE SN~ 0 o ik

: 100 Tione : 2.454 + 1800 Tone : 12.455 Step : 4500 Tumne : 44 815
Umu: 23 mis Vmax: 4.1 m's Umu: 18.8 m's Vmax:122.7 m's Um:x 1.6 mfs Vmax:3.2 m's

X—14 SHERTY OFEE) I 2 L—y 3 URER (B BA~ORGEIREIL 2.5sec, 12.5sec, 44.8
sec THD) (T 13 5 FHERFTR ; SmEpffilla - 1m; FHEEFH : 116 m><226 m)

LR 0T8T A—8 L LT, TRD B ROMET L 320 HROWESECH S, AlE0
U m bt a LT, M) DM EHERE L B w5 £ 51T, HEEST
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A—B B WE LTz, 30 HOEFIRAE TO® AWM % 3.5kPa, A RIPEEEERMA )Y 25 FEIC LT,
ZLC TR BRI UR L EHEE Lic2®, [FIU AN A L 25 i L, £, T
ROTEHEDFEENL TR RPN T SHEE L, lRIFBRUKEOSER By % 1.0
IZRRIE LT,

X —14 |35HEHTRY OEF S S 2 L—3 3 BT DT RS 2.5 sec), BH(125
sec), 33 &L UK FITIZILIRAE44.8 sec) DGR A 7~ T, HERE THRO /AR I T35t edaSZBR ORI & it
LTWDZEERTE D,

232 EHRERICED LR IT YDV I ab—ra s

2002 4F 11 A 8 HIZ, A)IREIRATILRHTT, JFEFOEK) 60m, &S 100m, HHEEDS K
10m, FEENEEEER 200m OFEEMEO LRI 3 AE LT (X—15), ZOHIT) OFFRITRA
1 13 AROEGERNCTH D EZ X BD, ZOHTRYIZ L > THIESTY A THAFEL, K
ST CHGER DI, RSz, HIT R0 RS, M0 LD EATiE LB < Tmd O
BAHELR S RIS SRR ST, O b IBTEE COREDILRANEX, 2003 4F 12 A 31 HIZlL,
OB b= 0 23584 LTz,

R
s o

15 GIRHTRNITCREAE L7t (002 4F 11 A 8 B34 ()1
BT M)

=i

RS

g0 HEID DM =Rt olesiE (B Th o, % (1993), BIR (1999)
IZEUE, ABIIRERBICREG DN, TREBECSEEZEAITEY, Eiz, R~ H
DHES CILENL DB EHER ) | G A AEAITE Y . BEOEARI SRR E=EROJEE TH Y,
JEIEITAI 200 m THD (HHMf, 2004), HIF~<0 HED3INERILHLT,  RHEXHHAREL)NT
RN %, HId <0 BRAETDRNTVMIZ TH Y, FHAARLIIK 13° ThoTo, HIT <0 AR
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TREREBOMifH 7> H

THDHN,

FARBRON, NRZTER LT D, IR~ JE

AT EICH %

X—16 1%, Hid~=0 HipN T 7= TH D,

WOREAIRIE & A EDIAR
]

G0 HOPEEEBIZIL Y A THDED D, ZD D A THIIBEDRHNERIC L &S

- 4

- //Mj S p——

R axca-cﬂaﬁﬂldcmcurcd -

i i ‘t%(on%y%i—%ﬂ@é 120
/T,
&70 1) v
i

\
A%

-

y1o] DCPT points (K)

@ boring hole (BV)
0 trench (TP)

A sampling points(YS) _
O Position of Schmidt hammer test| |
and the soil hardnes'a test (S) t

// \\\ ". 0

topography before flowslide
Sliding mass (N«<10)

baserock
(weathered~fresh mudstone,

N2 10)

BVlS-
I

BVI5-5_

—17 IR~ Y O

AN

, TND EOALE

ZAD Y

T, MRS, o — B ARER (LT DCPT ; K-1~K-12), A=V »7F#E BV15-1~5,

AT Z1To7, F7z, Hd~0 HHORHEEES 5 AT LT (TP-1),

B (YS-1~YS-3) %4T7-7-, DCPT, ~"—V o ZHAE RN~ L Fht ) & e wmE (X

Ak

—17) ZHEE LT, BEERCOTRY) mHIIBHEE 2R THDDITH L, i~ O [HIZks

AL L7 bIRE T D, LTy > TRYLE LTS O TRAE L7 #d~ v X
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oA EEEE) U723, REEASROVTARO 553453 DREERI Ok TIE IR LTz,

VR 2 b— g VETo TR R R AR AR TE D X O IR SN 240 m (60 A
va), FEAEARI252 m (63 A via) b UTe, K—181H#EElV I = L — g AR T o7 &
Hig~ Y HED ORI e AR LTS, BN R 2 L—y 3 W EE T =41,
FRSOHEREREPH . — T D X O ICWRIETEDTZ (E— 1), T30 @ TOEFIRETORAWHL
PEIAES & 2 OMTHT 72 RE, HIT RV BT, MDA ST~ tEgEx kD 5
BEIZ R L TERY, ZOMOoOEAMIET AR T ENEYTHD EEZXTNLTHD, F
AEEHORETINT, SERICERLTERY, KBV LZHAONTZOT, ERIFERKESREE (X
099 & L7,

apple orchard bamboo area

debris retention dam

X—18 [LUEHd <Y DI 2 L—3 g

F—1 UBHT Y OFE#E)Y I 2 L— 3 SAHN T RT A—H

TR0 B AT E R, v, (KN/m’) 15.0
T LD A, ¢ (deg) 0
T AIRORAT, ¢p (KPa) 40
FRY THOKFERREL, K 0.6
TR HROEFRAE TCOR AW
VIARIE, 71 (kPa) 50

ZDOMORIS, 7.2 (kPa) 10
T L OARINEERA, § (deg.) 35
TR ST, B 0.99

—1912¢=0, 9.8, 19.5, 32.3 sec DMEHI I = L—3 3 UFERA T, EE TS0 2 Bk
WORT XIS, EEHSOE S EFHEHEO 3L TFR L, v Ialb—va U ild>TRO L
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AT TG TR DGR Uy, & FEALHTRIOIAGEE Vi 27189 23D OBEL I +
B A v > 2 MOBERRE THh 5, Hrd =0 TR B IAARRIERTE Tk b K& < 109
m/s ThH-o72,

AR L O S IREY LTS OE FRIEOE AWHES A 10 kPa, VIR CORAMHESTE 50 kPa 2 5%
HZEICXY, IRFEBRRA LB L C & 7,

{a) tme: 0 see | (b) tume: 9.8 sec (<) ume: 19.5 see [(d) lme: 32.2 see
Ve O m's Viax: 10.9 m/s Vmax: 7.8 m/s Viax: 0 m's
Unu\.’- 'EI ITI.'rE Unu.\: ?.2 iITI.-'IS Unm\: 10.0 ITI."IS . Ulm.\: l:l ITI.'rS

H#.-I L-#-_..I I il -‘.# 4 J’
| - = i
X—19 LB _Y DI I 2 L—3 3 AER GHEEF : 240 m X252 m)

2—3—3 4EFBEWRIC LD AILHRICBIT ARSI DY I 2 L—3 g

=20 HHHIEIZIST DRIMAN & B gD
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HilFEERmE (X—20) 12HD F—2 RIYRANOEE I 21— gL 0RkdE T
BRYERIUE, 193447 H 11 H, 3 BT A—H

AT 500 mm OZEMIZ XL > TH IETIFIRRKEZERESE « By 0.95
ALl BELIER LT hm Ot | KEHTE K 0.65
WO DR 25 5 AT 72 o [ 200
BoE T, Mdkm T | o RO T AR 5
o kg w20 | S0 T
b FHYINZAR TR & LTER | 9o B iR - tang 0.7
IR ERIEL, DT K70 ey LSO BRI : (N | 20
km TGO AARMHTEE LIS 20 [ 9y 14000 SRR tang, 0.65
AW LT 1240, B ey o0 LoRES (P2 |0

F= 240 FE ) HRKAaiEE
=517,

Step : D00D_ Tioe ; 10,3160
Umax £ #9.7 m's Vimax : 100.3 m/fa

CIEY:F )
FEUI

Step : 21000 Tume : 105360 Step : 71000 Time : 353360
Umax @ 1849 m's Vmax @ 44.2 ms Umiax : 82.9 m's Vmax @ 40,9 m's

M—21 BIEANODOY I 2 b—ra URER (TN RS % 10 5 THER)
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HEIY X 2 b—3g A, IERTOMERIES, TN oS, AR &30 IR O
TREDIE T A =2 —SWETh D, FRERIOEmIIBHEN 2 IE L, 330 s
RS AR OB LT D30 1 & EE R OBMRA OHEE LTz, TE/ ST A —& | 3E#) T 2
al—var iR Ts (F—2), #HliIab— a3, fiE3.25 kmXA£5.825 km (130X
233 mesh, mesh size: 25 mX25m) OHPHTIHENE L, BIEYAAILE T/ WEEETETH 4 km O AT ES)
ZEBL LT, ZO@EH)Y I 2 b—a AT, BRE TR ORI K DR OB bk &S
BT D720, IRHERE AR E LTz,

BJ—21 | TRYARNOEE)S X 2 L— 3 VORERTh D, JETIYE, FERIEZR T L,
BRI /WA Lc, it &P T~ 0 TRO—HORERED O3, IRHER) 25
SIALZ LITEY, T EHOEENED T 5 Z L2 <R T LTS EGHIITE 7,

2—3—4 AT S 2B <Y OF#E) I 2 L— g

e S HS 0 X TEUNOIEGECH D FILAIE L TR Y, BIRYARNOd <HECH D, FHUI
HFEER IR ER 2B m’ Du v 7 7 4 VEROFRUINZ & (FE 153 m, 0§ 420 m) 7% 1980 4F
(TR STz, KB Mg~ D) H3S I AR ZRAVAATES G, BRI K 2 & A RO feffutns
B SND, YHROE & 2K B OTFR ORI R AR L - C, Hid <0 i3 aficis
a5 2 LBV, [EAGEEIE 1980 R0 B1T o TV D EEZ B Hd =0 O OBHRRE S
& DL (ELRREE SR CERE, 2002), HKREDRRELREZIT>TWDHIZHEDLT,
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DAZKET 2 BUE E COBBRERIC LU, WMo BIA & RIS ARITHE ST iBh iR %
RETZEE, M0 EBUI T~ L FEMES cm OFETBE L T\ 5, READES)HS
ROIHEET DL E, FRALEZEZL TR COEENMEEEND,
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LT MR OWER” LFEENTWD (TARR, 1998), ZOBGUIESNT, 2Bt
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PR T 19 ADZERD L EI2, BIMNBICRARDOT AREHR I, ZRn—XUCHET S
ENTR 0 DFERBED TEAH D & TRIL, BEERT A7 2RE SN, AT CHE~
100ANTLSXRIZOIED T —TNEDRTT, ZOSERIZE> T2 m® DRRE W
WP, 2B O EELWHERIIH 5 FHEIETHY . ZOERE XX H0NRE
DTS D 35, 6 FHEETH SR NTHHEEINT- O TRIE CIEEAMEIZ LD
W THEMNMTON TN D, B CIIFERHERNES Omm 2225 & THIT -HHikER 5,
ZOWRE 11 £ 9 H OHKE B 2EETTP T5 Omm 22 72720, FENSITTHERPIE &2
Slz, AN EO B — 7 225 3B OREN ©— 7 IZET 5 L §bh
TWANRZOAIITIH IR CIRENE —2I2ET D, I —, TARIEELEL,
s Eaime s — (K37 (X ->T10BEICFROY A L5, 2Rz
A& BHEENHRNGES “OIZIN, EINTWDLONRG05, SH%ITZ DR
EETHE97, £lo. TOERBIZH DHK b RTHIT RV I K DIEFLBIIC L -
TP THEAMENE L TWD, ZOHK RN HZALDOAD TR EERICL > THRE L
TWe, 1 5EKFLEFP CEANMENEL TEBY, BIIESLD AV I TH S,

o

X 3.8 FHUBRECE AT ZERITECE (2002 4F 8 A 21 HiRH

KIUGERIMTHON TV 2R T EHERILTH D, BAEinb o> TFE» L HIFREIC
REHEZLDOEEZ LD, BERTHCE N O FEJBRE T < ik L TV D OREET
=7,
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X 3.9 B4 U B 2 /R & 1650m T D5 E (2003 4 8 H 6 Higsw

Hr o ERPRYARIZB WL THEE 1650m LA E TSR N ALY > TV 5 1650m LLF Tl
FEANFEL TV D,

(4 3.10 12 #hA3 0 FriiDOPess (2002 4 8 H 6 H i
12 {23 0 AHEITEE R FREREO L X AN L oD 2 L6 LARNEECI Ch - 72
DOTIERNINESONTND, BEICK > THIREICHTE o Tidhnh e Bbh b,
F7o. ZLOEEPRONDZEMBAL—F L IPRAEL TS, AL—F T LoD
X, Je e & o B LIEFE TR D D BIG CREBEIC X D UHE & oKIC K AR AR IR LT
FNEANAVEE L TFPoHIVIA RO Ta vy 7 lio T LEIBILTHD, HHFED
A TS0 72 & CoKE T (MUK FTH) TR THRFL TWD & EI3REREN D,
O & T2 OREEE T e & 2B BAL T T T 5,
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X 3.11 BIMARILO T HE (2002 48 A 6 HR

HERE DI L CTWD OS5, FEAENEE L TWWRWZ bt ZOESITNEEIC
BN TS D TIE RV E b5, FEH I3 EIC L > TEADOREIZE Y L0 HK
TLTWS EEbNn%,

X 3.12 BIYARiL (2002 4E 8 A 6 Hils
1934 FE DK EDIFIN & 72 5 B AR EER, BIAETHRUGEN DB ICHRT D LN TE 5,
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3.2.1 3D [ L OHE

B L 7253 L ENL AR BIRERIRN TH 2729 FRNCEREA ~ T A IO
AAHE LR, K313 R Lz EE R L TW5, ZOHSITIEAAROFICH Y, 5
1750mMiT TH 5, K 3.14 13 L 2RO 2RI EHTH 5, EHIEET <V M@
LIBTE SN D EAEE)N B 10kg BRI L 72, SRIRL7ZREHIRAEZ 2L TRY, AME%
KBEATWDTD, BT 2 LRITORVNRT 5,
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# 3.1 1T TRV Lo BRI, BIRE KR O - IR A 2R LW 5, 12 C,
IHORERE O CHBIEREE, WREERA N2 VAT o — R R T, TR0
IXIRMEFEEL L3 LIZIEWV O TR S TE Y | RRISEWER S 23O REE R IRRET
HDHTEDRBEIND,
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4.1 2B~ OREAER
1980 WG, B~ v v 7, HHiE, T KOBRL TR OBE) EE & D7
5 K OB 23 [ 128 848 IR0 | EE SF ST IC & o TRl it Tn %,

EDM CtisnRf&E) BLRIAEE GPS BUAIAED T <0 ORNEETE 2 BLR3 5 72 IR H
SR, BUNTE B OEE TIThR TV 5D, K 4.1 1319~ Bk KN OB S O55 4 &, 1994
D 2001 FE T 7 EMOMFEANBIFI R Z N7 FATRLTWD, ZOBIKTRIC I
X, TR 2RI ES T ey 7 E T ey 2D 2 00T a0y 2T bbb, BT ey s
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Jria & FHRUBREOBERITE K300 T TV D720, IHRMZREIE 872 TIFIELREL TN D,
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EET v 7 O ICE D B12 BUE OEZ T I BT w7 OE0 OB & 1T
STHEY, $150° T EHHR~NRILTWD, ZOBRENS, ERICENWTWS BT ey s, &
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ET vy 0#E E Ik 5 EE L RZ LTV D,
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B 4.7 1% F1 B80S (K 4.11279) 1280 2 ILNMHEE CBIll SN - RS 8 &, 1< OHT
AALEE, HIF Y NOBERNEORGRE R L T\, FLNMfEEHIMT <0 B 28T 57201
A=V U ZTINICRBEINT NS, TA ¥ —O—S3ERFLOEICEE S, M EolEis
BEZORMINTWD, Falt, ST <0 I CIEANHREET O E I LB BIICER 2 BT 5 X
IR TETCWD, ZNERET D LT, HMTFAKMFHILELS OR—V > ZHNIZHEE ST
W5, OB K- T, RHEHAER & TRV EEOFHBIBRASE LD, B 4.7 Ok
D7V RBIZZ O T OMROFEEHZH7=5 7T AR L TW5D, HTFKMIZES & BRI X
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5 2B HT R OB

5.1 HEEE & fRAT S

HEZBIRHT RY OEEERRUC B 2 KT TWE ES g & BGAEH OB R N 2 i
L1280, AMRENET 77T 5 FLACSD W THEZBIBRHIT < OETBMHT 21T - 7,
FLAC3D (Fast Lagrangian Analysis of Continua, Itasca f)IZHRZGEIC L DM - 5
- HEED OEFGAREATI 72— R TH L, 2T <Y BT v v 7 1306 205
ZELTWDLZ 0D, BT ry 7 agic L (K41, G—GWrik), 7o, Hl2kb
ISP DR B A B R, Rl 28O, SEEmOT RREEERE L, ZRICA B
Wrzaito7e (X5.1), TEHEELTO LB THDH, 1) FrOTHEHEARET 55 2)
T VR O RS 2 B e & U, B BT F R RSN, Al 7m0
WG E 52 5; 3) Wi - B AT AOFTIZ s BOESREAHALL (BAE0kRE
J= 0 0.77Tm  ERMA 40 ) 5 4) EASKMEZEM T 5:5) Mohr-Coulomb OREEEHE A i
M4 %:6) BFMITER LR, 72k, ZORENTHEIZN 4.1 OMEEBE RS HHRE W
FET vy 7 O RAARR , ZRUTIN R SENE TR OB B L5 Th b,
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1619m
5.1 HLZBhEHid <y L7 vy 7 Otk

il

Y

() 5.2 TRT XD, WE - AHEORMLEEBRT 5720123 A4 7ORMLENFET D &
WET D, EEZBBEOR—V 7 F—2 L0, MEHLT 130m £ TIHEfLL TS Z
LR TE T,

Fifets DT A — 2 L LT, Fadk & iREYE DS A 1S Hoek(1995) % 25 121 AU
BRMEAR SR 2 2L S TR 24T > 72, Hoek(1995)(2 LU, RS O+ A B MEA SR X
Fria D 450 1, RIEYLES O AW EMERBIIFEES O 3 0D 1 LT LD 2 & 58
BMIENTND, ZOERESILEBEL-LD% Type A & L, o/ T7 2 —x 41
Uk s®7 (#£5.1), Type B Cldia b & il 72 B L O® A WIELR S & 2 2T
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fES D 1/30 & 1/100 IZIE T w7 (385.2),

500 m
T T

Strongly weathered
Moderately weatherg

Fresh

Shale

o

Modeﬁarately
weathered

d

Fresh

G

X 5.2 FAEMEAT THWIZHETN (G—G)

#5.1 BEULIERICE VB NRT A= NH LT2GE Ot r— A —&

TYPE A Generally weathered case
Weathered condition Fresh Moderately weathered| Strongly weathered
Material sandstone | shale | sandstone | shale | sandstone | shale
Dry density (t/m*) 2.1 2.3 2.1 2.3 2.1 2.3
Shear modulus (kPa) 0.8x107 |4.2x10°| 1.9x10° | 1.1x10°| 2.6x10° |1.4x10°
Tensile strength (kPa) 1.2x10° 0 0.6x10° 0 0.3x10° 0
Cohesion (kPa) 3.0x10* |3.8x10*| 1.5x10% | 1.9x10* | 7.5x10° |9.5x10°
Internal friction angle (deg.)]  40.0 35.0 35.0 30.0 30.0 26.3
Poisson's ratio 0.25 0.30 0.30 0.35 0.35 0.40

# 5.2 JFEULIERIZ LV BT XA =2 0nH LT HE Ot r — 2 —%

TYPE B Strongly weathered case
'Weathered condition Fresh Strongly weathered |Extremely weathered
Material sandstone | shale | sandstone | shale | sandstone | shale
Dry density (t/m*) 2.1 23 2.1 23 2.1 23
Shear modulus (kPa) 0.8x107 |4.2x10°| 2.6x10° | 1.4x10° | 0.8x10° |4.2x10*
Tensile strength (kPa) 1.2x10° 0 0.3x10° 0 0.3x10° 0
Cohesion (kPa) 3.0x10* | 3.8x10%| 7.5x10° |9.5x10° | 7.5x10° |9.5x10°
Internal friction angle (deg.)] 40.0 35.0 30.0 26.3 30.0 26.3
Poisson's ratio 0.25 0.30 0.35 0.40 0.35 0.40
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B 5.3 13 - EAE AJE OB A BE LT AKEEND 22— L RN~ SV TRLUTE
2 R OIAEMTRER T 5, Fifit/er— 2 (K 5.8a) (XHIFR A IZIH VY TEHHE
EREDOIZBNEL TS, —77, TypeA (M 5.2b) & Type B (X 5.2¢) 1315 12 K27
WEBL TS, ZOEEITELNETIZCHEE CTH D, BULOPBELZRTDIC, K
N e b B L T D AJR(IX5.3) 12331) 2 B72 VR S DA 5y % X 5.4 [Z7R T,
ACEZENE T AL 2 B E L 7= & A 7 OAREEN D B FHEE OKEEN Z 5N 2 b D TH
5o AREENMNEALDEITIZWE S THEIML TWD Z ENRbND, £z, KEENHE S &
JE O BRI EBE O FLNEREH O RERE R T 23S oz, KoT, Efbaitd
N ERICxE L TEARN BRI TH D Z LR ENT,
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The displacement caused by weathering (
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FewE  HITRYE#HUIL—T 3

6.1 JEE) SRS EkE

i3~ OEEEFHEZ THIT D2 L2 A E LT, Sassa(1988) 2314~ 0 3 fEH9
D INTHeAD BB TR ONEE) T ORFELE AL & S FiTR S o g Rl <
—2R& L, HITRYEHET LERE L],

DI, T ROEH I 2L — 30787 T MO TENRICHET 5, 23T
FRCIT T2, Zo7a s T MBI R RORE R LT R0 S0l Hic L -
T, AMENGEH SN TS (Ef, 2001, 2002),

X 6.1 13H3~ 0 E#HBE T LRE & BT ARE 2 HEY H L7z—2D column IZ/EHT %
NERLTND,

Z
A

oP,
/ PY +EAy

B
X

,
.~
L%

(6.1 HITNVEHOA A =DM () BIO—2DHERIWEH LTS (5) (Sassa,

1988)

W: HE

Px, Py : MIEIZIEM T 2K+
N : #E DK T

R : Y AWEGL)

XD, @QIFENEh x, y HOEHHFREXZRL WD, GiOOK 1 HITEHE, 52
HIFENHE, % 3HFIEAWIHETH S, RN@)IE x & y HIROHEAIERE M, N TRLHE
el Th s, (), @TKD x & y HROHEAIERE M, NZX@IZRATHZ LI
£oT, TR0 LHOES A ORI DD,

6-1
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oM tan o “k hah g g

—+—(ugM) +—(voM) = gh {h.(q+1)+ht 1

= 3 (uo )+ (VO )=g T T ey e (g+1)+htang,} (1)
ON 0 tan oh v

——+—{mw0+—4mN)_ h ﬁ-@y——- glu 0 ———t{h(¢+D)+htang,} (2)
o g+l » (g+D"? (g +vg+wp)

%_{.aﬂ_'.a_]v:() (3)
o ox oy

h TR HHORE,
M, N-x & y FIROHEMIESH T Ofii (M =uh, N =vh),
ki R ERE,
tangs 3NV HO Ho T O EEELRER,
he WETIKHE (c=pgh, D X O ITEREND, RIFFEET T 5546, Brick
5. pt B,
tana, tang: x-z P& RN y-z FmEIZBT 530 moMERt
g=tan’a+tan’B, w, =—(u, tancx + v, tan 3)

(Sassa, 1988 L )

6.2 TEEH D RLNT DEBEREEET /LI ONT

‘Tﬁﬁbqj@ﬁjﬂ T OBRESREALET /v (Wang & Sassa, 2002) 1%, Hi9 0 L33 H)

FAIRMBISET 5 F TRONT OBEBEHDVNS <720, #id <0 EB)3nEm Rz A

éomwf,ﬂﬁm HEE)FIZFT A FHLDOE I NELS 8D, T2bE, EEISHH/NS
<720, Mg~V EEIBPOEERICA D, RAEIITT R EEDME T D HT R0 EE) 4
FHTED, I, ¥ alb—ar 7 ns T AMITHT-IER 5 0 RNT O EBEEREEE
EETADNEAISNTND, HT N0 EEET /LIS O LT EERERE L' T L
EEATLHZLE LY, FPENREONRT A—ZZESNT, Hd 0 EE o NE, BoK, 5
IEDBREEZFHT HBAMRETH D Z &2 EESIN TN 5,

FIZOETNVEMEHT2ERICHIY, MRIHEKESEE B 237 A—& L LTHH
T2, Bgld, TAWY —12hH 2 LORRERR, HEKSEM, HTKAIZK > TRO D,

ZONFG A= E2EHT, EHFOT Y ETO IO AWEEENIRO 3 7 — A58
THZENTED,

- r—AA (Bg =0~0.1) : BIBRKED 0 DA T, HEHE COMT Y TH 5.

« =2 B (Bg =0.9~1.0) : MIFKEIZFTEREFMIEPARDYGE, HlkOIEPKETT &
FEPEARBEAMINC L > T ERET S, Zor—AXmERERH#T~RY 25| XL
Z LT,
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+ r—=2AC (Bg =0.1~0.9) : ¥—AA L BOTHOBHBETH D, £IHIT YR
D —AZETEE D, BBRAKED OIS ILT R0 PIERNEIC S » HilE T
HET 2, 82, 70 E TOMBKEIZ TN PR E HRICEIND,

REEEEEI S~V (37— B IZ%ET 5, AT~ 37 —2 B O5EEBE
LCHEBZTHT 5, ZO7r—2A%2BETLHHE LT IERLLN LR LT~ D L
JNHEF =Y D X5 I REEEE S ETEI M T <D 8B AEL TWLHT, 2O XK ) <D 23
ROWEDPREILSRLIBNDNDH Y, FEOFRELBET L2 ZENEET LWV LEE R, L2
Mg~ A& —2B & L THELE,

ZOMIHERT L2 RTA—=Fdry , ¢ THY, ZNHD/RTA—=FTENRBROFR

FORET D, 1y ITEFRETOTAMIEIICTHY, HT X0 EEIRENEZ 5 & E
FIRRECTT RV EE 240 KT, U o7 AWERBREE S X 0 90 i 13K 30mm FREE X
DI LI EFREICEL, FANHKRAEDL LR R ZENmbTW\W5 (i,
2004), ¢ 1%, BEANEEATHD, REOYIMIIE —7BEL T2, Ltk rFT
RLZETEY, E—IBENGIRTL, EHIREBORERE LD, RHFSEITHT Y
DIAEZICERLEDNT, TOROTXYEHKH L THERL TS Z EIZEY, 22
TR AEDEEAZRAT 5,

O W IRIEOHERA TH D, y I T FHOBEMNARBERTHY, hidT0 HHoES
ERLTND,

BB EHOWD S & LT, EF B, 2L, oy & ¢ DT A— 4 BHEALT, L5

DS h & By, CORAWHRITr (h,Bg) %X (4) K0k D, (4) Ak, IBHREKER (K
6.2) ML, MERAKEN 0 DA L FREDO MRS, ZAUNDOEEIZOVNTH
AT (@) RxE»rhT-,

T (h,By) =14 +(o(h)tang — 7)1 - By) (4)
o(h) = yhcos* 0 (5)
tang_ = T((Ih(}ﬁ) (6)
hep =—5—— (7)

- ytang’ cos> 6
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X (4) B) ZHWTENTOBEEMZ RO D, AT OEE LI, EEROEEA
tan ¢ = T |ZEH T ORIBEAELALD B 22280, BT DEEE tang =§ (.6)

O—’

REAT %, tang, = tang OEAOEMOE S RERES h, (X7 L5, BRES

(ZET D TN ELIIEARREZ R TR RY, LOFIERBENEET D,

KRETNOWEEZ M 6.2 TS 2, 30 EBIRTO THITMERR O TIPS TR EED
BHY, SN L o THIERIZET 5 LT R B4 T 5, 2O, WERECThLE
EJS Ao 1IZE DLW EE, FAMREUIHM U ClEERICET 5, fRkE CHIITIE
FIFEIBR KL AE T 2 0 AVBHRBUXIRD U, BEERICET 5, M RO EB 3584 L7z
MHTIE, TR0 BRSNS EVEDLLRNI ENLEEGAT T LD, K
JED EFIZHEWD BT O BRI T LT, 2 ORIV Cid g v B o i
HMERLTND, T LA T8 L0 o ENEFREICRD Z &0
5, TAWEIIZ—ELRY, FLHHOBBENRESSRDICLER-T, 70 13
DESINEL 725 O CTEREISINIWADT 5, FARER—E CEREIGNIN/NS L 25 LR
DT ORI T 5, ZOBEBEICE O IRy EHoREE R L TS, HHl
DESHRAES b, \TE LT D, BT OBEEIRE LOBEERE I RE< 25670 E
IS, AT OBEBREIT EONEEEBREO £ EI2T 5,

A
Type A
T g5(Bss=0)
3 _________________________________
c
(!
@
&
= [Type B
S |T ss(Bss=1)
EfCJ L z:::éa __.--"I'""-F-F_a
I et
I i ; .
- h -y ,&.U F o

cr 38
Normal stress o (h)
¢ 6.2 JEZH D LT OEEREEET L
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6.3 PR OFE#H I L —T g

TR R IZBE, 7V =T DEINVTWV D, L, 4%, @EER
BEEEIH T RV IZBATT A0 LV, £ 2 CHEZBAT Y OE#) I 2L —T 3
VEITV, EBEPHE TR S, AT R OE# I a2 L—2 a3 VEITI DI
WEOFREHERF L L THYBANCLDER VI 2L —a VEERESBICL, H¥EAT A
— X HEWE LTz, T RYEE I 2L — g 27O TOMET —25 LU
TA=ZPRELR D, (1) T EHOMWES ; (2) $X0EOES ; (3) 9
ey LBROWE - H)FRT A—4 (BN EREER, KA. NEEERA, E%
REEDE AMITREE) 5 (4) EBRRKICIS T D aafngeft - Pk,

TR BB OPIHIE S 2 E L ERE (W0 44 R, PRRTTED DK 2 AR IEERIE)
FHATD 2 77 5000 43D 1 HERKZtic LT, HigT — % 24t L7z, #iET —# 13X 6.3 ©
X9 7P (FiE 3250m X 5825m) IZHB W THIH L72, 1 A > 22X 25mX25m TH Y |
Mt 180 A > a2 XH{233 Ay aThd, T —XITHZBARHT D & RIS i A

Rk e )

GUEY: K

i/ WA

6.2 FZBIEHT D B LORPY AN OEE Y < = L— 3 g3 W HEE
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L., FRIITWICH DT/ WAEEZ EDI-#HE L,

KOVITEDH I 2L —2a VNIHW T RO LS TR0 LHEOWE - /)7 RT A —4
ERLTWD, T30 BELOBEERIEE 30 i - O A BRI — A WralBRs 1
DIEE LTz, TRV EORE NIEIUT EBFEI NN &6 0kPa EIRE L2, X9
T H 7= DA HT R EE 7 e v 7 3FEMEZE T T, T RMA#FRILLT 5 m
~40m OFPAICHER LT D, ZIUFEFREEZ IR > TV 5 & P E LD O Tl EIfH
MK EZEE Bss  0.90 IR E LT, UL LG, W« /18T XA —Z 2T, &H
(2004) DHIYFANOHEE S I 2 L—Ta v &2(To7 (K 6.3), BIEAILTHWZ/3T 2
—Z B L CEZIAMT N OFEE Y I 2 L— g ETo, HELSBEDOR—Y
v T RERERITEESNT, Ez%ﬁﬁ?&@@ﬁ&wﬁﬁéimﬁbko%Z%ﬁﬁﬁ&
DITERRER LY BTy 7 L F7 ey 71006, Ty ay 7133 A 8%
LTP%;&#EL%7Eyﬁkowfﬁmbﬁ%ﬁmbtoﬁ@v:1V~ya/ﬁ%
(XX 6.4 1R, EE HHLOE X AMIC R 5 X9, BB O E S IEEREMEO 10 5
IR SN TS, ANTIOME CEMIZER) OB & 26l Sz, 2T 2912
HDHEICATINTEED ALK LRI L > TERESNTEBY ., WENZOMNITTH
NoTNDHTEDThD, FRJIZ LRTKM (1979 580 1T/ HHE T8 kmd & =

AIAELTHEY . BIYAI (1934 %4) TITBMEICAARBE TEL TWDH E WD FE
NOTFERJINZ LOH AT 2@l L T\ tB 2 b5, HEZBRMT <Y LR FLD
Y 2 b3 Y ERRET D &2 BRI R0 (TRY AL AR T AR BT A/
SCHEELTWDIZE 200 b [/l UK CTHedn o 1313489 500mEIciEA T\ 5, £
WA T, THELEEH I 22— a URERIVPALNIRIYmNAD L X L0 $ 28
BT DIF O NEV, BIERANO & XTI I TW o = FEJI A AXBUE,
FHINFEIZH D Z LD Ak, 2T <0 O30 L3R FEJIZ LJrK NI
ARG Z & 2 fBE LI ERREHE L DMLERH D LV R D,

#£6.1 EHIal—valHWET RO E L ETRY) LILOYE « S)ERT A —H

GIEY: v ) FEZ BT D
TR LB ORMEA AR SRy, (kKN/m3) 20 20
AR EARE (4350 0.75 0.75
T LI BT OEEEREL (230) 0.6 0.6
TR RO PEERARE (2I0) 0.5 0.5
RO EFRETORAMHIEST (kPa) 10 20
RIS O FE FIRBE T O WL (kPa) 80 99
TR ELORES) (kPa) (215) 0 0
T RO A RNEERE (4E) 0.5 0.5
I FIPE TSR Bss 0.9 0.9
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Step : 5000 Time : 25.535 Step : 10000 Tims : 30.335

Step : 15000 Time ; 75,535 Step : 30000 Time : 130.335

Step : 50000 Time : 250,535 Step : 100000 Tune : 500,335

6.3 BIMARIERIY I = L— 3 URER (EH, 2004) (EBLOE X% 10 FI2FR)

6-7
- 113 -




210000 Time ; 50,345
Step : S000 Time : 25,345 Step 03

Step : 15000 Time @ 75,345 Step 1 30000 Time : 150.345

Step : S0000 Time : 250,345 Step : 100000 Time - S00.740

6.4 HZBIARHT R OFEEL I 2 L— 3 UER (HBIOE X% 10 f2I2FR)
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AWFZETIE, AILEZBIAHT RO DL A T = X bR ONER) T & iEH 4 5 729012,
W2 B g~ OEERGER A4 VT FLAC 3D (2 K D ETEMANT K QMg ~ 0 EE#)j 2 X =
L—a & {Tolz, DIFICEZIARHS ~Y O A I =X L S OEE T/ A5 720

FRZIN

1)
2)

3)

4)

5)

6)

7)

Do

2B HT RO X FREHEOWE - B OHEENHRY , MIBHIETH D,

2R R OWAlORITZENENRMREIZE 5T, BIEOHBIRDUT S
BELEZEIIHEOFIRIVALATHY, MREBIHEORN X OENIIRRE
BROIGHEIKICE D bDEEZBND,

HREBBREGRGER IV EZRMT XV IZ BT ey 7 L T 7 ry 7
DT Si, EET oy 713153 (70~180 mm/ year) ([ZEIWVTW DN FEBITIZ &
NEREL TN,

W2 By~ D) KBTI TR IR S N — R T d AL, £
WHIR BN R L HEINT 5, WEOH T KK OB EEH LY, KRS 5
—EMEEBZ D EMTROBEENEINT 52 EBHERTEI D, K
K O 2R B B &N TP E R A2 R b O Th D, Mg S ER, 112>
EEZHLND,

BPYAICIIT D HUEREA KV 23m OMEARKIN G 14 HOETET X0 AR
HENEZ & EALNBERIGF OB R L v 2R <0 3\ 503y T
boEHERIND,

FLAC 3D & H W EIMITIC Lo T, Yo 7, ¥iEh, K7V ok, WEE
B, AW R R N VAT AR B 2 28 SRR, RIS AV iMEAR 2K
DT RO BRI RO EEBE 52D/ A—F LR T, Wa - BahEEOR
{EDOHEFTRIEZ R R OBBICERZ2EEL 52 TNDH I ERHLNTH
Do

BIERRIUC L DB EOFEFHIRELZICIZ LT, HZPA T |Z#EE I 2
—va UaREH LIAER, BRI RIS ARKHIC A VAT ATREME D & 5 =
EWRE I T,
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A

REAEERIC DT, A ED B L CHERMET — ¥ 2R L T2 E 154
S RO [ SRS < RN T2 L, S0, G| [ S TR S IR R
TR, ASmAE AR, VO G A SR, BREEE [ IABIBES M 1
RAEFETO MIUZHCIIREBIERC R0 F L, AT, SIRAS TS AR
B TR ERR SR DB & A U 2 D 2 REC OB RV E F L,
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BEY S 2 L— g U REZHWEZAILEIRY AR
NLOIEENEFE I B9 D AF9E
W
(iR K T AR R T2R R

T R
CHUBR R 2B KA FERT)

A At il
(BRKRFR T B AR FER)
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£

1.1 F

E=10

I, AR EO NBBEIIREMICH D, TOERO—DLLT, 2O
FEIZLSTHRKEOAD =X LDMFEA S, FREFISHT 5T D ATREIC /RS
TeZEMET D, LrL, BRRKFIL, ZOBERNEZDEW, AMBTHITS
VI Lo EE TR 2 127257,

TRl DK EDZLL, RNICE> THRAET D, T K EOR AR
PEMIRO TR, BLHOR R, Mg, BRSOk 2 2 BRIZEASNDTZD ., &
ORFEFHELL, BE WA EETHD,

AR TEY BT 2B AV X F BN ikl C R 7 g A 7o B U 7o b S5
ThD, BIMAAFUE 1934 I E LR VEE O LG R TR AE LTz, 1R Hts O [
THRIBERENSEZY, SN T Ao TmfE Wi 2B mat B -7, “Hi
MHAAL &) S B IARN A R EE S o 7B AT O Z A R 9728 ) AR SCC IR i AR A3
FAELT, EARICRELZ #HOBRBOZ LERT,

BUTE, BIS AR AVEA I, SEEBICR T AR EE DS L X TN D, FRIZHINY AR LD B TG
B O Z BiS i _0 I mEEE Lo EO REESABAS )5,

ARFZEIL, BRI SRS fRAUC WL RERTO B2 e L, EAio
BB L2 —a) &9 52 2 HIET S, BIYARANOER)S I2L— 302
XoT, Nz EW o ERBEZFHL C, ZOFEBEE IS H Lz o f5ro)
TA=H— L, FALIL T RO JEB) T [~ A FTREIZ 70D, £ D T HIZHZ,
A%EINIDHT R T DY =R~ w7 (FER TR (RS THIEE
> TuD,
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L2 DI AR SN T

L.2.1 B AR DAL

AR AR AR IR, 8 LR tedbb i I3 R RN, (L B - Hus T 5,
Z Akt 7 O | L O FT )| R S B IR D B A B A1 2702m O
FIeL 2 O ELADS (K 1.1) 0 L 13500 P A 2 D A D DN 12
DML (K 1.2) ERFEN DS 5,

L1 HLONrE % 1.2 %lJéaﬂm@/\E\(zo% AR

4] 1.3 1% 1997 H 1/25,000 OHFEEK T, FH VSR BIYS AL THD, HIFZXT
R RN BRI L TIHIZAR > T DD DR TE D, JREEEIE S 7 L RAR
DOTA EIZdHT=0, Tk :LI%H%EER%JM%Z)

B FR VDAL E L TWOD RIS A X, 3 — 8 FBUN O X3, 4 )1 o s
WAL TS, FEUINEE NS _/mﬁ*bf ZDOWIRN TR EE KIFL T
T2, ZORIMBOBRIZ, 2B RHDH, TIARORIO BRI Z A3 <) LI
XA, AR 500 ~T7 X — /L O XD THY, ZD _EE7 vy 71 3F R 10cm OiF
FETEINTWD, ISR ZBREDIT2EMICELWER 2000m O3~ H

17 (X 1.4) THY | [FHEHEEDHT <Y 1k K RV ERR) ICHRES LTS, [ 1.4
DECDSEHRITHT VOB EN T 0y s THD, TOFR THIR KO Ty 7328
HHIFT D THD,
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i e e MT=0FRIOy >
-

L4 B AATUELD O 4 ~0 iy ([E] 4284, 2003)
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1.2.2 B ARV R

1934427 H 11 B, ZZMW(9-11 H® 3 B THK 500mm) (280 B 1L OFE e FH
JERENBIR DR IFILRARD—H23, fx FEBRAAEEL | 224K 900m, §§ 150-250m,
RS 50mD B AN AE Uz, FREELTZK | T 0 i Habias 28 T | SRR,
BHENT, RN THIREL CEATIE -7 (X 1.5),

15 4 A b HERY KB R C R it
1.5 HAFRDTERA A=V (Rl

ZLTC BB dkm RO T /MR 2 2R ST FRYIRE O11dE,
/NRTRE X 1.6 R IR E (BRI THE 112 A, BIEEE240F7) #6725
L2260 FLTWE, 70km RO FEUNERRHIZ L2230 . DWW A ARVEIZZEL T,
ZO AT AERRL 7 7 WEAHE O R IEA 30cm DJES O b THAESIL, &
DA RO IH A LRI (37) L ) O T /3R (8 7)) A A 434473
BRHEIC 7= (X 1.7)

H /t’-i)f'l 1l ﬂ

e TR
O ali

(S]]
] kg

1.6 1934 5+ At L D0 E ik
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ZOHEHROBE, BA)(X 1.7) O£ 16m., IF 23m, BEX 4389 b KA
BN 1.8 OH FEBE THD, GEPORAIOEZAIZANNNDLD, B HE AL
HEFDREZIINGGIND, ZOaLKD, YD - ATD T RILF—D KEIND501 5D,

[P B e

i/ Wi
L7 FEUI e

o

X 1.8 HHEH
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1.2.3 B4 BRIV D BLIK

BIFE, B 1.9 IZAONAINT, BIPYFRFL FEICIE 1934 ARICHREEL -7 ey D4
KFE 1/4 (25725250 T m ORREET oy 7350 A b, R4 IZEIV TS, X 1.9
DEEZRHEARET oy 7 I3EANEIEL TEY, ZEL TWAIIICR AL, T
W5 THEMAERKIIUZUIZ@EITIEDI2D,

1.9 RREEH NENICRS T uy s

1934 FFEORIY RRFILNFEE LT EXIT, RIS BRITITEL THE7e 8137 T e
ST BB TIIWES THEMTOIL TR, ZEMRICEA TS ED#E 37,
THEOH AMENRD LI, BIEATH LHE (X 1.10) 73N bI01T78 o7z,

1.10 B4 EabBh L E o1
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L3MFsEDE REHR

1.3.1 W92 5%
KRBT B, Bk, FEUIRIE TR ASND T S ED ILH>DOFHIN R H D,
FhuZ. L FOLBYTHA,

O B4 RANE G DT RHEAREOZIIENIC L TREETWD, BIIYE ., 2R
ZEHT- AL EL, EHERBTED 3000mmz B2 5/ 0%\ kD 7-0
(1% 1.11) | BHa AR EE DI A L9, ANERE R A B B IAE B R AE L T,
F- AFRIZINTEME TOBEEN 10m ([SET 5720, iSOV
PR AR EED 20,

(S
(=]
(=]

. ' National annual average
Annual average rainfall 3295m

L.y

4000 rainfall 1706mm

3000

2000;

,_.
o
S
<

Annual rainfall (mm)

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

111 AL ED oA IR & (KA 5)7,1992-2001)

haf

@ AR 40 THENTHEAEL ., BB KIE 1659 XA LTZREEkD 7% > T
%, 4000 ARG HLHITELL 300 4E4K 1L, 100 — 150 4R [H e a9 ic e k3258
VIO AT L DN TWNAZ EDRNBAGMNZ o7 LB ZOE A A e X B .
IV BHIZE KL TH BN LLRWERZR K ILES 25, BAKDOBRIZITHIE D H
A KBURRH I R EE A 558 3 D faR i d 5,

@ AREE LW EZMSD | HRE D TECOKEEOIAT, TNARETHE LA
W25, B ACHEZ AL, BIEICBTAN TNDZ e R EK %25
BT 5L TAMNEINRLT NENR D, Fo, FERJINIZA THY, ATl
5RO TN RN LRSS ETORMBTHS,

@ RN, 2B EIE, B AN AR L6 DI T 0y 7 3%, (K 1.4
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ZH) ZOHPIIR G AN ZES RESDT By 73K OO0 D, T Thih K&
127 vy 7 oz I RONBULE, [ERAREIZZL TWT, 4%, #i~
W77 3 IR EN 2R D P REME D B D,

FEJI PSS, B4 AL D9 15km (22 153m., BE 420m. B7/K & 1.9 fEn D
FEUINZ L (1980 4% 1) 3D (M 1.12) , ZOXF KNIy 77 V& KT, ki
B ORE, RE FERIEDNDSL B L ThD, B/ 7 4V H LIEEK I
§9<, BUE & LD IEITHERE DN E T 1T AL T EFEE OW IR D3 B3> TN D EN)
FEND, 1934 FLFECIIRARE TN Lo Ao ik iR A LT
e X LDREL T ENRICRELSRDIENZ ZBND,

.12 FEUNKZ A
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1.3.2 WF5ED HIY

FLOIEHEITIZN, 25, A8 OMIZE W)Y FEHENER > T, BHAEN
BHECR X TS, FRIZHIY A, 2 BIRITIZ6 DOERRIBIE T 2y 7 BFIEL T
B, FER . KILME K (MR (2K > TRIBAREED I AL T, £ D%, LA (Rukk)
\CFR BT DA REMED B, S EN IR, TR AOLFE, BIEALL Lo R s
TWEEZZBET DL, R ENHLIEDREIND,

AMFZEIL, 1934 FIZRAELIAIE AL, L TEHATROER) 2 — a3 lX
ST, IS A THRAL L L AROEENEELONIL T, TOEEhEFE T L))
FHINTGA=F— (LENTA—F =) e ETHIEN B THD, EH)F O LE X
TA—=Z—ZFNHZET, A BRBEILT M, HWEOGFT TR IV ST <0235
fE bR I D T /23 TE D, AR, RED LE ARTA—F—2 {2 B3 <D
BTN T A2 e E R D,
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2.1 AT RADFHE

Sassa(1998)I2 &L~ C, M RUEHNET VN RRINT, RE T, M3 <0 EH)
Ralb—Tar Okl /e o T R EE) I E R OE) SR L OV REL
T TR A5,

2.1.1 B X OFHEE

X 2.1 IZIF T _EBE ORI DRIV TND, ZOR OIS ZE# D72 v E
(2RO N LEA DM ROEEBHOET IZONTEZD, filiE x, y. z AL
R x, y FANI A 2590 DAY 2TD x FROES Ax, y HHOES Ay
@ column % HYHI 9, 2.2 1%, column EZNITEHTHHERL TS, 2D
column \ZVEMA T2 01%, Ml EA 32K LE PP B3O BAE W, EFmo
AR R ETHROKT) N Tho,

TR, H301% column (ZVEFH T2 11OV AW CEDE T, HEHE, 30K
PUOIR) | EDIIINEEE ThH D,

(x J7 11 D) 7 250

aﬂ+i(uM)+i(vM): ghtana_K haﬂ_ guih (q+1)+htang, }

or  Ox oy q+1 Ox w/q+1\/uz +v? + (utan + vtan B)
(v FmoEH) 2R

a—N+g(uN)+i(vN): ghtanﬂ_K haﬂ_ gvih (g +1)+ htang, }

o x 0y q+1 ay \/ﬁ\/u2+v2+(utana+vtanﬂ)2
M = x J5 10 0D BT g s ¢, T OO BT OEEE A
N y J7 10100 BAAL &I & h. k5B Hpgh/ cos O %5t ETHEED LHIEX
u: x J7 MDY IR ot x I3 A OAEARA

vy J71a| DR By 7 O
g EIIINHEE q: tana“ttan 5*

h: TR LHES
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Moving Mass

]
|
I
I
' L
w| | Brayey
N X
; 3R
R —— —
/ B+ 55
S !
K el
,J’f '-__-B I‘..l‘-"'ll.
< 'ﬂ"/

2.2 column (ZYEM 95 /] (Sassa, 1988)
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2.1.2 e R0 FHE

THLOEFB P OEEECL, B EIZHEXTNSWEE L, BRERN~OJA L&
EPH L ENELNET S,

2.3 T, column MDY AZRT, uld x FRIOEE, vIix y HW, wit z
FRDOHEZRL TS, ENENOHEIL, Ay aOBER COMADERTHE
ETHD, 2 DOMHNPHAEELGIWHE AT H &1

TEAN B =uAzAy + vAzAx + wAxAy

FEHE = (u+ % A AzAy + (v + DY o Y Ay)AzAX + (w+ ¥ Az) AxAy

ox Oz

E72b, MHEEIRAENFELND T,

Ou v ow_
ox ay oz

ZHUTERE A TH D,
e ON) &= X S AICE A A m O i
Z O A x,y A oyiE MN TR L

6h+6M 8N_O L%,
ot Ox
ow
+ azAZ
ov
v+ A
Y \/
ou
+§Ax

2.3 column N « fit H &E[X] (Sassa, 1988)
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2.1.3 T X0 JT OB LT T WIZ DN T

Yalb—varilit, BEEEEES T VO FRKN THLT D —TO LD
8 GEHEACIRIEIC I 1T DHIRALI D . kL1 O Rk Het |2 LD [ B K R D
&) R HEE) P O BREAH (LT T /L (Wang & Sassa, 2002) 2{# 45, ZDOE
TIWIE, HERRIZ IR D I Eh I 3 I EN L PH O LV IE R T A FTREIC 50
DTHD, ZOET WZLOFENT N EHEL XD R BB EE M3~V O 8L & FTREIZ T
N

T [ AT OEEBREE AT T VT A NI E RIS IR TE 2D, WG
BT, AR IED M ~0IT, RS BERIROE A . DA R D,
A-type TIX B M FRAKEITHA LT, EEHEERIXIL/2, B-type TIL, i#
g R B KEN R AEL T, EFIREOEAWHREI B 95 (1K 2.4) , ZO0
DIBFRIZ BT, I R IINEEEN /2D, EO% ., BHAEI D ISE LT, A
T DEEBARH (tan ¢ =1,/ 04) DIRFIZKREL 72D, HDEFEIUE H, L0/ s<7eb k.
FEHEACIRIEDMR T<Aeh , LOWEEE AN AT D, £, du ITEB A
L 7=l BRI T D,

4

A-type (Bss=0)

Shear resistance

e
Normal stress o(f)
2.4 BT OEEBURE A D F7 (Wang & Sassa, 2002)

=

@, IO O BT ONEREEEE
B, IR E R (K RE T B, =1)
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SAs — S

o5
DIE AR DERN S =2 — g
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3.1 B AR IOV 12D T

BEIL 2L —ar DEMICHI->T—oMERHS, BN OR—I 75
— NP T ROEE R, TEANTA—Z—ORFENFELWNEVH LT, Z5
X, RENCL S TROH LD, HODUDRHIY AN OME 2> THLIET, BBLE
DT REEIR, L RTA—Z =335, TDTH  ZOFETH SO HIE IZ
DN TIBLZEIZT D,

3.1.1 B AL O HVE

BIM BN EE ST, AILELOME X EIC, ALk LrE Ry, FRER/RE ThH
Do BPSARNVOMUE L, B 3.1 D BFi A HRD & IREEE AL I B ek L 4 (ko
E53) . 2D FIZFREHE GEAOE ) . TEBIZIE 1934 40 fAEEHEREY) (55 (ADES
T3 BB,

EMHIEY dt
CRISEN AR ENEREY
g RXYHEEY Id

FREH BE.BEEEE Talt
Bae. NS

L Bty L T N RHEETEY H4Pf

3.1 H k&0 HUE X O 1ED,2001)

2003 48 H 4 A, B FAFLNENIC THUE R A 21T o7, PERIE. 4 3.2 DEHIZ
KNS ESFRBENHFAEL TR /N A G R T2 BB IR E T D, BEF
RAFUTIZIE, BV IBZRJE DN B DD MR TED, 2, BN D IS, K
PEETHY, A RIOFHETH LENGAAN THERE L& b a 2 s (K 3.3) . &
PR (X 3.4) DKL 03 feRE C& 7=, KILUME I, ZUIm 2 B 58077
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INTERT W, BIEARIUL, £D7 Ty ZICMAKRBNREL THARLTVIREEIZ 2>
rZLHEES D,

3.2 B ARNNERORR T

3.3 JEYbL7-Ze 1= 3.4 BRI E

3.1.2 BIMADOHE

2003 4E 8 H 6 H . B4 (4 3.5) THUEFHAZIT o7z, HUE DO KD F U HED
HTETCWHIELEEZDLE, BIYBANOME TS A EFRTENR S, B AOHE
XA BEEORENORLFRJER (X 3.6) T, 2B VDT 0 HEL
Bonb@nER &, 7 melons/EgiIFmT, EaNEfbl Tkl
b D TH-7- (14 3.7),

HLG, BRSNS A, FCLKFRERFOD S B A E THIUT, BIb A
W CRONZBEIRZRE L, BEOBHEE THLIENILINT2D, ZOHRD
HAHFELT, RIS AR O FEUE R DWW TLL R ICREIR 375,
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3.5 BIHAAY OfFiT

3.6 FHUBEHE (Wa. HEDAR)E) 3.7 AL H A )E

3.1.3 FHUBHEOME, JB7

FRUBHIE, B, AL @, R, BRE BRI m T o ARE Mo
FEUCRMBRE DML s, Banbao @ ©, KA OBEMILaZFET S,
FHLE A O FEUEREE, B IILEGES., i B IR SE R AL A T 5, ATERE
L AN RETE O BRI T, | LE Ao BRI BRI 9%, HiLEz
HOTFRERIT, FI2, A, iE, BEDRY, FALEVALE, TR E, Ka
g, ZEfE(RERE) ., 7~awkE., KRB, il asivh, 2o T
1%, 307 LLFOfRWMERI AR Tofi L, KBANIZEERIZLTZ D3> T B o g A
Reis (#2)10, 2003), |
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3.1.4 B Lo g D HEE

3.8 XA ILEEOMF R OME X THD, ZORID, B4 AR O FEERED 1
X, REREL LK bEREBEEEDNS, Wi OB EEABENSTETWHIE
DR CTHD, BIHARIUE., EBHEDEIEEIZLTH, BB A DI i a B A A JE

MHETETUND,

PLEXOBIS AN OTROEIEE 3.6 OLHRFEEREO G E S B LI
B CTHHIEN D oT2, FL T, ORI, MAVEAEEZFF- T, FREENFEAEL

T=DIZEZ 2 BND,

S

- 140 -

Volcanic rocks

=S Omitidani Fm. Asuwa
Bessandani Fm.o GP-
[] Okura Fm.
Amagodani Fm.
7] Kuwajima Fm.
Okurodani Fm, Tetori

Otaniyama Fm.
Gomijima
Conglomerate
Mitarai Fm.
5 Ushimaru Fm. -
Granitic rocks
Hida Gneiss

Contact metamorphic
rocks

~+_ Strike and dip
—-- Fault

+ Syncline

3.8 H m%iﬂ@ﬂi%z@i@tﬁ%ﬁiﬁg ()11, 2003)




3.1 7 —Z D Uefj

EEN 2L —ar OEGBIZHTZ> TN FOT —ZBNEEIT 5, Ll B4 AA
MUCEET 27 =213, A=V 77 =20 1934 FLIRTOFEM IR 2372 2D |
T =2 EHEE LT AUT R0,

D AT R FEO S (W4 B RSO 7 —5)
@ FOHE O
@ it RIS, AEE B L O R0 H D ST A— S —

BA 2D HHOTRE MNEZFHETAZLIZI) THES a2 RDAHZLITE 2 &=
T, SHRICIZHBES A2 H 9208, OAEERTO M3 H O 5 @9~
HOEEZ AT HZETHRDIES N335 (X 3.9)

@) LERTGA—H— -

-
-~
s
75 h
D a0t

SRRl

3.9 MU HR AL I O
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O HREERTHIE H OHEE

TRalb—Tarid, 1/25,000 DHTZEI ZHE 25 X £ 25m D Ay 225 EI LT HE &
TIThiD (1% 3.10) . Ay a3 HEEHE T AN IS NI & 8 DL, HIFEDOHIH]
EELWZDRERIO R Ay 2 DR NPT/, Ll 1934 FLLRTO
1/25,000 OHIFZXI 27202 | BIAEO I X 2 U, IS ARALOER 431X, X 3.11
DINTH YA R D[R4 E i 2 18 DN TR A CRAEERTO HE A2 ELL -,

|

La___ﬁi

g s
7 O T
4 2 —— = =

", R AT T |1
o

3.11 RREERITHIEZDE T
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Q@ TR OHETE
HHEXTIX, T _XOEITAAE RO TIZho Tt A IDIENTER2VD T, LL
TOINTT Y EIEEAEHEE LT,

(1)AREEFPHO LRIz T, AREERT O B X B & X &<, TR CldAREE
AT OOEE E I BLHTE DR & LKL 725 (1K 3.12)

(i) pREEEEFH O B Cld, 3 X0miZ@EHL Ty, M LR TH D, £
LUF O3 X0 m 3B (MEREY R m) L0240 315<725 (X 3.12),

31%&@ T ARYEAEHTHHZERN D, (1), (i) IR TIRAIEAHE T,
FAEEE S DT RO S 2 M 313 DXH7R 757 HHNTIHRIET A,

1900

1 .----“l'
1800 unl
a"e
] Lmne
[ )
1700 ans
’E\ ] ..I:.
~ n .‘
3 1600 =t —
£ FEile " mam
= ] [ ] AR 1:
1500 - A X
< ..l'" A FTRYE
T
1400 — T T T T T T T T T T T T T 7
10 15 20 25 30 35 40 45 50

Mesh Number

%] 3.13 DS DE T
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@ it FAEEE ., AREE TP L N RO D ST A—F—

FENRGA—Z—|ZONTIE, RENC LS TR YR NRNTGA—Z—FRD D, Ll
3.1 BOMERESCHI YN A CTHOHIERELEFEL TRTA—F—EFRE
T 5, X 3.14 [ LFEEEO A HH TH 5,

tan &

3.14 HE/ATA=HZ—D ATl
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3.3 S MRAMIE CRAEL-AHEREDER)I 2L — g

AR AEL  BITHERE, 2L T HATRICHEEL T, K 70km T io> A A
FTELL, RIVREBZTIE, AN T8 fE TOLF SHERL TnE
MO, RAITBOIRL T, ORI IS5, LU, BIEANOSE . il TiEfE T T
JIFATR D 40 2§10 B0 72 235 | IRFR A D4 &72<3it F 9228 THARMEE TEL
TZDIZLE 2605,

TIT EEB T I = a ORREORR, 0 iR 2 FRUIR IS 5252
EIZE T RIS B ATRE R HE R 2 BT D2 &2 5 272 (X 3.15),

{F] R AR

REREB ik {F% EI;I:BMME
EAALTHET
3.15 DA AT

B HR LD KO T CREZ DRI AR BRI W T IIRHEREM 1 D05 6 L7

WA T, BT OEBXIZENZITHEWV R AN ERREET A0, 3.16 DIH7e 2
INB— D G S T L 2L — T a B T o7,

b e

xR T
y A e R B0

.

s/

3.16 fli5 M2 /IE (F - HEREW 72 L, A JES 1.5m OHEFEM DN HDH5E)
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£ 3NT W= HE RTA—L—%R L TND,

E

Bss 0.95

THEEE K 0.65
EHEREOEBAWER 7, kPa) 75
TRUBADENNBERRE ¢ 0.7
TRYBMOEIIT FAIER 0.6
DEZERE 4, ZDHDERS 0.2
7. (kN/m) 18
EETIRONIMERRE 0.65
$67& 1 (kPa) 0

#3.17 Wi g G A—H—

PITFTORN 2 —vafEfRThs, W LBIEXOESE 5 FIZLTHERRL
TWD, F=, K EDO“Step” 1 ZFHHE ORI, “Time” DEALIZRY, “U, 1% x H D
DR KA, “V, 1%y IO E DI KEZRL T D,

NG = OFRHERE 2N &

Step @ 1000 Time : 10.399
Umax : 5.0 m's Vmax : 9.6 m's

G — L QIIRHER DD D &

Step @ 1000 Time : 10.383
Umax : 5.0 m's Vmax : 9.7 m's
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Step @ 2000 Time : 15.714
Umax : 7.0 m's Vmax : 13.5 mfs

Step @ 2000 Time @ 15.680
Umax : 7.0 m's Vmax : 13.6 mfs

Step ¢ 3000 Time : 2,714

Umax : 29.4 m's Vmax : 16.4 m/s

Step @ 3000 Time @ 20,680
Umax : 44.6 m's Vmax : 16.9 m/'s

Step ¢ 4000 Time : 1571

i |
Umax : 13.4 m's Vmax : 22.0 m/s

Step : 4000 Time @ 25680
Umax : 17.3 m's Vmax : 23.1 m/s
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Step @ B000 Time : 45.714
Umax : 19.1 m's Vmax : 6.7 mfs

Step @ B000 Time @ 45680
Umax : 19.8 m's Vmax : 15.8 m/'s

Step ¢ 10000 Time : 55.744
Umax : 12.3 m's Vmax : 4.3 mfs

Step : 10000 Time : 55,680
Umax : 29.1 m's Vmax : 334 m/'s

Step 12000 Time : B9.642
Umax : 0.1 m's Vmax :0.1 m's

Step 12000 Time : 65,680
Umax : 34.2 m's Vmax : 121.0 m/'s
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ZIMBDOKIE, N E— QI FRHEFEW)
NHAEEED 12000Step LLFEDFERT
H5,

Step : 15000 Time : B.AX0
Umax : 25.2 m's Vmax : 9.5 mfs

Step @ 18000 Time : 95680
Umax : 59.4 m's Vmax : 79.5 m/'s

Step ¢ 20000 Time : 105 680
Umax : 115.5 m's

fmax : 109.7 m/s

Step @ 22000 Time : 115686
Umax : 2.5 m's Vmax : 2.4 m's

Step : T1500 Time : 142 946
Umax : 0.1 m's Vmax : 0.1 m's
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PRB— O RHERBE D D372 A 1% 12000Step CHEENE IEL , 2 3% — @] R HE
FEW 1 8D 513 22500Step TIEIE LTz, /~F— 2 OFIRHERED 32\ 65, /2 —
> QI RHEFEM N DI E EHIZRIC BT A2 —% A3, [ O Eh R
IEEE IERED HHR AT REREN DT, /37— OWRYEFED 3720 GA T
38R 2 IR Z D S e300 P L., BEREEER) 952 &7 R H S T Ik
LTz, 35— QR HEFEM 138> D355 TIRRIE V> X WIZ TR LIRS A 035

TOERT- 230D, LT, T LSRR HEFREW TR0 1R AT DX 2-e LIBET
B ?“m@ii%@#aiﬁ”%% TOFRINBIBEARY, it FIEEDHLL72 o T ENFF
BRI THD, AEHINTIE, K EADFHER /7 E T T LT,

_®/:1V~/a/‘(i B EAND I KT H LG VTEIRIED T /T A—
B —H R E LT, TDI=D | _E— QURHEFEM D D54 Tk, THLO B AN
DINTHL R 25, HRETHAA—=CHINNTANE — QI RHERE D N HHE D X7
X2 95720 BRYRRIVOEEI 2L —alt X — QORI D3 D Y
ADOINT KA - EL L THEATIAHH TELEBbND,

UL EOFER I BRY A AVES) S 2l —ar T KRB AR E T A28
L7,
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4 JEB)L I 2 — gl R OEBNERE IOV T B LR

3.4.1 FEHIL I —Tar DOEIZONT

BN S 2L — g0, #iE 3.25km X A 5.825km (130 X 233mesh, 1mesh size=25m)
DHEIFH T, BIY NI EDRED 7= /MHETEE dkm O 1A O E EREARS
ZHONCTHHMTERMLUZ, F2, RBICLo TRE L E T X0, it TR
DYENRTA=Z—DPREET XOEEHEETHIEL BRIELTWD, FRITHIEX
T ZHRERTO MR H A FHELLI-H D THS (X 3.18),

3.18 1HtL7-AREERT i

3.3 BT/, FEIINOWKRS T X0mEL TAS L, RHEAESBAEL T,
iE{;IL 7o Tzl 3 5 TEHELT 5,
HEEEREA, FRUIL, i 2EEWVINEE Tt FLTWE @ T EX o E
0>$ul57$ (2T R LA 2N & T /Z @i HR1IEIE LN & TH
5o BARIIERN O I 2L — a3 RO ISR FIETITH, OEERi £, 39
HIEFEDAT) @ TEANRTA—Z—%RET D, @QFEH T I2L—a D FEf, 13
=k oolb, AL TOEIZOIZRE > Thb, #EI/F— Tzl —ig
VARV IRIAT,
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3.4.2 B Ia L —I a3 OfE R

Rl —arEETTARNCBRBLZDO HE T A—H— DA R E LT, Bssd
T EARE. NEREE R B 5 B I OEE L 22— ar THOWEE R 72
EZALE STz, BIYFANLATEAEL T, ZO%RFEZ P ~DITIZE T 203, AN
PLOENMENEBIRZTR OB TLEI 2D, HEAZ LT 72012 180~220kPa 1)
EARE LT, o, TNDEOBEEMRBGHELINZ 572012 0.5~0.7 IZERELT,
RO AVWHRHUE, 3t TR ECHEEE LT HZL4EEL T, 5~
20kPa EVOMRVMEARELTZ, v, (LOBAMAEEER) X L AKEVIZET, v,=
y L Z L 20kN/MICRE LT, £ 3.19 O HE /T A—F =30 IRLREICE - T
RDIAETHD, £ FRE 5O T RO O LT OEEEE S, B A o &
WRE7MEZFREL T, FHAB A E % O IRHEREY OB b A2 72 5 _BHIS LR
ELT,

# 3.19 BRI D HERTA—H—

&
Bss 0.95
KEXTERSE A 0.65
ET: 200
EREDEA
EEKED B o .

i 7, kPa)

ZDHDER S 50
TRYADEDARARERRSY ¢ 0.7

TRYEDRHIIT AT ER 0.45
DEERHY 4, ZO D ES 0.25
7: (kN/m) 20

EE T ROAMERRE 0.65
#7%& $1(kPa) 0

WEIZ, & 3.19 OTEARFA—F—%2 Wz, HIEBRNOES) 2L — T a ik
RERUIZD, K Lo U, V,, DEIZRFTZRETHY, 3R EHsihdboT
T R RROEE TlIn,

Fo FIRHERE) 2351 4 BRI B D3~ BB DA LK FLTLEI 8,
F—N—=T =L I R HERE I /R0 eIk & Lo Tz,

WE LB T N, BRI DD 350 P ETHI ol —var R Th
Do
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Step @ 300 Time @ 2. 86{ Step @ 2000 Timne @ 10,360
Tmax : 15.2 mfs Vimax : 15.3 ms Tlmax ; 59.7 m/s Vimax : 100.3 m/s

Step @ 1000 Time @ 5.360 Step @ 2500 Time @ 12 860
Tlmax ; 182.5 mis Vimax - 42.0 m/s Tlmax : 41.1 mfs Vimax - lll A mfs

Step @ 1500 Time @ 7.860 Step @ 3000 Time @ 15.360
Tmnax ; 246.8 mis Vmax - 73.5 m/s Tmax : 47.7 m/s Vimax : 143.4 m/s
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Step : 3500 Time : 17.860 Step @ 3000 Time @ 25360
Tmax : 21.9 mfs Vmax : 27.3 m/s Tlmax : 7.5 mfs Vmax : 583 m's

Step @ 4000 Time @ 200,360 Step @ G000 Time @ 30,360
Tmax ; 85.6 m/s Vmax : 3384 m/s Umax : 89.0 m's Vmax : 39.3 m/'s

Step @ 4500 Time : 22 860 Step @ 7000 Time @ 35.360
Tmax ; 27.6 mfs Vmax : 74.2 m's Tmax ; 75.%5 m/s Vmax : 175.1 m/s

- 154 -



Step @ B000 Time @ 401,360 Step : 12000 Time : 60,360
Tlmax ; 80.0 m/s Vimax : 138.7 m/s Tmnax ; 279.8 mis Vmax : 103.4 m/s

Step @ 2000 Time : 45.360 Step @ 14000 Time : 70.360
Tmax : 205.7 mis Viax - 58,7 m/s Tmax ; 705 mfs Vimax : 421.7 m/s

Step : 10000 Time : 50,360 Step ¢ 16000 Time : B).360
Tmax ; 135.1 mis Vmax : 135.9 m/s Tmax ; 140.9 mis Vimax : 131.2 m/s
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Step : 18000 Time : 90,360 Step @ 30000 Timne @ 150,360
Umax : 357.9 m's Vmax : 192.6 m/s Umax : 2987.2 m/s Vmax : 62.8 m/s

Step : 20000 Timne @ 100360 Step : 35000 Time : 175.360
Umax : 122.6 m's Vmax : 126.5 m/s Umax : 63.4 m's Vmax : 784 m/s

Step : 25000 Time : 125360 Step @ 40000 Timne @ 200,360
Umax : 56.8 m's Vmax : 32.9 m/'s Umax : 66.2 m's Vmax : 115.6 m/'s
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Step @ 45000 Time : 225360 Step @ GOODD Timne : 300360
Umax : 139.6 m's Vmax : 80.0 m/'s Umax : 68.3 m's Vmax : 64.8 m/'s

Step : 30000 Time : 2500360 Step : G000 Time : 325360
Umax : 80.0 m's Vmax : 53.3 m/'s Umax : 247.0 m's Vmax : 24.5 m/'s

Step @ 5000 Time : 275360 Step : T000D0 Time : 350360
Umax : 61.7 m's Vmax : 42.5 m/s Umax : 55.0 m's Vmax : 42.7 m/'s

- 157 -



3.4.3 A CEEERE) (2 OV TOB L

BIEA ., FEJI, TSI FRREEIZHEV, @ T k352 &7l A @
MWU7z, 3 TP CEBOHREN RO, WIRHEREY & W INT5281280, 7
Y LB O REFEE R THZE/2 FL T EWIFER B LT, Tz, Bl
BICHERE U= B OBERNIE, BIGARNS AL TS 20 B8, T /ZHEICEIEL 720 M
FEAEDND 300 1L THY, B AL, T/ Z 4km &3 5&, Z0 LA TRO L) HE
LK 50km &705, ZOMEIZ H RS L TT 242 EE V2D,

ZOEARO—1HOEEEREIZDOWNT, — DT DELRL TV EIZT D, £,
B AR AL A TE % (500~3000Step) . 90 HHLIT 72T N0 EEATIZIES T
WDDWRI D, Z Dk, 2 a3 <0IZiZe L <, Jad 35 (3500Step) , F7=
BIY A FBRUINCHE AL TH 513 (4000~40000Step) . A PRHEFE Y D 2|2 L > T
WmAATIMEL TW&E, AR TR O30 PRI R R ELIL>THDD N
D, Z D, 1 /HED TR T EREIEITL CHIET 528 (45000~60000Step) .
T IR HERE D & B XA RT2 BB F LT, Ho WO /#Z@iE L Tl
(65000~70000Step) , EDER, LA VEIL, BIEEDIEWSIXWIIIRNY | F A2
TLESTZEWVIDOHINETED, Fo, RIS AN EE RO T, W AR 328
MTET,

B EAAL, T MER COEEY S 2 — a2 ERLZA, T /L0 TR T3
alb—arHELC LU, A RO REBETDHIRY IREIZ LA 7O FA )
RELIpSTOE, HARBETHNELDON TIETES,
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3.5 2B R~ D3 A

3.4 BEOWRHTIZE - TRD I HERTA—F—ZRPL RN OB D H2 B g~
DI A LTz, #Z B i O3B/ EEE P THY, R—Vo 77 — &7l KL/
B (2003) 1L T XV HEIOHEE Z AT o7, ZDT — &~ T, 2 By g0 (35
TRy ) DEHL a2l —ara{To7c, & 3.20 AW HEATAS—THD,
T aANOAEIIE S AR ILDEEN S 2L — a3 TESTETH D, 2 B3~ 0
OHEE B TP 83 BT ay 77200 TR 2 T 00 ol (BLEF, 2003) THY . B4 FAILD
2 (EDEITI2D, ZDT2D BIMFAND/NTA—F —ZEHAHED & SN A — 3 —
7ua—LTCLEIZ LTS, IRE > &2 DMOF 5 O AWETIZ KRESTHZ LI
D, A — =T %<l LT,

#* 3.20 HEZ2BhRT RO E T A—F—
&

Bss 0.95(0.95)
THEEE K 0.65(0.65)
SRS O A I B2zBaihd XY 200(200)
EhAH o, kPa) ali 20(8)
ZTDMDERS 100(50)
TRUBDENANBERFRE ¢ 0.7(0.7)
TRYEDREHIIT ATER 0.6 (0.6)
DEERHY 4, ZDHDEH 0.25(0.25)
7. (kN/m) 20(20)
EH T HRONBERRY 0.65(0.65)
#7%& 1 (kPa) 0(0)

B AR DOER) S I 2L — v a ERRRIC, 2R RVOEF I —g
BT RHEFEM AR E L CHAMABFR L, REIX T HBESE 5 L TF
RULTE I Ralb—ral G R chsb,
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Step @ 300 Time : 2,952 Step @ 3000 Time : 15.452
Tmax : 13.5 mfs Vimax : 15.1 m/s Tmax : 17.4 mfs Vimax - 24.0 m/s

Step @ 1000 Time : 5.452 Step : 4000 Time @ 20,452
Tlmax ; 55.1 mfs Vimax : 17.4 m/s Tlmax ; 30.0 mfs Vmax - 26.6 m/s

Step @ 2000 Time : 10.452 Step @ 3000 Time @ 25.452
Tlmax ; A0.8 mfs Vimax - 21.4 m/s Tlmax : 91.2 mfs Vmax - 18.6 m/s
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Step : 10000 Time : 50.452 Step : 25000 Time : 125.452
Umax : 155.6 m's Vmax : 484.7 Umax : 47.1 m's Vmax : 96.4 m/'s

Step : 15000 Time : 75.452 Step : 30000 Time : 150.452
Umax : 51.3 m's Vmax : 95.4 m/s Umax : 94.2 m's Vmax : <48.7 m/s

Step : 20000 Time : 100,452 Step : 35000 Time : 175.452
Umax : 122.6 m's Vmax : 234.7 Umax : 7.7 m's Vmax : 65.6 m/'s
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Step @ 40000 Time : 200.452 Step @ 50000 Time : 250452
Umax : 65.2 m's Vmax : 53.6 m/'s Umax : 61.7 m's Vmax : 24.1 m/'s

Step @ 45000 Time : 2125 452 Step @ 35000 Time : 275,452
Umax : 140.5 m's Vmax : 88.9 Umax : 31.9 m's Vmax : 0.3 m/s

Step @ 50000 Time : 250,452 Step @ GOODD Time : 300452
Umax : 61.7 m's Vmax : 24.1 m/'s Umax : 23.0 m's Vmax : 28.8 m/s
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Step @ GOODD Time : 300,452 Step 73000 Time : 375,452
Umax : 23.0 m's Vmax : 28.8 m/s Umax : T2.1 m's Vmax : 23.8 m/s

Step : 63000 Time : 325.452 Step : BOODO Time @ 400452
Umax : 53.7 m's Vmax: 164.1 n Umax : 18.6 m's Vmax : 18.1 m/s

Step : F0000 Time : 350,452 Step @ 5000 Time : 425 452
Umax : 24.7 m's Vmax : 26.8 m/s Umax : 16.5 m's Vmax : 11.4 m/'s
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M~V 2L —a Tl T hEHNT, BIRYARNOER) 2L —al & E
FEL | SEENREAE 23 E BN R DO WFER DGO, o, WiEATIZ I EL
T2 B ANTG A== 2 BT D@ TE Il RERRE LW BTEA
9o AENEIRIE Aty T /MM O CERIS 2L —T a2 E L7223, R
EELIZTIMAIEEL TN IR, B B 2L — Y ar B R A2 FRYI I O~ —
RN~ (fEl PRI (2@ c& 5L Bbhs,

HOIRLUHE 7 — 2 W ERTA—F — % B2 CGREIV 2L — a2 Lln, 33
DB EEERE |C KX B .2 AL HE ST A—E— L0 BT — 2 D)7
7EEC T, TRVmEEIRE D UEZ AT T I OEEN I KRER B RbnT,
ZIUE, HIEORARIZED T~ LIROHEFE BN L D> LA EEE 26D, F
7o A AWK 10m EOEEMR TR TNDHD T, £1E 25m Ay =
TRENIZEEZE T HEREEDOWVWHFELHIE TlIRo &2 bih, 5Ot
2 5L iz —F—EIZLD Im Ay 2D F —2R3GIUT, A EIEVEREED By
PRal—iarBTELEVZD, EESTH, RIIV HE ARTFA—F—H T Y DjE
A I L CTHRERER THLZ LT MEW RV, AW D/ WL ~D1T
AR L T, BRNREBRZ T IUL TE ST A—F— TR £, AW O E W
i, HEARTA—F—ZEH T 57010, BAR5RBRIEOHENLETHD,
DD BIPYAAN O XH7e R EBEREEN T <D D B T A—F —OFE I, &
ool —TarE AW T A 2 THD,

AWFFEIFFIIIE THY , ZNEROKRIZAENEIETHIETHIRDO TR A
FND, AEIOEB) T Ia L —Ta 0%, IBVRERFRIITRIK TR IV 5 b K EFIC
KL TN =Ry TVEREV OB E R R D E 03002 Db D724,
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Sassa(1988)Z L » THIT RV EHFH DO I 2L —var7n s I Ax0E LT,

ZOT 07T MIIEMAE) S R0 O B IRFOR L~ 0 F oIS L -
T, ARG SN TWD,

DT T LhELDE ONFREICEMBELTH L D720, Ex I8 Hih oA
7' 7T AEBIFE L CWEREOFEM /2 5E /) — A TE X, TR EHH I 2L —v
a o OPEGHANE N OV 2 F B L7,
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HBEICTFLEoTH b o7,

XEIFE ERPA D,

Rk 16 441 A 16 H

ZE 3R
Sassa, K. (1988): Geotechnical Model for the Motion of Landslides, Special Lecture, S5th International
Symposium on Landslides, "Landslides", A.A.Balkema / Rotterdam, Vol.1, pp.37-55.
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B—E HMIRVEFHVI 2 L—Y g COEGRER

ARETIE, T RYEHS I 2 L— a3 L OMRRERE L 7 ATy JEE) B8 E
O EB) F AL N oEG R rFHE+ 5,

1.1 EEH 72
Fig.1-1 1Zi%, #1770 EFHOBEHEZ RS TWD, T30 AT mo &
I ROTWDHETEZRL TWD, filix x, p,z HIRERD, x,y HHNZ A v = 2]
D, HDHA Y2 TOTRY LBEO column ZHL Y 9, Fig.1-2 1%, column & Z il
CAERT 2R LTV D, column [ZVERIT 2 01%, 1) HEW, 2) ETFHEHODK

AN, 3) EFEOEAWSIR, 4) WimlERT 2K FELEP, P, HE

IO EH R W,, 30 @O W AR S 305, column O JEE %
BErmétnL,

Wn+a—NAz—0
oz (1)’
_ . oP 0P
m-a =W, += Ax+a—yyA +66—RAZ

HAMHERL ) R O xy Fili ~OBEERNC T 5 BT EHRY Y 05 (5 HFER) % F,
KFEAJE PO yz Pl TOWRLERY ) DA% b, KFAIEP,0 zx i T HALE

MEY DN % p,, EIIMEERSOT <V mGRRSZg,, BEEZpLTDLE,

— a—‘ _—
apAxAyAz = pg  AxAyAz + %P, AxAyAz + Py AxAyAz + a—AzAxAy
i ox oy 0z
£ o T,
o_s L lap. 10p, 10oF
a=g, +— +— (1)

p@x p oy poz

BT MVE Xy, z FIAWZHEET D E, Kkm T &I BRI T 5 DT, column
OIEEHRERIUIT DO L 5 2z b,

~ - _10p, 107 2)

B | oF
i =g 1T 1% (3)



ITARY L

TARYE

Fig. 1-1 Hi9- =V E#)jA A — K & T L3 D column

N+ A,
0z

Fig. 1-2  column (Z/ERHT % /1




1.2 e R

THLEE OB EEIT, REEIZHEXTNINEEZIOLNDLDT, EEN~D
AT & ERBEENELWET S,

Fig.1-3 TIE, column NOJRHIRAZ R T, uld x FROEE, vidy i, widz
THmOREZRLTND, TALNOEEL, A vy aOBEERE TOHAY Z2HKTIH
ETHD, 2 O0HNEELGIWF A &I

TEANTE = uAzAy + vAzAx + wAxAy

T = (1 + L A)AZAY + (v + DY AP AzAX + (w+ DY Az)AxAy
Ox oy oz

ED, MHEHEEHRAENZELWVOT,

ou ,Ov , ow _

6_x+§+g_0 (5)
ZHTEHATH D,

A ON) S =l X M E AT % ol E O

w+ Az
oz

B2
v+@@/

a4+ QA
Ox

X

Fig.1-3  column NODJEA - i &



1.3 i & CTE Ik

7, (5) XZEK1-1 OFTXRY HHOEAE z=p N OHEBEmMOE S z=0 £ THST
60

0L = 2 pye - sy B Gk - RO ERD

= —+—)dz
IB ” oH OB 0 oH OB (6)
J.B udz - ”ax Z=H 7"523 .[B vdz — Vay Z=H V_| W|Z:H_W|Z:B
b, EILEHGRTHDLDT, 0L725,
72, uB)=v(B)=w(B)=005, (6) Xix
%IB udz+—jB vdz+{w|z H—uaail 5. H—vaa—]):[ 41 =0 (7)
oH oH _OH

W|Z:H_”§|Z:H_VE 70 = o (7) >

LML TE S, EmE Hidnx,y DREEARDT dH=%—[;[dt+%—])—C[dx+%dy

LEED, ATy di_od oH,  OH,
dt ot  Ox Oy

L, w=%=%’fo¢@? (7) ft@%3w;taa—i[k%a”:k7ﬁf%éo

CEBFEPH O THNCE L T, HMEDORS HOELITHEETIIRW O T, Xz itk
TR0, u,vIZE LT, RS TMOFIE u,, v, TEET 2,)

—(u h)+—(vh)+ -0 (h=H-B) (8)

ER %, MIEx GIRIOHAMERE Cuh=M, NIiXy FROHEAEHTET, vh=N &

%bﬁ-‘éo (8) Et@3IE£iaiH=a(H_B)=@k7L£Z)O Eﬁc:)
ot ot ot
oM 0N . oh _
ax oy Tar 0 (9)

Ko T, METERTHE FREADNE D,
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1.4 E# R HEBE S FRENOFHE
I HEBEXEAHE TS, EE R (1) (2) 2z=B1bz=H ¥ THEY

L, EBEXE RO, 0L, alfa, a BRI, REBKLORESH

HDT, HEARETHD,

1.4.1 IR EEHDFE 77

MERFEEITRD £ D12 FED, (A 7 —0ER TN

FA T —oEE T ERADOFHEL

=a— hroOf IERIRDY

F =ma

— P, y, D )IZEBT D L. ZORDWH®u, v, w) T At R IZITAR Q@ y ), 2 )~
2,

X'=x+Ax, Y'=y+Ay, z'=z+Az [T P TOPE u, v, w TH Q IZBENT D,

Ax =u(x,y,z)At

Ay =v(x,y,z)At (a)

Az =w(x,y,z)At
(t+A) TOR QKX y’, 2 )DL u, v, w & Ax , Ay , Az , At \IZFA L TT A 7 —RHT 5,
u(x", v,z t")Y=u(x+Ax,y+Ay,z+ Az,t + At) =u(x, y,z, t)+—Ax+a—uAy+a—qu+a—uAt

ox oy 0z ot
EETD, SHI(OBFREMRATIVUE
ou ou ou

ou
u(x', v,z tY=ulx,y,z,t) +—At+u—At +v— At + w— At
(Y2 0) =ulxy )a ax oy oz

L7235 T, x HFRA~OFARRL O ML, Ar—>0& LT
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At—0 At ot Ox ay oz
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Yo T e M ey e (10)

H n Du ou 6 au
I ade—jB d —j( +u = v6y+wéz)d (11)
1 Ou u, O(uu) Ouv) O(uw)
=g Erh Ty )
1 ou 11 ou ou Ou ou , Ov
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O Qu v, ow_  (12) RUAAT DL,

Ox 6y oz
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a d a“arz+ (u—+va +wa”)dz
ade=] o

b L - 51 f(2)dz - f(H)‘;—il+f(B)Z—fL:%’1’Ui&’)é L

ox

" dr=2 9B : OH
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dx oy’ dy
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g TWn5,
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R cEL L
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n =cosd TH5H,

O  KzEkDs,
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a,BEHDLITRD, x=1LT5H&
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tan
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c _ tan _ 1 _ 1
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QA DFEE ST (], my,m) EEL L TWNWDHDT,
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:\/%{hC(q+l)+htan¢z} (17)

(1) HE 0 DLGAE
HAWHRSIU OGN, BRERGRICK LT EmE il s,

x J7m T
ll"x(B)Z—l|l_’:|COSQCOSU (18)
0 Y
THEED, cosh =B L Weosn =B pEER T (17) Xz (18) RUIILAT
Vg +1 Va
a3
=—5 {h(q+1)+htang,} x fana
\g+1 ? 1/q+ \/_
EFRROX DG NS5 E TR E R D,
1 —gtana
17(B)= {h(g+1)+h
r.(B) (qu (g+1)+htang,}
y bR FORXNELND,
1 1= , —gtan
~r,(B)=—=|F|cosOsinzy = {h.(q+1)+htang,} (19)
o o (g+ DV

(2) HEHFOLE T

AW O mE, EE G OWREIERT 5, K 1-7 128V CTEE MO

Wi & DT MRTA(L,,m,,n )T

I, = —u o, = -V o, = -w

EZAT, BRI, wiTu,v THEZAOND, REONIL, [x+my+nz—p=0
ThdZ b, LFORXDEY 1o, ﬁ(xtana+ytanﬁ+z—tana)=0
(X, v1,21) & R(xp +u,yp + v,z + w)IE R CENICSH 5 DT

x tana+y tan f+z —tana =0
(x, +u)tana + (y, +v)tan S+ (z, + w) —tanax =0

14



FRRO2AXDELY, utana+vtanf+w=0%725, L= ->T
w=—(utana + vtan fB) (20)
PEND

(17) 20) XXV, x FHrx

1 1= g —u
Ly By =-Lf|x1, = h(q+1)+h
5By ==l =l g+ D+ htang =t

= _&v {hc(q+1)+htan¢2}
\/(u2 +? +w2)(q+1)

LD,
y

=5 _{h (g+1)+htang, }x —v

Nu? +v? +w?

1 1=
B)=- =
pry( ) p|r|><m4 =

= —&v {h.(g+1)+htang, }
@+ +w) (g +1)

NEEHIND,

Fig. 1-7 #EOUH W DK

15



1.5 &0 EEE K

(2) & (3) ﬁ%z—BNHiffi/\b HEIEHTEALRD 5,

faxdz=fgpx J: p"d dz A
J:adeZ fgpydz—%fag;dz+% aalzy Iz h
—1 N H
> X

14 fio#FEs FRITAATEZ Lk -
T, Frlo@EshE SRS ENN 5,
x FaoERE R

ghtana h(1—sin 4 OH guo{hc(q+1)+htan¢z}
g 7 ox 2 2 2
NG+ 1 ug +vy +(u, tana + v, tan f3)

oM | 0
o M) 0 = S0

y FmoEE AU
ghtan B . B gv, (g +1)+htang,|

QM+QWNH—{AO — gh(1-sing ) 2L

ot q+1 oy 1/c]+1\/u§Jrvg+(z40tanoc+votan,B)2
Th b,
B Lu, =v, =0DFpE, FHiOH 3HIX z
A Y
S _gtana{hc(q+l)+htan¢z}
(g+Dg
t h.(q+1)+ht .
gy S Plelarhng bR
(g+D/g
ERITBNT, ug, ver  x, y FFRIOW I LR
M,N:x,y HFIMOVifE, M=uh, N=vh
¢, ¢, JEB) LB KT R0 O R T O EEER
4 ; X
a,f: tana=£, tanﬂ=£ (bR E xz
Ax Ay

Vi, yz P COHED

16



g=tan’a+tan’ f ;
h: BHIRS
H: Ji#h 8031/ @D Elevation head (LY (x—y) FEENHOE )

17



BoE ERGEAOESEE

x Jilf), y HRENZICEBREEZ AW CEHEZ TS, 9004357201
Fig2-1 CRL7ZA Y2205, Ay a,))DESh(IL)IFEA Y 2R T
& D, Avia(lJ) DAL, x HEMEREIIMU,J), M +1,J), yJimHE
NS EIZINU,J) N, J +1) THET,

2.1 Higr D=L

U TreaW i
oh oM, oN _
o o Ty D
?%60

RO E SR TRT EUTO L D ICRE D,

h(1,J,K+)-h(I,J,K) | MUI+1,J,K+1)-M(I,.J,K+1) , NI, J+LK+1)-N(I,J,K+1) _
At + Ax + Ay =0

Eieo%E Wi, WeZ W TR (L3 2 &
Wl=t(M(1+1,J,K+1)—M(1,J,K+1))

W, :ALy(N(J,J+1,K+1)—N(1,J,K+1))

h(I,J,K+1)=h(I,J,K)—At(W1+W?2)
Eb, Kix, BEAT v 7 HAERL WD,

AX
+—>
J+
AY
J+
N(I,f]+1

J+ |

MUI.JYTZ® 1> MU|J+]

dJ T Lil I\
J-1
J-2
1-2 I-1 I I+1 I+2

Fig.2-1 ZE/DWEICHWD A v =
BLOA vy a2 (1,d) COWMAZRT x, y HIHEAIEREOR R
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22 BEGRA x W DFES

x it O AU,

1 t
8M+7( M)+—( M) = ghtana—gh(l—sin¢l oH guo{hL,(q+ )+h an¢2}
o qg+1 ox

\q +1\/u§ +v; +(u, tana + v, tan f3)°

EREDLIEND, EHEATO

Alzitana
qg+1

A2 =-g(1-sing,)

A3 5
1/q+ \/u +v? + (u, tane + v, tan )’

A4=h.(g+1)

Al, A2, A3, A4 =AW TAEfIEILT 5 LTS,

aaj‘f a(uM)+—(vM) Al-h— A2 h%H A3(A4+ htang,)
oM

_1 _
= At(M(],J,K+1) M(1,J,K))

o 2M(1,J.)
Ch(I-1,J)+h(1,J)

~ UNU -1,J1)+ N, J )+ NI -1,J +11)+ NI, J +11))
"I -LJ -1+ h(1,J = L)+ 2h(I =1, J ) + 2h(1,J )+ h(I =L, J + L) + h(1,J + L)

0 o M?*
Ly M) =L (24
ax(uo ) 8x( h )

T (M(I +1,J,1)+ M(1,J,1))* (M(1,J0)+ M(I ~1,J,1))*
T Ax | (I =1L, T 0+ 20(1, T )+ h(I +1,J,0)  h(I —2,J0)+2h(I —1,J,0) + h(1,J 1)

0 o, N-M
5(VOM)—6—( )

19



1 (ML) + MLJ FLD)YNILJ 1)+ N —1,J +1,1))

Ay R -LID+h(LJI D +h(L T+ L)+ h(I-1,J +1])
(M(I,J,))+ M(1,J —L))N(,J,))+ NI -1,J.1))

Ch(I=1L,J =10+ h(I,J =10+ h(1,J 1)+ h(I -1,J,])

Al-h= Alx %(h(], I+ h(I -1,J,1))

420 — 0 L (h(n, T 1)+ h(I =1,J,1) x L (H(1,J,1) = H(I -1,J.1))
ox 2 Ax

= A2 g0+ h(-1,J D) HI,J1) - H(I -1,J,1)
2A x

WL, J)+h(I-1,J,0)

A3(A4+ h-tang,) = A3(A4+tang, - 2

)

tanar = -1 (Z(I=1,J,1) = Z(1,J 1))
Ax

tan 3 = ﬁ (ZU-1,J-1)-ZU -1L,J,)+(ZI -1,J,) - Z(I -1,J +11)) +
+(ZUI,J -1)=Z(I1,J ) +(Z(1,J ) - Z(1,J + L))}

= ﬁ{(zu ~1,J =L+ Z(I,J —10) = (ZU -1,J + L)+ Z(1,J + 1))}

g =tan’ o +tan’ S

Al = g tan o
q+1

A2 =—-g(1-sing,)

A31= 1/q+1\/u2 +v> + (utana + vtan f)’

__&8u
A3= A31
Ad=ho(q+1)

20



23 EBHREXy FRoESy
x A & FRRICED 1T O,

N 5(uzv)+—( Ny RS ing gv, (g +1)+htang,|

+_
ot g+l o Jg+1 \/uo +v; +(u, tana + v, tan )’
EREDLZEND, ENEITO
L
TB:A_y(Zjil_Zj)
TAZ—{(ZI 1 _I_Zz l) (Zl+l +Zz+1)}

Q=TA4* +TB’

g
Bl=——t
g+ an [

B2 =-g(l1-sing))

B3 —_Sh
1/q+ \/u +v? +(u, tane + v, tan )’

B4="h.(g+1)

Bl, B2, B3, B4 #HHW TR EZMILT DL TOXER D,

%Mi(u M+ (VON):Bl.h—B2-hg—§’,—B3(B4+htan¢z)
ON _ 1 _
=L (VUK +1)= N(L,JK))

_ 2N(1,J.])

S HULJD)+H(,J-1])

B QMU TN+ MU, J -1+ MUI+1LJ,)+ MU +1,J -1)1))
CHU-LJD)+HU-1,J-1)+2HU,J)+2HU,J-1D)+H +1,J)+H({ +1,J -1,

0 o (N’
Lwn =2

| (NU +1,J,1)+ N(1,J,1))’ (N, J )+ NI ~1,J,1))°
X|HUI-L,J)+2H,J)+HI+1,J)) HI-2,J1)+2H{-1,J1)+H(,J,])

21



L, =L A

1 NI ML LDNGL T L)+ NI =L 1D
TAY HI LI+ HU,J )+ HI,J+ L)+ HI - 1L,J +1L1)
_ MULJ )+ MU,J = L)(N(LJ) + N ~1,J,1)
H(I-1,J-10)+H,J-1)+H(,J)+H(I-1,J,)

}

Bl-h=Blx %(H(I,J,l) +H(I -1,J,1)

. OH _ 1 _ 1 _ _
B2 1S = B2x ({1, J )+ h(I = 1.J )% o (H(LJ.) = H(I =1,J.1))

= AX(h(] TN+ h(I=LJV))H(I,J) - H( -1,J.0))

WL, J)+h(I-1,J,0)
2

B3(B4+h-tang,) = B3(B4+tang, - )
tanar = 1 (Z(I +1,J,1) = Z(1,J 1))
Ax

tan f§ = ALy(Z(J,J +1L1) = Z(1,J.1))

+1
B2 =-g(l-sing,)

Bl= g tan o
q

B31= ,/q+1\/u2 +v> + (utanor + vtan B)°

B3 =
A31

B4="h.(g+1)

22



24 xR OFHETFIE

TP =tang,, k,=1-sing, CH=hc, G=g
AHEETO AT

1 . .
TA=—7(z"-Z
Ax(’ )

1 v v . .
TB=—{(z"+z" )=(z" +Z'
TR RRCEE Y

O=TA’+TB’
Al=G*TA/(Q+1)
A2 =-g*k,
A4=CH*(Q+1)

U =2M /(" + 1)

V=2N"+N,+N]

Jj+l1

+ N )W+ b + 20 + 20
A3l=(Q+D)"{U; +V'+U, *TA+V*TB)’}'"”
A3=-G*U, /A3l

(M™+M'y
Tl=————
h' +2h +h"

(M + M)
T2 = —————
h” +2h" +h

T3=(M;+ M )N, +N.)

Td=h"+h +h  +h

23

i-1
+ hj+1
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TS=(M'+M )N '+N")
To=h +h_ +h +h"
T7=h +h"

T8=T7*(H —H'")

T9 = A3*(A4+1/2TP *T7)

TT1 = ——(T1-T2)
Ax

2= B 15
Ay T4 T6
TT3 =1/2A1*T7

TT4 =LA2*T8
Ax

A =M'—A(TT1+TT2)+ A{(TT3 + TT4)

B=Ar*T9

A>0,A>=B M =A-B
A>0,A<B M =0
A<0,JAl<B MS =0
A<0,|4>=B M" =A+B

HLLU,+V? <011E5

T9=-G*TA*(A4+1/2TP*T7)/{(Q+1)*Q"*}

2.5 y HMOFHAEFIE (x HROFHE L ERR CFIETITD)
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ft#& FLOWCHARTS

FIASRAT: - BHR O Ve

RIT - MIMEZ 52 5 « BEOER

A 4

ISR - 1 - B & - BT OEE#EA

l

¥ % Print 5

|

TR EOEMZFET D

i

M AAAE

M, N OFIHHEZ 02§ 5
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R[] & [HIRR D RE

T(0)=0

l K=1.LT

DT=0.005

No

(u2 +v2 )
AV=4/_ Max max

DT=0.005

No

DT=0.05

\ 4

No

_0.05
D1 AV

l

T(K)=T(K-1)+DT

Next ERTOMN %0123 %

26




Flowchart 2

Print

ABS(T3)>10°Y

|h(I,J,1)| =0.1

Yes
—» T'T'2=0

or

|h(I-1,J,1) | =0.1

T3, T4, T5, T6

Yes

T3=0

Yes

T5=0

|
No [

TT2= {(ﬁ)—(;g)} dy
v

Next

27



FEEOF G

H

< HAID+H 1))

2

H(I,J,1)=0v Z(I,J)>Z{1-1,J)+H{I-1,J,1)

Or

H(I-1J,1)=0v Z(I-1,J)>Z(,J)+H({,J,1)

T8=0.0

T 8 =T7 x {(H(L,J, )+Z(1,J))-(H{I-1,J, 1)+ZI-1,J))}

&
<«

v

A2=-GAX K,

TT4=A2-18
2dX

28




Umax=0
Yes _
MFX=0 TT1=0
No
Y
- T1=0
T2=0

lNo

T

1 (MEX(I+1J )+ MFX(1J.1))*

h(1-1,J 1)+2xh(1,J )+h(I+1,J,])

- (MEX (1,J 1)+ MFEX (I-1,J 1))

h(I=2,0 )+ 2xh(I-1,J ) +h(I.J])

l

(T1-T2)
dX

1T1=




e
e
>
Eﬂ
i

Yes
U=0
H x<0.1 g
Vx=0
No
U Vx %
h(I,J,1)=0 or h(I-1,J,1)=0 L

l No
U= MFX(1,J,])
Hx

V= NFXI,J)+NFXI,J+L)+NF YT -1J )+ NFYI~1,J+1])
W1, T 1))+ 2xh(I =1, ) +h(I~,J L) +A(1, T~ +2xh(,J )+, T +1,])

l

Umax=U

| U|>] Unax |

A

No

Next
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B
Pt
>H

A300=U2+Vx2+(U-Tax+Vx* Thx)2

A30=,/ 4300x(Q x-+1)

Yes

A3=0

Yes

A4=CH X (Qx+1)

A

T9=-GXTAX 444+ TPXxHx

(Q x+)xy/Q x

T9=A3 X (A4+TPX X Hx)
¥

NEXT

A
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%fg@@%bji%iﬁ@ n‘l‘%

B=|T9 | XdT

A=MFX (1.J,1) -(TT1+TT2)XdT+ (TT3+TT4) XdT

H(1 -[,5,1)=0

MFX(,J,2)=A+B

MFX(,J,2)=0

A<0,|A| =B

MFX(,J,2)=A-B

A>0, A>B

MFX(L,J,2)=0

A>0,A=B

\ 4

PRINT MFX
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MFEFX

N

W=7, = M)
A e T

W2 = L (N,-kilrl _ Nikirl)
Ay .J J

h' = h = At(wl+w2)

NFY

AR —E DS T,

REE%4T 5

Print result
Next step

33




Main flowchart

Dimension definition

M( ), NC ),h( ), z( )

A 4

Input constants
Input data file
Initial clearing
Boundary condition

v

Calculation

M+1, ]\]Hl, H(—l—l

At, Ax, Ay, tan¢. ¢
()
M (

)=N( )=h(

FAODOM( )=N( )=h( )=0

1 1 g
M"™ =A-—B=(M"—-At{—[TT1]+—[TT2]+—=—[TT3]} — Atg[TT4
( {Ax[ ] Ay[ ] 2Ax[ 1} — Ag[TT 4]

1 1 g
N"'=AA— BB = (N" — At{—[SS1]+ —[SS2]+ —=—[SS3]} — Arg[SS4
( {Ax[ ] Av[ ] 2Ax[ 1} — Arg[SS4]

Result Output
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