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多層構造を有する斜面における間隙水圧
Pore water pressure in slopes composed of multi-layer geological structure
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Increasing in pore water pressure in the slopes during heavy rainfall events is considered as an important factor induceing
landslides. Sliding surface of many of these landslides locates on the boundary between different rock/soil strata. We need to
know spatial distribution of the pore water pressure in slopes composed of multi-layer geological structure in order to explain
occurrence mechanism of these landslides. Many of prior studies generally analyzed slope stability under condition that the
pore water pressure is same as the hydrostatic pressure. These studies ignored influence of depth profile of hydraulic parameters
on magnitude of the pore water pressure. We, therefore, tried to understand spatial distribution of the pore water pressure on
the basis of the continuity equation and equation of motion for seepage flow in two-dimensional slopes with multi-layer soil
structure. Our study clarified that the water velocity as well as the depth profile of the pore water pressure are affected by depth
profile of the hydraulic conductivity in the saturated zone. Pore water pressure agrees with hydrostatic pressure in case that the
saturated zone develops on the impermeable soil layer. Meanwhile, pore water pressure is smaller than hydrostatic pressure in
case that bottom of the saturated zone contacts with unsaturated zone. In this case, magnitude of the pore water pressure depends
on the difference in the hydraulic conductivity between upper and lower layers. In addition, pore water pressure is highest at
a layer boundary. Our analysis results agree with the general landslide characteristic that the sliding surface locates on a layer
boundary.
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異常気象時の地すべり変動現象について
Landsliding phenomenon under abnormal weather conditions: a case study
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To examine the initiation and movement mechanisms of landslides occurring during abnormal weather conditions, we have
been monitoring a landslide on Nisenotani area in Miyazaki Prefecture, Japan. The monitoring items include the weather con-
ditions (rainfall and air pressure), moisture content of surficial soil layers, groundwater table, and displacements (by means of
borehole wire extensometer, surficial extensometer, and total station). Cracks appeared on the slope after a heavy rainfall and
borehole investigation revealed that this landslide is a large compound one, consisted of several sub-blocks. Our dense monitor-
ing is performed on a small block of the toe part, and our results showed that: (1) landsliding was initiated by a heavy rainfall,
but was not less affected by small rainfall; (2) landsliding varies with air-tide; (3) lower part of the sliding sub-block had been
continuously compressed; (4) the sliding surface and the compressed soil layer had been effectively identified by means of a
surface-wave technique.
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極端な豪雨による山岳道路斜面安定の影響
Extreme Rainfall Effect on Slope Hazards along Mountain Roadway

WANG CHAO-WEN1∗ ;吉見和紘 1 ;山田正 1
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Due to the global climate changes, the scale and frequency of natural disasters are more difficult to predict and measure.
Extreme rainfall often brings astonishing amount of water and causes very serious damage in the mountain areas. And for
different environment conditions, the slope hazards induced by rainfall would be different like geology, topography or location.
Therefore in this research, the authors considered the elevations, slope aspect, slope gradient and geology to compare and analysis
the rainfall effect on slope hazards by using the historic landslides records. And the major method of rainfall analysis is the snake
line model that is using dual-indexes of rainfall- short term rainfall intensities and accumulated rainfall data. Short term rainfall
intensities mean hourly rainfall, 3 hourly rolling rainfall, 6 hourly rainfall and so on. The most important of these rainfall analyses
are trying to find some regulars in occurrence of slope hazards. Furthermore, the authors also collected different hazard types in
order to try to get the rainfall characteristics of different disasters. In this research, the authors used the Da-Jia River upstream
region (Taiwan) as the case study. In this region, over than half area the slope gradient is larger than 55%. Through the results
of the analyses, the authors get some important conclusions. Firstly, in the environment conditions, the effects of slope gradient,
elevation, and geology are obvious. Secondly, the effect of slope aspect is according to the rainfall events. Finally, in extreme
rainfall events, the trend of occurrence time in different hazards can be observed. According to the above conclusions, it can be
effective to make decisions to prevent disasters and reduce lost.
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Shallow Landslide Susceptibility Mapping for Selected Areas in the Philippines Severely
Affected by Super Typhoon Haiyan
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Super Typhoon Haiyan, considered as one of the most powerful storms recorded in 2013, devastated the central Philippines
region on 8 November 2013. In its wake, Haiyan left 6,190 fatalities, 28,626 injured and 1,785 missing, as well as damage
amounting to more than USD 823 million. To mitigate damage from similar events in the future, it is imperative to characterize
hazards associated with tropical cyclones such as those brought by Haiyan, with detailed studies of storm surges, landslides
and floods. Although strong winds and powerful storm surges up 15-17 feet were the primary causes of damage, landslides
studies are also vital in the rehabilitation of typhoon damaged areas. Cities and municipalities of Leyte (7,246.7 sq. km) and
Samar (13,121 sq. km) provinces, the heaviest cities area during the onslaught of Haiyan, require detailed and up-to-date hazard
maps for their rebuilding and disaster mitigation programs. In order to delineate areas susceptible to rainfall-induced shallow
landslides and generate a worst-case scenario hazard map of the two provinces, Stability INdex MAPping (SINMAP) software
was used over a 5-meter-resolution Interferometric Synthetic Aperture Radar (IFSAR)-derived digital elevation model (DEM)
grid. SINMAP has as its theoretical basis in the infinite plane slope stability model. Topographic, soil-strength and hydrologic
parameters (cohesion, angle of friction, bulk density and hydraulic conductivity) were used for each pixel of a given DEM grid to
compute for the corresponding factor of safety. The landslide maps generated using SINMAP are found to be highly consistent
with the landslide inventory derived from high-resolution satellite imagery dated 2003 to 2013. The landslide susceptibility
classification found in the landslide hazard maps are useful to identify no-build, areas that can be built upon but with slope
intervention and monitoring as well as places that are safe from shallow landslides. These maps complement the debris flow and
structurally-controlled landslide hazard maps that are also being prepared for rebuilding Haiyan‘s devastated areas.
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Calculation of Shallow-Landslide Rainfall Threshold for Libon, Albay, Philippines Using
TRIGRS
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In a rainfall event caused by a cold front and a low pressure area during the 14th until the 21st of February 2008, the Albay
province experienced several landslides with $4.6 million in damages to infrastructure alone. Aside from delineating areas that
are highly susceptible to landslide, it is important to determine shallow-rainfall threshold aid in the development of an early
warning system. The study area was carried out on an area in Libon town in Albay with approximately 1000 residents living near
the high hazard area. Using TRIGRS software (Transient Rainfall Infiltration and Grid-based Regional Slope-stability analysis), 6
different sustained rainfall intensities with the duration of 24 hours were simulated to a 5-meter resolution IFSAR (Interferometric
Synthetic Aperture Radar)-derived DEM (Digital Elevation Model). Topographic, soil strength, and hydrologic parameters were
assigned to each pixel of the given DEM grid to compute for the factor of safety using the theory on Infinite Plane Slope Stability
to produce a shallow-landslide susceptibility map. The values of the different rainfall intensities were selected to represent
different rainfall events equal (1.26mm/hr), less than (.5 and 1mm/hr) and greater than (1.5, 2.73, 7.5 mm/hr) the infiltration rate
of the soil. After comparison, there were no observed differences in the hourly variation of the Factor of Safety Maps for 1.26
mm/hr and greater intensities. The rainfall threshold determined to be 4.5 to 5mm of effective accumulated rainfall on which
the pixels that failed (FS<1) matched the landslide inventory from 2003-2014 and the shallow-landslide hazard map. This study
shows that in determining rainfall thresholds for shallow landslides the effective infiltration rate and hydraulic diffusivity of the
soil serves as factors on how fast the slope reaches instability during a rainfall event. The results of this study may be treated
as the worst case possible due to the sustained intensities and may be further improved through simulations using data of actual
rainfall events, considering varying rainfall intensities and durations.
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Sensitivity of the initiation of debris flow to initial soil moisture
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The initiation of debris flows is commonly attributed either to fluidization as a result of rainfall induced landslides or to gully
erosion induced by concentrated run-offs. A series of flume tests have been performed to show how the initial soil moisture influ-
ences the initiation of debris flows. At the start of each experiment, surface run-off was generated over loose granular deposits,
triggering debris flows. These experimental debris flows enacted different scenarios according to the small variations among the
initial soil moistures. In the loose granular deposits with initial soil moistures ranging from 1% to 5%, most run off water could
infiltrate and trigger a landslide, which accelerated within one second to speed over 1 ms-1 and then transformed into a debris
flow. In the same soil deposits with initial moistures>5% or <1%, the debris flow was initiated by slow gully erosion with
episodic events of damming and breaching due to small-scale landslides occurring on the side-slopes of the erosion valley. The
slope failures were not triggered by positive pore pressure but by a decrease in suction due to the wetting of the soil. This suction
decrease in initially unsaturated slopes explains why the transformation of these slope failures into debris flows are due not only
to an increase of pore pressure leading to soil liquefaction, which is one of the expected triggering mechanisms, but also to a loss
of the cohesive strength of the soil.

キーワード: debris flow, soil moisture, initiation
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Gully development on flows and deep-seated slides in the Mangaoporo catchment, North
Island, New Zealand
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Mass movements and gully erosion are widespread phenomena in many steep, erosion prone catchments. Understanding gully
erosion on unstable slopes is important for the management of slopes as well as for management of river systems, as large
quantities of sediment are supplied by gully erosion directly into river systems causing off-site damage.

The development of gullies on unstable slopes is not well understood. In this study gully development on slopes affected by
mass movements was analysed in 14 headwater catchments of the Mangaoporo catchment, North Island, New Zealand. Bedrock
consists of Cretaceous-aged, highly crushed and sheared mudstones and sandstones. Deforestation by European settlers at the
beginning of the 20th century for pastoral farming was followed by reforestation for wood production from the 1980s. Sequential
aerial photographs from 1939 to 2005 were interpreted to map mass movements and the development of gullies. Digital elevation
models were extracted from aerial photography using ERDAS to assess the applicability of the commonly applied topographic
threshold approach for gully incision.

Flows of varying depth occurred in all catchments underlain by mudstone, while the catchment consisting of alternations
of mudstone and sandstone were affected by deep seated sliding and secondary shallow sliding. Deep (few meters to 15m)
gullies were located at the toe of mass movement bodies. Such gullies developed oversteepened sidewalls, which in turn initiate
extensive mass movements at the gully walls. Shallow (about 1 -2m deep), hundreds meter long gully arms extended upslope.
Topographical changes by active flows and slides caused stream capture or gully destruction. Cracks and scraps functioned as
incision pathways.

The topographic threshold approach is not appropriate for unstable slopes, as the mass movement topography exhibits irregular
drainage pattern and gully incision depends on the morphology of mass movements. New approaches need to be developed for
gully incision on unstable slopes to understand the spatial and temporal variability of incision dynamics on unstable slopes.

キーワード: gully erosion, flow, slide, New Zealand
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Quantifying the seismic response of slopes: observed and modelled amplification from
the Port Hills of Christchurch
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ABSTRACT: Before the Christchurch 2010/11 earthquake sequence the influence of site effects on landslide triggering during
earthquakes was reported in many studies, but evaluating these effects has been difficult through lack of high-resolution data,
especially the lack of local ground motion instrumental observations. As a result of the Christchurch 2010/11 earthquake se-
quence we now have high temporal and spatial resolution data, including subsurface geotechnical and geophysical information
that allows quantification of the amplification relationships between the near surface geology, topography and seismic inputs.

This paper presents preliminary results on site effects in the Port Hills of Christchurch caused by near surface material
impedance contrasts and slope morphology. Results from small scale temporary arrays installed on several of the large rock
slopes that failed repeatedly during the earthquakes suggest amplification factors of up to 300% of peak ground acceleration
when compared to free field rock outcrop peak ground accelerations. These are corroborated not only by two dimensional seis-
mic site response analyses using synthetic earthquake motions as inputs to the models but also by comparing recorded ground
motions from borehole and surface seismometers.

Based on these findings it is apparent that particular slope shapes and material contrasts can significantly amplify peak ground
accelerations during earthquakes. At present in New Zealand such amplification effects are not routinely taken into account when
designing earthworks or structures on slopes or in landslide risk assessments.

キーワード: Earthquake induced landslides, topographic amplification, earthquake hazards
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Distribution loess landslides triggered by the 1920 Haiyuan earthquake and their forma-
tion mechanisms
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The 1920 Haiyuan Earthquake (M=8.5) is one of the strongest earthquakes in Chinese modern history, and directly resulted
in more than 200,000 people dead. The Earthquake induced a large number of landslides. Among them, we investigated 544
landslides in the meizoseismal area, and found that the distributions of the landslides are mainly concentrated in the southeastern
part of the seismogenic fault, but the relationship with the NW-trending seismogenic fault is not noticeable. Further investigation
indicated that such distribution is mainly controlled by two types of factors. One is the nearly SN-trending secondary faults
concealed under the loess cover. The other one is the thickness of the loess. The landslide is more intensive in those areas with
thicker loess and the density of the landslides decreases with the decreasing in the loess thickness, while landslides occurring in
the bedrocks are very rare.

Investigation shows that the sliding surface of a large number of loess landslides is extremely gentle with the apparent friction
angle ranging between 8 -11 degrees. Liquefaction phenomenon was found on a large number of areas in loess tableland along
both sides of the river in the meizoseismal area. This is likely one main reason for the occurrence of landslides with very gentle
sliding surface angle. Laboratory testing of undisturbed loess of these regions indicated that the sand content ranges from 3% to
15%, silt content is about 65% - 85%, clay content between 10% - 20%, and thus this kind of soil belongs to silt. But the sand
content showed uneven distribution and high sand content occurred in local area. Dynamic triaxial tests showed the saturated
loess could suffer from liquefaction failure.

However, there existed a large number of low angle slip surface, large runout and high mobility loess landslides in the slope
zone with low underground water level. Loess is characterized by large pores with high compressibility and low strength. Scan-
ning electron microscopy revealed that cement of loess particles were dispersed particulate, distributed discontinuously attached
to the particle surface or accumulated at the point of the contact in the skeleton, the adhesive strength is very low. The earthquake
occurred in December of that year’s winter. Due to very low water content of loess, relatively dry shallow loess easily shattered
and collapsed under strong shaking of extreme earthquake. Therefore this caused occurrence of the high-speed and long runout
landslide.

Finally, we conclude that because of the special geological characteristics of loess, there are more than two types of landslide
mechanism: one is the liquefaction occurring on the loess layer affected by the groundwater level; the other one is the collapse
of loess structure under strong earthquake.
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2009年パダン地震が引き起こした崩壊性地すべりの地形・地質的特徴
Geomorphological and Geological Features of The Collapsing Landslides Induced by The
2009 Padang Earthquake.
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The Mw7.6 Padang earthquake in 2009 attacked the northwest of Sumatra, Indonesia, and triggered many landslides, which
killed at least 130 people at one village. We made satellite image interpretations, field investigations, and laboratory tests to
identify the geomorphological and geological features of these landslides. As a result, we found that the number of landslides
was 159, materials that slid were pumice fall deposits, and their sliding surface was made within the base of the pumice layer
where pumice grains were mixed with underlying lahar and heavily weathered. These landslides had the following characteristics:
1) they occurred in the areas with pumice beds with>3 m thickness, which was controlled by the distance from their source; 2)
the pumice fall deposits had a slope-parallel layering, which had been cut at the foots of slopes; and 3) the mixed layer at the
base of the pumice beds was heavily weathered to be clayey materials with abundant halloysite.

We made an isopach map of the pumice fall deposits, which is so-called Qhpt and believed to be from Maninjau Caldera. The
isopach contours, however, showed that Qhpt is from Tandikat Volcano, and that landslides occurred in clusters in the areas with
pumice beds thicker than 3.5 m.

Qhpt beds had slope-parallel bedding, but they were undercut by subsequent river incision. Interpretations of stereoscopic
satellite images and field surveys showed that there are four terraces along the Magung River, and Qhpt covers widely distributed
higher terraces (Lh) of lahar younger than 80 ka and middle terraces (Lm) but are cut by lower terraces (Ll1 and Ll2) as well as
small nearby tributary gullies. This undercutting likely reduced the support of Qhpt beds from downslope.

The mixed layers, in which sliding surfaces were formed, were heavily weathered and very weak; weaker than the main Qhpt
above and the lahar below. XRD analyses showed that pumice grains of the main part of Qhpt scarcely had halloysite but pumice
grains and weathered lahar in the mixed layers were rich in halloysite. The formation of halloysite could be attributed to the
interaction between the materials of the mixed layers and the water coming through Qhpt beds; water, which gets Si and other
chemical components from the volcanic glass of pumice, may become stagnant in the mixed layers because they are much less
permeable than the Qhpt beds above. This would be a preferable condition of halloysite formation.

Infinite slope stability analysis using geotechnical parameters, pumice bed thickness, and slope angles, which we obtained,
suggested that landslides with sliding surfaces within the mixed layers could be triggered by the shaking of the 2009 Padang
earthquake. The natural water contents of the materials of the mixed layers exceeded their liquid limits, which suggests that they
would behave like a liquid after remolding.

The geological history, which is volcanic eruption, weathering, and undercutting by river incision as stated above, is typical in
tropical volcanic areas. That means we can make a hazard map of such a catastrophic landslide induced by earthquakes on the
basis of geological development.

Keywords: 2009 Padang earthquake, Halloysite, Collapsing landslide, pumice fall deposits, weathering
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The seismic signals from the model slope failure and erosion tests
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High intensity rainfalls in mountainous areas often induce floods. The floods could erode riverbank slopes and cause them
to landslide. This study selected Landao Creek of Huisun Experimental Forest (Nantou, Taiwan) as the in-situ test site for the
model slope failure and erosion tests. We built a large size model soil slope and an artificial landslide dam in Landao Creek for
the tests. The Nengau agricultural channel at the upstream of Landao Creek was setup to control the inflow to Landao Creek.
Therefore, the artificial landslide dam were overtopped when the retention space were full by the inflow water. Consequently,
the dam breached and caused the model soil slope to be eroded by the flooding water. The model soil slope failed partially due
to the erosion and generated seismic signals during the slope materials sliding down. We installed of several accelerometers
sensor on the model soil slope to collect seismic signals generated. We present two test results in this study. The seismic signals
were analyzed using the Hilbert-Huang Transform for time-frequency spectrograms. We explored the characteristics of seismic
signals due to the model soil slope sliding and the flooding. In addition, we can use the time-frequency spectrograms to identify
the timings when the model slope slid repeatedly.

キーワード: Landslide, slope, erosion, seismic signal, flood, dam
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地震波形記録から見た 2013年 10月 16日の伊豆大島における斜面崩壊の特徴
Characteristics of the slope failures in Izu-Oshima Island on Oct. 16, 2013, inferred from
seismic waveform records
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On Oct. 16, 2013, large-scale slope failure took place due to extreme rainfall in Izu-Oshima Island in Japan. The precipitation
reached over 90 mm per hour from 1:00 to 5:00 before and during the period when the failures took place. Through geological
surveys by us and Natural Disaster Research Council, piping holes were observed on the collapsed slopes, which suggested
that the ground water spouted due to high water pressure. It is important to grasp the detailed behaviors of water and sediment
movement in order to reduce the slope disaster in the volcanic regions.

Signals of failures and their related sediment movements were recorded many times by several seismometers installed around
by Oshima Volcano Observatory of ERI, Univ. of Tokyo. The seismic signals were observed almost at the same time at several
stations. Four major signals were detected from 2:00-3:00, while at least a few tens were observed from 3:00-5:00. These
signals had unclear initial phases and long (several minutes) durations. The amplitudes increased almost at the same time at the
beginning among the stations, while the times when they attained the maximum values were earlier at the stations located in the
upper side of the slope. These facts indicate that the vibrations were firstly generated in the upper side of the slope, then moving
toward the downside.

Acknowledgments: We used meteorological data recorded by JMA.
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Friction law of gouges from monotonic and cyclic shear tests - implications for rockslide
triggered by earthquakes
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The differences of soil strength under static and dynamic loading have been well recognized. This study utilized rotary shear
apparatus to elucidate the friction coefficient of gouge materials under monotonic and cyclic shearing conditions. A rigid block
model incorporating the velocity/displacement dependent friction law from monotonic tests was adopted to simulate the dynamic
shearing behavior. Basically, the friction coefficient under maximum shearing velocity was well depicted. However, the friction
coefficient under zero velocity for dynamic shearing tests was overestimated. A frequency factor, which taking the healing
effect into account, was successfully incorporated into the friction law to simulate the variation of the friction coefficient under
dynamic loading condition. The modify friction law with consideration of the cyclic shearing frequency was used to evaluate
the triggering of a dip slope rockslide during earthquake. It is illustrated that the cyclic shear induced from the earthquake is
critical for the initiation of large scale rockslide. The influence of seismic loading on earthquake-triggered rockslide can thus be
evaluated quantitatively.

キーワード: monotonic and cyclic shear, velocity and displacement dependent, friction coefficient, rotary shear test, gouge,
earthquake triggered rockslide
Keywords: monotonic and cyclic shear, velocity and displacement dependent, friction coefficient, rotary shear test, gouge,
earthquake triggered rockslide
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Fast Shear Behaviour of Granular Material and Rapid Landsliding Phenomena
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Many rapid landsliding events are normally catastrophic in which granular masses flow with extremely low friction. In order
to prevent and mitigate the disaster, it is essential to better understand their mechanisms of initiation, motion and deposition.
Although a great deal of research and attention has been focused on the unusual physical features for rapid landsliding events,
the dependence of frictional properties on particle characteristics and test conditions has not yet been clearly understood. In
the present research, we performed a set of experimental studies to examine the grain-scale frictional properties. We used two
kinds of glass beads to examine how particle size affected the strength and stability of granular materials by employing a large
ring-shear, and sheared the samples by changing the shear rate from 0.1 to 100 mm/s under different normal stresses (50, 100,
200, 400 kPa). It was found that the influence of shear rate on the residual shear strength for glass beads was negligible, while the
stress fluctuation was observed for different particle sizes. Three distinct spectral peaks were identified in the frequency spectra
for the two glass beads by utilizing Discrete Fourier Transform (DFT) method. According to the frequency spectra, we found
that the stress fluctuation of glass beads was closely related to the particle size. Then we analyzed the role of particle size in the
fast shear behaviour of granular materials and their relationship to the rapid landsliding behavior of rock avalanche.

キーワード: fast shear behavior, rapid landsliding, glass beads, particle size, shear rate, stress fluctuation
Keywords: fast shear behavior, rapid landsliding, glass beads, particle size, shear rate, stress fluctuation
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Changes in particle size distribution of clayey material at a catastrophic landslide base
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In August 2009, a catastrophic rockslide avalanche was initiated by a cumulative rainfall of 1676.5 mm by Typhoon Morakot
in the southern mountainous region of Taiwan. The landslide occurred on slopes extending from head scarp to the opposite
riverside with a fall height of 830 m and generated the runout distance of 3.2 km long. The mobility of the landslide was high,
indicating by its low apparent friction angle of 14 degrees and velocity of 70 to 120 km hr−1 in 95 s. The landslide claimed more
than 400 people dead and missing when the village of Shiaolin was destroyed directly in the path of the landslide. We found
clayey material in many locations at the base of the landslide deposits. Two samples S1 and S2 and one sample D1 of clayey
material were respectively collected from the base of the remaining debris in the lower part of source area and the base of the
deposits in the depositional area. Their mineralogy and particle size distribution were analyzed using an X-ray diffractometer
(Rigaku Gaigerflex RAD IIB) and a laser diffraction particle size analyzer (Shimadzu, SALD-3100), respectively. The X-ray
analysis indicates that the samples are the same material, in terms of texture and mineralogy, consisting of illite, chlorite, quartz,
feldspar, and calcite. Besides, particle size analysis shows that samples S1 and S2 of the source area had two particle size modes
at 15µm and 50‒ 100µm, and sample D1 of the depositional area had one mode at 15µm. This difference between the samples
may reflect pulverization during movement of the material from the source area to the depositional area. The overall particle size
distribution is narrower in sample D1, and the mean grain size (D50) decreased from 11.03µm in sample S2 to around 8.96µm in
sample D1. Sample S1 has larger amounts of finer fractions than do samples S2 and D1, and its distribution curve has a flattened
top in comparison with the other two samples, which could be attributed to intense shearing between bedrock and debris. The
results suggest that the clayey material at the landslide base and the increasing fine-grained content of the clayey material during
shearing are assumed to have a significant impact on its long, rapid movement.

キーワード: rockslide avalanche, high mobility, clayey material, particle size distribution
Keywords: rockslide avalanche, high mobility, clayey material, particle size distribution
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Application of TCP-InSAR technique for the Deep-Seated landslides detection and mon-
itoring at Cingjing village, Taiwan
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Taiwan located at an active mountain belt and subtropical climate environment, severe gigantic landslide that have caused
considerable damages commonly occurred in mountainous areas. After the 2009 Hsiaolin landslide that caused 450 casualties,
how to identify potential sites of Deep-Seated landslides, evaluate their activity and susceptibility become an important issue.
In the past few years, our research team has processed many slope failures that have caused considerable damages by using air-
borne LiDAR Digital Elevation Model (DEM), and implemented related analyses for the goal of deep-seated landslide. Cingjing
village located at Centre Taiwan is well known as one of the three high altitude agriculture area in mountainous regions. In
this study, we using TCP-InSAR interfermotry from ALOS/PALSAR images to detect and monitoring the landslide activity and
its susceptibility of deep-seated deformation over a large area. The method obtains more ground deformation information than
other InSAR approaches, providing more comprehensive analytical results for the slope related hazard studies. Our TCP-InSAR
result shows a significant subsidence pattern around the Cingjing area. Comparing the surface deformation data and the field
investigation records, several imperceptible deep-seated landslide locations are found and the boundaries can be identified as well
as the spatial distribution of instability to them. The deposition pattern also implies different landslide development types on the
slopes. This case study shows the great potential of TCP-InSAR evaluating the slope activities and deformation in the vegetated
mountain area. Combined with topography signatures from high resolution digital elevation model data, it will be an effective
way to determine the stability of slopes and potential hazard locations over a large area.

キーワード: Deep-Seated landslides, TCP-InSAR technique, Airborne LiDAR, Cingjing village
Keywords: Deep-Seated landslides, TCP-InSAR technique, Airborne LiDAR, Cingjing village
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紀伊山地付加体における深層崩壊の前兆地形
Preceding topographic features of catastrophic landslides in an accretion complex in the
Kii Mountains

千木良雅弘 1∗ ;松四雄騎 1 ;鄒青穎 1 ;平石成美 2
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Slope movements is one of the major processes of denudation as well as erosion and transportation by rivers or glaciers,
and many slope movements themselves are induced by river or glacier erosion. We investigated the linkage of river erosion,
deep-seated gravitational slope deformation, and catastrophic landslides in the Kii Mountains Japan, where occurred tens of
catastrophic large landslides during 1889 Totsukawa typhoon and 2011 typhoon Talas. The consequent fatalities were 168 and
56, respectively. The Kii Mountains is underlain by the Cretaceous to Neogene Shimanto accretional complex in large areas
and has paleosurface remnants in higher elevations. The paleosurfaces have been newly incised by rivers, of which the Kumano
River catchment occupies the central part of the Kii Mountains. The new incision of the Kumano River proceeded with the
upstream propagation of knickpoints, which developed well-defined convex slope breaks on interfluve slopes. High-resolution
DEMs clearly delineated deep-seated gravitational slope deformations, which are characterized by scarps, linear depressions,
and bulges, aligned along the convex slope breaks, suggesting that they were induced by gravitational instability induced by the
erosion undercutting. The catastrophic landslides during the 1889 Totsukawa typhoon and 2011 typhoon Talas occurred had been
preceded by deep-seated gravitational slope deformation on newly incised inner valley slopes. Most of the landslides had sliding
surfaces along undulating minor faults, probably thrusts, which might have made rock bridges when shearing along preferably
oriented parts of the faults occurred. Catastrophic slop failure may occur when those rock bridges are finally fractured.

キーワード: 重力斜面変形,地すべり,付加体
Keywords: gravitational slope deformation, landslide, accretion complex
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Recognition of large scaled deep-seated landslides using high resolution topography and
case studies in Taiwan
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High resolution topography and topographic characteristics of large scale deep-seated landslides (landslide area>10 ha) are
used to interpret large scale deep-seated landslides in an area of 4980.8 km2 and a total number of 1607 potential large scale
deep-seated landslides are recognized. The results show that main distribution of potential large scale deep-seated landslides in
Kao-Ping River watershed is near structural lineaments and both sides of the river.

Two cases discussed in the study are on the right bank of Baolai River in Baolai, Kaohsiung City and on the left bank of Luliao
River in Yanping Township, Taitung County. Typhoon Trami (08/20˜08/22), Typhoon Kong-Rey (08/27˜08/29) and Typhoon
Usagi (09/19˜09/22) are main typhoon events of 2013.

Potential landslide area, average slope angle and main lithology of case I is 96.6 ha, 31.1? and argillite. GPS data show
a maximum horizontal displacement of 27.6 cm to southwest and a maximum subsidence of 20.5 cm after Typhoon Trami
and Typhoon Komg-Rey. Surface extensometer data show the extension amount of 8 cm and 5 cm after three typhoon events.
Potential landslide area, average slope angle and main lithology of case II is 6.4 ha, 32.5? and slate. A landslide with an area
of 2 ha happened in the range of case II after Typhoon Usagi. These two cases indicate that rainfall and riverbank erosion are
important factors on triggering large scale landslides.

キーワード: deep-seated landslides, GPS
Keywords: deep-seated landslides, GPS

1/1



HDS05-P01 会場:3階ポスター会場 時間:4月 29日 18:15-19:30

The Assessment of Landslide Displacements Using Digital Photogrammetry and Numer-
ical Analysis
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Instead of comparing remote sensing images between before and after a landslide event, this study compares aerial photographs
over the years with the velocities of surface movements of landslide to evaluate the feasibility of aerial photographs as a monitor-
ing tool. Before the total collapse of the slope of Freeway No.3, there were signs showing sliding of the slope, but no equipment
was set up for monitoring. We use GIS to discriminate aerial photographs of different years to evaluate the displacements of
specific objects or marks. From 2002 to 2004, the average displacement was 49.5cm, and the average displacement rate was
23.7cm/yr; from 2004 to 2007, the average displacement was 22.5cm, and the average displacement rate was 7.3cm/yr.

According to time-dependent creep behavior, the primary creep might have occurred from the beginning of the excavation
in 1998 to 2004. And the secondary creep was from 2004 to 2007, so the velocity was comparatively lower than the previous
stage. As for the tertiary creep, the displacement rate might rise since 2007 till the total collapse in 2010. The software Plaxis
2D based on the finite element method will be used to analyze the displacement process of the slope. The numerical model is
set up according to the digital terrain model (DTM) of the slope. The numerical results will be calibrated with the results of the
digital photogrammetry. We expect to obtain the creep behavior of the slope such as the slope strength reduction with time and
the changes of surface displacement rate with time.

キーワード: digital photogrammetry, Freeway No.3 landslide, displacement rate, creep
Keywords: digital photogrammetry, Freeway No.3 landslide, displacement rate, creep
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Lidarデータによる鮮新世～更新世堆積岩類山地の変形解析（予報）
Deformation Analysis of the Pliocene-Pleistocene Sedimentary Rocks Mountain using
Lidar Data

朝比奈利廣 1∗

ASAHINA, Toshihiro1∗

1 株式会社パスコ
1PASCO CORPORATION

1.はじめに
紀伊半島や大井川流域での四万十層群の変形が話題となることが多い中、これよりも地質年代が若く強度も小さい鮮

新世～更新世の堆積岩類の変形がどのように進行しているかについて Lidarデータの解析結果をもとに報告する。対象と
する地域は、新潟県と長野県との県境付近に位置する新潟県津南町周辺の山地斜面である。津南町～小千谷市付近には
信濃川に沿って広大な河岸段丘が発達することでもよく知られているが、津南町は松山ドームの南側に位置し、鮮新世
～更新世の魚沼層が広く分布している。

2.津南町周辺の地形地質と山体変形
津南町の北西部は標高 200～1100ｍの急峻な山地で、魚沼層の砂層、シルト・砂互層、塊状シルト層、火山岩類など

が分布している。地質構造上信濃川に面しては南東傾斜の単斜構造となっており、魚沼層の傾斜角度は概ね 15～40度で
全体に単調な広がりを示す。本地域では多くの地すべりが発生しているが、長野県北部地震（2011年 3月 12日、M6.7、
震源；長野県栄村）の際に、これが原因と思われる大規模な層面すべりが発生した。また、当地域の西側に隣接する関
田山地には柄山崩壊堆積物をはじめ中期～後期更新世と考えられる多くの大規模崩壊が推定されている。

3.Lidar計測とデータ解析
1）Lidara計測
山地地形解析のために津南町北西部で Lidar計測が 2013年 5月 14日に実施された。計測は ALS60システムにより実

施され、計測された面積は約 30km2である。計測データからグリッドセルサイズ 1ｍのラスターデータを作成した。
2）解析手順
山体変形の特徴を把握するため以下の手順で山地斜面の地形解析を行った。特に、地質構造上層面すべりが発生しや

すい条件下にあるため、この候補斜面に注目した。また、一部斜面については現地調査を開始した。
解析１
a,グリッドセルサイズ 1ｍデータの作成
b,斜面勾配分類（グリッドセルサイズ 5ｍ）
c,斜面勾配 15～40度のセルの抽出
d,面構造の把握
e,“層理面（すべり面状）”斜面の抽出
解析２
a,グリッドセルサイズ 1ｍデータの作成
b,画像処理
c,線状構造・エッジなどの線変状地形の抽出
d,陥没帯などの面変状地形の抽出
e,解析１と２との総合解析
4.解析結果と議論
Lidarデータの画像処理と GIS処理によって多くの特徴的な線構造・面構造等が明らかとなった。Lidarデータの処理

によって得られたセルデータを整理することによって層理面と考えられる斜面が山地に非常に広く認められることが判明
した。更に、その地形的特徴から、この層理面をすべり面とした痕跡のある斜面を 2か所抽出した。これらの斜面はいず
れも変則的な線状凹地と地形面を伴う層面すべり地形を示す特徴的な斜面を形成している。もっとも規模の大きな線状
凹地は山腹斜面を斜めに走り、その延長は 550～600ｍに達し、線状凹地のなす変形した地形ブロックの厚さは最大約 6
～10ｍである。これらの地形的特徴は層理面が大規模な山体の変形と崩壊に大きな役割を果たしたことを示唆している。
以上は四万十層群の変形などには見られない特徴的な地形であり、層面すべりによる山体変形を抽出する際のキーポ

イントとなり得る。
5.まとめと課題
Lidarデータの解析により、当該地域では大規模な山体変形が過去に発生したことをうかがわせる特徴的な斜面の分布

を確認した。今後は現地での調査を進め山体変形の解明を進めたい。
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参考文献　竹内圭史、ほか（2000）松之山温泉地域の地質.地域地質研究報告（5万分の１地質図幅）,地質調査所, 76p.
　　　　　柳沢幸雄、ほか（2001）飯山地域の地質.地域地質研究報告（5万分の１地質図幅）,地質調査所, 144p.
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大規模崩壊地における土石流の流下と河床条件の相互作用
Interaction between river bed condition and debris flow in Ichino-sawa subwatershed of
Ohya-kuzure landslide, Japan
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In recent years, there has been significant concern about large-scale sediment movements, such as deep-seated landslides, that
are expected to occur more intensively due to changes in rainfall patterns. These landslides not only induce immediate sediment
disasters downstream but also produce a large amount of unstable sediment that is transported gradually following the landslide.
Most of the unstable sediment residing in a deep-seated landslide area is first discharged as debris-flow forms. Thus, after the
occurrence of landslides, debris flows have a long-term affect on the watershed regime through their impact power, riverbed
aggradation, and the production of turbid water, among other effects.

To facilitate better prediction of debris flows from landslide areas, this study investigated the interactions among topographic
conditions, bed-material conditions, and debris flow events in a headwater catchment where a deep-seated landslide had occurred.

The study site was the Ichino-sawa subwatershed in the Ohya-kuzure basin, Shizuoka Prefecture, Japan. The basin experi-
enced a deep-seated landslide about 300 years ago and is currently actively yielding sediment with a clear annual cycle. During
the winter season, sediment moves from the hillslope to the channel bed because of freeze?thaw activity and weathering. In the
summer season, the deposited sediment is discharged incrementally by debris flows related to storm events.

Topographical surveying and grain-size analysis were carried out several times between November 2011 and November 2013.
Point cloud data were acquired during the topographical surveying, using a ground-based laser scanner, and used to create a
high-resolution digital elevation model. Grain-size analysis was conducted in the upper, middle, and lower parts of the study site.
A line-grid method was employed for the in situ analysis, and the fine particle fraction was determined by sieving the sampled
materials. Debris flow occurrences were also being monitored in the same period by a sensor-triggered video camera. Rainfall
was observed during the summer season for comparison with debris flow occurrence and magnitude.

Several debris flows with different magnitudes were observed during the study period. Although rainfall events in the early
spring season altered bed inclination, the thickness of deposited sediment, and the grain-size distribution of the bed material,
more significant changes were detected after the debris flows. While the initial grain-size distribution in early spring was roughly
identical over the study site, the subsequent grain-size distribution changed differently, according to location. The source, trans-
port, and deposition areas of the debris flows were different among different rainfall events, resulting in different transitions in
geomorphic conditions at different locations. The lower part of the study site changed from a source area to a deposition area
through the summer season.

A comparison of the topographic conditions, bed-material conditions, and debris flow events indicated that, in addition to the
conditions of the triggering rainfall, topographic and bed-material conditions affected debris flow occurrence and magnitude.
These interactions could be observed in the deep-seated landslide area, where a substantial and continuous supply of sediment
prevents stabilization of the channel bed through exposure of bedrock or by armoring of bed materials.

Thus, to predict the long-term impact of large landslides, it is necessary to assess the subsequent debris-flow discharge consid-
ering the sediment dynamics and changes in topographic and bed-material conditions in the landslide area.

キーワード: 土石流,深層崩壊,地形条件,粒度分布
Keywords: debris flow, deep-seated landslide, topographic condition, grain size distribution
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Deep seated landslides along the geological structure in Chishan River Watershed,southern
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Landslide is the common nature hazard in Taiwan. The Typhoon Morakot in 2009 brought huge precipitation and induced
severe hazards in south-central and eastern Taiwan. Except the landslides, debris flow and flooding hazards induced by Typhoon
Morakot, the large scaled deep seated landslides deserve more attention because they may cause the destructive disaster.

The Chishan River watershed which covered 750 km2 is selected as study area. The study area is mainly compose of meta-
morphic and sedimentary rocks. Within the study area, 313 sites greater than 10 ha with sliding topographic features of deep
seated landslide such as crown main escarpment, down slope scarp ,and lateral cracks are recognized from LiDAR derived 1
m resolution DEM, and we noticed the distribution of these sites is close to the structure in our study area. In order to know
the influence of structure in the development of deep seated landslides, landslide density are calculated. The landslide density
decreases with increasing distance and there are 79% of. deep seated landslides developed along the structure with a 1km buffer
zone. The Result indicates that deformation zone associated structure is crucial in the development of deep seated landslides in
the study area.

キーワード: Chishan River watershed, deep seated landslides, geological structure
Keywords: Chishan River watershed, deep seated landslides, geological structure
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