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Outline of Presentation

1. Landslides in Japan
2. Landslide Investigations

Preliminary investigations
Detailed investigations

3. Slope Stability Analysis
4. Landslide Mitigation Measures
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Landslides in Japan Landslides in Japan 

IntroductionIntroduction

Japanese Sediment Related DisastersJapanese Sediment Related Disasters

(http://maps.google.co.jp/)

Tokyo

Osaka
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IntroductionIntroduction

Sediment related disasters in JapanSediment related disasters in Japan

Number of sediment-related disasters 
(after Ministry of Land, Infrastructure and Transport, 2006 and
Japan Sabo Association, 2006)
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Classification of Slope Classification of Slope 
Movements in JapanMovements in Japan

The term "landslide" describes a wide variety of processes that The term "landslide" describes a wide variety of processes that result result 
in the downward and outward movement of slopein the downward and outward movement of slope--forming materials forming materials 
including rock, soil, artificial fill, or a combination of theseincluding rock, soil, artificial fill, or a combination of these..
((U.S. Geological Survey, 2004)U.S. Geological Survey, 2004)

Landslide Landslide 
((““JisuberiJisuberi（（地すべり）地すべり）”” in Japanese) in Japanese) 

Rapid Slope Failure / Slope Failure Rapid Slope Failure / Slope Failure 
((““HoukaiHoukai（（崩壊）崩壊）”” in Japanese)in Japanese)
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Difference between Landslides and Rapid Slope Failure (Difference between Landslides and Rapid Slope Failure (WatariWatari, 1986), 1986)

NewNew

OldOld

NewNew

OldOld

A
geA
ge

M
ov

em
en

t
M

ov
em

en
t

A
llo

w
ab

le 
de

cr
ea

se
 o

f F
S

A
llo

w
ab

le 
de

cr
ea

se
 o

f F
S

NewNew

OldOld

Before slide

Rock failure

Weathered rock

Colluvial deposit
slide

Clayey soil 
slide

(after Watari, 2003)
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Primary Cause & InducementPrimary Cause & Inducement

Primary CausePrimary Cause
GeologyGeology
TopographyTopography
Strength of GeomaterialsStrength of Geomaterials
GroundwaterGroundwater

InducementInducement
Activities, e.g, construction Activities, e.g, construction 
RainfallRainfall
EarthquakeEarthquake

Step (1)

Step (2) 

Step (3) 

Step (4) 

Step (5) 

Step (6)

Flow chart for landslide 
investigation and analysis 
(after Japan Landslide 
Society and National 
Conference of Landslide 
Control, 2002)
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Landslide InvestigationsLandslide Investigations

Step (1)

Step (2) 

Step (3) 

Step (4) 

Step (5) 

Step (6)

Flow chart for landslide 
investigation and analysis 
(after Japan Landslide 
Society and National 
Conference of Landslide 
Control, 2002)

Preliminary InvestigationPreliminary Investigation
Typically existing data is Typically existing data is 
limitedlimited
Time is limitedTime is limited
Need to make a critical Need to make a critical 
judgment with limited judgment with limited 
information information 
Refer to the similar landslide Refer to the similar landslide 
(experience)(experience)
Topographic investigation Topographic investigation 
Field investigation Field investigation 
Blueprint of following stepsBlueprint of following steps
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(Fujiwara, 1978)

Scarp at crest Lateral scarpLateral scarp

Subsidence
Flat area

Compression 
zone

Tension
zone

Small lakes

(Fujiwara 1978, Watari 1987)



3

Dam up 
area

Debris flow

Debris 
flood area

Potential damage

Landslide

River

River

Aerial photographs are taken every 
few years over the entire country at 
a scale between 1/10,000 to 
1/40,000. 
Chronologic and topographic 
changes
Landslide phenomena, and waning 
signs, geology and geologic 
structure, topography and 
distribution of vegetation type.

Field InvestigationField Investigation

Check points Check points 
Evacuation required?Evacuation required?
degree of landslide damage degree of landslide damage 
Possibility of secondary disasterPossibility of secondary disaster
Size of landslide (extent, depth, & volume)Size of landslide (extent, depth, & volume)
Landslide mechanism (Cause of landslide)Landslide mechanism (Cause of landslide)
Emergency mitigation measures required?Emergency mitigation measures required?
Required detailed investigationRequired detailed investigation
Possible landslide mitigation measuresPossible landslide mitigation measures
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20042004 ShizuokaShizuoka--ken ken 
KamioKamio Landslide Landslide 

８月１７日８月１７日

99時時4040分分

崩壊直後崩壊直後

８月１８日８月１８日

1212時時4545分分

８月２５日８月２５日

1313時時4141分分

崩土除去開始崩土除去開始

８月２７日８月２７日

2222時時4040分分

二次崩落発生二次崩落発生

８月２７日８月２７日

1515時時1111分分

二次崩落前二次崩落前

被災推移被災推移
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滑落頭部

ボーリング足場
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(Oyagi 1982)

Landslide phenomenonLandslide phenomenon

CrestCrest
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SideSide

ToeToe
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2004 2004 NiigataNiigata--ken Chuetsu ken Chuetsu 
Earthquake Earthquake 

2004 2004 NiigataNiigata--ken Chuetsu ken Chuetsu 
Earthquake Earthquake 
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TipsTips
Predict phenomenon beforehandPredict phenomenon beforehand
Need a good map & aerial photoNeed a good map & aerial photo
Newness of crackNewness of crack
Do not concentrate on one locationDo not concentrate on one location
Collect information from only actual Collect information from only actual 
landslide site but also surrounding arealandslide site but also surrounding area
Phenomenon at crest but may not be at Phenomenon at crest but may not be at 
toetoe
Muddy groundwaterMuddy groundwater
Colluvium from the past landslideColluvium from the past landslide
Small failures at toeSmall failures at toe
Depth of slip surfaceDepth of slip surface
=1/5 =1/5 –– 1/8 1/8 ×× width (weathered rock width (weathered rock 

failure)failure)
=1/10 =1/10 ×× width (colluvial deposit slide)width (colluvial deposit slide) (Okusono 2000)

TipsTips
Leaning of treesLeaning of trees
Geological structures (dip, strike, etc)Geological structures (dip, strike, etc)
Slope surface angle = slip surface angle Slope surface angle = slip surface angle 
(?)(?)
Bamboo Bamboo 

Abundant groundwaterAbundant groundwater
Many small failures Many small failures 
Weak geomaterialsWeak geomaterials
Slope angle is gentleSlope angle is gentle

Steep slopesSteep slopes
(Thin layer of soil) + Hard rock(Thin layer of soil) + Hard rock
Strong geomaterialsStrong geomaterials
No groundwater(?)No groundwater(?)

Phenomenon on structuresPhenomenon on structures
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Phenomenon on structuresPhenomenon on structures
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Step (1)

Step (2) 

Step (3) 

Step (4) 

Step (5) 

Step (6)

Flow chart for landslide investigation and 
analysis (after Japan Landslide Society and 
National Conference of Landslide Control, 
2002)

Detailed InvestigationDetailed Investigation
Surface deformationSurface deformation

ExtensometerExtensometer
GPSGPS
Laser surveyLaser survey

Geological structureGeological structure
BoringsBorings

Slip surfaceSlip surface
InclinometerInclinometer
Pipe strain gaugePipe strain gauge

GroundwaterGroundwater
Groundwater levelGroundwater level
Groundwater loggingGroundwater logging

Geotechnical InvestigationGeotechnical Investigation

Tips!Tips!
ExtensometerExtensometer

ExtensometerExtensometer
LocationLocation
Only measures movement of slope surfaceOnly measures movement of slope surface
Tension & CompressionTension & Compression
Analogue Analogue vsvs DigitalDigital
Landslide predictionLandslide prediction
Monitoring during the constructionMonitoring during the construction

( Japan Landslide Society and National Conference of 
Landslide Control, 2002)
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Ohta (2002)

Gravel Layer

Sand Layer

Clay Layer

(Can draw a cross-section in any ways )
Tips!Tips!

BoreholesBoreholes
Min. 2 boreholesMin. 2 boreholes
InterpretationInterpretation

Tips!Tips!
Inclinometer & Pipe Strain GaugeInclinometer & Pipe Strain Gauge

Inclinometer or pipe strain gauge?Inclinometer or pipe strain gauge?
InclinometerInclinometer

Degree of movementDegree of movement
Accumulation of errorAccumulation of error
Coefficient of sensorCoefficient of sensor

Pipe strain gaugePipe strain gauge
Life of sensorLife of sensor
CablesCables
Switch boxSwitch box

( Japan Landslide Society and 
National Conference of 
Landslide Control, 2002)


