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Introduction

m Sediment related disasters in Japan
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Number of sediment-related disasters
(after Ministry of Land, Infrastructure and Transport, 2006 and
Japan Sabo Association. 2006)

Classification of Slope
Movements in Japan

The term "landslide’ describes a wide variety of processes that result
n the dowmward and ontward movement of slope-forming materials
ineluding rock, soil, artificial fill, or a combination of these.

(U.S. Geological Survey, 2004)

mLandslide
(“Jisuberi (19 ~<Y))” in Japanese)

mRapid Slope Failure / Slope Failure
(“Houkai (BR¥%&)” in Japanese)




Difference between Landslides and Rapid Slope Failure (Watari, 1986)
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Geology

often inflluenced by geology and geologic

structure

little or no inflluenced by geology and

geologic structure

Soils

moves along
plastic clay

lip surface(s) that consists of highly

usually invelves topsoil, residual soil and (highly)
weathered bedrock

Topography

oeeur on gentle to moderate slopes u
the upper slopes often have flat-plateau Tike

topography

usually oecurs on slopes steeper I.'h.'u

Nature of

movement

irrence (repeatitive occurrence)

sisode is|generally long

duration

occur suddenly
short duration

Rate of

movement

generally slow to very slow
001 to 1mm/dayimost comman)

very to extremely rapid
10 m/sec or faster

Nature of

litile disturbance within ng block

incoherent move as highly disturbed mass

moving mass often move while ning the original shape

(hlocks) and characteristics

Causes. generally influenced by generally influenced b
triggering clevated groundw anlc

mechanism

Size

surface arca is often large ranges
between | to 100 ha

surface area is generally small with an aver

volume of about 440m

Warning
signs

depressions, upheavals,
ete. prior to sliding
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Primary Cause & Inducement

m  Primary Cause
Geology
Topography
Strength of Geomaterials
Groundwater

= Inducement
= Activities, e.g, construction
= Rainfall
= Earthquake
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Preliminary investigation

Collection of existing Topographic
data, data review investigation

Fielo
investigation

B —

Dratting 2 detailed
investigation plan

tep (2)

of
surface deformation|

of
geologic structure

of
slip surface

of
groundwater
I

Step (3)

ralysis model
Stability analysis

NO

Analysis of
landslide mechanism
ya
(critical equiliorium analysis)

oK,

Analysis model

Detailed safety analysis
(Numerical analysis
FEM, DEM. olhers)

of safety
factor

Design of
mitigation warks

Step (4)

Investigation of
facility's effects
1

Monitoring of
surface deformation

Monitoring of Monitoring of Monitoring of
discharge

groundwatar

internal stress

|

Yes, Yes

Problem

No

Completion

m Preliminary Investigation
cally existing data s
limited
Time is limited
Need to make a critical
judgment with limited
information
Refer to the similar landslide
(experience)
pographic investigation

Field investigation

Blueprint of following steps

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




Subsittence

(Fujiwara, 1978)
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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 Investigation

m Check points
Evacuation required?
degree of landslide damage
Possibility of secondary disaster =
Size of landslide (extent, depth, & volume)
Landslide mechanism (Cause of landslide)
Emergency mitigation measures required?
Required detailed investigation
Possible landslide mitigation measures
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Landslide phenomenon

Stable zone Crown cracks

Semi-stable 2 Crown
Lateral scarp

al cracks

Linear depression{s)
Sag pond(s)

Zone of defleetion
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(Oyagi 1982)
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Tips
Predict phenomenon beforehand
Need a good map & aerial photo
Newness of crack
Do not concentrate on one location

Collect information from only actual |
landslide site but also surrounding area

Phenomenon at crest but may not be at B=

toe

Muddy groundwater

Colluvium from the past landslide
Small failures at toe

Depth of slip surface

=1/5 — 1/8 x width (weathered rock
failure)

ABLP s R AFLLFL a2 S r

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

Tips
Leaning of trees
Geological structures (dip, strike, etc)
Slope surface angle = slip surface angle
®)
Bamboo
m Abundant groundwater
m Many small failures
m Weak geomaterials
m Slope angle is gentle
Steep slopes
m (Thin layer of soil) + Hard rock
m Strong geomaterials
m No groundwater(?)

Phenomenon on structures




Phenomenon on structures
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Preliminary investigation

Collection of existing Topographic Fielo
data, data review investigation investigation
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Tips!
m Extensometer
m Extensometer

m [ocation

® Detailed Investigation
m Surface deformation
m Extensometer

m GPS

m [aser survey

= Geological structure

m Borings
= Slip surface
m Inclinometer
m Pipe strain gauge
B Groundwater
m Groundwater level
m Groundwater logging

= Geotechnical Investigation

Flow chart for landslide investigation and
analysis (after Japan Landslide Society and

National Conference of Landslide Control,
2NN\

Extonsorstor

Wooder or PV.C. sipe i

I wire:

Sxabe

m Only measures movement of slope surface

m Tension & Compression
m Analogue vs Digital
m [andslide prediction

m Monitoring during the construction

(Japan Landslide Society and National Conference of
Landslide Control, 2002)
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an draw a cross-section in any ways)

Tips!
m Borcholes
m Min. 2/ boteholes

m [nterpretation
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Ohta (2002)

Tips!

m  Inclinometer & Pipe Strain Gauge

m Inclinometer or pipe strain gauger
® Inclinometer

m Degree of movement

B Accumulation of error

m Coefficient of sensor
m Pipe strain

m Life of ¢

m Cables

m Switch bo
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