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Summary of Project Activities

» Surveying of the affected areas using UAV
(Unmanned aerial vehicle), LIDAR (Light Detection
and Ranging) and Resistivity Imaging

» Collection of acceleration and fault data, their analysis
and evaluation

» Quantitative evaluation of fluidized flow using
laboratory tests

» Modeling and analysis using energy-based approach
» Construction of hazard maps

» Regular meeting of the leaders/subleaders of Japan
and USA

» Organizing workshop to disseminate the information
(Will be held at Kyushu University on March 6, 2017).
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Major Surveyed Locations
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Survey Schedule

1st Survey
5/11(Wed)
5/12(Thur)
5/13 (Fri)
2"d Survey
June 25(Sat)
June 26 (Sun)
3rd Survey
August 22 (Mon)
August 23 (Tue)
August 24 (Wed)



Survey using Modern Equipment (1)

> LIDAR (Light Detection and Ranging)




Modern Equipment(2)
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Huge Surficial Failure at
Takanoobane

D (GRS 2 0 b

Landslides occurred in
moderately inclined slope,
thickness was small in
relation to the width and
length



Geological and Topographical
Characteristics of the Landslide

» The landslide occurred on a moderately inclined
slope (inclination: 10 to 15 ° ).

» Orange-colored pumice soils were found to be
scattered here and there around the failed slope.

» Relatively consolidated tephra layers were found to
exist beneath the orange-colored pumice layers in
the slope geology, and they were found to be intact.

» Seepage flow was observed close to the pumice
layers on the scarp during rainfall (heavy rain during
our second field survey).



Hinotori Hot Spring Disaster
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» Non plastic volcanic soil (called
Hido (JX T:) in Japanese) which is
very porous with low specific gravity

» Water content was found to be high

» Loses strength with very little load
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Geologicl Aspects in Aso Area




Soil Properties
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Chemical and Mineral Contents
(From XRF and XRD Tests)




Microstructure of Soils
(From SEM Tes

Reference . Paper to be presented by Ms. S. Ode at International Workshop on the 2016 Kumamoto
Earthquake, March 6, 2017, Kyushu University, Fukuoka




Arrangement of Resistivity Sensors
(West Slope of Takanoobane)
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Resistivity Profiles
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» Kbpfa is distributed in a very shallow depth and not parallel to the terrain

Reference . Paper to be presented by Dr. Y. Kochi at International Workshop on the 2016 Kumamoto
Earthquake, March 6, 2017, Kyushu University, Fukuoka




Evaluation of Landslide by
Energy-based Approach

Energy balance in flow-type failure of slopes

Earthquake
Earthaiiake Pntential Nisginated Kinetic
energy eneray FNerqy eneraqy
‘_EQ d_p DP K g

Erqo: Earthquake energy contributing to slope failure
E, : Potential energy due to gravity

E p: Energy dissipated in soil due to slope deformation
E, : Kinetic energy of sliding soil mass

Reference : Kokusho, T. et al. (2014): Energy approach to seismically induced slope failure and its

application to case histories —Supplement-, Engineering Geology, Vol. 181


http://www.sciencedirect.com/science/journal/00137952/181/supp/C

Performance-based Evaluation of
Landslide by Energy Approach

[Evaluate Input energy E, [Ny f (du/dt)?dt

PVs : Impedance,
du/dt : Velocity time history
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Locations of strong motion stations&NIEDz, slope failures
and epicenter of the 2016 Kumamoto earthquake




Simulation Results in Aso Area

Input earthquake energy E;p, at a base layer was calculated
from multiple KIK-net vertical array records (NIED).
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Energy Vs Hypocentral Distance

Simple theory of spherical energy radiation
Gutenberg and Richter (1956)
logE =1.5M + 11.8

E
Spherical energy radiation of body wave IP/A = E/(47TR2)

Approximate line by M=7.1 Kumamoto EQ.
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Reference . Paper to be presented by Dr. T. Ishizawa at International Workshop on the 2016 Kumamoto
Earthquake, March 6, 2017, Kyushu University, Fukuoka




Landslide Predictive Factors

No. Factor

1 Slope gradient

2 Aspect

3 Elevation

4 Plan curvature

5 Profile curvature

() Terrain roughness

7 Lithology unit

8 Distance to seismic fault

9 SPI

10 TWI

11 Drainage density

12 Distance to stream

13 NDVI

14 PGA

15 Constant




Landslide Hazard Maps
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» High and very high vulnerable zones are located in the central parts
of the study area, especially around the Aso volcano.

» The area which contained volcanic ash, very high elevation and
steep slopes was classified as the high and very high hazard zones.

» The developed landslide hazard map showed that the probability of
landslide occurrence is large in high slope and high elevation areas.

Reference . Paper to be presented by Prof. G. Chen at International Workshop on the 2016 Kumamoto

Earthquake, March 6, 2017, Kyushu University, Fukuoka
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