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Gravitational slope deformations that precede
catastrophic landslides triggered by rainstorms
and earthquakes

Masahiro Chigira
And
Noriyuki Arai
(Disaster Prevention Research Institute, Kyoto Univ.)

We need to predict potential sites

Deep-seated catastrophic landslides
have preparatory processes
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LAMNDFORM INTERNAL STRUCTURE
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Conclusions

Combination of topographic features and
.~ geological structures can be a clue to
.h predict the potential sites of catastrophic
40/ falll,tt#-.hy earthquakes and rainfalls
EANEL bEEFHOEASHEN, REEER
EIHPRPRAIDAFICIED

Epoch making |z
2011 Japan,

= Chigira et al. {2013) Geomorphology
FHRE (2013)FBHIE




VR AT S O R & L TOT 4 AR AT AR

For a certain body to fail, separation from the
surroundings is necessarv
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Chigira, M., et al. 2013. Geamaorphology 201, 479-493.
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Gravitational slope deformation has
characteristic features according to the
relationship between a slope and a foliation

~

ing)

Vertical

Dragging Sliding
T —." Horizontal

Fig, 2: Robatioad i betwoes Doliation snd sepe, aml the
mades of deformation of Foek shapes

Chigira, M. 2000. Geclogical structures of large landslides in
Japan. Journal of Nepal Geological Society, 22, 497-504.

Highly fractured

- Highly permeable
= No pore pressure build up
= Not susceptible to a rainstorm
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If a thick crush zone is involved

-1t would inhibit water drainage
—Water accumulates

=>May Ie;id to catastrophic failure
rain -

Linear depressions may be due to
thick crush zones

Akakuzure (Cretacéous accretionary complex Shimanto Belt, central J2

Linear depressions controlled by
crush zones
atefSetofaw:

A crush zone along which a
linear.depression was made_
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| Linear depressions in schist in

Landslide
of La Saxe

La Saxe

600 m high, 35

June 2008 moved 3.2 m.
Monitoring: Fixed inclinomeater,
InSAR, Total station, GPS

1 mmfh -> Prealarm
2 mm/fh -> Alarm

Evacuation

Guided by G. Crésta and M. Jaboysdoff
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Flexural toppling is susceptible to earthquakes
because seismic shaking is amplified normal to
the open fractures made by toppling

Set of fractures

NHVSR: Horizontal to Vertical
acceleration Spectral Ratio

Marzorati et al., 2011. Bulletin of
Earthquake Engineering, 9, 841-868.

Flexural toppling
—>catastrophic failure
Steep dip
Thick crush zone may
be necessary to be
induced by rain

Linear depressions

Vertical

Small head scarps
(separation from the .
surroundings)

Slope failure at lower
slope

Fig. 2: Relationships between Foliation nad slope, and the
modes of deformation of rock slopes
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Gravitational slope deformation according to
the relationship between a slope and a foliation
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Fig.I: Hdl:nlllln\."ll-!llul!hlll\lnnj‘l sape. anil the
s of e Sermution sf rook slopes
Chigira, M. 2000. Geological structures of large landslides in Japan. lournal of
Nepal Geological Seciety, 22, 497-504.

Shematic sketch of the buckling by gravitational
deformation

Buckling is
one of the most unstable gravitational slope
deformation
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Buckle folds that
appeared after the
landslide of
Shiaoling

Tsou et al. (2011,
Geomorphology, 127,
166-178)

Impermeéable
gouge

Chiu-feng-erh-shang
landslide by 1999 Chi-Chi
earthquake, Taiwan

Wang, W.-N., Furuya, T. & Chigira, M. 2003
Engineering Geology, 69, 1-13.

Google earth
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A buckle fold on the landslide scar of the Qingping landslide
induced by the 2008 Wenchuan earthquake

Chigira, M. 2014, Episodes,
37, 284-294, . -
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-
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Wenjiagoandsiide

Topography before the Gravitational
failure deformation preceded
the landslide triggered
by the earthquake

Ridge-top
depression

Google earth

Chigira, M. et al. (2010,
Geomorphology, 118, 225-
238)
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Ikeguchi landslide induced by an earthquake
(Japan) with gravitational deformation with
buttress structure
N7 7 e e =7 =2
» 1_‘;3:—\ i; :J _f__‘... 7

,.h"ﬂ-:l._-;f‘tl-‘l. = e

Rasistant bed

lkeguchi landslide induced by 715
earthquake

Transformation from Buckling to sliding:
It is dependent on bedding attitude

Low-angle ——— Gradual sliding

Catastrophic failure

+ Undercut —— by an earthquake

+ wide Catastrophic
crush zone failure by rain

Higher-angle— . Catastrophic
(>30° ) failure
by an earthquake
or rainfall

Buckling
—>catastrophic failure

Dip slope or underdip
cataclinal slope

(FITRFLZE8)

Small head scarp or
ridge-top depression
(separation from the
surroundings) -

Slope failure at lower :
slope Horizontal

Fig. 3: Relatbonships between foliation and shope, 3nd the

meles of deformation of ok slopes
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Gravitational slope deformation according to
the relationship between a slope and a foliation
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ks of deSerimabon of foek shapes

Chigira, M, 2000. Geological structures of large landslides in Japan. Journal of
Nepal Geological Society, 22, 497-504,

Landslides induced by rainfall 2011 in
Japan
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Aral, N. & Chigira, M. 2015. Rain-induced rock avalanches with a sliding surface
along an out-of-sequence thrust. 10th IAEG Asian regional conference, Kyoto, Gp.
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Akatani landslide by the rainfall during
typhoon Talas, 2011

1200

D Akatani landslide
1000} T

Groundwater tables
above or below the
thrust

Pore pressure build
up might occurred
during the heavy
rainfall (~2000 mm)
1000 1500 2000

hoerizantal distance (m)
Arai et al. (submitted to Island Arc)
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Water

_Jure landslide had a sliding surface along a low-
angle fault, which likely had prohibited water flow
and caused pore pressure build up.

Tsaoling landslide induced by 1999 Chi-Chi earthquake

Dol o 198 Lomilids

| : Chigira et al. (2003,
T vrare, ENGEO)
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Sliding
—->catastrophic failure

Overdip cataclinal
slope

(AEE #8)

Thick crush zone
may be necessary to
be induced by rainfall

Small head scarp
(separation from the
surroundings)

Horizontal

slope failure at lower l-n'.:.H.-Ir;llriml-hqr-‘.nllw.ul.ul-»lml--lh..ml-l|pc..|q-||llu
wodes of defarmation of reck sbopes
slone or undercut

Reactivation of landslides once collided to
the opposite slope and then undercut

Once landslide
occurred, collided to
the opposite slope,
and then stabilized

The landslide was
undercut and destabilized

Earthquake triggered
the slide again

Asahi Newspaper
(interview to Chigirn:

S
slide induced by
= ‘(Japan)
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Stereopair of aerial photographs before the landslide
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Landslide once collided to the opposite
slope then undercut—>catastrophic
failure by eart

Dip slope or overdip
cataclinal slope

Large head scarp
Remnant deposits on
the opposite slope

Undercut Horizontal

Fig. 2: Relatbonships between Taliation and shope. amd ik
wades of deformation of rech slapes
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Gravitational slope deformations that transformed into
catastrophic failure

Precoraory

Geological Topographic

deformation structure feature Landzlides Referance
Beonding Steop dip  Small head secarp Kanagl, Oyakuzure, Shiretorl
Flexural Thick crushSlope failure at landslides by 2007 Hoei eq Chigira (2000}
toppling zono tho foot Oyakuzure landslides (Japan)
Chiu-feng-erh-shang landslide by
Dip slope oF 19989 Chi-Chi eq (Taiwan) Taou et al.
Unpdor:?p Small hoad scarp Qingping and Daguanbao (2015)
Buckling cataclinal Slope failure at landslides by 2008 Wenchuan eq Chigira et al.
=l the foot (China) (2070)
ope Shiacling, iawenguang, and Chigira (2004)
Taiping landslides (Taiwan)
Tsaoling landslide by 1999 Chi-Chi
Overdip eq [‘I'ai\g-mn) Y :g:;g]“ al.
cataclinal Small head scarp Wenjinigo landslide by 2008 Chigira ot al
Sliding slopo Slopo failurc at Wonchuan oq (China) (2010) "
Thick crushthe foot Jure landslide in 2014 (Nepal) Arai and
ZOHE Akatani, Akatani-E landslides in Chigira (2015)
2011 (Japan)
- Higashi Takezawa, Terano
Landulice landslides by 2004 Chuetsu eq |
once (Japan) Chigira and
collidod to  Dipslope  Lardo Readacarp  biybandiwara landslides by 2005 1291 (2908)
opposite Undercut Kashmi Pakist Oone et al.
slope then ashmir eq (Pakistan) (2010)
undereut Aratozawa landslides by 2008

Iwate-Miyagi inland eq

Combination of topographic features and geological
structures can be a clue to predict the potential sites
of catastrophic failure by earthquakes and rainfalls
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A list of deep-seated catastrophic landslides induced by
earthquakes along the Nankai and Sagami trouphs

These are for only limited numbers
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of large landslides that have been located.
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Deep-seated catastrophic landslides induced by
interpolate earthquakes along Nankai and Sagami trouphs
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Study on the Characteristics of the Dangerous Slopes for Deep-Seated Landslides and
Survey of Hydrological and Water Quality in Kii Mountainous Area

Atsuhiko Kinoshita**** Tsuneshi Nishioka**, Yasutaka Tanaka***  and Wataru Sakurai*

5

*National Institute for Land and Infrastructure Management,

Ministry of Land, Infrastructure, Transport and Tourism, Japan

kinoshita-a92wq@mlit.go.jp

*Wakayama Sabo Research and Education Institute, Wakayama, Japan

** Sediment Disaster Prevention Technology Center, Kinki Regional Development Bureau,

Ministry of Land, Infrastructure, Transport and Tourism, Japan

Abstract

In the Kii mountainous area, a large number of deep-seated landslides occurred in Typhoon Talas in 2011. In
order to decrease these damage, it is important to grasp the geological and hydrological characteristics of the
dangerous slopes. In this study, we focused on the fact that many landslides occurred at the bedrock creep slopes.
Geomorphological features of the bedrock creep slopes were investigated based on topographical map, underground
resistivity distribution by the airborne electromagnetic survey and characteristics of electric conductivity of spring

at the end of the slope.

As a result, the features of the risk slopes are that the double ridges and cracks are developed in the upper part of
the slope, there are large change points of the value of the resistivity ratio in the underground, the spring from the
end of the slope, and its electrical conductivity was higher than surrounding water. Based on these characteristics,
we found that there is a possibility of extracting dangerous slopes with high accuracy.

Key words: Deep-seated landslide, Bedrock creep, Spring, Airborne electromagnetic survey, Electronic conductivity
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FE A CRIOERI =T (LG B
Photo 1 The bedrock creep slope in Ohara River basin
(Totsukawa village, Nara).

FE 2 A2HOE Ry — 7 Frak BTl )
Photo 2 The bedrock creep slope in Migi-Aizu River
basin (Tanabe city, Wakayama).

FE 3 AHIOR MY ) —TRE O

Photo 3 Spring from the bedrock creep slope in
Migi-Aizu River basin.

SE 4 CRINOHRI Y —TRE OF N
Photo 4 Spring from the bedrock creep slope in
Ohara River basin.
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Fig. 1 Location map of airborne electromagnetic survey
in Akadani River basin. (a) Wide area map. (b)
Detail view.
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A Method for Assessing Deep-seated Rapid Landslide Susceptibility and for Quantifying
Effects of Stabilization of Slope Foot on Deep-seated Rapid Landslide Susceptibility
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Landslide History on Hillslopes of the Takanoobane Lava Dome,
Western Part of Aso Caldera, Japan
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Abstract

LiDAR-based geomorphological maps allowed us to find many hollows, which could be formed by episodic
landslide erosion of tephra fallout deposits overlying the slopes of the Takanoobane lava dome (TLD; 51 ka), where
the Takanodai landslide, the most hazardous landslide in the 2016 My, 7.0 Kumamoto earthquake, took place. We
conducted tephrostratigraphic investigations at around a 130-m-wide hollow on south-facing slope of the TLD
together with the head scarp of the Takanodai landslide. It was revealed that tephra fallout deposits at the centre
of the hollow was only 4.70 m thick with absence of three key layers produced by prehistoric plinian eruptions of
the Aso and other volcanoes between 30 and 7.3 ka (i.e., Kpfa, AT and K-Ah), while those developed during the
past 30,000 years, including the above three key layers, were well preserved at the head scarp of the Takanodai
landslide. Calibrated *C age of 7164-6976 cal BP (26) was obtained from a buried paleosol that covered the
unconformity at the centre of the hollow, indicating occurrence of a landslide about 7,200—7,000 years ago (71 ka).
This landslide could be triggered by a paleoearthquake, which was as yet unknown around the western part of Aso
caldera.

Key words: Earthquake-induced landslide, Tephra fallout deposit, Takanoobane lava dome (TLD), Paleosol,
Aso caldera
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Fig. 1 Location map of the study site with the spatial distribution of landslides and slope failures
induced by the 2016 Kumamoto earthquake.
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Fig. 2 Geomorphological maps of the Takanoobane lava dome, showing (A) the spatial distribution of hollows and (B)
elevation changes caused by the 2016 Kumamoto earthquake. Blue dots at the lower right of the both figures indicate
localities of the Nigorikawa debris-avalanche deposit (NgDA) found by Miyabuchi et al. (2003).
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Fig. 3 Geological profiles of the outcrop at the head scarp
of the Takanodai landslide and the two boring core
samples (BV28-1 and BV28-2).
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Abstract

Until now, an emphasis has been placed on the time prediction of the early stages of sediment-related disasters
occurring due to heavy rainfall. However, when the rainfall continues after the occurrence of a disaster, the degree
of the damage caused by the sediment-related disasters is determined by the slope failure based on final “quantity
of the heavy rainfall.” Making the “quantity of the heavy rainfall” equivalent to the degree of the damage caused
by sediment-related disasters, antecedent rainfall and triggering rainfall are introduced as factors of heavy rainfall.
Antecedent rainfall (R,_;5) is the amount of rainfall for the two weeks prior to two days before the disaster.
Triggering rainfall (R, ,) is the amount of rainfall over two day period, the day of the disaster and the day before
the disaster. However, these factors are affected by the locality of the heavy rainfall. Therefore, to eliminate the
influences of locality, a local rainfall (R1,) factor is introduced. By using this local rainfall factor, two rainfall
amounts are evaluated, and criteria indicators for heavy rain are established. The indicators for heavy rainfall are
formulated by the intensity of antecedent soil moisture (R, 5/R,,,) and the intensity of triggering rainfall (R,_,/
R, ). Using this scale indicator of heavy rainfall, a class of heavy rainfall, from HO to H6, is introduced to evaluate
rainfall levels that cause sediment-related disasters. The Tokai, Kiihanto, and 2017 Kyushu hokubu heavy rainfall
events qualify as H6 class heavy rainfall.

Key words: Disaster caused by heavy rainfall, Antecedent rainfall, Triggering rainfall, Quantity of the heavy
rainfall, Instrumental seismic intensity
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The Sharing and Utilization of Information at the Disaster Response Site during the
July 2017 Northern Kyushu Heavy Rainfall

— A Case Study of the Correspondence of the Fukuoka Prefecture Disaster Countermeasures Headquarters —
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Abstract

In the sharing and utilization of information in a disaster response, the following two points are important: (1) to
be able to promptly share the damage condition of the site and unify the awareness of the situation among disaster
response agencies, and (2) to be able to proceed with subsequent decisions to prevent secondary disasters based
on the local situation. In this paper, I describe the sharing and utilization of information in the case of the Fukuoka
Prefecture Disaster Countermeasures Headquarters during the July 2017 Northern Kyushu Heavy Rainfall. For
information sharing, it is possible to effectively utilize the information of other organizations through the sharing
of the road permission information collected by the disaster response agencies and aerial photographs of private
companies on Web-GIS. As a result, information sharing appears to have led to the unification of awareness of the
situation in the disaster response. Also, information was utilized to consider the range of activities by the disaster
response agencies and the removal of driftwood based on information on the search range and the driftwood
shedding locations.

Key words: Disaster response site, Disaster information, Sharing and utilization of information, July 2017 Northern

Kyushu Heavy Rainfall
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Abstract

On December 7-8, 2017, "Workshop on the Prediction of Landslide Disasters" was held at the Wadachi Memorial
Hall of National Research Institute for Earth Science and Disaster Resilience. This workshop aimed to offer the
occasion for researchers, engineers and all stakeholders to share the perceptions, to find out the status quo of the
landslide prediction technologies, and to discover the practical application to reduce the damages. It consisted of
one special lecture and 21 presentations in four sessions on; potential sites of deep-seated catastrophic landslides,
earthquake triggered landslide, heavy rain triggered landslides, and 2017 heavy rains in Kyushu, Japan. In recent
years, many landslide disasters have drawn growing concerns nationwide, and consequently ca. 120 people
participated in this workshop.

Key words: Sediment disaster, Deep seated landslide, Gravitational deformation, Band-shaped heavy rainfall, 2017
heavy rains in Kyusyu
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