
 



  



 
 
 

ICL supports the Third UN World Conference on Disaster Risk Reduction 
 

 

 
2014 8  

26 10 8 13:00-17:30 
 

 

 

   Khang Dang 

 

 

 

 

(ICL) 

(UNESCO) 
(UNISDR) 

 
( )  



  



 
 

ICL supports the Third UN World Conference on Disaster Risk Reduction 

 

International Forum  

“Urbanization and Landslide Disaster” 
Hiroshima Landslide Disaster in August, 2014 and  

Japan’s Contribution to Post-2015 Framework for Disaster Risk 
Reduction 

8 October 2014 13:00-17:30 
Masukawa Hall in the North Comprehensive Education and Research Building, 

North Campus of Kyoto University 
 

 
 

Kyoji Sassa Hiroshi Fukuoka Khang Dang Editors 

 
 
Organizer:  
International Consortium on Landslides (ICL) 
 
Co-organizers:  
- The United Nations Educational, Scientific and Cultural 

Organization (UNESCO) 
- The United Nations Office for Disaster Risk Reduction (UNISDR) 
- The Cabinet Office and the Ministry of Land, Infrastructure, 

Transport and Tourism (MLIT) of the Government of Japan 
- Kyoto University, and the Japan Landslide Society 



  



v 
 

3 (3rd WCDRR) 2015 3 14-18

2015

International Consortium on Landslides ICL UNISDR

Post-2015

2015 3 11-15

UNESCO, UNISDR, WMO, FAO, UNU, 

ICSU, WFEO, IUG

International Programme on Landslides: IPL

2014 8

2014 8 Post-2015



  



vii 
 

OBJECTIVES OF INTERNATIONAL FORUM 

 
The Third UN World Conference on Disaster Risk Reduction will be held in Sendai, Japan 

on 14-18 March 2015 and decide the Post-2015 Framework for Disaster Risk Reduction. 

The International Consortium on Landslides (ICL) is the thematic platform on 

landslides within the United Nations International Strategy for Disaster Risk Reduction.  

ICL has obtained a fund for “International Conference for the Promotion of Science and 

Technology to Contributing to Landslide Disaster Risk Reduction in the Earthquake and 

Heavy Precipitation Areas” on 11-15 March 2015. During this conference, ICL, ICL 

supporting organizations (UNESCO, UNISDR, WMO, FAO, UNU, ICSU, WFEO, IUGS), 

Government of Japan (CAO, MLIT), Kyoto University and the Japan Landslide Society 

aims to adopt a framework to promote ICL-IPL partnership in the global scale. 

As a part of the planning committee meeting of the conference, ICL together with the 

United Nations Educational, Scientific and Cultural Organization (UNESCO), the United 

Nations Office for Disaster Risk Reduction (UNISDR), the Cabinet Office and Ministry of 

Land, Infrastructure, and Transport (MLIT) of the Government of Japan, Kyoto 

University and the Japan Landslide Society will organize an International Forum 

“Urbanization and Landslide Disaster” to discuss possible Japanese contribution to post-

2015 Framework for Disaster Risk Reduction focusing on case of the 2014.8 Hiroshima 

landslide disaster. 

 
 
 
 

Kyoji Sassa 
Chairperson, Executive Committee of “International 
Conference for the Promotion of Science and Technology to 
Contributing to Landslide Disaster Risk Reduction in the 
Earthquake and Heavy Precipitation Areas” 



  



ix 
 

 

2014 8  

 

13:00-13:05  
13:05-13:10  

 

13:10-13:25  
3 post-2015  

13:25-13:40 
Landslides) 

post-2015  
 

13:40-13:55 
 

13:55-14:10  
 

14:10-14:25 72
 

14:25-14:40 
 

14:40-15:00 
 (LS-RAPID) 

 
 

 

 Salvano Briceno  
  ICL  

  
  



x 
 

 

 
 Qunli Han  
 Giuseppe Arduino  

 
 Feng Min Kan  
 Post-  

 
  

 (ICL) 
 Badaoui Rouhban ) 
 Yueping Yin ( ) 
 Claudio Margottini ) 
 Irasema Alcantara-Ayala  
 Dwikorita Karnawati  
 Matjaz Mikos  
 Zeljko Arbanas( ) 

 
  



xi 
 

Programme  
International Forum  

“Urbanization and Landslide Disaster” 
Hiroshima Landslide Disaster in August, 2014 and 

Japan’s Contribution to Post-2015 Framework for Disaster Risk Reduction 
 

 

13:00-13:40 The Third United Nations World Conference on Disaster Risk 
Reduction and Landslide Research 

13:00-13:05 Kayo Inaba, Executive Vice-President of Kyoto University (Gender 
Equality, International Affairs and Public Relations) 

   Greeting from Kyoto University 
13:05-13:10 Hideaki Maruyama, Office for Disaster Reduction Research, Ministry of 

Education, Culture, Sports, Science and Technology 
   Advancement of Science and Technology for Disaster Reduction in 

Japan 
13:10-13:25 Kaoru Saito (Director, Disaster Preparedness, Public Relations and 

International Cooperation Division, Disaster Management Bureau, 
Cabinet Office ) 

  The Third United Nations World Conference on Disaster Risk 
Reduction and Post-2015 Framework for Disaster Risk Reduction 

13:25-13:40 Kyoji Sassa, Chairperson of Executive Committee of “ International 
Conference for the Promotion of Science and Technology to 
Contributing to Landslide Disaster Risk Reduction in the Earthquake 
and Heavy Precipitation Areas” 

  Contribution to Post-2015 Framework for Disaster Risk Reduction 
Based on Japanese Landslide Research 

 
13:40-15:30 Investigation and Analysis of the 2014.8 Hiroshima Landslide 

Disaster 
13:40-13:55 Yukihiko Sakatani, Director for Sabo facilities Evaluation Analysis, 

Ministry of Land Infrastructure and Transport. 
  “Government Response to Hiroshima Landslide Disaster” 
13:55-14:10 Hiroshi Fukuoka, Professor, Research Institute for Natural Hazards 

and Disaster Recovery, Niigata University,  
  “Field Survey Report for Hiroshima Landslide Disaster” 



xii 
 

14:10-14:25 Keiko Takahashi, Center for Earth Information Science and 
Technology, JAMSTEC 

  “72 hour Precipitation Forecast and Hiroshima Landslide Disaster”
   
14:25-14:40 Hirotaka Ochiai, Forestry and Forest Products Research Institute 

(FFPRI) 
  “Estimation of Groundwater Pressure Caused by Rainfall and 

Hiroshima Landslide Disaster” 
14:40-15:00 Kyoji Sassa, Executive Director of the International Consortium on 

Landslides 
  Initiation Mechanism of Rapid and Long Runout Landslide and 

Simulation of Hiroshima Landslide Disasters using the Integrated 
Simulation Model (LS-RAPID)  

  
15:00-15:40 Questions and Discussions from Floor 

 
 
16:00-17:30 Panel Discussion “Japan’s Contribution to Post-2015 

Framework for Disaster Risk Reduction” 
Chairpersons Salvano Briceno, Former Chief of UNISDR  

Kaoru Takara, Professor, Disaster Prevention Research Institute of 
Kyoto University, ICL Vice President.  

 

 
Panelist:  
 
Japanese Government 

 Cabinet Office (Saito) and MLIT (Sakatani) and all speakers 

UNESCO 
 Qunli Han, Director, Division of Ecological and Earth Sciences Secretary 
 Giuseppe Arduino, Programme Specialist, Division of Water Sciences - 
International Hydrological Programme (IHP) 

UNISDR 

 Feng Min Kan, Head of Regional Office for Asia and the Pacific Kyoto University 

 Satoru Nishikawa, Advisor of Development for Post-2015 Framework for 
Disaster Risk Reduction 

 



xiii 
 

Kyoto University 
 Hirokazu Tatano, Professor, Disaster Prevention Research Institute, Kyoto 

University  

International Consortium on Landslides 
 Badaoui Rouhban, Former Director for Disaster Reduction of UNESCO 
 Yueping Ying, Chair of Committee of the Geohazards Prevention Office of China. 
 Claudio Margottini, Senior Researcher of Geological Survey of Italy 

 Irasema Alcantara-Ayala, Professor, National Autonomous University of Mexico 
(UNAM) 

 Dwikorita Karnawati, Vice President of Gadjah Mada University, Indonesia 
 Matjaz Mikos, Professor of University of Ljubljana, Slovenia  
 Zeljko Arbanas, Professor of University of Rijeka, Croatia 



  



xv

( )
17

3 post-2015 21

Landslides) post-2015 31

43

49

72  69

79

(LS-RAPID)
85

113



xvi

Contents 
 

I. The Third United Nations World Conference on Disaster Risk 
Reduction and Landslide Research 

 

Greeting from Kyoto University 
Kayo Inaba (Executive Vice-President of Kyoto University (Gender 
Equality, International Affairs and Public Relations) 

17

The Third United Nations World Conference on Disaster Risk 
Reduction and Post-2015 Framework for Disaster Risk Reduction 
Kaoru Saito (Director, Disaster Preparedness, Public Relations and 
International Cooperation Division, Disaster Management Bureau, Cabinet 
Office ) 

21

Contribution to Post-2015 Framework for Disaster Risk Reduction 
Based on Japanese Landslide Research 
Kyoji Sassa (Chairperson, Executive Committee of “ International 
Conference for the Promotion of Science and Technology to Contributing to 
Landslide Disaster Risk Reduction in the Earthquake and Heavy 
Precipitation Areas”)  

31

II. Investigation and Analysis of the 2014.8 Hiroshima Landslide 
Disaster 
Government Response to Hiroshima Landslide Disaster 
Yukihiko Sakatani (Director for Sabo facilities Evaluation Analysis, 
Ministry of Land Infrastructure and Transport) 

43

Field Survey Report for Hiroshima Landslide Disaster 
Hiroshi Fukuoka (Professor, Research Institute for Natural Hazards and 
Disaster Recovery, Niigata University) 

49

72 hour Precipitation Forecast and Hiroshima Landslide Disaster 
Keiko Takahashi (Director, Center for Earth Information Science and 
Technology, Japan Agency of Marine-Earth Science and Technology)  

69

Estimation of Groundwater Pressure Caused by Rainfall and 
Hiroshima Landslide Disaster 
Asano Shiho, Hirotaka Ochiai (Director for Planning Department, Forestry 
and Forest Products Research Institute) 

79

Initiation Mechanism of Rapid and Long Runout Landslides and 
Simulation of Hiroshima Landslide Disaster using the Integrated 
Simulation Model (LS-RAPID)  
Kyoji Sassa (Executive Director of the International Consortium on 
Landslides) 

85

III. International Consortium on Landslides (ICL): Outline, Structure, 
Members and Secretariat 

113



 
 

 
 

  
 
 
 

  
 

2015

  
 

  
 

1897 117 2

8

  
 

  
 

2002
ICL

1999
ICL

ICL   
 

ICL

-17-



 
 

 UNITWIN/

2003 ICL
2004 3 UNITWIN ICL

ICL

, 

  
 

 ICL

  
 

 
 
 
 
 
 
  

-18-



 
 

Greeting for International Forum “Urbanization and  

Landslide Disaster” 
 
 
Distinguished guests, dear colleagues, ladies and gentlemen, 
 

Good afternoon. On behalf of Kyoto University, I would like to extend my warm greetings 
to this International Forum “Urbanization and Landslide Disaster” especially devoted to 
the study on the impact of the recent Hiroshima Landslide Disaster which occurred last 
August and to possible Japan’s contribution to the Post-2015 Framework for Disaster 
Risk Reduction. It is our great pleasure to co-sponsor this important forum and to host it 
in our university campus. Also I would express my sincere welcome to you all for coming 
to Kyoto in its most comfortable season.   

I would also like to take this opportunity to extend my most sincere appreciation to 
Professor Emeritus Kyoji Sassa, the Executive Director of the International Consortium 
on Landslides (ICL) and his staff members, who have worked so diligently to make this 
forum possible. 

Kyoto University was established in 1897, and it has a history of 117 years. It is 
second-oldest national university in Japan and was founded mainly for the promotion of 
science. Throughout our history, we have sought to provide our scholars and students 
with free thinking and academic liberation. The achievements of Kyoto University's 
researchers have been acknowledged worldwide. For example, eight Nobel Prizes have 
been conferred on Kyoto University researchers. This hall is dedicated to two past 
professors who won the Nobel Prize in Physics in the field of elementary particle theory. 

As a modern higher education institution dedicated to the pursuit of a harmonious and 
stable global society, international cooperation and exchange are vital components of 
Kyoto University's operations.  

As you may know, the ICL was originally founded in Kyoto in 2002, when Kyoto 
University and UNESCO jointly organized an international symposium on Landslides 
and Cultural Heritages in Kyoto. In that symposium, a round table discussion was 
organized which launched the ICL and elected Professor Sassa as the first president. We 
should recall that the Disaster Prevention Research Institute (DPRI) of our university 
had exchanged a Memorandum of Understanding (MoU) with UNESCO in 1999 on 
"Landslide risk mitigation and promotion of the cultural and natural heritage as a key 
contribution to environmental protection and sustainable development in the first 
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quarter of the twenty-first century." The activities based on this MoU made the good basis 
of ICL. You may therefore appreciate that Kyoto city and Kyoto University is the cradle of 
ICL.  

Our formal partnership with ICL and UNESCO developed rapidly thereafter. In 2003, we 
exchanged the agreement concerning the establishment of a UNITWIN Cooperation 
Programme on Landslide Risk Mitigation for Society and the Environment Cooperation 
in the framework of the UNITWIN/UNESCO Chairs Programme. Upon this agreement, 
the President of Kyoto University and ICL had jointly constructed the UNITWIN 
Headquarters Building with three rooms in Uji campus in 2004. It has been used for the 
promotion of international joint research on landslide science and academic exchange 
among ICL colleagues and Kyoto University researchers, as well as students. Now ICL 
researchers are conducting joint research with us in a facilitated laboratory of the 
Integrated Research Building No.1, located in our main campus on developing new 
ring-shear apparatus. Another our joint study on the development of new practical 
software for numerical simulation of landslide initiation and motion under extreme 
rainfall and seismic conditions attracts great societal attention now. We are pleased to see 
our joint achievement in landslide technology greatly contributing to landslide risk 
reduction on a global scale.  

Ladies and Gentlemen, 

The achievements of the joint academic activities by Kyoto University - ICL - UNESCO 
have been acknowledged globally. It is my sincere hope that today's forum will be more 
than an opportunity for you to exchange information and knowledge. In closing, I would 
like to express once again my gratitude and to convey my very best wishes to the 
distinguished guests and scholars from Japan and abroad for productive sessions and 
dialogues to come. 

Thank you very much for your kind attention. 
 
 

 
 

    
 

 

 

Kayo Inaba, Ph.D 
Executive Vice-President for Gender  
Equality, International Affairs and 
Public Relations, Kyoto University 
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Measures against the Hiroshima debris flow disaster
on Aug.20, 2014

 
Yukihiko SAKATANI 

Director for Sabo Facilities Evaluation Analysis, MLIT 
 

1. Introduction 

Many debris flows and debris slides simultaneously occurred in Hiroshima city in the early 
morning of August 20, 2014.  As of September 19, this disaster claimed 74 dead, 255 houses 
damaged and a total of 4,562 houses were affected, although countermeasures and 
preparedness against sediment-related disasters has been implemented by the Municipal 
governments of Hiroshima Prefecture and Hiroshima city as well as other local governments 
in Japan since the Sediment-related Disaster Prevention Law was issued with the disaster in 
Hiroshima prefecture in 1999 as a trigger. This report gives outline of the disaster, 
implementation status of the policies by concerned local governments and Ministry of Land, 
Infrastructure, Transportation and Tourism (MLIT) after the enforcement of the Law and 
crisis management by the administrations. 
 

2. Factors of the Hiroshima disaster 

The cumulative rainfall from 20:00 hrs of 19 August until 05:00 hrs of 20 August (local time) 
reached 257 mm at the Japan Meteorological Agency’s (JMA) Miiri rain gauge station in 
Hiroshima city. The maximum hourly precipitation from 04:00 hrs to 05:00 hrs of 20 August 
was 101 mm. The continuous and extreme rainfall induced 166 landslide disasters (107 debris 
flows and 59 debris slides), which 
caused casualties and damage to 
residential houses, 
infrastructures, etc. in the rather 
limited area. Hiroshima city is the 
biggest city in the Chugoku region 
with the population of about 1.17 
million. Residents of the affected 
area suffered landslide disasters 
frequently for long time. On June 
29, 1999, similar landslide disaster 
occurred in another part of 
Hiroshima city and an adjacent 
city, Kure, which resulted in 31 
dead and missing, and 169 houses 
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damaged.  
The damages took place in urban areas build up at foots of mountains covered by heavily 

weathered granitic sands. The factors of the disaster are regarded as follows, 
(a) Intense rainfall in a short time  
(b) Susceptible geological feature e.g. heavily weathered granitic sands cover 
(c) Expanding of urban areas into the foot of steep mountain slope 
(d) Difficulty of evacuation in the midnight at the disaster onset time 

 

Photo1 Debris flow in Yagi 3 chome area (left) 

Photo2 A trace of debris flow and big boulders (right) 

 

3. Preparedness by the prefectural government and the city office 

The Hiroshima prefectural government investigated and designated those hazardous sites 
and/or areas for landslide disasters and announced those information on web site. The 
Hiroshima city office has published the hazard maps of the designated sites / areas. The 
residents could know whether their houses are inside the designated hazardous areas or not. 
The results of investigation of the hazardous sites / areas should contribute to raising 
awareness of the risk. However, many of the residents have not understood the disaster risk 
and did not evacuate. Most possible reason for this is that no one takes responsibility to inform 
the hazardous sites / areas to the residents. 

Under the 2001 National Landslide Disaster Prevention Law, the prefectural government 
needs to carry out basic investigation and designation of “landslide disaster hazardous areas” 
and “special landslide disaster hazardous areas.”  

The Hiroshima prefectural government had designated both types of areas one after another. 
Unfortunately, designation has not yet been completed in the most severely damaged areas, 
communities of Yagi and Midorii. If it had been designated, the Hiroshima city office could 
encourage or order evacuation measure under the Law. 

On the other hand, Sabo Department of MLIT and Japan Meteorological Agency (JMA) 
defined the guideline to issue “Landslide Disaster Alert” in 2004. Local criteria for the 
Landslide Disaster Alert was established and the alert has been applied to Hiroshima city 
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since Sept. 1, 2006. The disaster management plan of the city defines that the city office issues 
evacuation counsel for landslide disasters with other information referring the Landslide 
Disaster Alert.  

 

In the case of 2014 August disaster, Hiroshima meteorological observatory of JMA 
announced the Landslide Disaster Alert at 01:15 hrs on August 20. Debris flows occurred 
between 03:00 hrs and 03:30 hrs, and the Hiroshima city office issued the evacuation counsel 
or order for the landslide disasters from 04:15 to 04:30 hrs to each area.  

 

4. Measures of MLIT to prevent secondary disasters 

MLIT liaisons visited the Hiroshima prefectural government and the Hiroshima city office 
to collect information on possibility of MLIT’s assistance to both local governments. MLIT 
dispatched 122 experts (daily maximum) specialized for Sabo engineering and civil 
engineering called as “TEC-FORCE” to secure activities of policemen, fire fighters and Self-
Defense (military) Force personnel searching for missing persons, in order to prevent 
secondary disasters from subsequent debris flows or discharging unstable soil and rocks by 
rainfall events as well as to restore infrastructure in the affected areas. 

Main activities of the Sabo experts and engineers were; 1) investigation of the dangerous 
sites for landslide disasters in the affected areas; 2) checking the condition of unstable 
sediments in the affected areas after rainfalls; and 3) informing remarks to the workers 
searching missing persons to avoid risks. Subsequent rainfalls often suspended searching 
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activities, and the Sabo experts and engineers checked the conditions of severely affected areas 
before resuming activities each time. 

 

 

The investigation of the 324 dangerous sites required 841 man-days from August 20 to 
September 2 and the sites were classified into 3 ranks, A, B and C. The number of rank A is 
77, that of B is 50 and that of C is 197. The result of the investigation was informed to the local 
governments. 

 
Rank A: Sites or area where government / authority needs to enhance evacuation system 

and to conduct emergency works for refugee residence / accommodation. 
Rank B: Sites or area which government / authority needs to enhance evacuation system 

and to take appropriate measures if necessary after detailed investigation 
Rank C: Sites which did not change conditions compared with before the August 19-20 

rainfall, and has low priority for special care except caution for subsequent heavy rainfall 
        
TEC-FORCE team also technically instructed regional bureau of MLIT, local governments 

and construction companies which are engaged in restoration works of MLIT, on watching the 
dangerous areas and on making plans and designs of the restoration works. Based on the 
instructions, the Chugoku Regional Bureau of MLIT has installed 14 wire-sensors and a video 
camera to monitor upcoming debris flows. It constructed 18 small dams and channels made of 
large-size sandbags as temporary urgent works in the A-rank sites. It also conducted deposited 
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sands and gravels from community streets, major roads and agricultural irrigation channel in 
the Yagi community.  

     

5. Measures of local governments to lift evacuation counsel or order 

Total 2,346 refugees in maximum from 31 communities stayed at 17 appointed shelters by 
the evacuation counsel or order. In order to lift the evacuation counsel or order, the local 
governments needs to implement measures below, for putting high priority on safety of 
residents with referring the result of investigation and comments by Sabo experts. 
 

1) To provide public houses to residents who lost their houses. 
2) To lower the alert level of the evacuation counsel from the Landslide Disaster Alert 

based on the Heavy Rain Warning issued by JMA. 
3) To secure evacuation route by removing debris flow deposits and implementing 

temporary urgent works in the A-rank areas. 
 

As for the long-term program for the urban planning of the affected areas, the prefectural 
government may proceeds to designate landslide disaster special warning areas to restrict 
buildings and to regulate residential land development. The prefectural government, the city 
office and the Chugoku regional bureau began to make a coordination plan on the land use and 
the urban infrastructures development such as Sabo facilities through discussion meetings 
after Sabo, forest management and urban planning experts. 
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6. Future studies 

Sabo department of MLIT requested the local governments to inform dangerous landslide 
disaster sites and areas to residents, and inspected whether every local government 
established warning and evacuation system. More studies are required on related issues below. 
(1) Residents’ awareness against the risk of landslide disasters is insufficient. 

The result of the basic investigation on designation of landslide disaster hazardous 
areas (yellow zones) and special landslide disaster hazardous areas (red zones) is not 
announced to the public. 
Progress of basic investigation are behind in some prefectural governments. 
Progress of designation of landslide disaster hazard areas are behind in some 
prefectural governments.  
Residents awareness in dangerous sites of landslide disaster for is insufficient. 

(2) Delay of announcement of evacuation counsel. 
Landslide Disaster Alert is not directly linked to evacuation counsel. 
Lifting the evacuation counsel is difficult in the case of landslide disasters. 

(3) Evacuation system implementation methodology is not fully established. 
Inappropriate location of evacuation routes and shelters for certain houses has been 

reported. 
(4) Many houses have been constructed in hazardous areas  

Measures to avoid danger are necessary both in urban and rural planning. 
(5) Disaster prevention / mitigation works are necessary.  

Construction of countermeasures to secure residential areas such as Sabo dams 
(check dams) are required.
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(LS-RAPID)  
 
Initiation Mechanism of Rapid and Long Runout Landslide and 
Simulation of Hiroshima Landslide Disasters using the Integrated 
Simulation Model (LS-RAPID) 
 

(KyojiSassa) ) (Hiroshi Fukuoka) (Yuji Sato)  
(Kaoru Takara)4 5),  Loi Doan Huy , Hendy Setiawan , Tien Pham ,  

Khang Dang )  

ICL ,  
, ,  
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Fig.1 Landslide hazard area 

reported by the Geospatial 

Information Authority of Japan 

(GSI) from air photo interpretation 

and the locations of sampling sites 
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Fig. 2. Photos of landslide and sampling in Yagi (Left) and Midorii (Right) area 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

3-1  
Fig.3-1 Grain size distribution 
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Yagi sample Midorii sample

3-2  

Fig.3-2 Dry and Saturated unit weight of Yagi and Midorii samples at different consolidation 

pressure 
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Progress 
in Landslide Dynamics Sassa et al 2014  

 

(a) (b) 
(a) ICL-1 b  

Fig4. Concept of the ring-shear landslide simulator (a) and General view of the portable ring 

shear apparatus, ICL-1 (b) 

 

 

Fig. 5 Stresses acting on a potential sliding surface in a slope (Left) 

Stresses reproduced in the ring shear landslide simulator (Right) 
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Fig. 6 Illustrated explanation of the effect of rainfall, groundwater formation and the pore 
water pressure for the initiation of landslide 
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DL

DU LS-RAPID

 
 

 

 

4 30

 

Fig 7. Combined stress path on Yagi sample at 50 and 100 kPa 

Monotonic shear stress increasing tesst: Normal stress = 50 kPa, BD= 0.95, 1.0 kPa/sec Normal

stress =100 kPa, BD = 0.91, 1.0 kPa/sec; Pore water pressure increasing test: initial stress ( 50o

kPa, 15o kPa), BD = 0.99, 02.0u kPa/sec
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DL 7-10 mm 

DU 200-300 mm.  

LS-RAPID

 

( ss) 3.2 kPa, 6.2 kPa. 
Fig 8. Combined shear displacement and shear resistance path graph on Yagi sample at 50 and 100 kPa.

Normal stress = 50 kPa, BD = 0.95, 1.0 kPa/sec, ss = 3.2 kPa, Normal stress =100 kPa, BD = 0.91

1.0 kPa/sec, ss = 6.2 kPa 
 

 

50 kPa ( )

8 m 100 kPa

 
Fig 9. Combined stress path graph on Midori

sample at 50 and 100 kPa.

Normal stress = 50 kPa, BD = 0.92,

1.0 kPa/sec.

Normal stress =100 kPa, BD = 0.96,

1.0 kPa/sec
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( ss)  3.0 kPa,  

3.4 kPa  
Fig 10. Combined shear displacement and

shear resistance path graph on Midori sample

at 50 and 100 kPa.

Normal stress = 50 kPa, BD = 0.92, 1.0
kPa/sec, ss = 3.0 kPa

Normal stress =100 kPa, BD = 0.96, 1.0
kPa/sec, ss = 3.4 kPa
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m 35.6
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3.9 kPa 8
3.2 kPa  

 

 
Fig 11. Stress path (Left) and time series data (Right) of Pore water pressure control test on Yagi sample:

BD = 0.99, initial stress ( 50o kPa, 15o kPa), 02.0u kPa/sec
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Fig. 12 Illustration of dynamic loading on torrent deposit Sassa et al., 2004  

 

 

  

Fig. 13 Undrained dynamic loading test on Midorri sample 
BD= 0.92, initial stress ( 56o kPa, 15o kPa),  

Normal stress after loading =122 kPa, Shear stress after loading =35 kPa 

Dynamic shear stress loading peak = 110 kPa, Loading time and unloading time 20 sec  
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40 kPa
( 110 kPa 1/3 )

48.1  
39.8

 

Sliding surface liquefaction

1995 34
Sassa et al 1996

 

 
2006  

Fig.14 Basic concept of sliding surface liquefaction and an example for volcanic debris taken from 

the 2006 Leyte landslide (Sassa et al. 2010) 

 

-98-



 
B 1000 2006

T1

T3 T2
 

 

 
 
 
 
 
 
 

5 50 kPa time series data  
Fig 15. Time series data of undrained monotonic

test on Yagi sample

Normal stress = 50 kPa, BD = 0.95,

1.0 kPa/sec

 
 
 
 
 
 

6 100 kPa time series data  
Fig.16 Time series data of undrained monotonic

test on Midori sample

Normal stress =100 kPa, BD= 0.96,

1.0 kPa/sec
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LS-RAPID  
 

LS-RAPID

m Sassa et al 2010

 

 

7 LS-RAPID  
Fig.17 Basic concept of LS-RAPID 
 
 

 
 

Montarasio L & Valentino R (2008)

Liao & Hong et al (2010 SLIDE  

 

SLIDE
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Fig.18 Schematic illustrating the water infiltration 

the infinite slope (from Liao et al 2010) 

 

Liao et al 2010 ( U) mH

n ,  

 

2cos... nHmU  

 

It t Sr

n Kt

Ot  

 

ttt

r

tt
t

ttt

mmm
SHn

OIm

tHmKO
m

1

1

)1(*
)(

*cos***sin*
0

 

 

2014 8 19 20 30

 

0.001 m/s  10 -3 

m/s , 0.82

0.44  

SLIDE

 

 

 

-101-



19 21.5 kPa
3-2 18.5 

(KN/m3)  
18.5 (KN/m3) x cos2 30 x 4 (m) = 55.5 kPa, 

21.5/55.5 = 0.39  
19 55.5 LS-RAPID  

 

 

9 2014 8 19 20 30 10

SLIDE  

Fig.19 Pore pressure calculation by the SLIDE model (Liao et al 2010) from the rainfall record 

monitored at the Miiri JMA station for each 10 minute from 8:30 PM on 19 August 2014  
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LS-RAPID   

Table 1 Parameters used in LS-RAPID simulation 

Parameters Value Source

Parameters of soils in the Yagi area

Steady state shear resistance ( ss, kPa) 3.2/2.9 Test data

Lateral pressure ratio (k= h / v) 0.5 0.95 Estimation

Friction angle at peak ( p, degree) 44.0 Test data

Cohesion at peak (c, kPa) 0.5 1.0 Test data

Friction angle during motion ( m, degree) 37.5 Test data

Shear displacement at the start of strength reduction (DL, mm) 5 Test data

Shear displacement at the start of steady state (DU, mm) 200 Test data

Pore pressure generation rate (Bss) 0.2 0.95 Estimated

Total unit weight of the mass ( t, kN/m3) 18 Test data

Specific gravity (Gs, g/cm3) 2.64 Test data

Porosity (n) 0.44 Test data

Degree of saturation (Sr, %) 0.82 Estimated

Permeability (Kt, m/s ) 0.001 Estimated

Parameters of soils in the Midorii area

Steady state shear resistance ( ss, kPa) 3.0 Test data

Lateral pressure ratio (k= h / v) 0.2 0.95 Estimation

Friction angle at peak ( p, %) 36.0 44.0 Test data

Cohesion at peak (c, kPa) 0.5 1.0 Test data

Friction angle during motion ( m, degree) 37.5 Test data

Shear displacement at the start of strength reduction (DL, mm) 5 Test data

Shear displacement at the start of steady state (DU, mm) 200 Test data

Pore pressure generation rate (Bss) 0.2 0.95 Estimated

Total unit weight of the mass ( t, kN/m3) 18 Test data

Specific gravity (Gs, g/cm3) 2.68 Test data

Porosity (n) 0.44 Test data

Degree of saturation (Sr, %) 0.82 Estimated

Permeability (Kt, m/s ) 0.001 Estimated

Triggering factor

Excess pore pressure ratio in the fractured zone (ru) 0.03 0.4 Calculated from
SLIDE model

Other parameters

Slope angle ( , degree) 30 Investigated

Landslide depth (H, m) 4 Investigated

Unit weight of water ( w, N/m3
) 9.8 Normal value

Rainfall intensity (It, mm/10 min ) 0–21.5 Monitoring

 
-103-



20 LS-RAPID  

Fig.20 Simulation result of Hiroshima landslide using LS-RAPID 
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Local failure started in Yagi-1 Yagi-1 landslide block was formed 

Yagi-1 reached to the toe slope of Yagi-2 Toe of Yagi-2 failed 

The whole Yagi-2 moved The combined mass of Yagi-1 and Yagi-2 

flowed down 

21 LS-RAPID  

Fig.21 Landslide development process in Yagi-1 and Yagi-2 using LS-RAPID 
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22 LP

LS-RAPID  

Fig. 22 Landslide soil distribution by the comparison between the LP-Data (Air-bone Laser 

Profiler: LIDAR) provided by MLIT and LS-RAPID simulation. 
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23 LS-RAPID , 

LP  

Fig.23 3D view comparison of landslide deposits by LS-RAPID, Airphoto interpretation by GSI and 

LP data analysis 
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LP DATA LS-RAPID ANALYSIS 

24-1 LS-RAPID  

Fig.24-1 Comparison of the longitudinal central section (A line) by LP-Data and by LS-RAPID 

analysis, and location of sections 
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21 LP  2014 8 25
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LP  
 

LP DATA LS-RAPID ANALYSIS 

24-2 LS-RAPID  
Fig.24-1 Comparison of cross-sections (B, C, D, E lines) by LP-Data and by LS-RAPID analysis  
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Jovan evi  S,  2013 .  
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