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May 2010 : Earth and rocks avalanche blocks a 6-lane  freeway over a 300-meter 

stretch  

The landslide reportedly blocked a 300-meter long of a major road, the No.3 Freeway 

between Taipei and Keelung earlier today, burying an unknown  number of vehicles under 

thousands of tons of earth and rocks. 

 



The future home of the 2014 World Cup and the 

2016 Olympics was hit with a massive 

downpour—the heaviest on record––on April 7. 

The nine inches of rain in 24 hours caused 

destructive landslides in the hillside slums and 

killed at least 95 people. According to a Brazilian 

TV station, the rainfall was equivalent to 300,000 

Olympic swimming pools of water crashing down 

on the city in one day. 

Landsildes in Brazil 



Landslides and 

Debris Flow 
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Processes: 

• Landslides occur when a mass of soil 

or rock moves downslope under the 

influence of gravity 

 

• Slope failure is a natural process 

which can be induced, accelerated or 

retarded by human actions 
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Slope Failures 

• Increase  in shear stress 

 

• Reduction  in shear strength 



FACTORS CAUSING MASS 

MOVEMENTS 

1. Change in slope gradient 

2. Change in slope height 

3. Overloading by embankments 

4. Shocks and Vibrations 

5. Change in water content 
 



FACTORS CAUSING MASS 
MOVEMENTS, (Cont.) 

6. Change in groundwater 

7. Weathering 

8. Change in vegetation cover 

9. Frost effects 



Examples of Landslide Cases 



Soil Slump of Soft Clay 
in a Borrow Pit 



Road Embankment Slump 
due to Drawdown 



Rock Plane Slide 

Weak Discontinuity 

Catastropic rock 

slide, Saraburi. 

Rock Plane Slide 

Weak Discontinuity 



Major Natural Slide Damaging Houses in Japan 



Threatening Rock 
Slide in the Alps 



Wenchuan 

EQ, China 
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Taiwan 



Val Pola Landslide 1987- Heavy Rain 



Val Pola landslide 1987 



Human Intervention 
- Landslides 



Rock Falls 



Rock Creep 



Slope Erosion 



Massive Gully 
Erosion 



Water and 
Slope 



Sliding Induced by Toe Erosion 
Landslide of river banks 

Yom River, 

Sukothai 



Mekong River Nongkai 



With slope 

protections 



Landslides-Debris 

Flow & Flash Flood in 
Tropical Areas 

Weathered 
Mountain Slope 



Tropical Soils 

Weathering 



Weathered rock 

slopes 



The large scale of quake induced landslide  
after 921 (September, 21th) quake ( 1999 ) 

Xin-Shan Village,  

Nan-Tou County 

(Epicenter, Chi-Chi 

Town is located at 

Nan-Tou County) 



Debris-flow disasters during 

 Toraji typhoon ( 29th July, 2001 ) 
Photoed by a pilotless airplane 

Shang-An Village,  

Nan-Tou County 



Jun-Keng Village,  

Nan-Tou County 



Shang-An Village,  

Nan-Tou County 



Ban Kratoon, Southern Thailand 
1988: 250 Casualties 

Landslides-Debris Flow & Flash Flood in 
Tropical Areas 



Ban Kratoon, 

Southern Thailand 
1988: 250 Casulties 



Landslide caused by rainfall in Japan (July 2004) 

 Slope failure such as landslide is one of the most 
serious natural disaster. 
 Society and individuals have suffered serious damages 
from slope failure. 



 



 

Hiroshima 

Landslides of 
2014 



Schematic View of Slope Failure due to rainfall 

Bed Rock 

Rainfall 
Continuous Rainfall 

The occurrence of failure 

Variation of Groundwater level 

Resistance force < 
Driving force 

The necessity to associate variation of groundwater level with rainfall. 







Slope Erosion 



Massive Mountain Slope Failure and Erosion 



Earthqauke M 7.2 
August 1959 



Madison Canyon Slide due to a Large Earthquake in USA 



Landslide due to Earthquake in 
Nepal Mountain Road 



Widespread Lateral Spreading in the 
Great Alaska Earthquake 



Landslides in Wenchuan EQ 



Buildings on/near Slopes 



Buildings Constructed On/Near Slopes 



China 2010 



Landslides of Weathered Slopes due to Heavy 
Rainfall Hongkong: 1975 



Major landslide at 

a housing 

complex, 

Malaysia 



Building Collapse in KL due to Slope Failure 
after Heavy Downpours 



Development in Upper Hill Area !! 

Increase in groundwater recharge down 
slope. 



25/06/08 

Landslide & 

Building damages 



Mountain Road Failure 

Roadside slope instability 



Highway Construction 



Mountain Roads & 
Failures 



Cut & Throw 



Sun Koshi Slide of 2014 



Sliding Induced by Toe Erosion 



Sliding Induced by Runoff Erosion 



2010 Major highway slide 

in Taiwan-Heavy rain 



Vaiont Dam Catastrophic 

Landslide in 1963  

2400 Casualty 



Vaiont Dam Landslide, Italy 









Landslide Risk of Clyde Dam, 

New Zealand 



Clyde Dam Landslide 

Subsurface Drain Tunnels 



2008年12月底面貌图 

Landslides in Dam 

Construction: 

Longtan Dam- 

Quangxi, China 



Land Slide Recognition 







Airphotos 



Hummocky Topography 



Landslide a serious geologic Hazard 
(after Bichler et al. 2004)  

Inventory Maps 



Hazard Mitigation 



LANDSLIDE HAZARD 

ASSESSMENT 

 

LANDSLIDE RISK 

MANAGEMENT 



Disaster Management Cycle 

Mitigation 

Prevention Response 

Preparedness 

Recovery 

Mitigation - Minimizing the 
 effects of disaster. 
Examples: building codes and       

zoning; vulnerability analyses; 

public education.  
Preparedness - Planning how 

 to respond. 
Examples: preparedness 

 plans; emergency 
 exercises/training; 

 warning systems.  
Response - Efforts to minimize 

 the hazards created 
 by a disaster. 
Examples: search and rescue; 

 emergency relief .  
Recovery - Returning the 

 community to 
 normal. 
Examples: temporary housing; 

 grants; medical care.  

 

www.unisdr.org/wcdr/preparatory-process/ meetings/African-regional-consultation-2-3-jun-04/IWRM-and-DR.ppt  

http://www.gdrc.org/uem/disasters/1-dm_cycle.html 





Landslide Risk Management Framework 

Anderson et al. (1996) 













Terminology 

• Elements at Risk 

• Vulnerability  

• Landslide Hazard 

• Risk  

• Consequences  

• Landslide inventory 

• Landslide susceptibility  



Terminology 

• Element at Risk 

 

 

 

 

"humans, property, the environment, and other things 

of value, or some combination of these that are put at risk” 

E = 



Terminology 

• Vulnerability 

 

 

 

 

“the degree of loss to a given element or set of 

elements within the area affected” 

V = Pspatial 
x Ptemporal 

x Ploss 



Terminology 

 

• Consequence 

 

 

 

 

“the effect on human well being, property, the 

environment, or other elements of value ” 

C = E x V 



Terminology 

• Hazard 

 

 

 

 

“a source of harm, in terms of health, property, the 

environment, and other things of value” 

H = P or P(SL) or P(H) 



Terminology 

• Element at Risk (E) 

• Vulnerability (V) 

• Consequence (C) 

• Hazard (H) 

• Risk 

 

 

  

  

“the chance of injury or loss as defined as a measure of 

the probability and vulnerability of human injury, property, 

the environment, or other elements of value” 

R = P(H) x E x V   or    P(H) x C 

H = P or P(SL) or P(H) 

V =  Pspatial 
x Ptemporal x Ploss 

C = E x V 



Terminology 

• Element at Risk (E) 

• Vulnerability (V) 

• Consequence (C) 

• Hazard (H) 

• Risk (R) 

 

 

  

  

R = P(H) x C 

H = P or P(SL) or P(H) 

V =  Pspatial 
x Ptemporal x Ploss 

C = E x V 



Title 



Landslide Hazard Zonation 

• Landslide hazard zonation is the division of the land 

surface into homogeneous areas or domains and their 

ranking according to different degrees of hazard due to 

mass-movement   

 

– help the planners to choose favorable location for site 

development schemes 

 

– help to adopt suitable precautionary measures 

 

 



Landslide Hazard Assessment 

• The first step to avoid, to limit the damage from 

any kind of mass movement is to assess the 

possible hazard realistically.  

• Can be Qualitative or Quantitative.  

• Aims: 

– The nature, severity and the frequency of the 
hazards, 

– The areas likely to be affected and  
– The time and duration of the impact 



Landslide Map Types 

Landslide maps can be divided into three 

broad types 

depending on the information displayed and 

the level 

of interpretation. 

• Landslide Inventory Map 

• Landslide Susceptibility (Hazard) Map 

• Landslide Risk Map 

 



Landslide Inventory Map 

   Shows the spatial distribution of past and 

active landslides, or landslide attributes, 

within a region 

 

– Provide no interpretation about the 

relationship between landslides, landslide 

attributes and slope stability or 

consequences  

 

– Special case is the ‘elements at risk’ map  



Landslide Inventory Map 

Landslide Scarp 



TRIGGERING FACTORS 

• Rainfall - decrease the shear resistance of soil 

• Bedrock geology  - weathered condition, 

discontinuities, dips and strikes 

• Slope - most debris flows on slopes of 26° - 45° 

• Vegetation cover - root system reinforce the 

soil, hydrological or mechanical in nature 

• Earthquake  

• Anthropogenic activities 



Environmental Attributes 

• Anthropogenic Activity 

• Bedrock Geology 

• Climate 

• Geomorphology 

• Geotechnical Properties 

• Hydrogeology 

• Hydrology 

• Landslides 

• Neotectonics 

• Quaternary Geology 

• Vegetation 

• Weathering 



• Anthropogenic Activity 

• Bedrock Geology 

• Climate 

• Geomorphology 

• Geotechnical Properties 

• Hydrogeology 

• Hydrology 

• Landslides 

• Neotectonics 

• Quaternary Geology 

• Vegetation 

• Weathering 

Environmental Attributes 

Depositional environment 

Elevation 

Aerial extent 

Form Expression 

Thickness 

Deposition 

Erosion 

Gullying 

Landslides 

Processes 

Seepage 

Aspect 

Curvature 

Gradient 

Length 

Position 

Slope morphology 

Uniformity 

 





Landslide Hazard/Susceptibility Map 

• Shows the spatial distribution of the susceptibility of an 

area to landslides 

 

– Derivative maps and are interpreted from one or more 

inventory maps 

 

– Can only be considered a “Hazard” map if it takes 

into account the elements at risk 

 

– Degree of interpretative subjectivity is dependant on 

the method used 

 



Building/Built-up Area Road Power Line Ski Lift 



 

Landslide Susceptibility Map Landslide Hazard Map 



 

Landslide Hazard Map Landslide Risk Map 





Suttisak Soralump (2008) Department of Mineral Resource ( 2001) 



Risk Management & 

 Warning System 





Increase soil saturation &  
Ground Water Level Rise 

Ground W.L. 
Runoff Infiltration 
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Slope Movement Monitoring 







  Bioengineering 

Stabilization Measures 

  Drainage 

  Structural Measures 









Structural Measures 







Tunnel Portal, coastal highway, 

St. Denis, La Réunion 

Rockfall Protection 



Catch Fence 



Check Dams at the Downstream of Debris Flow 



Bio-Engineering Measures 



Effects of Vegetations on Slopes 









THE END 


