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• 32,322 fatalities caused by 2620 landslides in the 7-yr 

period 2004-2010

Petley
(2012)

Landslide: a world-scale overview



Between 1964 and 2013:

• 3043 casualties 
• 151,551 homeless & evacuees

http://polaris.irpi.cnr.it

Landslide in Italy with victims



Hillslopes: types and formation



Hillslopes: diffusive vs advective processes



Hillslopes: types 



Hillslopes: types and dynamics



Hillslopes: diffusive transport processes



Hillslopes: types and dynamics



• Mohr-Coulomb 
failure criterion

Shear strength of rocks and soils
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Strength of rock and soil



Strength of rock, soil and roots



Factors favouring mass movements

• Weak parental substrate (lithology)    

• Highly fractured and deformed rocks (tectonics)   

• Rock weathering

• Orientation of strata

• Topography (slope)

• Precipitation regime 

• Vegetation removal



Triggering causes for mass movements

• Prolonged/intense precipitation

• Hillslope toe erosion by channel dynamics

• Rapid snowmelt (with deep snowpack)

• Permafrost degradation (at high elevations only)

• Ice expansion in rock fractures (for rockfalls)

• Anthropic modification of subsurface hydrology

• Variations in hillslope geometry, cover and loading

• Earthquakes

Rainfall

and 

floods

Humans

(directly)    

Temperature 



Triggering causes for mass movements

Threshold: the minimum rainfall

intensity, cumulated rainfall,

rainfall duration for possible

landslide occurrence



Type of mass movements on hillslopes



Earthflows

A rapid or slow intermittent

flow-like movement of

plastic, clayey earth.



Translational slides

Mass moves along a roughly planar surface 

with little rotation or backward tilting



Translational slides: the infinite-slope model



Factor of safety

Translational slides: the infinite-slope model
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FS > 1            stable slope

FS ≤ 1            unstable or 

failed slope

Affected by precipitation/temperature



Rotational slides

A slide in which the surface of rupture

is curved concavely upward and the

slide movement is roughly rotational



Rotational slides

Diagram by Jim Rodgers



Rotational
slides

The methods of 

slices



Rockfalls

Falls are abrupt movements of masses of rocks 

that become detached from steep slopes or 

cliffs

Toppling failures are distinguished by the

forward rotation of a unit or units about some

pivotal point, below or low in the unit, under the

actions of gravity and forces exerted by adjacent

units or by fluids in cracks

Separation occurs along discontinuities such

as fractures, joints, and bedding planes, and

movement occurs by free-fall, bouncing, and

rolling.



Large landslides of the past
«Fadalto» post-glacial landslide (created the Santa Croce Lake and deviated the Piave River)

Belluno

pre

post

«Piz peak» landslide in 1771 (created the Alleghe Lake and aggraded the Cordevole River)



Recent large (and complex) landslides



Human-triggered landslides

Vajont (Friuli, 1963)

• Slide mass 270 Million m3

• Triggered by hydropower reservoir filling

• >1900 casualties

Laces (Bolzano, 2010)

• Slide mass 400 m3

• Triggered by irrigation system leakage

• 9 casualties



Soil binding
binding of soil particles (+)

Root reinforcement
roots mechanical reinforce a soil by transfer 
of shear stress in the soil to tensile 
resistance in the roots (+)

Buttressing and arching
anchored and embedded stems can act as 
buttress piles or arch abutments in a slope, 
counteracting shear stresses. (+)

Surcharge
weight of vegetation on a slope 
exerts both a downslope 
(destabilizing) stress and a stress 
component perpendicular to the 
slope which tends to increase 
resistance to sliding (+/-).

Root wedging
The tendency of roots to invade cracks, 
fissures, and channels in a soil or rock 
mass and thereby cause local instability 
by wedging (-/+).

Windthrowing
destabilizing influence from turning 
moments exerted on a slope as a result of 
strong winds blowing downslope through 
trees (-)

The effects of vegetation on slope stability



The effects of vegetation on slope stability

Additional cohesion depends on:

• Root spatial density

• Root diameter(s)

• Local environmental conditions



Reference C
r 
[kPa] Species and landscape

Shear tests in situ

Endo & Tsuruta (1969) 2.0÷12.0 Alder in nursery (Japan)

Ziemer (1981) 3.0÷21.0 Pinus contorta California (USA)

O’Loughlin & Ziemer (1982) 6.6 beech in New Zealand

Shear tests in laboratory

Waldron (1977) 1÷1.7 Yellow pine

Waldron et al. (1983) 3.7÷6.4 Yellow pine (54 months)

Back analysis

Swanston (1970) 3.4÷4.4 spruce in Alaska (USA)

O’Loughlin (1974) 1.0÷3.0 coniferous in British Columbia 
(Canada)

Buchanan & Savigny (1990) 2.6÷3.0 Red alder, spruce, douglas fir and 
cedar Washington (USA)

O’Loughlin & Ziemer (1982) 3.3 Mixed forest in New Zealand

Gray & Meghan (1981) 10.3 coniferous in Idaho (USA)

Bischetti et al (2002) 4.5÷6.5 Mixed ash and hazel trees in Valcuvia 
(Italy)

The effects of vegetation on slope stability



Shallow soil with bedrock substrate

impenetrable for roots

(very) weak reinforcement

Bedrock hosts part of the root

system

important reinforcement

The effects of vegetation on slope stability



The effects of vegetation on slope stability

• Increase in factory of safety more relevant where soils are poorly

cohesive


