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Roleof conditionsalongthe spreading
pathƻŦ ŀ ΨŦƭƻǿ-likeΩ landslide:
ςSlopegeometry: abrupt slope change

ςMaterials:
» Distribution & Thickness
» Properties

1 - Initial experiments& modelling
2 - Small scale experiments: deposition, 

erosion, time evolution

3 - FEM ALE model: M-C elasto-plasticmaterial

for flow and deposition

4 ςRecentsefforts: testingand modelling

under different conditions

Contents

Effectsof:

Erodiblelayers

Impact with 
shallowwater/fluid

t1

t2t3

Slopegeometry

LesPetits-Dalles, nearDieppe, 2013

Capris-GangesChasma, Mars
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Real rock avalanches: chosensettings

Å Rock-debris-avalanches
(dry) on openslopeswith
simplegeometries

Å Large scar, relativelyshort 
slope and flat

Las Colinas, 
ElSalvador
H=133 m  q= 29°
Ltot = 715 m

S-Ashburton,
New Zealand
H=541 m  q= 36°
Ltot = 1100 m

NoctisLabyrinthus
Mars
H=2040 m  q= 31°
Ltot = 6602 m

Chile, Ollague
H=473 m  q= 38°
Ltot = 1970 m

Frank, Canada
H=600 m  q= 47°

Ltot = 3200 m

Dover, 
South Foreland, 
UK
H = 110 m
q= 85°

Kirghizstan, 
TienShan Mts
H=707 m  q= 31°
Ltot = 4931 m

Alluvialdeposit

Shallowwater

Debrisand
buildings

Dry alluvial
apron

Dry 
alluvial
sediments

Saturated
alluvial
sediments

Sandy deposits
Rock avalanche
slope profiles

Å No- to strong interaction with basallayeror surface
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2D and 3D Vajont: stability & runout (no lake)

frock = 23°
fsurf = 8.7°

Crosta et al., 2002 NATO ARW, 2005 EGU
Crosta et al., 2007; EC LessLossProject

2D runout

4 sec 8 sec 12 sec

16 sec 20 sec 36 sec

105.000 hexahedral, 8 nodeelements
f= 12°-5.7°

3D runout

PreviousExperiences
2D and 3D Runout

INITIAL STEPS:

Å2D slope stabilityand 
runoutsimulations

Å3D runoutsimulationsin 
dry conditions

Å2D granular column
collapsewith different
aspectratiosĄwell
constrainedtests

a = 0.46

TochnogFEM code (Roddeman, 2001, 2014)

ALE ArbitraryEulerian-Lagrangian
calculation, IsoparametricFE, Eulerbackward
timesteppingĄ stabilityin time

Transportof state variablesin space
stabilisedbyStreamlineUpwindPetrov
Galerkin
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PreviousExperiences
Granular columncollapseon erodiblelayer: effectof layerproperties

Littleerosion/entrainment

Strongerosion/entrainment Migrationof static/flowing
interface

No migrationof static/flowing
interface

(Crosta et al., 2009)
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PreviousExperiences
Granular columncollapseon erodiblelayer: effectof layerproperties

Decreasein interactionat increasingstrengthof the erodiblelayer
Erosionalto depositionaltrend Ą interfacemigration

Littleerosion/entrainment

Strongerosion/entrainment Migrationof static/flowing
interface

No migrationof static/flowing
interface

Effectof the strengthand stiffness
of a basalrigidsurface/material

Runout/initial lengthversus aspectratio on 
differentmaterials

DL

Lini

Hini

(Crosta et al., 2009)
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(Choffat, 1929)

PreviousExperiences
a granular step-likerock slopefailure: Arvel, 1922

Similitude with 
granular step
collapse
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Dry

SaturatedB  
(no reductionof slide 
materialprop.)

Problems:

Thickness 
Ą bed 
deformation

3D effects
Ą generation 
of an apron 
shaped deposit

both velocity and 
thickness of the 
entrained/pushed 
materials increase 
with saturation

SaturatedA
(reductionof slide material
properties)

Similitude with 
granular step 
collapse

38.000 triangular 
three-node elements 
mean size = 2 m

PreviousExperiences
Depositgeometry(materialproperties, saturation)

Crosta et al., 2008
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