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Modeling of landslides and avalanches

Motivation

* Erosion processes at the surface of the
Earth and other telluric planets

* Interaction with climatic, seismic and
volcanic activity

 Hazard assessment
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Granular flows dynamics : from field to laboratory scale

Natural flows Laboratory granular flows

Heterogeneous materials

, Velocity and thickness measurements
Few data: deposit arca

Same physical processes ?

Numerical simulation

Nathalie Thomas, IUSTI

Montserrat 1997

Emplacement processes



Numerical modeling of granular flows

e Natural materials

* Modeling
2D thin layer model 3D continuum model  Discrete element model
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fe
Mean scale Local scale Grain scale

Reasonable computational cost ~ High computational cost High computational cost

Local flow law ??? Particle size
distribution ???

Empirical flow law ...
= tand




Thin Layer Approximation on 2D topography

e Flow on complex natural topography

U small Aspect ratio

high computational cost = ;= 7 <<1

» Depth-averaged thin layer model model

P ~P(X+dX)
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Thin Layer Approximation on 3D arbitrary topography

e Until very recently : arbitrary extension of 1D equations ...

mangeney@ipgp.fr
Still used ...
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SHALTOP '
e Full curvature tensor :
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First equations including these effects: « centrifugal » forces

Bouchut et al., 2003; Bouchut and Westdickenberg, 2004; Mangeney et al., 2007
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Simulation of laboratory experiments

using realistic friction angles !

_ Mangeney et al., 2005

Hutter and co., Hungr, Iverson and Denlinger,
Pouliquen and Forterre, ...

Pirulli et al., 2007



Simulation of natural flows

Simulation of observed deposits (Switzerland)

using thin layer depth-averaged model with Coulomb friction law:

1 = tan o : empirical description of the mean dissipation
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Friction angle used in the model : 6=17°

Small friction angle compared to angles typical of natural materials! @, ~ 35

Origin of the high mobility of natural flows ??

Pirulli and Mangeney, 2008



Different physical processes

Erosion




Erosion of a granular layer

IPGP and INLS, UC San Diego Mangeney et al., 2007
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Listening to seismic signal from instabilities

Detection of instabilities and prediction of velocity and runout extent of landslides
Challenge : explain and quantify the high mobility of natural landslides ...

Lack of field measurements of landslide dynamics

Analysis of the seismic signal generated by gravitational flows:

La Reunion

l Sumatra

. Detection, monitoring

4 )

. Geometrical properties and nature of the flow (mass, volume, fluid content ...)

L « Mechanical behavior (friction coefficient ...) y

Brodsky et al., 2003, Deparis et al. 2008, Favreau et al., 2010, Hibert et al., 2011 ...

?? Respective role of topography, involved mass, flow dynamics, wave propagation ??



From small rockfalls to big landslides

Rockfalis, La Réunion, 2007-2008 Thurweiser landslide, Italie, 2004
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Monitoring rockfall activity in Crater Dolomieu

(Strong volcanic activity : 1 eruption occurring ~ every 9 months since 1998

« Dolomieu : main crater of the Piton de la Fournaise volcano, La Réunion island
« Dense seismic network set up by the OVPF + 15 stations (UNDERVOLC project)
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Characteristics of rockfall seismic signal

 Seismic signal characteristics make it possible to distinguish rockfalls from V-T
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Monitoring rockfall activity in Crater Dolomieu

A major event : the april 2007 collapse

Before e After

Rockfall activity /



Scaling laws : seismic energy versus duration

t2

[
Seismic energy : Fs = / 277 PIC U (t) 2™ dt Vilajosana et al., 2008
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Scaling laws : potential energy versus flow duration

« Analytical development for a rectangular mass on a flat slope Mangeney et al., 2010

p
AEpoctf a

L with ﬂa =2

e Numerical simulation of granular flows over real topography using the
code SHALTOP Mangeney et al., 2007
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From seismic energy to rockfall volume

« Scaling laws Energy/Duration: | E at? and AE . O 4P

seismic S
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Hibert et al., 2011

a BOR station
600 T : ,
10"} N @
IRENENH 5
3 i . w _% ?:w%wqu:{:%vﬁ?&' =~ ¥ Simulated Ep| % 400
fmmmmmmmm T Tt -%v“V?vavw T 1 o
R . =
I —— >
i .-é 200
=
s
0 ' - -
10° i 0 1000 2000 3000 4000 5000
10’ i 102 3
Duration (s) ) Volume (m")

« Cumulative volume from May 2007 to February 2008 :| 7’=1.85 10° m?




Validation on the 16/05/07 rockfall

Madalin
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Monitoring rockfall activity in Crater Dolomieu

Boxcar moving average window (30 days)
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Numerical simulation of landslide and seismic waves

Direct problem

Landslide simulation Simulation of seismic wave Comparison with
propagation observations

Mangeney et al., 2005, 2007 Favreau et al., 2010

Time-dependent basal stress field applied on top of the terrain

uy :
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T = pgh (CDS 0

Curvature effects




Numerical simulation of seismic waves

TMacd e 9 O 4 T W4 . __ 4L . WS 4 L s raTrzzeec e nze zaa A4 T
FadU UlclIl » TUuncuoIn caicuiauoin wilil a4 unlrcie ireguceidy=-wdavenuipcer meuou
(Kennet / Bouchon)

. Spatio-temporal distribution of stress field at the surface
| . T(x,y,2,1)
. Topographic and complex media effects are neglected
. Elastodynamic equations in an horizontally stratified half-space z

. Continuity conditions at each interface

. Vanishing conditions at z = —o0
€+200 O
A7, 0) = Z Rijn(6) dp e f dk T, (p, k) J,,(kr)k
= €E—100 0

R;;n(0) radiation pattern

T, (p, k) frequency-wavenumber response



Simulation of the Thurweiser landslide

Thurweiser rock avalanche, Italie

September 2004
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Velocity (m/s)
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Simulation of the generated seismic waves
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Curvature effects on the generated seismic waves
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Friction coefficient and simulated seismic waves
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Mt Steller rock-ice avalanche and associated landquake

Alaska, September 2005 Recorded by 7 seismic stations from 37 km to 623 km
.
3 km

Bagley
Ice Field
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Simulation of the Mt Steller rock-ice avalanche
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e The two scenarios well match
the deposit area

e Mass accumulation at the front
with erosion effects
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Moretti et al., 2011



Simulation of the Mt Steller landquake
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Conclusion

. Seismic signal =) information on the temporal evolution of the volcano stability
. Scaling laws between seismic energy and signal duration
. Transfer ratio of potential energy to seismic energy =P volume = f (seismic energy)

. Near-field, long-period observations can discriminate between alternative scenarios
for flow dynamics

. Estimation of the basal friction and physical processes during the flow can be
inferred from simulation of the seismic signal

To do ...

« Validation on well characterized events

. Systematic study of the influence of the volume, topography, friction coefficient on
the simulated seismic signal

. Coupling landslide and wave propagation models



