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Wave-induced rockfall
triggering

Unexpected effect of low seismicity
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Natural field lab for rockfalls: Piton de la Fournaise

Permanent seismic network cameras

One eruption very 8 months ‘ Volcano-tectonic seismicity (VT), Heavy rain
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What triggers slope instabilities ?
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10-year rockfall’s catalogue

Piton de la Fournaise, Dolomieu crater
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10'year rOCkfa"’S Cata|0gue Lab-scale granular flow experiments

Seismic energy loss of potential energy Eiomic | © Epotentia™ 2-3 % 107
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From seismic energy to rockfall volume
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10-year rockfalls + seismicity (VT) + rainfall
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Spatio-temporal distribution of rockfalls
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Low seismicity may trigger rockfalls Tatard et al. 2010, Keefer et al. 1984
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Does low seismicity trigger rockfalls ?
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Does rain trigger rockfalls ?
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Seismicity induced yield weakening

Long term story of crater Dolomieu slopes
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Lab-scale avalanche triggering with ultrasounds

Long term story of crater Dolomieu slopes =

Dry granular flows experiments
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Lab-scale avalanche triggering with ultrasounds
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Ultrasound triggered avalanche
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Simulation of wave effects on granular motion

Decouple grain motion wave propagation

Gscrete Element Method for grain motioh ‘
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Discrete Element Method
Grain motion time scale

Contact Dynamics
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Wave induced weakening of grain-grain friction

(a) Before waves perturbation

Schematic view

Simulation of
vibration modes
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Granular avalanche without waves

Ho/d =144, 8 = 17°
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After a time delay, fully developped granular flow
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Granular avalanche without waves
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Avalanche triggering with waves

Hy/d =144, 0 = 16°, f = 70 kHz
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Wave-induced change in avalanche ‘nucleation’ time
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Wave impact on avalanche triggering

i Low amplitude high frequency waves may trigger slope instabilities

i Rockfall response to low seismicity and time delay depend on the stability state of the slope

i Quantification of physical processes requires field data, lab experiments and simulations
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Frabability density function
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Do low seismicity rainfall trigger rockfalls ?
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Do low seismicity rainfall trigger rockfalls ?
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Laboratory/field for

Single imrl)g!?spacltslrlows

Laboratory

Farin et al., 2014
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Hibert et al., 2011, 2014, Levy et al., 2015




Granular collapse on inclined plates
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Signorini & Coulomb’s contact laws

* Signorini’'s law

Equivalent to the constrains :

Ajk = 0
D;r >0
NjkDjr =0

For each particle:

* Coulomb’s law Tangential
relative velocity
; T
T.,l'-.ﬁi MAJ,]{I jak
"Jﬁ Vj,k
Ak

Equivalent to maximize the dissipated power :

Tj.k

such that | T k | < M)\j,k
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Lab-scale avalanche triggering with ultrasounds

Long term story of crater Dolomieu slopes

Dry granular flows experiments
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Avalanche triggering with waves
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