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Motivation: time-dependent rockslide behavior
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“mature” giant rockslides:
- well-developed cataclastic basal shear zones
- full spectrum of creep behaviors

- dominated by friction in granular materials and hydro-mechanical coupling

Predictive models: often incomplete or lacking experimental support
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Spriana rockslide (val Malenco, italian central Alps) .
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headscarp

/

Early Holocene, documented since 1878

@extenso@ i .
—> rock: granitic gneiss

Upper scarp - compound rockslide, 50 Mm?3

lower

BH
I borehole

1 PZ  piezometer

© sample location

B1 gouge sample
perched
aquifer

- Dbasal shear zone: max depth: 95 m, inclination: 28-35°
- cataclastic breccia layers - perched water table
- relatively small internal deformation
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Spriana rockslide: in situ behavior

- long-term creep (5-30 mm/yr) + pulses
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Tested shear zone material
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High-quality drillcores (depth: 85-90 m)

—> grain size distribution

- quantitative XRPD

- X-ray CT (0.5 mm)

- standard direct shear tests

Breccia supported by silty-sandy matrix, sub-
angular clasts up to 2.5 cm, no preferred
orientations (cataclastic texture)

100
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70 : ——B8
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Experimental set up
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—> biaxial apparatus within a pressure vessel
—> double direct shear configuration

Pore pressure / effective stress:
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Laboratory experiments (1)

e i B - stable sliding | velocity steps
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(A) stable-sliding shear experiments (B) velocity step experiments
> effective 0 2,3,4 MPa > effective 0’ : 2 MPa (situ)
- displacement control (10 pm/s) - dry vs. saturated material
- Mohr-Coulomb envelope - shear rate: 0.1-300 um/s
- hydraulic conductivity - rate-and-state modeling
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Laboratory experiments (2)
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Hydraulic and frictional properties

=3 UNIVERSITA
N
N
NE
== ONVTIA 1A

-\
ICOCC
3.0 N E
= 7=0510 R20.997 a | = ] o
T 25 1100 X hydraulic conductivity
\E_/ 2.0 k o . >:
N . B _ _ ® 'g * 10 . . ‘s
v e = =2 4*107% m/s (in situ conditions)
b . ~ 10 >
9 B 3 10 T . ) .
B 101 (010%° W, S —> consistent with literature data
— e
S o5 W o (Strauhal et al., 2016)
< :1071 2
04— 1.”9 : T : : o > lowk, perched aquifer
effective normal stress, o’ (MPa) =
o _ 0.015
Frictional properties b
. 0.522 —m—dry
@ saturated
, o 0.010 - 0.518 e Data
- steady-state p=0.51 (d'~ 27°) = S — Model
. . G i ' 6100 slip (um) 6300
- consistent with back-analyses  ~ ;5.
(Belloni & Gandolfo, 1997)
> rate-strenghtening / neutral 0.000 rﬁ;ﬁ’;ﬁ’;ﬁgg

- prone to slow creep 10 100
displacement rate (um s)

Slow-to-fast transition of giant creeping rockslides F. Agliardi — EGU2020 Online, 7 May 2020



Shear zone response to short-term Pp change
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Hydro-mechanical behaviour
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Laboratory vs in situ behavior
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Towards slow-to-fast prediction
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—> statistically-robust log-linear correlation between V,, and APp
—> separate short-term and long-term processes hampering / favoring collapse

-V, critical values for slow-to-fast transition well fitted by a linear envelope
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Conclusions :

Our experiments:
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—> capture the full spectrum of creep observed in giant mature rockslides in
crystalline rocks

—> reproduce in situ response to short-term pore pressure perturbations

—> shed light on hydro-mechanical interactions underlying different creep styles
and the slow-to-fast transition

—> allow separating the effects of interplaying processes modulating rockslide
movements, often hampering the efficacy of empirical forecasting tools

—> provide physics-based, scale-independent constraints to improve prediction
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