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Characteristics of Post-Seismic Landslide Activity

- Following major earthquakes, an increase followed by attenuation
in landslide activity
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« Post-seismic rainfall events activate “damaged” hillslopes

- Difficult to quantify post-seismic landslide patterns

Objective: To quantify seismicity effects on hillslope “damaged
state” with enhanced landslide activity and subsequent healing

Fan et al., 2018, Engineering Geology, 243, 128-144
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Following major earthquakes, an increase followed by attenuation
in landslide activity
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Coseismic hillslope “damage” and subsequent “healing”
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Hvydromechanical Model

* Model discretized into:
* Columns: boundaries of compression.
« Layers: boundaries of shear.

* Cumulative downslope deformation function of shear, compression
between boundaries. Compression may remain after disturbance. \
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Simulated Disturbance

* Yield — Compression exceeds passive resistance.
Governing Physics: |
Seismic Inertial Load: ky, (t)W
Mohr-Coulomb Failure Criteria: S = ¢’ + o'tang’ Hob Shear. @
Climate: infiltration (i) :
Hydrological: n, a, k¢, Ores, Osqr, iNitial VWC (6,) Mob. Comp., C

Vegetation: Root Fiber Bundle Model

« Modeled time of triggering, internal compression and deformation
response matched observations from the Ruedlingen landslide (well-
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instrumented failure where compression and deformation measured).



Hvydromechanical Model

* Model discretized into:
* Columns: boundaries of compression.
« Layers: boundaries of shear.

* Cumulative downslope deformation function of shear, compression
between boundaries. Compression may remain after disturbance.

* Yield — Compression exceeds passive resistance.
Governing Physics:

Seismic Inertial Load: ky(t)W

Mohr-Coulomb Failure Criteria: S = ¢’ + o'tan¢’
Climate: infiltration (i)

Hydrological: n, a, kgyt, Ores, Osq¢, INitial VWC (6,)
Vegetation: Root Fiber Bundle Model

Modeled time of triggering, internal compression and deformation

response matched observations from the Ruedlingen landslide (well-
instrumented failure where compression and deformation measured).
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Hvydromechanical Model

* Model discretized into:
* Columns: boundaries of compression.
« Layers: boundaries of shear.

* Cumulative downslope deformation function of shear, compression
between boundaries. Compression may remain after disturbance.

* Yield — Compression exceeds passive resistance.
Governing Physics:

Seismic Inertial Load: ky (t)W

Mohr-Coulomb Failure Criteria: S = ¢’ + o'tan¢’
Climate: infiltration (i)

Hydrological: n, a, k¢, Ores, Osqr, iNitial VWC (6,)
Vegetation: Root Fiber Bundle Model

* Modeled time of triggering, internal compression and deformation

response matched observations from the Ruedlingen landslide (well-
instrumented failure where compression and deformation measured).

Hillslope Damaqge and Triggering

« The relationship between coseismic damage (compression,
weakening) for PGA and post-seismic triggering rainfall were
established, consistent with prior observations (a).

- Damage Curve: No damage below yield accel., coseismic
failure for large PGA - triggering rainfall due to damage (b)
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Post-Seismic Failure and Dormancy

« May consider cycles of wetting and drying (c) and the
progression of shear banding, residual compression.

« Healing of soil (reconsolidation, shrinkage) and roots
(revegetation) influence whether damaged hillslope exhibits
post-seismic triggering or dormancy (a).

-~

 Bifurcation in post-seismic landslide behavior with increasing
PGA (dormancy or triggering) — (b).
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Post-Seismic Failure and Dormancy

Total Precip. [cm]

. ] ] L ( a) g o : 25 (Coseismic Displacement ' (b) |
« May consider cycles of wetting and drying (c) and the —sl  |E|E 3|5 £ b -
progression of shear banding, residual compression. : | st |E E 3 : e
g 0.6 T Q SO ? Acllive-HeaIed'
 Healing of soil (reconsolidation, shrinkage) and roots £ < e —
(revegetation) influence whether damaged hillslope exhibits\ 5 Foc| IA /\ W
post-seismic triggering or dormancy (a). So2f ERC \ \/ '
. . . . . . . CL . 34° §-02| - \/ . mv _
« Bifurcation in post-seismic landslide behavior with increasing TR yereree I o

PGA (dormancy or triggering) — (b). PGA (g Timo foay]

Implications for Post-Seismic Activity _ o3
S
«Eo,zs
« Take hypothetical distribution of hillslope geometries (a) and\ - § 02}
apply PGA (here, 0.25Q). : %m\ Vegetated
» Coseismic failures are compared for soil weakening, vegetated : % ol
conditions, soil healing and no soil healing (b). Eventual §0-05
plateau in post-seismic landslide volume. o coemee
. . . ] . Max. Hillslope Angle [°] Time [Days]
* This is reflected in landslide rates (c), where decay is observed 7006 7006
for all cases. Rates are smallest for vegetated conditions, but \ 2ol s P (C)
most prolonged. A B o Foos|
« Dormancy is also considered (d), where vegetated conditions 200y No Sotningenng | £ 03| Post Seismic
. . = = ormancy kate
reflect maximum dormancy of damaged hillslopes, shear 2002) 2002|
softening the least. % ol 3l Vogotated
g g_001\\ g001
Z 0 2 AN . .

0 :
0 200 400 600 800 1000 0 200 400 600 800 1000
Time [Days] Time [Days]



