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1 Introduction — The shallow landslides and their consequences
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v limited volume of soil mobilized, but severe damages to cultivations,
infrastructures, urban settlements, loss of human lives

v' a continuous monitoring of unsaturated soil hydrological properties
related to rainfall conditions is needed to understand the landslide
triggering mechanisms.



1 Introduction — The shallow landslides in Oltrepo Pavese
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2 Objective of the research

to test an integrated hydro-meteorological
monitoring system for slopes prone to shallow
landslides

!

1. to test different typologies of devices

2. to identify the main soil hydrological behaviors

3. to identify the shallow landslide triggering
mechanisms




3 The monitored slopes

Montueé site < /4

\"J,;
- 6 3



3 The monitored slopes Montué test-site slope
1. North-eastern Oltrepo Pavese
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3 The monitored slopes
Montue test-site slope — 3d Model



3 The monitored slopes
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Multidisciplinary (pedological, mineralogical,
geotechnical, mechanical) characterization
of the test-site slope soils

Depth Gravel Sand Silt Clay USCS Y

m ) ) (6 (%) (N/m)
Cc 02 123 125 539 213 CL 17.0
D 04 1.5 114 594 277 CL 16.7
E 06 85 132 511 272 CL 16.7
F 1.0 24 122 564 290 CL 18.6
G 12 0.5 75 656 264 CL 183
E 14 02 750 248 00 18.1




3 The monitored slopes
2. Central Oltrepo Pavese
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Depth | Gravel | Sand Silt Clay | USCS Y
(m) | (%) (%) (%) (%) (kN/m?)
Ap | -0.10 | 1.00 | 2.30 | 42.20 | 54.50 | CH
Bw | -0.44 | 0.55 | 2.25 | 39.70 | 57.50 | CH 18.7
BC | -0.80 | 0.55 | 2.25 | 45.70 | 51.50 | CH 19.0
Cl|-1.18 | 2.45 | 3.20 | 46.85 | 47.50 | CH
C2|-1.72 | 0.10 | 0.65 | 42.25 | 57.00 | CH




3 The monitored slopes

Costa Cavalieri test-site slope — 3d Model



4 The monitoring system
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4 The monitoring system

2. Central Oltrepo Pavese
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5.1 Results - Behaviour of devices
@h degree of scattering

SR o
€ s 14 1 ! crozm || : ©
c:;_“ < o "-'! N _ A o - Oa —
g © Ll . Lot cr4m o ;CE‘
= 2- ‘ ‘ | B | O E
S . =
£ 1 o f
P — - - - - . -
© 5 4 & Montué station: required initial period
% o in which sensors had to progressively
= ° - adhere to the surrounding soil after
2012-03-27 2014-03-27 2016-03-27 2018-03-27 installation
= (@]
L 8 o e ——— T g ———— ] B
4
N— | o —
o ¥ =
>
7 S E
9 8 B-cc (-0.4 m) ™ Wt
O v o B-cc(-0.6m) =
—_ I o -cc (-0. — Qo
5 L. i S €
© W, ! ©
S ! =
2 g Al
D? o ILA‘ kbl bl .IJ} T o

2015-12-10 2016-04-17 2016-08-24 2016-12-31 2017-05-10

Costa Cavlieri station: shrinkage/swelling processes required initial
period in which sensors had to progressively adhere to the surrounding
soil after installation




5.2 Results — Monitored hydrological behaviours
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5.2 Results — Monitored hydrological behaviours
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5.2 Results — Monitored hydrological behaviours
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5.2 Results — Monitored hydrological behaviours
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5.3 Results —Hydraulic non-equilibrium processes

dry period --> very rapid rewetting of the soil horizons < 0,7m

summer rainstorm (>10mm/2h) --> increase of pore water pressure not coupled with
an increase of the water content
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5.4 Results — Hysteretic Soil Water Characteristic Curves
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5.5 Results — Shallow landslides triggering mechanism
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5.6 Results — Role of antecedent soil moisture conditions in
shallow landslides triggering
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6.1 Results — Slope stability analysis at site-specific scale

Lu and Godt’s model (Lu and Godt, 2008) ¢'= friction angle of the soil
B= slope angle
tang' 2c' o’ ! c'= effective cohesion
Fs= + ——[(tan B+ cot B)tang'] y = unit weight

tanf zsin2f yz z= depth
0S = suction stress

Modeled safety factor (Fs) during 24 February-14 March
2016: a) Montue slope; b) Costa Cavalieri slope.
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Safety factor trends reconstructed using Lu and Godt's model since water content data between 18
January and 9 March 2014: a, b) cumulated rainfall amount of the period; c, d) suction stress modeled

using MDC orMWC properties; and e, f) safety factor modeled using MDC or MWC properties.
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Safety factor trends reconstructed using Lu and Godt's model since pore water pressure data
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6.2 Results: Safety factor charts
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6.3 Results — Slope stability analysis at catchment scale
TRIGRS-Unsaturated model (Baum et al., 2008)
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6.3 Results — Slope stability analysis at catchment scale
Calibration of the model at site-specific scale
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6.3 Results — Slope stability analysis at catchment scale
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7. Conclusions

* Simultaneous measurements of water content and pore water
pressure are required to identify different soil hydrological behaviors and
main shallow landslide triggering mechanisms

* Coupling different sensors (HD or MPS-6 sensors and tensiometers)
allows to cover the entire range of variation of pore water pressure and
identify complete soil hydrological behaviour

* Monitoring data allows to a better calibration and implementation of
physically-based models, both at site-specific and catchement scale

* Main problems and open question
* Soil devices installed in trench pit (slow collapse of the trench backfill)

* No data were acquired in periods of prolonged absence of solar light able to
recharge the alimentation system through the solar panel.

* analysis of hydraulic non-equilibrium processes
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