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Numerical modelling of the initiation of landslides due to
Increase of water pressure with a multiphase material model
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Aim of this work is the numerical analysis of the initiation of landslides due to increase of water pressure induced by rainfall. The slope is analysed
as a multiphase elasto-plastic porous continuum where heat, water and gas flow are taken into account [1]. In particular, the gas phase is
modelled as an ideal gas composed of dry air and water vapour, which are considered as two miscible species. Phase changes of water
(evaporation-condensation, adsorption-desorption) and heat transfer through conduction and convection, as well as latent heat transfer are
considered in the model. The modified effective stress state of the solid skeleton is limited by the Drucker-Prager yield surface for simplicity, with

linear isotropic hardening and non associated plastic flow [2]. The macroscopic balance equations are discretised in space and time within the

finite element method. The finite element code Comes-Geo [1] has been further developed for this work [2]. The independent variables are the

solid displacements, the capillary and the gas pressure and the temperature. Small strains and quasi-static loading conditions are assumed.

The balance equations implemented in the code are:
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Numerical analysis. A 2D laboratory test [3] carried

out at the LMS-EPFL laboratory is simulated numerically.
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The experiment reproduces a slope stability problem due
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to a pore water pressure of 1.6 kPa applied at the left — IE
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third of the bottom surface. The slope is 1.5 m in length, Phreatic line (pF=0) due to  Equivalent plastic strain.
the boundary conditions.

1 meter high and 0.25 m wide. A constant water table is

T T T Bottom reservoirs

%L“d‘"s. imposed at the left and right hand sides of the slope at

et 1 SRS EOR O 0

i

0.2 and 0.15 m below the surface, respectively. The pore
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pressure load at the bottom is applied at time t=0. The
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Sketc of the experimental setup for the slope  first failure of the of the lower part of the slope occurrec

stability analysis [3]. _ _ Water flow rate.
after about 80 s. The slope continued to fail by backward

D erosion and outflow appeared at the lower part shortly
D 2 afterwards.
9 h . | .
S Numerical results performed with the finite element code
Comes-Geo show that the first failure of the lower part
Boundary conditions. _ . |
of the slope is captured and that outflow appears shortly Total displacements. Displacements due to load.
afterward, as experimentally observed. The computation
o was made with a uniform initial condition of almost dry
i material (water saturation of 42%). Then the hydrostatic

water load was applied at the left and right side, and
Applied water pressure load.

finally, the water pressure load was applied at the Shear strains. Water saturation.
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