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ABSTRACT: VAN ASCH TH.W.J. & MALET J-P., Analysing the kine-
matic response to groundwater fluctuations of a slow moving landslide in
varved clays, using two alternatives of the equation of motion. (IT ISSN
0391-9838, 2011).

The relation between groundwater fluctuations and displacement 
velocities are analysed for a slow moving deep-seated landslide. The land-
slide, which developed in varved clays, is situated near Monestier-du-
Percy, on the «Trièves Plateau» in the French pre-Alps. The landslide,
which started in the fifties, moved over a long time period with varying
(also zero) velocities. Over longer periods, a temporally attenuating trend
in the amount of displacement could be observed. In recent years during
the nineties, inclinometer measurements showed a mean displacement
around 30 mm yr–1. The inclinometer profiles show a shear band of less
than one meter with a more or less rigid plug on top.

Two models based on the equation of motion were tested on these
displacement profiles in combination with piezometric observations from
an open stand pipe nearby: The AC-model uses the complete equation 
of motion including the local and convective acceleration terms. The 
NA-model ignores these terms making it a sort of steady state model. It
appeared that for slow moving landslides, differences in calculated veloc-
ities and displacements between the two models can be neglected for
gradual rising and falling groundwater levels.

The landslide monitoring did not show a simple linear relation be-
tween groundwater level fluctuation and displacement velocity. Back cal-
culation of the viscosity for the various time intervals within a selected
test period between 23/11/1992-24/08/1995 shows an exponential rela-
tion ship between excess shear stress and shear strain rate. It can be ex-
plained by a rate dependency of an apparent viscosity, caused by genera-
tion of a rate dependent excess pore pressure or by a rate dependent
change in thickness of the shear band.
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INTRODUCTION

Slow moving landslides show a wide variety of com-
plex systems and mechanisms controlling their temporal
displacement pattern. The movement of these landslides
are in the first place controlled by a fluctuating groundwa-
ter level generating changes in pore pressure and thus
changes in excess shear stress controlling the velocity. The
rate in rise and fall of the groundwater level is influenced
by the amount of fissures which provide the infiltrating
water direct access to the groundwater body. During
movement fissures may develop and may be closed again
leading to a changing preferential flow regime (Corominas
& alii, 1999; Malet & alii, 2005). Consequently, large land-
slides have shown an erratic and complex response to rain-
fall (Noverraz & alii, 1998; Malet & alii, 2005).

The displacement velocities within a landslide differ,
which results in the generation of zones of compression
and extension. This will create undrained loading effects,
leading to the generation of excess pore pressure, (Baum
and Fleming, 1991; Picarelli & alii, 1995, Giusti & alii,
1996, Klubertanz & alii, 2000, Comegna and Picarelli,
2005; van Asch & alii, 2006, 2009). Under compression,
excess pore water pressures, as a result of undrained load-
ing may generate sudden surges (Bonnard & alii, 1995,
Baum and Fleming, 1991, Caron & alii, 1996).

Excess pore pressure effects can also be induced by
sliding of the landslide body over an undulating slip sur-
face, with destabilising positive and stabilising negative
pore pressure developement as the result of compression
and dilation at respectively the proximal and distal sides
of bumps (Keefer & Johnson, 1983). Van Genuchten &
van Asch (1988) found similar feedback mechanisms in
intermittently sliding blocks of a slow moving landslide
near La Mure (French Alps), which developed in varved
clays.
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