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Rock slope instabilities in frac-
tured crystalline rock tend to be 
complex, especially in situations 
where planes of weakness like those 
associated with foliation, large faults 
or highly persistent fractures dip into 
the slope or are absent. In such cases 

the failure surface has to develop by 
stepping through various fracture 
sets involving the failure of intact 
rock bridges and strength degradation 
along the sliding surface by means of 
progressive failure. In order to study 
these processes, an in-situ labora-

tory was established an unstable rock 
slope above the scarp of a multiphase 
rockslide involving 30 mio m3 that 
occurred in 1991 near the village of 
Randa (VS). At this site the foliation 
dips into the slope and the unstable 
rock mass moves slowly at a surface 

Figure 1 Geotechnical and microseismic network installed at the study site in 2001
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displacement rate of up to 2 cm/year. 
In summer 2001, a multi-component 
geotechnical monitoring system and 
microseismic array were installed 
at the surface and within three deep 
boreholes drilled into the unstable 
rock mass to depths of 50, 50 and 
120 m (Figure 1). The installation 
campaign was accompanied by field 
mapping and geophysical investiga-
tions conducted from the surface and 
the boreholes. 

Large, persistent faults or domi-
nant fracture sets dipping out of the 
slope (i.e. to SE) which may serve 
as through-going sliding surfaces 
could not be identified either at the 
surface or in the boreholes. In con-
trast, the displacements within the 
unstable rock mass were found to be 
distributed on a network of fault and 
fracture zones of inclined-steep fault 
sets dipping NW and E and one set 
parallel to foliation. The persistent 
nature of these features (i.e. minimum 
extent > 30 m) was confirmed by a 
joint analysis of fracture data from 
optical televiewer images and single-
hole georadar reflections (Willenberg 
et al. 2004). Promising results could 
also be obtained from integrating 
surface mapping data and the results 

of 3-D surface georadar and seismics 
(Heincke et al. 2003).

Vertical profiles of 3-D displace-
ment vectors down to 120 m were 
obtained by combining profiles of 
axial strain and inclinometer-derived 
horizontal displacement after careful-
ly eliminating systematic errors from 
the latter (Willenberg et al. 2003). 
The profile revealed that most of the 
active fractures belong to the set of 
NW-dipping faults with moderately 
inclined to steep dip angles. The dis-
tribution of displacements on the fault 
and fracture zone network, which was 
measured at the surface and in the 
boreholes, suggested that the rock 
mass is dissected into various blocks. 
In addition, the interpretation of the 
inclinometer surveys suggested that 
these blocks exhibit either toppling, 
translational sliding or rotational 
movements on a sliding surface that 
lay below the boreholes.

The multidisciplinary approach 
adopted in the project provided an 
unusually complete description of 
the structure and distribution of 3-D 
displacements occurring within the 
unstable rock mass.  Such detailed 
characterisations are essential to un-
derstand the processes that control 

progressive failure.
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