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INTRODUCTION
Catastrophic rock slope failures have high social 
impact, causing significant damages to infrastruc-
ture and many casualties. Generally, lots of poten-
tially catastrophic active rockslides have been 
identified, but not all of them lead to catastrophic 
failure and rapid landslide motion - many remain 
slow and ductile, moving in a continuous or inter-
mittent manner over long distances. Moreover, the 
slope failures and movements can be triggered or 
reactivated by earthquake shaking respectively. 
Hazard mitigation of potentially catastrophic 
landslides and the assessment of the slope state 
(i.e., how close a given slope is from failure) 
requires thorough understanding of the mecha-
nisms driving the slope movements and its seismic 
response. Recently, the analysis of the seismic 
ambient vibrations acquired on an unstable slope 
showed a close link between the seismic response 
and internal structure of the unstable rock mass 
(Burjánek et al., 2012). Thus systematic measure-
ments of seismic ambient vibrations should add 
valuable information to the characterization and 
detection of such unstable rock slopes and conse-
quently allow a further reduction of the uncertain-
ties related to stability and hazard assessments. 
Furthermore ambient noise measurements give 
information about the rock slope structure which is 
linked to the current and future stability of the 
slope. Of course, the observed weak motion re-
sponse can also be directly considered in earth-
quake triggering of the rock slides.
Similar experiments and studies about the seismic 
response of potentially unstable slopes have been 
carried out by other researchers as well, e.g. Del 
Gaudio and Wasowski (2010).

MEASUREMENT CAMPAIGN AND MAIN OBSERVATIONS
During the last two years several ambient noise 
measurements have been performed in Switzerland 
in order to study the seismic response of potential 

rockslides concerning a broad class of slope failure 
mechanisms, material conditions, tectonic settings 
and activity levels. Moreover, the site selection was 
performed with support of the Swiss Federal Road 
Office (ASTRA) and Swiss Federal Railways (SBB) 
to spot specific high-risk locations for the transport 
networks. A number of three-component seismom-
eters were deployed at sites of interest for a short 
period of time (several hours) in order to record 
ambient vibrations. Each measurement setup 
included a reference station, which was installed on 
a presumably stable part of the slope as close as 
possible to the instability. Site-to-reference spectral 
ratios have been calculated in order to estimate the 
relative amplification of ground motion at unstable 
parts. A systematic analysis of the recorded datasets 
has shown highly directional vibrations in the 
unstable parts of the slopes, and significantly 
amplified ground motion with respect to stable 
areas. These effects are strongest at certain frequen-
cies, which were identified as eigenfrequencies of 
the unstable rock mass. Amplification levels present 
relatively large scatter among the investigated sites. 
At some sites, the amplifications reach extreme 
values (for example, factor of 70, see Figure 1). 
Such large amplifications can obviously increase 
the transient strains even during strong ground 
shaking, i.e., increase susceptibility of slopes to 
earthquake-triggering. In most cases the directions 
of maximum amplification are perpendicular to 
open cracks and in good agreement with the 
deformation directions obtained by geodetic meas-
urements. We tried to link observed vibration 
characteristics with available results of detailed 
geological characterization (like different rock mass 
indexes, joint set characteristics). However, we 
have not identified a quantitative relationship yet.
In general our measurements and data acquisition 
take place during dry periods without rainfall. 
Therefore the effect of water is mostly neglected in 
the data interpretation. Apart from that water table 
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measurements are not available. It is assumed that 
the water level is low at the investigated sites due 
to the fast water runoff at rock slopes. From tempo-
rary installations with annual measuring interval 
we know that the recordings of ambient vibrations 
are stable over years in dry periods.
Furthermore we perform numerical simulations of 
synthetic ambient vibrations at selected sites. In 
particular, we model seismic wave propagation in 
media with different material contrasts, internal 
fractures and complex topography. The goal of 
these simulations is to better understand the 
observed wavefield and the identification of the 
key controlling parameters. A potential relation 
between eigenfrequencies, amplification levels on 
one side and unstable rock mass depth, volume, 
deformation rate on the other side is investigated. 
Moreover, the earthquake induced strain transients 
are analyzed as well.

CONCLUSIONS
To summarize, ambient vibrations measurements 
allow for rapid detection and objective characteriza-
tion of rock slope instabilities. In particular, it is 
possible to distinguish unstable areas, the direction 
of bulk slope deformation and slope eigenfrequen-
cies. The extensive measurement campaign resulted 
in a comprehensive record of the seismic responses 
of the investigated rock slopes in Switzerland that 
could potentially lead to catastrophic failure. This 
unique dataset could principally contribute to the 
general understanding of the strong motion excita-
tion of unstable slopes especially after the next 
strong earthquake in Switzerland.
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Firgure 1. Left: Overview of the site Gondo (Wallis) with the measuring configuration. Right: Site to reference spectral ratios (SRSR) - compare the recorded Fourier 
amplitude spectrum of the ground motion at different measuring points with a common reference station as a function of frequency. If there are no site effects the 
SRSR should be around 1 as it is the case in the low frequency part. At around 10 Hz the stations GON101, GON102 and GON202 are highly amplified (up to a factor  
of 70) and regarded as instable, whereas station GON201 seems to be outside from the instable area.
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