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Recent observations provided evidence that the response of a slope to seismic shak-
ing can be characterized by directional variations with mean value of 2-3 of the ra-
tio between maximum and minimum of shaking energy (Del Gaudio and Wasowski,
2007). One of the settings in which site response directivity has been observed is on
slopes affected by mass movements: this is of particular interest in that the presence
of a down-slope directed amplification can play an important role in landslide reac-
tivations and should be taken into account in hazard assessment. At present the nec-
essary conditions for the occurrence of directional amplification remain unclear and
the development of reconnaissance techniques for identifying slopes affected by these
phenomena would be of considerable utility. Therefore we tested a technique known
as HVNR (Horizontal-to-Vertical Noise Ratio) or Nakamura’s technique, commonly
used for determining site resonance frequency, which measures the spectral ratio of
horizontal to vertical component of ambient microtremors. In particular, we measured
the azimuthal variation of HVNR values by using a light-weight portable 3-component
seismometer recently developed in Italy (Tromino) for HVNR measurements. Tests
were carried out in the area of Caramanico Terme (central Italy), where in the last
five years a local accelerometric network has provided several data on directivity phe-
nomena affecting slopes. The results of HVNR measurements were compared with
the horizontal-to-vertical spectral ratios (HVSR) obtained for low-to-moderate mag-



nitude seismic events recorded by accelerometric stations. The peak values in the H/V
spectral ratios derived from noise and seismic recordings turned out quite different:
this appears to be a consequence of several factors (instrument characteristics, spec-
tral properties of seismic events and of noise sources) that, in presence of litostrati-
graphically and topographically complex settings, like those of unstable slopes, seem
to make H/V spectral ratios scarcely representative of actual amplification factors.
However, slopes affected by site response directivity have consistently shown major
H/V peaks within the same narrow (20◦-30◦) azimuth range both in noise and seis-
mic event recordings and, therefore, HVNR results to be a promising technique for
identifying directivity. Furthermore, a comparative test conducted on a landslide body
and on neighbouring terrains demonstrated that, whereas no directivity evidence was
found for the latter, the landslide sites showed spectral peaks centred around the max-
imum slope direction. This confirms the influence of the landslide on site response
directivity, even though the collected data provide indications of variations in degree
of directivity, presumably reflecting differences in local geomorphic and geologic con-
ditions.
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