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Abstract. The Eocene Feden-Sema Range is a topographical structure located in the complex area of
Mechtat El-Ababsia (Guelma) characterized by topographical site effects from an experimental investigation
using earthquake and ambient vibration. The structure has its maximum orientation toward the south and a
half-circular shape. To study the directionality effects caused by this structure, two profiles of ambient
vibration measurements were carried out on the maximum axe and through the range of 12 points. The
analysis of the horizontal over vertical spectral ratio indicated that the fundamental frequency, f0, of the
topographical structure is constant and around 3.0 Hz in all measurement points. The ambient vibration
analysis in the 0.1-20 Hz frequency domain showed that fO is strongly related to the polarization or
directionality, where the maximum amplification is obtained at 45° azimuth from the north with an
amplitude of 3.5 times compared to 0° at 2.5 times. The obtained result is of great importance in showing
that the topographical site effects are not free from the directionality influence in the ground motion, which
must be taken into consideration in the case of building construction orientation.

1 Introduction

The characterization of the site effects of the broad-band
stations of the Algerian Digital Seismic Network
(ADSN) showed that some of them installed on
topographic surfaces (mountain, range, hill, etc.) are not
free from amplification in the high-frequency domain
(>1 Hz) [1]. The directionality effects in these stations
are existing and perpendicular to the main axe of the
topographic structures. Furthermore, the fundamental
frequency peak of the topographic site effects is constant
regardless of the elevation of Eocene, Mesozoic, and
Paleozoic structures (massifs and ranges). For the
Miocene hills, the topographic site effects are combined
with the lithological ones, and to separate between them,
[1] found that the H/V of ambient noise technique [2]
helps to distinguish topographic-lithological site effects,
where the lithological site effects vary inversely with
elevation. The thick sediment layer corresponds to the
highest elevation with low frequency amplification (< 1
Hz) observed previously in the Chéliff [3, 4, 5, 6] and
Mitidja [7] basins for flat sediment layers. Also, the
directionality effect can help with landslide region
limitation (e.g., [8]).

Considering seismic events in site response
determination at a station installed in Bouzaréah Massif
(ABZH) of Paleozoic metamorphosed limestone, the
topographic site effects depended on the azimuth,
presenting a change in the frequency peak [9]. In the
present study, we consider a case from [1], the Feden
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Sema range (Guelma; Fig. 1), to analyze the relationship
between the directional and seismic motion energy from
eleven ambient noise recordings distributed on its
surface (Fig. 1).

2 Geological and
setting

topographical

The Feden Sema range is a Lower Eocene
topographical structure from the complex area of Oulad
Dhan Missif (Guelma). It consists of limestone,
limestone-marl, and clay [1]. According to “Agence
Nationale des Ressources Hydrauliques” (ANRH)
drillings, this thin layer of Lower Eocene (40 m)
overlays a thicker layer of Upper Cretaceous (760 m)
than the Lower Cretaceous. The maximum and
minimum elevations of this range are 1003 and 670 m,
respectively, from the north to the south (Fig. 1). The
major axe of the range is curved, oriented toward the
south, with a 1.5-kilometer width from the east to the
west. In seismic anisotropic analysis, [10] showed that
in this region, seismic wave propagation has a NE-SW
favorite or fast orientation.
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Fig. 1. 3D Feden Sema topographical range structure. The
black-filled circles are the ambient noise point measurements.
The three yellow-named ones are the points considered by
the directionality analysis: P3, P5, and P7.

3. Method

To analyze the directional effects in the Fedan Sema
range, we considered eleven ambient noise
measurements of two profiles where the points were
distributed on the major axe and across the structure
(Fig. 1), each lasting 30 minutes. [1] showed that the
variation of the fundamental frequency, f,, of the
measurement points is very narrow, between 2 and 3 Hz
of topographic site origin (Fig. 2). According to [11],
this category of site response is named “typical
topographic site effects”. In the following, we detailed
the steps of directionally effects computation
considering only three points, P3, P5, and P7 (Fig. 1 and
2).
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Fig. 2: Fundamental frequency variation (bottom) of the two
ambient noise measurement profiles across the Feden Sema
range (Fig. 1) and on its major axis (grey dashed line) (top)
(modified from [1]).

3.1 Signal Energy Directionality

The energy variation of the horizontal ambient noise
signal recording of P3, P5, and P7 with azimuth from 0
to 180° was calculated from the amplitude spectrum in
the 1-10 Hz frequency domain using GEOSY software.
Individual window of 25 sec of NS and EW components
of each point were transformed into amplitude spectrum
using FFT smoothed by 30 b-value of Konno-Omachi

smoothing [12]. The obtained results of individual
windows were averaged for global horizontal
components. In the rotation, a step of 10° in 0-180° was
used.

3.2 H/V Rotate

To analyze the relationship of the fundamental
frequency, fo (Fig. 2), variation with the azimuth from
0-180°, we considered the ambient noise recordings in
the H/V technique [2] from 0.4 to 20 Hz using the same
processing in Section 3.1 of the present study.

3.3 Covariance Matrix Method

To obtain a better resolution of the directivity angle, we
performed a direct estimation of the polarization angle
using the covariance matrix method [13] which consists
of determining the polarization angles directly from of
the three components of a ground motion signal. This
analysis, which is carried out in the time domain,
involves the calculation of the covariance matrix
obtained from a three-component signal.

First, the signals are filtered by a band-pass filter
taking into account the frequency bands where the
previous spectral analysis revealed a significant and
interesting amplification pattern (2-3 Hz; Fig. 2).
Subsequently, the processing was applied to the three
components of the signals in the time domain, using a
floating window whose length is adapted depending on
the case, thus obtaining the direction of the maximum
polarization for each time window.

4 Results and Discussion

The obtained results for the directionality effects
analysis of topographic site effects in the Feden Sema
range are plotted in Fig. 3 for signal energy in horizontal
direction, H/V-rotate in Fig. 4, and the polarization
angle using the covariance matrix method of P3, P5, and
P7 measurement points in Fig. 5.
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Fig.3: Energy of horizontal ambient noise signal recordings

of P3, P5, and P7 measurement points (Fig. 1) variation with
azimuth from 0 to 180° in 1-10 Hz. The horizontal color bar
is the amplitude spectrum.

The energy of the signal showed a diminution with
frequency from 1 to 10 Hz (Fig. 3). Less than 1.5 Hz and
around 80°, the amplitude spectrum revealed maximum
values for the three points. Also, starting from this
azimuth, 80°, to high and low ones, the diminution of
the energy with the frequency is not linear but is a
parabolic variation. Very well known that noise energy
decreases with frequency [14]. But for the case of
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directionality, a very strong concentration is obtained
between 40° and 120° with a parabolic decrease. The
compression between points showed that the P5 site is
the strongest, which may be related to the time recording
or local topographical conditions [15].
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Fig. 4. H/V-rotate of P3, P5, and P7 measurement points

variation with azimuth from 0 to 180° in 0.4-20 Hz. The
vertical color bar is the H/V curve amplitude.

For the H/V-rotate, Fig. 4 illustrates a strong
directionality near f0 in the 60 to 100° azimuth of 4, 6.5,
and 3 times for P3, P5, and P7, respectively (Fig. 4). As
in Fig. 3, the P5 site presents the maximum value.
Higher than f0 (> 3 Hz), the amplitude variation of H/'V
curves at P5 and P7 sites, with frequency and azimuth,
becomes more important compared to frequencies less
than 1.5 Hz (blue regions). This may be related to 3D
topographic site effects [15].

The last result is a rotation of H/V using the
covariant matrix technique. In Fig. 5, 6 and 7, the results
are more distinguished compared to the previous case in
Fig. 4, for P3, PS5 and P7, respectively, a favorable
direction of fundamental frequency around 75° and 90°.
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Fig. 5: Rosette diagrams showing the preferred directions at
the acquisition pointP3.

5 Conclusion

From the present moderate analysis of the directionality
effect in a typical topographic site effects case in one of
many cases of irregular surfaces, strong dependence is
observed with azimuth in the signal energy and
fundamental frequency, 3 Hz, around 80°. The

diminution of the signal energy in a horizontal direction
has a parabolic variation with frequency and azimuth.
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Fig. 6: Rosette diagrams showing the preferred directions at
the acquisition point P5.
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Fig. 7: Rosette diagrams showing the preferred directions at
the acquisition point P7.
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