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Abstract

Local seismic hazard is influenced by the variation of soil
parameters which modulates the propagation of seismic
waves through soil. Nador is one of the cities in Morocco
which is located in a seismically hazardous region.
Investigations using ambient noise and SPT-N values
were conducted in order to characterize site effects in the
urban area of Nador. The predominant period values
obtained vary between 0.2 and 0.5 s; whereas shear wave
velocity in superficial soft sediment varies from 156 to
212 m/s. The geotechnical conditions are also used to
identify the areas of high impedance contrast. It is found
that soil with high predominant period undergoes signif-
icant amplification. This is observed in the center and near
to the shore of Nador city which is underlaying deep soils
with clay and sandy clay deposits. The provided results
can be useful for seismic risk studies in the region.
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1 Introduction

Study of local seismic hazard is necessary for Earth sciences
and urbanism. It is linked to site effects, which can be
influenced by the characteristics of soils, possibly resulting
in the amplification of seismic waves during earthquakes
(Parolai 2012). Many studies use dynamic parameters (pre-
dominant period and shear wave velocities) to determine the
site response in different areas (Panjamani and Parihar 2011;
Pilz et al. 2009; Sil and Sitharam 2013; Lachet et al. 1996).

Nador is located in northeastern Morocco within a geo-
logical basin. The geology of the basin is made up of sedi-
mentary deposits of quaternary age with different
thicknesses and a volcanic substratum in the Gourougou
Mountain (Achalhi 2016). The Moroccan seismic code (Le
Reglement Marocain de Construction Parasismique 2002)
classifies the region as a high seismicity area, with a PGA
value typically of 0.17 g for a return period of 475 years.
The main goal of this study is to prepare a map of local
seismic hazard for Nador city in terms of predominant
period.

2 Data and Methodology

The geotechnical characteristics of the Nador region was
obtained from the analysis of fifty three different geotech-
nical boreholes, providing the lithology and the thickness of
shallow layers (Fig. 1).

Shear wave velocity Vs: Seven SPT-N measurements were
conducted to determine the N-value (Number of blows), and
therefore, we used Eq. (1) given by Hanumantharao and
Ramana (2008) to estimate values of shear wave velocities
(Vs) in the basin:

Vs ¼ 82:6N0:43 m/s ð1Þ
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where:

Vs = shear wave velocity at a particular depth.

N = SPT-N value at the same depth.
The average shear wave velocity is calculated using the

formula (NEHRP 2003):

VSd ¼ Rdi=R diVSið Þ ð2Þ

where:

Vsd = the shear wave velocity,

Vsi = the shear wave velocity of any layer in m/s,

di = the thickness of any layer (between 0 and 30 m).
Geological units in Nador give a first knowledge on the

shear wave velocity. Many studies (Pitilakis et al. 2013;
Wills and Clahan 2006) and several Building codes

(NEHRP, EC8) give correlation between shear wave
velocities and geology. The soil in the basin contains soft
sediments of fluvial and littoral origin dating from a recent
quaternary age down to a depth of 20 m. This formation has
Vs values ranging from 150 to 360 m/s.

On the foot of the Gourougou Mountain (Fig. 1a) in the
west and north-west of the region, the soil is composed of
two layers, including the sedimentary rocks, and from a
depth of 6.5 m basaltic volcanic rocks, constituting the
basement. The Vs value for the basalts is larger than
760 m/s. The origins and properties of the two layers are
different, showing strong impedance contrast between them.

The H/V technique (Nakamura 1989): H/V spectral ratios
using ambient vibration data are widely used to characterize
site response, particularly in urban areas (Parolai 2012).
About 190 background noise recordings were conducted in
the urban center and surrounding area of Nador town
(Fig. 1b). Ambient vibrations were recorded with a three
components material: a CMG-6TD seismometer, a laptop
allowing the visualization of the records in the field, and
in situ verification. The H/V analysis of the recorded noise
was conducted using the SESAME guideline (Bard et al.
2004) and the Geopsy software (Fig. 2). The two types
obtained from analysis of H/V spectrum, (a): a clear peak
with amplification values superior than 2.5 and (b) a flat
curve which there is a non-exhibition of amplification in the
measurement’s sites.

3 Results and Discussion

Using the correlation of shear wave velocity with N-values
obtained from standard penetration, the mean of shear wave
velocity values of soil for the different depths are computed
using the formula given by Hanumantharao and Ramana
(2008). The mean of superficial Vs values for the different
depths is varying from 156 to 212 m/s, and these areas
correspond to the central part of the city characterizing the
recent quaternary formation. The soil is classified as a very
dense soil and soft rocks depending on the classification of
Moroccan seismic code (Le Reglement Marocain de Con-
struction Parasismique 2002).

The analysis of H/V curves allow us to estimate the
predominant period values in Nador city, the distribution of
predominant period values range between 0.2 and 0.5 s
(Fig. 3), approximately. The predominant period values
describe the surface lithology, which is covered by sedi-
ments of loose sands, limestone, and sandy clay materials.
Borehole data in soft soils show that the thickness of silt and
clay are over 40 m near the shoreline, and decreases as we
move away to the west and to the Gourougou Mountain.

Fig. 1 Lithology at Nador city and location of boreholes and H/V
measurements
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High period values are observed on the Eastern part (near
to the lagoon). These values are gradually decreasing to the
west along the river. The same formation contains a large
range of period values, which could be related to the complex
geological setting of the area. The results of predominant
period obtained in Melilla (Casado et al. 2017) (14 km from
Nador) are ranging from 0.12 to 0.5 s which approximately
corresponds to the same ranges obtained in this study.

The variation of the observed periods around the Azou-
gagh River (Fig. 3), and in some mountainous regions, is
due to several factors such as the composition of soil layers
affecting the impedance contrast due to soil density, velocity,
and thickness of sediments.

4 Conclusions

This study gives a first quantification of the site response in
Nador city. It provides predominant periods and shear wave
estimation for the different existing types of soil. These
parameters are important to assess the local seismic hazard.

The obtained predominant periods in the urban area range
between 0.2 and 0.5 s, with an amplification factor, obtained
from H/V curves, ranging from 2.5 to 11.4 (Fig. 3). Even the
amplification obtained does not reflect the real amplification
that can be exhibited in a seismic action. The values of
predominant periods are important in term of spectral

Fig. 2 Site responses (H/V
curves) with mean and standard
deviations obtained for ambient
noise measurements, a a clear
peak, b a non-clear peak

Fig. 3 a Distribution of
predominant obtained periods
(T0). b Distribution of
amplification factors A0
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coincidences with the building period of the different
structures in Nador.

The shallow shear wave velocity in Nador city was cal-
culated through analyzing the standard penetration test for
seven measurements. The estimation of shear wave velocity
gives information about soil classification. All values in the
basin are in range of: 150 m/s < Vs < 360 m/s, which cor-
responds to a stiff and soft soil, and this classification is very
important for engineers in order to make a good building
concept.
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