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Abstract
During earthquakes affecting urban areas, we often deplore damages to buildings. The pattern of these
damages depends on the characteristics of the event, the site response, and the vulnerability of exposed
structures. The old urban center of Algiers is a densely populated district. Preserving human lives is
therefore of primary importance. Soil-structure interaction is an important factor in site-wide risk
assessment. When the ground and supported buildings have similar frequencies, this interaction induces
a phenomenon called resonance. In this study, the Standard Penetration Test (SPT) and the Horizontal-to-
Vertical Spectral Ratio (HVSR) of microtremors techniques were applied in order to evaluate the
fundamental frequencies of the ground; as well as the fundamental, longitudinal, and transverse
frequencies of each selected building. This investigation aimed to detect the existence of the resonance
phenomenon. If we assume that the sample of buildings tested is representative of the urban district of
the area studied, we can conclude that buildings in the old center of Algiers, are not exposed to a
resonance phenomenon. The same conclusion was observed from the analysis of the results of the post-
seismic investigations obtained from two major past earthquakes, El Asnam on 10/10/1980 and
Boumerdes on 21/05/2003. The �rst one is considered as a distant event from Algiers, while the second
one is at a nearby location.

1. Introduction
Building heritage of a city/town is part of the memory of its inhabitants and represents the authentic
character features that attach it to its culture. Therefore, the seismic protection of old urban centers is one
of the challenges that earthquake engineers must face today. Algeria is among the countries having the
highest seismic hazard in the Mediterranean basin. Seismicity is concentrated in the northern part, along
the coastal zone. This area was affected by several major and moderate earthquakes in both past and
recent eras (1365, 1716, 1980, 2003, and 2021). Unfortunately, most of the urban areas and most of the
oldest cities including the capital Algiers are located within this zone. This situation highlights an extreme
need for seismic risk analysis and assessment, in order to achieve more e�cient management of the
consequences of this hazard through short, medium, and long-term prevention actions.

Damages distribution in urban areas during an earthquake depends on the event characteristics, the site
response, and the vulnerability of exposed structures. Destructive earthquakes that occurred during the
last decades (Japan, 2011, Turkey 2011, Algeria 2003, Kocaeli 1999, Kobe 1995, Northridge 1994; Loma
Prieta 1989; Mexico City 1985; California 1983) proved that local soil conditions have an important
impact on earthquake damage distribution. Several past earthquakes have demonstrated that soil-
structure interaction increases damages observed on buildings (Paolucci et al. 2015; Leyton et al 2013;
Panzera et al 2013; Massi and Vona 2010; Khalil et al. 2007; Herak et al 2009b; Gallipoli et al 2004). Soil-
structure interaction phenomenon/resonance increased risk of damage on the urban zone, is induced by
the superposition of soil and buildings frequencies. Site effects often expressed through a modi�cation
of characteristics at the surface (peak ground acceleration, ampli�cation factor) of the incoming wave
�eld, due to the speci�c characteristics and geometrical features of the underlying soil deposits and the
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surface topography (Pitilakis et al 1999; Kagani et al 1986; Markusic et al 2002). The seismic ground
response is related to soil depth (h) and its shear wave velocity (Vs) (Gosar 2017; Stanko et al 2017; Fnais
et al 2014; Gosar 2012; Herak 2011; Boutin and Hans 2008; Uma et al 2007; Mucciarelli et al 2001;
Pitilakis et al 1999; Joyner and Fumal 1984; Borcherdt 1970). The contrast in shear wave velocity Vs and
the depth h, are the main physical parameters used in dynamic analysis of soil; particularly near the
anchoring soil layers of the building foundation. The resonance phenomenon affects the zone between
the soil and the structures.

Therefore, an evaluation of the local site effect should be the �rst step in any seismic risk
assessment. However, in older urban areas, existing geotechnical data are generally limited to a few
parameters for foundations design. This data is insu�cient for seismic risk analysis, hence the need for a
simple and reliable approach, allowing an estimation of the ground fundamental frequency f0. Several
techniques are used to estimate soil shear velocity Vs, geotechnical tests such as the Standard
Penetration Test (SPT) and geophysical tests such as Cross-hole, Dow-hole, etc. Few correlations were
developed between shear wave velocity values and, results measured from standard penetration
tests (Uma et al 2007; Hasancebi and Ulusay 2007; Lysan 1996, Fumal 1978). However, these techniques
are destructive, and therefore not adapted to urban existing areas.

Since 1970, many studies demonstrated that using Horizontal-to-Vertical Spectral Ratio (HVSR)
technique, on ambient noise measurements (microtremors) gives a good estimate of the
fundamental/natural frequency of the soil. A strong correlation was found between the surface geology
and the microtremor HVSR results (Leyton et al 2013; Herak et al 2009b; Bonnefoy-Claudet et al 2006;
Sesame 2004; Kono 1998; Nakamura, 1989). Microtremor HVSR method has been used worldwide to
estimate soil frequency and was widely used for site effect and microzonation studies (Ravindra et al
2021; Singh et al 2017; Christian et al 2021; Gosar 2017; Stanko et al 2017; Fnais et al 2014; Del Monaco
et al 2013). Advances in this non-destructive technique allowed a straightforward estimate of the
resonance frequency. Neither, soil layers thicknesses or their proprieties, are required when using this
technique.

The use of microtremor measurements has been extended to identify buildings fundamental frequencies
and evaluate their seismic vulnerability (Gosar 2010, 2012; Michel et al 2008; Boutin and Hans 2008;
Mucciarelli et al 2001; Nakamura et al 1999). The particularity of the non-destructive HVSR method is
that it is well suited to urban areas and that it attempts to simultaneously take into account the dynamic
characteristics of the ground and the building. Therefore, the ground-structure resonance frequencies can
be evaluated.

Several evaluation studies and overall analyses of the seismic risks of Algiers have been carried out.
Each study was based on different approaches and data. However, none of these made reference to the
dynamic characteristics of soils and buildings, as being key elements in the analysis of seismic risk.
Seismic risk assessment requires comprehensive seismic micro-zoning, which would provide input data
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for seismic retro�tting of existing buildings. It is also crucial for the preservation of buildings classi�ed as
architectural and cultural heritage.

The center of Algiers city is an old urban area, with a high density of population during the day time,
because of the presence of buildings, houses, and the country's central administrations. Most of its
buildings are made of masonry structural systems, designed to support mainly vertical loads. Reinforced
concrete buildings constructed during the the1949-1954 era (Breil 1954) are also without seismic
prescription. The evaluation of the seismic risk of the city center was therefore challenged by: (1) the
seismic vulnerability of the buildings, (2) the lack of su�cient data on the ground. The objective of the
research is to estimate fundamental frequencies of buildings and underlying soils of the oldest area of
Algiers, classi�ed in Zone III per the Algerian national seismic code (RPA99/ 2003).

The evaluation of ground surface frequency was obtained from two techniques; SPT tests, and HVSR.
Results from the SPT geotechnical investigations carried out during the metro works, having a line
passing through the studied zone, made the extraction of the ground fundamental frequency f0 possible,
using the correlation between shear wave velocity Vs and f0 (Peker 1984). HVSR ambient noise technique
was acknowledged for many years for its ability to identify resonance frequencies in the ground, was
applied. These data were obtained from the non-destructive HVSR method, which was also used to
characterize a sample of the buildings selected in the studied area. Longitudinal and transversal
fundamental frequencies of the representative buildings were analyzed based on the upper story
amplitude spectra.

2. Studied Area
2.1 Geological setting

The geology of the Algiers region includes outcrops of metamorphic rocks of primary age, and
sedimentary deposits of the Mio-Plio-Quaternary. The study area is divided between two very distinct
geomorphological units; to the north, the Bouzareah massif that culminates at 407 meters above sea
level and is formed of gneiss, schist, and crystalline limestone (Saadallah 1981), and to the south, the
marly and molasses Sahel of Algiers of Pliocene age. Between the two, we �nd few outcrops clay and
sandstone post-nappe Miocene deposits that are in immediate contact with the Bouzareah massif. The
less extensive Quaternary formations are represented by deposits of beaches, recent alluvial deposits,
dune sandstones, clayey sands, and sloping scree.

2.2 Seismotectonic conditions

Neotectonics deformation and seismic activity of northern Algeria are essentially located in the Neogene
basin of the Mitidja, resulting directly from the interaction between the African and Eurasian plates
(Ambraseys and Vogt 1988). Historically, the northern part, from Oran to Jijel, has experienced several
seismic events; a few of which were catastrophic and affected Algiers: Algiers 1716 (20,000 dead), Blida
1825 (7,000 dead), El Asnam 1980 (2,633 dead) and Zemmouri 2003 (2,300 deaths). The synthesis of
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several research works, Yelles (2017) led to the update of the seismotectonic map of northern Algeria.
Figure (1a) illustrates seismotectonics and epicenters of magnitude greater than 4.5, and Figure (1b)
gives earthquakes with Is ≥ VII, that often causing casualties at the corresponding location.

Seismic prevention in Algeria began in 1981 with the mandatory compliance with the �rst Algerian
Seismic Code-RPA to all public projects by a ministerial decree. According to the o�cial seismic hazard
map, Algiers is classi�ed as a high seismic hazard area (zone III), with 0.35g, 0.30g, and 0.25g to be used
for seismic resistance design of very important buildings (group 1A), important buildings (group 1B), and
medium importance (group 2) respectively per RPA, (99/2003).

3. Analysis Of The Studied Urban Area
3.1 Description

The old site of central Algiers is delimited by the Mediterranean Sea to the east, the bedrock which
outcrops in several locations (Longitude 504000) to the west and north-south (Latitude 4067000-
4072000) between two University Hospital Centers-CHU, Lamine Debaghine and Mustapha Bacha. The
area covers three districts, namely Bab El Oued, Algiers center (L. Ben M'Hidi / Basse Casbah), and
Mustapha. The study area shown in Figure (2) does not include the oldest part of the city (Casbah)
classi�ed as a UNESCO heritage. The existing urban fabric in this area could not be built in a single
period. Its development was a result of several stages in Algiers’ urban history. The analysis of Algiers
‘urban development history, allows us to locate zones that have been constructed within the same period.
This leads to the identi�cation of similar constructive typologies composing the urban stock.

In 1841, two �rst "suburbs" were established on both sides of the old Casbah city, Bab El Oued along its
northern side and Mustapha along the south. These two developments became later neighborhoods. The
second stage 1860-1885 concerns the development of the central part area. This area is delimited by the
“Place des Martyrs” and the “Boulevard Khemisti”, along the North-South direction, and the Mediterranean
Sea and the “Rue de la Lyre”, along the East-West direction. This phase was mainly about the
construction of administrative buildings (Picard 1994; Deluz 1979; Lespes 1930). The third stage was the
densi�cation of the existing urban fabric with reinforced concrete buildings during the period 1949-1954
(Breil 1954).

The urban success of a city is not a matter of style, but of adapting its layout to the local site conditions,
and the built typologies that make up its building stock. In the case of the study area, the geological and
topographical conditions of the site have strongly in�uenced the layout of the urban fabric, the tra�c
network, and the design of the buildings. Each of the three districts has a particularity in terms of
urbanization and has been adapted to its speci�c site.

Bab El Oued site appears as a coliseum, and the sea represents the arena with a low west-east slope.
Buildings that made up the urban fabric have no basements. The low topographic slope is supported by a
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non-horizontal �oor alignment between two adjacent buildings. Reinforced concrete buildings are located
in the central axis of the east-west district and outside the old urban fabric.

The central district includes old historical religious buildings, such as “Djamaa El Kebir” (1097), “Djamaa
el Djidid” (1660), “Djemaa Ketchaoua” (1436-1794), and archaeological elements in the “Place des
martyrs”. This district includes also a strategic activity housing buildings such as the Wilaya (prefecture)
(1846), the chamber of commerce (1889), the “Great post o�ce” (1910), and the extension of the port
institution into the sea. All these indicate that this district was built on what used to be part of the old
town “Casbah”. The layout of the two boulevards “Taleb Abderahmane” to the north and “Mohamed
Khimisti” to the south, the establishment of administrative buildings during the period of restructuring of
the city, seems to con�rm the idea of the centrality of the district in relation to the rest of the city. The
difference separating the sea level and the “Zighout Youcef” boulevard seems to be explained by the
geomorphological conditions of the site, and as a protective measure against potential tsunamis. During
the historic earthquake of 1365, damages were caused by the tsunami. The treatment of the facades of
strategic buildings located in this zone expresses the designer's desire to reinforce a speci�c (particular)
visual character. This idea is also emphasized by the location of the government palace building (1949)
on the same East-West axis as the prefecture building (Fig.2). This area was urbanized in the East-West
direction according to three topographic levels: the sea, “Boulevard Zighoud Y.” and “Ben M'Hidi” L. Street.
This structuring work has left little room for the insertion of reinforced buildings, located only between the
“Place des Martyrs” and “Bab El Oued” to the south.

The neighborhood of the Mustapha site has a high and rugged topography and the outcropping rock of
Boulevard Mohamed V has blocked the regular urban layout shown in Figure (2). The topographic
conditions of the district’s site led to a “fan” shape with “Place Audin” as its summit in the north, and
“Boulevard Ali Melah its” as its base in the south. From east to west, “Rue H. Ben Bouali” running along
the port is superimposed on level curve 10. Boulevard Mohamed V, which delimits the regular urban
layout, is at the same level of curve 70. The majority area of the neighborhood is on the 50 contour line.
Few reinforced concrete buildings are identi�ed in this neighborhood and are located outside the existing
fabric in the southern part and the western part.

 3.2 Description of buildings structures

The urban layout is carried out according to a grid of dimensions (20-30) m by (30-40) m, accompanied
by the application of the regulation of 1784. Per this regulation, the width of the street regulates the
height of buildings as a function of the building height/street width ratio. For example, the height of
buildings bordering a street of 9 m and 12 m must not exceed a height of 14.62 m and 17.54 m
respectively (Deluz 1979; Lespes 1930). The maximum number of six levels observed on existing
masonry buildings in central Algiers is justi�ed by this criterion. The �rst development of districts
followed by their junctions led to homogeneity in the architecture and the structure of masonry buildings.
The treatment of the irregular grid (triangular shape) gave a variety and an architectural richness to the
urban fabric. The adaptation of building construction to the site topographic conditions led to buildings
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with or without a basement. Masonry buildings are supported by load-bearing walls, generally laid
perpendicular to the street, spaced 3.5 m apart, and with a thickness varying from 70 cm to 50 cm from
bottom to top (Deluz 1979; Lespes 1930).

Reinforced buildings �t into the existing urban fabric and others outside the old one. In terms of layout,
two types of concrete building sizes have been identi�ed; buildings consisting of a unitary block and
buildings with several identical blocks separated by joints. This concept led to buildings of constant
width, around10 to 12 meters, and of variable length ranging from 15 to 80 meters. Vertically the height is
variable ranging from seven to sixteen stories. The structural system is often a columns-beams frame
with concrete walls. But no seismic prescription was observed in their design. The physical inventory of
buildings in the study area identi�ed 2500 masonry buildings and 360 reinforced concrete buildings.
Figure (3) shows the spatial location of materials, Figure (4a) the spatial distribution of the size of the
buildings, and Figure (4b) the number of buildings according to each material.

4. Selection Of Buildings
The study area covering the center of Algiers city consists of three separately built districts
simultaneously, leading to homogeneity in templates and the architecture of buildings. The densi�cation
of each existing urban fabric with reinforced concrete buildings of different sizes led to the identi�cation
of a large and variable sample. In the �eld of structural dynamics, each design and/or detail is important
for a structural behavior analysis building. The fundamental vibration period T of a building is directly
linked to its height T= (number of story)/10 (BSSC 1998). The select buildings were obtained by a
statistical analysis taking into account the material, the number of buildings, and the number of �oors. It
should be noted that most of the housing stock in the study area is for residential and administrative use,
and no industrial activity was covered beside the seaport.

Among the 227 tested buildings, the structure of 177 of these was masonry while 50 had a reinforced
concrete structure. These buildings were spatially distributed over the entire study area (Fig. 5a). The
variety of heights in reinforced concrete inventoried led to the choice of a sample of investigated
buildings consisting of 5 to 16 �oors. Figure (5b) gives the number of buildings tested according to the
number of �oors.

5. Methodology
The dynamic behavior of the soil in the study area considering the resonance frequency parameter was
evaluated based on the results from two investigation methods, the standard penetration test - SPT and
the HVSR technique. The correlation between Nspt and Vs developed by JICA for the Algerian soil,
(Vs=97*N0.314) was used to estimate shear velocity Vs. This allowed us to obtain the soil fundamental
frequency f0 =Vs/4H (Peker 1984). H is the total height of the borehole and Vs is the average value of
shear wave velocity of all layers constituting the geotechnical section, obtained from formula (1); 
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Vs, average= ∑ (Vsi *hi )/ ∑ hi)                                                             (1)

Where hi and Vsi are respectively the thickness and shear wave velocity of each layer.

For this purpose, the geotechnical data of boreholes (log) collected from the General Management of the
Algiers Metro Company – GMAC, 1984 and from the Japanese International Cooperation Agency -JICA,
2006 were used in this study.

Today, the assessment of site effect on ground resonance phenomenon using the microtremor –HVSR
measurement technique is widely recognized. This technique makes it possible to characterize a site in
terms of its spectral response. It is based on the calculation of the spectral ratio between the horizontal
and vertical components of an ambient noise signal. The spectral response exhibits a sharp peak at the
fundamental frequency in case of high impedance contrasts between soil layer deposits. The
investigation is carried out by punctual measurements, and each recording gives a direct local
measurement. In order to ensure the reliability of these measurements, certain precautions and
recommendations must be followed. We should for instance avoid certain conditions such as the
presence of wind, road tra�c, underground structures, and cultural activities that can seriously affect
analysis results. Ambient noise measurements were taken over the entire study area. However, the use of
HVSR investigation with a regular mesh presented few challenges due to urban density and the limited
space between buildings. So, the investigation was carried out with arbitrary position investigation points.
A total of 43 measurement points were carried out in the study area. In the last decades, besides its use in
site effects, the HVSR method has been used in several works for the evaluation of the vulnerability of
structures, in order to identify corresponding intrinsic dynamic parameters (frequency, damping ratio, the
modal form, and the possible ground/ground structural interactions). In this work, the HVSR technique
was performed inside the selected buildings and the corresponding two orthogonal frequencies were
identi�ed.

6. Data Acquisition
Microtremor measurements were performed with a Cityshark II station (Chatelain et al. 2008) equipped
with a three-component seismometer (Lenartz-5s). This equipment made it possible to simultaneously
record two horizontals and one vertical component of the ground for each measurement point, and the
two horizontal components of the buildings. The seismometer was positioned on the upper �oor of tested
buildings, as close as possible to its center of mass, in order to minimize the in�uence of torsion
phenomenon, and its axes were superimposed on the orthogonal axes of the buildings. The studied mode
shape of the building structure required several seismometers; each �oor was equipped with a
seismometer. All seismometers were �xed along the same vertical axis and the same orientation. In the
case of a regular structure, the spectral curves obtained had the same shape, with decreasing amplitude
from top to bottom, and peaks appearing at the same frequency, corresponding to the fundamental
frequency of the structure. To avoid signal disturbances, recordings were made after stopping the
movement of people inside the buildings. The recording time was 20 minutes with a frequency sample of
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128 Hz. In order not to exceed a signal saturation of 5%, the signal gain values have been readjusted
according to the ambient noise and were of the order of [32- 256]. Interval dictated by the environmental
conditions of the area city.

7. Soil Results Analysis
As part of this research study, thirty (30) borehole geotechnical data (log), spatially distributed on the site,
were collected. The spatial report of the representative logs, recovered (GMAC, 1984; JICA, 2006) shows
the spatial distribution of SPT point’s investigation and illustrates the geotechnical depth of the study
area (Fig. 6). The soil lithology encountered is essentially composed of schists with a presence of
metamorphic limestone and sandy clays (B1-B15); to the south of the Mustapha district, marls covered
by heterogeneous embankments (A4, A3, D1, D2, D3, D4) constitute the bulk of the site's geotechnics.
Borehole analysis results, [GMC, 1984; JICA, 2006] showed that the schists forming the soil of the site are
very altered, very close fractures. Sometimes, crushed zones are observed in certain places. Water
circulation through cracks was also reported in the study area at a depth between 3 to 20m. 

The range of NSPT values obtained along the metro development area is (9-25), for a depth not exceeding
12 meters. These results indicate that ground in the central study area, is hard to very hard near the
surface. This observation is visually con�rmed by the outcrop of the surface rock in certain places (Fig.
2). Overall, the values of the N-SPT frequencies, obtained by correlation, are included in the interval [2-15]
Hz.

The predominance fundamental frequencies obtained by the HVSR investigation vary between 1.4 and
16.5 Hz. The exhibit peaks amplitudes A0HVSR of the spectral in the HVSR curve indicate of an impedance
contrast between the super�cial soft layers and the underlying hard rock. The peak values are generally
associated with the ampli�cation phenomena ground motion (Parolai et al. 2002). In the study area the
ground ampli�cation factor (A0HVSR) in the range of 1 - 7.5 was observed (Fig. 7).

Frequency and corresponding amplitude represent two intrinsic data characterizing the localization
measurement point. Numerical analysis of the construction models showed that the damage is directly
related to the increase in the A0HV amplitude of the site. Despite numerous observations, it is still not
acceptable to use amplitude to estimate site ampli�cation in microtremor measurements (Haghshenas et
al. 2008). The ground amplitude response is ampli�ed when the frequency content of the excitation
(PGA) coincides with the ground frequency (Swathi et al. 2019; Singh et al. 2017; El Hussain et al. 2013).

8. Analysis Of Buildings Results
The analysis of the simultaneous recordings of the responses in two horizontal directions for each
building allows the extraction of the corresponding frequency values. The smaller of the two frequencies
is taken as the fundamental/natural frequency of each building. The results obtained for masonry
buildings are given in the following �gures.
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We notice that the values of the fundamental frequencies obtained on all the masonry buildings tested
are mostly in the range of [2.2 to 3.5] Hz (Fig.8a). These values correspond in terms of periods to a range
of [0.286–0.5] seconds. These values are characteristic of rigid structures such as the typology of load-
bearing walls. The graphical representation of values of fundamental/�rst frequencies as a function of
masonry buildings gives a linear correlation, with R²=0.5 (Fig.8b). Most of the values are in the range of
[2.2 - 3.5] for the �rst frequency and [2.5 - 4] for the second frequency. This indicates that buildings with
masonry structures display similar frequencies in the two orthogonal directions. This observation is valid
regardless of the building location throughout the study area, located in Bab El Oued, Ben M'Hidi, and
Mustapha. This can be explained mainly by three reasons: (1) most of the buildings tested are of the
same size (six �oors), (2) same period of construction, which may mean the same construction system
and the same quality of construction, (3) buildings for residential use, therefore, the same cultural
exploitation leads to the same state of conservation. In conclusion, based on the frequency parameter
that characterizes the dynamic behavior of the structures, we can a�rm that the buildings present an
equivalent structural state.

The wide range of frequency values [1.3 - 5] Hz characterizing reinforced concrete buildings can be
explained by the variety of building heights (5-16 �oors) composing the sample tested.

The graphical representation of the frequency values of the second frequency in function of the �rst,
shows that the two series of values are between the slopes 1: 1 and 5: 3 (Fig. 9). A linear correlation of
the second frequency to the �rst can be expressed as; 2ndfr =0.9019(1st fr) +0.6943. The low value of the
coe�cient of determination R²= 0.32 can be partly explained by the variability in the dimensions of the
buildings constituting our sample.

A correlation of the fundamental frequency as a function of the number of stories gives a coe�cient of
determination R²=0.47 which partly re�ects the wide range of the number of stories making up the
sample (Fig.10). The variation in frequency values of buildings with the same number of stories can be
explained by the difference between (1) the plan dimensions of the buildings, (2) the structural system
(column-beam or reinforced walls), and (3) the actual building structure state.

9. Discussion And Conclusion
The updated seismotectonic map (Yelles et al. 2017) shows and con�rms that northern Algeria and
particularly the city of Algiers are exposed to high seismic risk. This demonstrates the urgency of
establishing a short, medium, and long-term prevention plan, allowing the protection of human lives and
leading to the preservation of buildings and/or heritage structures.

Several risk assessment studies take into account the analysis of the dynamic behavior of soils and
existing buildings. The challenge of this approach is characterized by the di�culty that an urban area is
often made up of heterogeneous buildings (structure, material, height, age, maintenance, etc.); and that
the ground conditions (depth, layer width, physical and dynamic characteristics, etc) cannot be uniform
on the scale of the urban area.
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The physical parameter controlling soil fundamental frequency is the shear rate Vs the impedance
contrast between the soil layers. The implementation of geotechnical and/or geophysical methods is
generally destructive and not easy in existing urban areas, due to its destructive nature and its unpractical
tools in an urban environment. Taking advantage of the available soil investigations carried out during
the construction of the Algiers metro in routes crossing the study area, the results of the SPT tests were
collected and exploited. The ambient background noise of micro-tremors –HVSR, was acknowledged
during the last decades as a reliable technique to identify the fundamental frequency of soil deposits
near the surface. Being non-destructive, this technique is suitable for existing urban fabrics. But choosing
measurement points remains a challenge because of the presence of tunnels housing vital networks
having generally unknown routes. A careful interpretation of measured results is, therefore necessary to
account for these uncertainties. The HVSR measurements are judiciously chosen (on the land-garden
zone). A total of seventy (70) frequency values are identi�ed across the entire study area and used in the
analysis. The frequency values obtained using the two techniques on the same points were perfectly
correlated.

The ground-structure resonance phenomenon has been identi�ed by comparing frequencies of ground
foundations and those of supported buildings. 50 concrete buildings and 177 masonry buildings spread
over the entire study area were tested.

Buildings and ground frequency values shown in �gures (11), b allowed us to break down the sample of
buildings tested into three categories: (1) Buildings with frequency values lower than the ground
frequency where resonance phenomenon is totally excluded; (2) Buildings with a frequency value higher
than the ground frequency, which in the long term may be exposed to the risk of the resonance due to a
decrease in buildings frequency; (3) The third category consists of buildings having their fundamental
frequencies close to those of supporting ground, and therefore potentially exposed to a resonance
phenomenon.

Tested buildings have close frequencies respectively in the range of [1.3 – 5] Hz for concrete buildings
and [2.2 – 3.5] Hz for masonry buildings. The following �gures indicate a risk of resonance phenomenon
in the investigated buildings, having their fundamental frequency close to [1.95-2.22] Hz for the reinforced
concrete structures (Fig. 11a) and [2.22-2.74] Hz for masonry structures (Fig. 11b). We can also notice
that the vast majority of buildings within the tested sample are not exposed to the risk of resonance
phenomenon.

According to the results obtained from the investigated area, the spatial representation of the ground
frequencies (Fig. 12) shows that ground frequency values are essentially close to two interval values [4-6]
Hz and [6-9] Hz, higher than building frequencies values. It can therefore be concluded that buildings in
the study area, are not exposed to a ground-structure resonance phenomenon. Ground frequency was
found lower than those of buildings frequency, 2Hz in a very restricted zone.

Several moderate and major seismic events shook the city of Algiers. Those of the El Asnam earthquakes
on 10/10/1980 (Mw = 7.3), and Boumerdes on 05/21/2003 (Mw = 6.8) were among the most
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documented in the world, because of the lessons generated by their severity. Horizontal acceleration
values estimated from recordings of strong movements in the epicenter zone are between 0.25 g and
0.70 g, (Tebbal 1986). Damages were recorded as far as 250 km radius from the epicenter of the �rst
event.

In the case of a second event, a maximum acceleration of 0.58 g was recorded at Keddara at about 20
km, and at 0.34 g in Algiers at about 60 km from the epicenter respectively.

In terms of distance from the Algiers city, the event of 10/10/1980 can be considered distant (36°143N;
1.413E) and the 05/21/2003 as a near event (36°83N; 3°65E). However, the intensity observed in Algiers
was the same (VI) for both events.

The post-seismic investigation of constructions in Algiers was carried out in the case of the 2003 event
but not in the case of 1980. The percentages in terms of the level of damage reported in relation to all the
constructions are shown in Figure (13). This shows that the ratio of constructions classi�ed “red”
according to the EMS98 scale is respectively 1.3%; 0.1% and 2.4% for the three districts considered by this
study. These values include the pathology of the oldest and that caused by the earthquake event. 

If we consider the buildings tested as a representative sample of the study area, the results found in this
research, and �ndings from post-seismic investigations that followed real seismic events, we can
conclude that the buildings in Algiers are not exposed to a resonance phenomenon between soil and
buildings. The isoseistes plotted two major and two moderates (Bou Medfaa, 07/11/1959; Tipaza,
29/11/1989; El Asnam, 10/10/ 1980; Boumerdes, 21/05/2003) (Fig. 14), having shaken the city of Algiers
generated an intensity between V and VI.

Microtremor signals registered at singles stations and spanning the old center of Algiers are analyzed to
characterize the site response in terms of resonant frequency, ampli�cation and to consider the
possibility of a future site effect occurrence. This study is the initial one dedicated to this region, which
has been poorly studied from a site effect point of view. The HV soil and building analysis as well as the
different factors such as construction type and geotechnical parameters proved to be very useful in this
kind of investigation.
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Figure 1

(a) Seismotectonic map of northern Algeria, the red lines represent the main active faults. Blue triangl
shows magnitude greater than 4. (b) Representation of the earthquakes that caused human loss
life, intensity Is ≥ VII. Red stars indicate location earthquake epicentre, green line department boundary.
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Figure 2

Study zone, contour en pointillé noir délimitation des trois quartiers, A: vue panoramique du quartier de
Bab El oued, B: vue côté mer de la partie centrale. Eléments mettant en évidence l’adaptation urbanistique
aux conditions de terrain (photos 1,2,3 et 4 apparition du rocher en surface), (a,b,c et d) : réalisation
d’escaliers prenant en charge la pente Est-Ouest, (e et f) type d’ilot de bâtiments implantés sur deux
niveaux topographiques. (1: Djamaa El Kebir, 2: Djamaa El djidid, 3: Djamaa Ketchaoua, 4: Wilaya and 5
great post o�ce



Page 19/30

Figure 3

(a) Spatial location of the materials used in the study area. (b) Number buildings according the material
inventoried in study area location.
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Figure 4

(a) Spatial distribution of stories number buildings inventoried in the study area. (b) Distribution of stories
number of buildings according the number �oors, R.
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Figure 5

(a) Spatial location of the tested buildings. Black zone indicates tested buildings. (b)

Number tested buildings according to the materials and number �oors.
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Figure 6

In-depth geotechnical illustration of the study area (line A1-A4 along the port, line B1-B15 north –south
along the central urban area, line C1-C4 East –West through the Bab El Oued district, line D1-D6 east-west
line in the south part). View geotechnical boreholes and location of(a) line B1-B15, (b) of line D1-D6 and
(c) of line C1-C4.
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Figure 7

Amplitude as a function of frequency of HVSR peaks.

Figure 8

(a) Graphical representation of the �rst frequency masonry buildings. (b) Graphical representation of the
�rst frequency values as a function of the seconds of masonry buildings.
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Figure 9

Graphical representation of frequency values the second function to the �rst.
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Figure 10

Graphical representation of frequency values to stories number.
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Figure 11

(a) Graphical representation concrete reinforced buildings and soil frequencies. (b) Graphical
representation masonry buildings and soil frequencies.
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Figure 12

(a) Map of resonance frequency in the Algiers center area derived from the tow technical methods used.
Black circular indicates points of all measurements. (b) interval values of soil frequencies.
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Figure 13

Damages caused by the 21/05/2003 earthquake in the three districts considered.
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Figure 14

View of the Algeria north, the star shows the location of the macrocosmic epicenters. (a) isoseismal of
the 10 October 1980 El Asnam earthquake, from Benouar D., 1996). (b) isoseismal of the 05 May 2003
Boumerdes earthquake from Harbi A., 2006. (c) isoseismal of the 29 November 1989 Tipaza earthquake
from Benouar D., 1996. (d) isoseismal of the 7 November 1959 Bou Medfaa earthquake from Benouar D.,
1996
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