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A stochastic based approach for a new site classification method:
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Abstract: Building codes have widely considered the shear wave velocity to make a reliable subsoil seismic classification,
based on the knowledge of the mechanical properties of material deposits down to bedrock. This approach has limitations
because geophysical data are often very expensive to obtain. Recently, other alternatives have been proposed based on
measurements of background noise and estimation of the H/V amplification curve. However, the use of this technique needs
a regulatory framework before it can become a realistic site classification procedure. This paper proposes a new formulation
for characterizing design sites in accordance with the Algerian seismic building code (RPA99/ver.2003), through transfer
functions, by following a stochastic approach combined to a statistical study. For each soil type, the deterministic calculation
of the average transfer function is performed over a wide sample of 1-D soil profiles, where the average shear wave (S-W)
velocity, V,, in soil layers is simulated using random field theory. Average transfer functions are also used to calculate average
site factors and normalized acceleration response spectra to highlight the amplification potential of each site type, since
frequency content of the transfer function is significantly similar to that of the H/V amplification curve. Comparison is done
with the RPA99/ver.2003 and Eurocode8 (ECS8) design response spectra, respectively. In the absence of geophysical data, the
proposed classification approach together with micro-tremor measures can be used toward a better soil classification.
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1 Introduction of a ¥, denominated classification is that it cannot
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Local geological conditions have a strong influence
on ground surface motion, and analysis of local site
response is fundamental to seismic hazard assessment
(Lermo and Chavez-Garcia, 1993; Cadet et al., 2008). In
particular, layer sofless consolidated sedimentary deposits
overlaying bedrock could lead to further amplification
but information on these deposits is generally hard to
obtain due to technical and/or financial constraints.
For this reason amplification studies are not commonly
performed in new projects and instead sites are routinely
classified with respect to soil classes adopted in many
seismic building codes. These soil classes are based on
the average shear wave (S-W) velocity at the upper 30
meters of the subsurface geological materials, V., and
the dominant period. Both parameters also affect the
normalized elastic response spectra. The main weakness
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quantify properly the effects of the impedance contrast,
which is one of the main sources of soil amplification
(Pitilakis et al., 2004).

A brief review is given in the following. The most
elementary technique for site classification is borehole
data. However, with the increase in the number of
strong ground motion stations many other methods
were successful. Most of these methods are based on the
determination of the site’s predominant period, without
providing a reliable assessment of the surface ground
motion amplification needed in structural dynamic
analysis. The Standard Spectral Ratio (SSR) method was
initially put in practice by Borcherdt and Gibbs (1970).
It is based on comparing micro-tremors or earthquake
signals recorded over a site with unknown conditions
and those obtained at a nearby reference rock site. The
major inconvenience of this method remains the need
of a reference rock station (Lermo and Chavez Garcia,
1993; Seo et al., 1996), and in that event alternative
empirical techniques could be used. The receiver
functions technique was proposed by Langston (1979),
where the reference station response can be substituted
by the vertical component measured at the same station
since it is considered not to be affected by the local
amplification. It should also be mentioned that both
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receiver functions and SSR methods give only the site’s
particular information such as the resonance frequency
(Riepl et al., 1998), although it is a primary parameter in
site categorization schemes.

In earlier studies on site effects characterization, the
horizontal-to-vertical spectral ratio (HVSR) technique is
one of the successfully used methods, firstly introduced
by Nogoshi and Igarashi (1971) and enhanced later by
Nakamura (1989). This method is based on the H/V ratio
of the Fourier spectrum performed on ambient noises
and extended to the use of earthquake recordings. In
the case of micro-tremor records, it gives an accurate
reading of the site’s predominant frequency (Nakamura,
1989; Bard, 1999). In 2010, Wen (Wen et al., 2010)
successfully used HVSR technique for classifying sites
of strong motion stations after the Wenchuan earthquake
(China) to determine fundamental frequencies of
the affected sites. The use of the above techniques
demonstrated, however, that they are not able to capture
reliable information on a site’s amplification.

An empirical site classification method similar to
the receiver functions approach, based on the HVSR of
earthquake records was proposed by Zhao et al. (2004,
2006). Ratios of 5% damped response spectra of strong
motion records were used in this study instead of Fourier
spectral ratios commonly used in the receiver functions
method. Essentially based on amplitudes and shapes of
HVSR, the technique was developed for assigning site
classes to the K-Net strong motion stations, in order to
confer a reliable modelling of site effects to the Japanese
attenuation models. One of the remarkable conclusions
of the author was the amplitude of H/V ratios may not
be appropriate for assessing amplification potential of
an engineering site and for estimating loads to which
structures could be exposed.

Ghasemi et al. (2009) classified 107 strong motion
stations of the Iranian Strong Motion Network, following
three different empirical schemes. Firstly, stations with
site classes previously determined by local geological
conditions and V , measurements are reclassified
using recorded strong motion at each station. In this
regard, the average H/V spectral ratio of records at each

station is determined, and then, the period of the first
predominant peak is taken as the site natural period. The
same conclusions as those made by Zhao (2006) were
obtained in this study, in particular, the incapacity of
these empirical classification techniques to account for
special features of site effects. A new site classification
approach was also suggested by Saman and Tsang
(2011), based on artificial neural networks. The mean
HVSR curves proposed by Zhao (2006) were considered
to classify 87 strong motion stations with previously
known local conditions, based on the Chi Chi Taiwan
strong motion records.

In this study an alternative tool is proposed to
characterize design sites classified in the Algerian seismic
building code (RPA99/ver 2003, herein referred to
simply as RPA99) by average transfer functions through
a stochastic approach combined to a statistical study.
Unlike response spectra, transfer function is a powerful
mathematical means for site effects assessment. It allows
a direct and full characterization of soil profile by its
vibration frequencies and, especially, its amplification
capacity. For each RPA99 soil class, the deterministic
average transfer function is calculated on a wide sample
of one dimensional layered soil profiles, where, the
average S-W velocity, V, in any layer is simulated using
the random field theory.

V_is a positive-unbounded parameter and is supposed
to be governed by a lognormal distribution. However,
for each layer of a RPA99 design site, V_ is bounded
above and below (Table 1) and neither the normal nor
the lognormal distributions are then appropriate. For this
reason, a probabilistic model accounting for bounded
distributions is used. The results obtained in this study
indicate that the present approach provides an accurate
site identification tool and gives a reliable measure
of the amplification capacity and the corresponding
frequency ranges. The average transfer functions are
then used to compute the average site factor for each
site class following the Eurocode (ECS8) provisions.
Average normalized response spectra for all RPA99
design sites are also calculated and the amplification
influence is investigated through their combination with
the corresponding site factors previously calculated.

Table 1 RPA99 site categories

Site type Geotechnical description Mean value of ¥ (m/s)
S1 Rock site:
Rock or other similar geological formation V. =800
S2 Stiff site:
Deposits of dense sand, gravel and/or over consolidated V. =400
clay with 10 to 20 m thickness From 10 m thickness
S3 Soft site:
Deep deposits of medium dense sand, gravel or medium raid clay V. =200
From deep of 10 m
S4 Very soft site:
Deposits of releases sand with/without presence of soft clay layers V. <200

In firsts 20 m
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2 Brief review of site effects consideration in
the RPA99

The northern part of Algeria is a moderate-to-
strong seismic region as evidenced by recent seismic
events(CRAAG, 1994; Benouar, 1994; Bouhadad and
Laouami, 2002), the last one being the Boumerdes
earthquake which occurred in May 21, 2003, M _=6.8.
Many sites in this area have topographic, geological
and geotechnical conditions that favour local effects
(Laouami et al., 2006; Laouami and Slimani, 2013).
In RPA99 the amplification phenomenon is indirectly
considered through normalized response spectra
corresponding to four soil categories, where the site
coefficient concept is not clearly included (Table 1 and
Fig. 1). Moreover, to avoid the resonance phenomenon,
this code recommends that particular caution should be
paid to the building site (RPA99 Sec. 2.1).

3 Methodology for the transfer function
calculation

The researches on site seismic classification reviewed
above demonstrate that the reliability of a classification
scheme is vital for seismic hazard studies. However, in
seismic design of structures, the concern of engineers
is to quantify forces and/or displacements to which
structures might be exposed. In this regard, attributing
a class to a particular engineering site according to a
certain design code cannot by itself be sufficient even
when the classification is suitable. To address this
concern, the mean transfer function is proposed as a
simple tool to ensure an appropriate site classification
and a consistent assessment of its amplification capacity.
The transfer function is a mathematical means governing
the input/output relationship of a physical system in
the frequency domain. It is defined in this study as the
ratio of the surface motion amplitude to rock outcrop
motion amplitude. This new site classification method
has many advantages which are not likely provided
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Fig. 1 Normalized acceleration design response spectra- RPA99

by classical methods cited previously (S-W velocity
profile, mean HVSR schemes, predominant period, and
so on), because it makes possible the estimation of the
expected ground surface responses representing the
actual excitations acting on the structures. This protects
against deficiencies related to bad estimation of the local
effects, which are often neglected, underestimated or
overestimated. The response spectrum computed via
average transfer function is moreover compatible with
local site conditions and accounts correctly for the
influence of the site’s amplification. Thus, for a site with
unknown S-W velocity profile, the natural frequency
can easily be determined by the micro-tremor HVSR
method. The corresponding site class is then derived by
putting the natural frequency on the appropriate average
transfer function curve. For strong motion stations the
natural frequency is derived from the mean HVSR of
records and the site class is assigned by the same manner
as cited above.

An average transfer function is proposed for each
RPA99 design site excepting the rock site (S1), which is
supposedly unaffected by the amplification effects and
taken as a reference site. Nevertheless, with not enough
information on subsurface geological settings, the data
on V_ can be scarce. For that reason, 1-D soil profiles
have been performed through a random simulation for
all RPA99 design sites, except for the rock site (S1).
The simulated soil profiles are all representative of the
concerned design site in terms of average V values and
thicknesses of the different layers.

V_is in general an unbounded positive parameter; its
variability is often modelled as a lognormal distribution.
However, since the average V, for any layer of each
RPA99 design site is between two boundary values, it
is a bounded positive parameter. A probabilistic model
that maps an unbounded distribution of V to a bounded
one has been used (Fenton and Griffiths, 2000). It
arises from a simple transformation of an average local
and standard random field having zero mean and unit
variance. Consequently, for each soil layer, a sample
of one thousand (1000) average S-W velocity values is
simulated with respect to the recommended requirements
of RPA99. The process starts with the stochastic
simulation of normally distributed random fields having
zero mean and unit variance (Fig. 2), which are then used
to compute the average S-W velocity profiles following
the relationship:

o _ _ AV’
=T+ T =TT+ 0625 | ()
2 21

where ¥V’ andV’ are the minimal and maximal

bounds of the average S-W velocity in ith layer of jth
soil profile, respectively; th(.) is the hyperbolic tangent;

AV/ is a local and standard random field having zero
mean and unit variance and s is a factor governing the
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Fig.2 Simulation results of average S-W velocity for S2, S3 and S4 sites presented under the form of occurrence of mean V_ values

mean S-W velocity variability between its two bounds,
and
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where, @ is a random number and N the number
of elements in the summation. The average transfer
function for linear viscous-elastic model in frequency
domain is obtained by calculating the arithmetic mean
of transfer function values. The standard deviation
is also performed for any mean amplification value
corresponding to a given frequency. For the record, we
found no noticeable variation of the average transfer
function for sample sizes beyond 1000 profiles,

3.1 Nonlinearity effects

It is commonly recognized that soil deposits behave
nonlinearly over strong motions near the surface. In this
study, the soil’s dissipative character is considered to
approximate the nonlinear response of soil deposits. This
is due to the decrease in the elastic shear modulus values,
G, and the increase in damping values, £, under strong
motions. However, with little available data on G and S
variations, these so-called reduction curves were taken
from the literature (Seed and Idriss, 1970; Seed and Sun,
1989). The reduction curves were selected according
to the dissipation level which varies following the soil
mechanical properties. Rock time-histories collected from
European Strong Motion (ESM) database (Ambraseys
et al., 2002) and PEER Strong Motion (PSM) database

Fig.3 Distribution of events considered in this study according
to magnitude, epicentral distance and PGA

(http://peer.berkeley.edu/smcat/) (Fig. 3) were used as
input motion through 1-D equivalent linear soil seismic
analysis conducted by a developed computer program.
European records extracted from the ESM database are
uniformly processed by filtering between 0.25 and 25 Hz,
while records from PSM database has a useable
bandwidth within 1/1.25 of the low pass frequency and
1.25 of the high pass frequency. The ground surface
response was computed first and the strain was derived
and used to determine final G and g values following
an iterative process. Then, the equivalent linear transfer
function for any simulated soil profile is calculated.

4 Discussion of results

The average transfer function curves and their
evolution in frequency range in both linear and
equivalent linear cases are illustrated in Fig. 4. The first
peaks (Figs. 4(a), 4(c) & 4(e)) highlight fundamental
modes that characterize the respective sites and bring
out their corresponding fundamental frequencies and
amplification levels. These two parameters (fundamental
frequency and amplification level) vary according to the
S-W velocity changing when observing the overall shape
of transfer function curves. Also, peak amplification
levels increase significantly from high frequencies (S2)
to low ones (S4). Additionally, it is clearly noted that the
S-W velocity tends to vary depending on the mechanical
properties associated with the site’s consistency, which
is, overall, stronger for stiff soils and moderate for soft
and very soft soils.

It is clear from Fig. 4(b) that transfer function curves
of the stiff site (S2) show a common amplification
peak at 5.17 Hz in both the linear and equivalent linear
cases. The curves are almost identical if the slight
difference in the maximal amplitude evidenced by the
two amplification peaks is excluded. This confirms the
absence of nonlinearity effects, a characteristic of firm
and rock sites. The average transfer function curves
of S3 sites reveal amplification peaks at 2.34 Hz and
2.24 Hz for the linear and equivalent linear cases,
respectively (Fig. 4(d)). The appearance of those two
peaks at different frequency values is due to nonlinear
behaviour; soft sites are less consistent than stiff sites,
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Fig. 4 Average transfer functions for RPA99 S2, S3 and S4 sites in linear and equivalent linear cases. The average transfer
function plus one standard deviation in the linear case is also presented for each site class.

and as a result, a beginning of nonlinearity effects under
strong ground motions is observed. From the overall
shape of the soft site transfer function curves, it can be
observed that the peak frequencies for the linear and
equivalent linear cases are different. The peak frequency
in the equivalent linear case is, in fact, shifted toward
lower frequencies. Also, in both the linear and equivalent
linear cases, the peak’s narrowness is more evidenced, in
contrast to stiff sites where the transfer function peaks

are relatively broad. Because of the disproportionally
higher damping (the shaking ground motion dependency
on the soil consistency), the nonlinear behaviour is
characterized mainly by a decrease in the amplification
level and the resonance frequency. For this reason, the
S4 site seems strongly affected by nonlinearity effects
as evidenced by the difference in the amplitudes in the
linear and equivalent linear cases, viz., 4.57 and 2.73,
respectively (see Table 2 and Fig. 4(f)). Additionally, the
peak frequency is shifted slightly to a lower value

Table 2 Amplification values and corresponding frequencies in linear and equivalent linear cases

) Frequency (Hz) Amplification
Site Linear Equivalent linear Linear Equivalent linear
S2 5.17 5.00 1.81 1.91
S3 2.34 224 3.45 2.24
S4 1.19 0.90 4.57 2.73
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(0.9 Hz) as compared to the 1.19 Hz for the linear case.

5 Classification tests

Two site classification tests according to RPA99
provisions are performed based on the resonance
frequency of the concerned site and mean transfer
functions previously computed. The main goal here is to
check the reliability and the effectiveness of the average
transfer functions in assigning site class to a given design
site. This step is of a great importance in engineering
structure design, since it leads to a response spectrum
and amplification factor that reflect local site conditions
and are appropriate to the structural type of interest.

The first classification test considers 120 sites
from the Kik-Net Japanese database (http://www. kik.
bosai.go.jp/), with previously determined S-W velocity
profiles (Table 3). The sites are classified first following
the RPA99 site classes, i.e., considering the average S-W
velocities in soil layers. The transfer function of each
site is thereafter computed to extract the fundamental
frequency. In the proposed average transfer function
curves, each site class ranges within the frequency
interval bounded by the fundamental peak intersection
points of two consecutive transfer function curves (Fig. 5).
For every Kik-Net site, the fundamental frequency is
extracted from the transfer function curve primary peak
and then used to attribute a site class by positioning it
on the appropriate average transfer function curve.
Table 3 shows comparison between the RPA99 site
classification based on the S-W velocity profiles (Table 3
and Fig. 5) and site classes assigned according to the
proposed mean transfer function (MTF) method. Of the
120 sites, 86 were successfully classified which means
that classes assigned with the MTF method provide a
reasonably good success rate (71.7%) compared with
the pre affected RPA99 classes. It is also noted that
except for site N° 70, MTF site classes within £1 class
are completely successful compared with the other
classification.

The proposed classification method has also been
applied to a number of sites situated in the Mitidja basin
(central northern part of Algeria). The Mitidja basin is
part of the Tell Atlas, an east-northeast-trending, fold-
and-thrust belt along the plate boundary in North Africa.
Laouami and Slimani (2013) studied earthquake induced
site effects during the 2003, 21 May Boumerdes (Algeria)
earthquake through damages on the built structures
and their relationship with soil spectral ratios. Micro-
tremor and strong motion H/V spectral ratio curves were
performed at four locations in the Mitidja basin (Table
4), where S-W velocity profiles are available. Hence,
S-W velocity profiles based classification can initially
be made according to RPA99 provisions. In this section,
results found by Laouami and Slimani (2013) are used
as local soils with well defined S-W velocity profiles are
very limited. Ambient noise H/V curves are particularly
used in order to extract fundamental frequencies, since

it is largely accepted among researchers that H/V
spectral ratio curves give a good estimation of the soil
fundamental frequency. Indeed, Kawase et al. (2011)
has developed a new formulation based on the theory
of diffuse field for plane waves and demonstrated the
relationship between the H/V amplification function and
the transfer function of a soil profile. This relationship
shows that H/V function is proportional to the ratio
of the horizontal to vertical transfer functions and a
coefficient which is the ratio of P wave (Love wave) and
S-W velocities. Also, the study confirmed the perfect
correspondence of the peak frequencies between the H/V
amplification function and the transfer function curves.

The sites are firstly classified on the basis of their
S-W velocity profiles made by the Japan International
Corporation Agency (JICA) with the cooperation
of Earthquake Engineering Research  Centre
(CGS, Algeria) (JICA and CGS, 2006) (Fig. 6), and then,
they are reclassified by the way of mean transfer function
curves through the fundamental frequency value.

For the Boumerdes site, the RPA99 class derived
from the S-W velocity profile is S2 class (firm site V>
400 m/s from 10 m depth), while the plotted ambient
noise H/V curve obtained for this site shows a smooth
bump in the 0.8 to 1.2 Hz frequency range (Fig. 7), and
another peak around 4 Hz. There are two possibilities
for classifying this site. The first one considers the peak
around 1 Hz, and so it will be S4. But in this case, the
very low amplification demonstrates the lack of clear
contrast with the bedrock, which makes this classification
unlikely. Alternately, consider the peak around 4 Hz,
and in this case, the site would be classified S2 as the
frequency is between 3.75-7 Hz within the S2 mean
transfer function curve. Furthermore, clear velocity
contrast had already been shown at 12 meters and its
average velocity was around 240 m/s (Fig. 6(c)), which
indicates a resonance frequency around 5 Hz according
to /= V_/ 4h. But the deeper velocity structure wasn’t
obvious and it was possible that another big velocity
contrast in deeper bedrock might exist and generate a 1
Hz peak.

For the Dar El Beida site, the micro-tremor H/V
curve shows a clear peak at around 4 Hz frequency
representing the site fundamental frequency (Fig. 8).
This allows assigning S2 class ranging from frequencies
greater than 3.76 Hz in the proposed S2 mean transfer
function curve (Fig. 5). Furthermore, the S-W velocity
profile of the Dar el Beida site (Fig. 6(b) ) leads to the
same site class (S2 class), which is attributed in reference
to RPA99 provisions, since the mean ¥ value is larger
than 400 m/s at 10m depth (Table 1).

The flattening of the plotted micro-tremor H/V
spectral ratio curve of the Hussein Dey site (Fig. 9) shows
that a fundamental peak is not clearly evident which
is indicative of firm-to-rock soil characteristics. The
fundamental frequency cannot be accurately identified
even if information extracted from the plotted curve
shape confirms presence of firm-to-rock site, what is also
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Table 3 Results of the Kik-Net site classification test. The table gives the mean transfer function based classification and the one
made according to RPA99 provisions. f, and f, are the band frequency limits defining the site class. The second

column of the table indicates the site’s reference as given by the Kik-net database

f, -/, (Hz) Mean transfer functions

N° profile Ref V_,,(m/s) V_,, (m/s) V_,,(m/s) 52 53 54 RPA99 Mean TF Class
& >7 3.76-7 1.53-3.75 <1.53 Class
J, (Hz) soil profile

1 ABSHO03 2553 499.16 4.87 S3 S2
2 ABSHO05 345.6 624.3 4.87 S3 S2
3 ABSHO07 187.5 2424 290.3 1.75 S3 S3
4 ABSHO08 325 517.4 2.75 S3 S3
5 ABSHO09 237.9 394.2 1.25 S3 S4
6 ABSH13 324 463.6 2.75 S3 S3
8 ABSH14 235.7 351.6 1.87 S3 S3
7 ABSHI15 448.7 464.5 2.12 S2 S3
9 AICHOS 237.4 301.3 0.75 S3 S4
10 AICHO06 197.3 219.4 1.25 S4 S4
11 AICH12 156.0 163.2 1.12 S4 S4
12 AICH14 139.6 154.2 0.75 S4 S4
13 AKTHI2 208.3 389.2 2.87 S3 S3
14 AOMH13 139.8 154.0 0.75 S4 S4
15 AOMH14 187.5 293.0 360.0 2.75 S3 S3
16 AOMHI15 336.4 577.5 2.75 S3 S3
17 AOMHI16 196.5 225.7 1.00 S4 S4
18 AOMH17 226.2 378.3 2.60 S3 S3
19 AOMHI18 189.8 289.5 369.1 3.75 S3 S3
20 CHBHO06 189.4 203.4 237.8 0.62 S3 S4
21 EHMHO1 420 743.4 6.62 S2 S2
22 EHMHO04 150 216.6 254.0 2.00 S3 S3
23 FKIHO02 220.1 342.8 3.00 S3 S3
24 FKIH04 300 300.0 1.62 S3 S3
25 FKIH06 235 395.0 2.00 S3 S3
26 FKOHO03 302.1 431.8 5.75 S3 S2
27 FKOHO08 271.2 535.7 5.25 S3 S2
28 FKSHO04 204 246.0 2.50 S3 S3
29 FKSH18 251 307.0 3.37 S3 S3
30 FKSHI19 241 338.0 3.12 S3 S3
31 GIFHO5 146 2104 262.0 3.00 S3 S3
32 GIFH13 430.5 592.6 1.62 S2 S3
33 GIFH14 440 627.3 4.75 S2 S2
34 GIFH17 250 429.4 437 S3 S4
35 GIFHI18 353.7 553.0 5.87 S3 S2
36 GIFH25 357.1 468.7 2.62 S3 S3
37 GNMHO1 421 293.7 1.87 S3 S3
38 HDKHO1 206.4 368.2 4.37 S3 S2
39 HDKHO04 186 210 235.0 1.37 S3 S4
40 HDKHO05 493 766.2 6.75 S2 S2
41 HDKHO06 280 412.2 3.87 S3 S3
42 HDKHO07 348.3 459.0 3.25 S3 S3
43 HDKHO09 194.7 292 364.0 3.62 S3 S3
44 HRSHO02 181 294.6 390.7 4.87 S3 S2
45 HRSHO06 208.6 279.1 2.50 S3 S3
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1, -/, (Hz) Mean transfer functions
S1 S2 S3 S4 RPA99
N° profile Ref stm(m/s) V5 (m/s) Vs (m/s) >7 3.76-7 153375 <153 Class Mean TF Class

(Hz) soil profile

46 HRSHO07 558.7 461.4 2.50 S2 S3
47 HRSH14 394.2 550.1 4.12 S3 S2
48 HYGHO07 290.5 415.5 6.125 S3 S2
49 HYGHO08 158 224.1 260.5 3.12 S3 S3
50 HYGHO09 194.7 292 364.4 35 S3 S3
51 HYGHI10 169.2 207.1 223.8 1.25 S3 S4
52 HYGHI13 2353 381.3 3.25 S3 S3
53 HYGHI15 280.0 526.0 3.75 S3 S3
54 HYMHO1 261.5 395.0 1.87 S3 S3
55 HYMHO02 364.0 497.6 3.00 S3 S3
56 IBUHO1 248.0 306.0 2.37 S3 S3
57 IBUHO02 309.8 541.8 5.50 S3 S2
58 IBRH11 197.0 242.4 2.50 S4 S3
59 ISKHO03 171.8 255.8 297.2 3.75 S3 S3
60 ISKHO04 440.0 443.0 4.87 S2 S2
61 ISKHO5 435.0 681.0 4.75 S2 S2
62 ISKHO08 411.7 635.8 4.50 S2 S2
63 IWTHOS8 207.9 304.5 3.00 S3 S3
64 IWTHI12 252.5 367.9 1.87 S3 S3
65 KGSHO1 510.3 602.9 1.87 S2 S3
66 KGSHO03 910.0 1196 8.25 S1 S1
67 KGSH04 233.03 280.4 1.75 S3 S3
68 KGSH09 320.0 409.0 2.75 S3 S3
69 KGWHO02 161.3 185.3 1.50 S4 S4
70 KGWHO04 196.8 299.3 407.2 8.25 S3 S1
71 KKWH02 540.3 656.9 2.37 S2 S3
72 KKWH04 237.0 372.0 1.62 S3 S3
73 KKWH10 194.1 271.2 327.5 2.87 S3 S3
74 KKWHI1 170.0 212.5 242.8 2.12 S3 S3
75 KKWHI5 307.0 528.6 2.87 S3 S3
76 KMMHI12 316.9 409.7 1.50 S3 S4
77 KMMH14 143.4 200 248.2 1.25 S4 S4
78 KMMHI15 355.5 499.8 3.12 S3 S3
79 KNGHI8 304.4 388.4 3.00 S3 S3
80 KNGHI19 456.5 701.0 8.70 S2 S1
81 KOCHO03 441.1 668.2 5.25 S2 S2
82 KOCHO11 600.0 782.2 5.37 S2 S2
83 KOCHI12 358.6 496.3 2.87 S3 S3
84 KSRH04 162.8 189.1 1.12 S4 S4
85 KSRHO7 160.3 204.0 1.37 S4 S4
86 KSRH09 185.9 230.0 1.62 S4 S3
87 KYTHO4 205.8 240.1 2.00 S3 S3
88 KYTHO4 762.3 1068.9 7.25 S2 S1
89 KYTHOS 110 133.15 1.00 S4 S4
90 MIEHO1 196.8 280 342.0 3.25 S3 S3
91 MIEH02 218.0 423.0 2.87 S3 S3

92 MIEHO03 231.0 434.0 5.50 S3 S2
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1, - f, (Hz) Mean transfer functions

N° profil Ref V., (m/ V., (m/ v, (m/ ! 52 53 >t RPAY9 Mean TF CI
prote ¢ (@S V(S V@) 3967 153375 <153 Class can s
(Hz) soil profile

93 MIEH04 280.4 342.0 3.25 S3 S3
94 MIEHO08 603.0 1009.7 6.75 S2 S2
95 MYGHO08 281.2 358.2 2.12 S3 S3
96 NGNH24 3459 464.2 1.62 S3 S3
97 NGNH26 243.7 300.4 1.25 S3 S4
98 NGNH29 266.6 465.0 2.12 S3 S3
99 NGNH30 247.5 456.0 3.75 S3 S3
100 NGNH31 322.7 706.7 1.62 S3 S3
101 NGNH54 600.0 661.3 4.75 S2 S2
102 NIGH02 300.0 360.0 2.12 S3 S3
103 NIGH04 287.0 392.0 1.62 S3 S3
104 NIGHO08 269.2 326.8 0.62 S3 S4
105 NIGH09 300.0 463.0 2.75 S3 S3
106 NIGH14 320.0 437.6 3.37 S3 S3
107 NIGH18 229.7 311.0 2.37 S3 S3
108 RMIHO02 141.8 154.9 112 S4 S4
109 RMIHO04 456.7 543.0 2.50 S2 S3
110 SBSH09 549.4 719.1 4.50 S2 S2
111 SMNH11 500.0 670.0 6.00 S2 S2
112 SOYHO02 117.6 118.4 0.87 S4 S4
113 SOYHO08 320.0 533.3 3.75 S3 S3
114 SOYHO09 270.0 244.0 1.87 S3 S3
115 SZOH35 122.5 158.3 1.12 S4 S4
116 TKCHO03 214.3 372.4 1.50 S3 S4
117 YMTHO05 416.4 533.1 2.12 S2 S3
118 YMTHO3 667.0 899.8 4.75 S2 S3
119 YMGHO01 1000.0 1387.6 7.25 S1 S1
120 TKCHO7 121.8 140.1 1.12 S4 S4

5 supported by the S-W velocity profile of this site (Fig.

S4 S3 |S2 S1

N Class | Class Elass] Class §(a)). In that case, the ¥/, mean value of abput '700 m/s

g is reached at a depth less than 10 m indicating then

E ; 7 firm-to-rock nature of the Hussein Dey site according to

5 9 . 1Y RPA99 dispositions.
4= s B = M 1

g 5| Lb--54 Syt The micro-tremor H/V spectral ratio curve of

g / /{\\5 ~ the El Affrqun site (Fig. 10) shows. a .clez.lr peak at a

< il ol R N frequency slightly greater than 3 Hz, indicating the site’s

fundamental frequency. This frequency corresponds to

0 | S3 class, according to the S3 mean transfer function curve

0.1 1 10 (Fig. 5), in agreement with the quaternary soft deposits

Frequency (Hz)

Fig. 5 Frequency range boundaries of S1, S2, S3 and S4
soil classes. The S1 class is defined for frequencies
greater than 7 Hz. The S2 class ranges between 3.76 Hz
and 7 Hz frequencies, whereas the S3 class rages
within the frequency interval of 1.53 to 3.76 Hz.
The S4 class is included in the frequency
range set by the value of 1.53 Hz

of the Mitidja basin where the site is located. It should
be noted that further studies and more information such
as a S-W velocity profile are needed to make a reliable
classification of the El Affroun site.

The proposed classification method has been tested
for 120 Kik-net database sites having defined S-W
velocity profiles and the result has been compared with
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Table 4 Geographical coordinates of the sites considered in the second test classification (Laouami and Slimani, 2013)

Site coordinates Hussein Dey El Affroun Dar ElBeida Boumerdes
Latitude 36.74° 36.469° 36.716° 36.756°
Longitude 3.096° 2.632° 3.206° 3.473°

Shear wave velocity (m/s) Shear wave velocity (m/s) Shear wave velocity (m/s)
0 0 500 1000 0 500 1000 0 0 500 1000
N §- V : v‘
1 / }
. 4 1
oA 100 10 {}'/(/ 10 r
. |
v 1
20 E 20 A :
g g :
o] |
0 40
————Shear wa\:/e velocity| Shear wave velocity| 50 | —Shear wave velocity
50 || ez Unitweight | B | -eeeeee Unit weight ~ — — ~Unit weight
60 : e ; > I 60 : |
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(a) Hussein-Dey

A

—_

il Red sand
@ Linestone

(b) Dar EI-Beida

27 Sandstone

(c) Boumerdes

Clay [#3# Siltstone % Blue marl

Fig. 6 S-W velocity profiles for three seismic stations: The Hussein Dey, the Dar El Beida and the Boumerdes sites (JICA and

CGS, 2006 from Laouami and Slimani, 2013)

the RPA99 based classification. This test provides a
success rate of 71.7% (Table 3). Site classifications
have also been made for local sites located in the
Mitidja basin through micro-tremor H/V spectral ratio
curves performed by Laouami and Slimani (2013), and
then compared with those derived from available S-W
velocity profiles (Fig. 6). The obtained results show that
in the absence of S-W velocity profiles, the proposed
method combined with a micro-tremor measure offers a
good tool for soil classification.

6 Site amplification factors (SF)

The site amplification factor represents the ground
motion amplification with respect to outcrop conditions.
It is obtained by the ratio between the peak ground
acceleration (PGA) at the site surface and the one at
the engineering bedrock (reference site). The site factor
is considered as a useful and reliable means capable
to report on the amplification potential of a given
engineering site.

For practical design purposes, RPA99 provides
accelerationvaluescalled zone’sacceleration coefficients,
estimated at the bedrock (Table 5). Currently, RPA99

proposes design elastic response spectra which clearly
do not integrate the concept of the site amplification
factor. Indeed, all the plotted elastic response spectra
shapes show the same horizontal plateau level, although
they represent different soil classes (Fig. 1).

In this part of the study, an attempt is made to compute
average site factors and average elastic response spectra
based on mean transfer functions previously calculated,
and then, make a comparison with the current EC8
design site factors. Moreover, the resulting site factors
will be compared with those found by Pitilakis et al.
(2012) which are proposed to be introduced in the next

Table 5 Seismic zone coefficients (RPA99)

Seismic zone

Building type
group I Ila 1Ib 111
1A 0.15 0.25 0.30 0.40
1B 0.12 0.20 0.25 0.30
2 0.10 0.15 0.20 0.25

0.07 0.10 0.14 0.18
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Fig. 7 North—South, East—-West and average H/V spectral
ratios for micro-tremor at the Boumerdes site
(Laouami and Slimani, 2013)
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Fig. 9 North-South, East-West and average H/V spectral
ratios for micro-tremor at the Hussein Dey site
(Laouami and Slimani, 2013)

EC8 amendment. The calculated response spectra will
also be discussed and compared with the corresponding
design response spectra of RPA99 and ECS, respectively.
Except for the S1 class representing the rock site, average
site factor is calculated for each site class by:

7.(f)=TF"(7,(1) A3)
r. () =H()-(r.() 4)
7. =TF ' (y,()) )

where, 7, (t)andy_(¢) are the acceleration records at the
base and the surface in the time domain, respectively;
V. and y. - are the maximal accelerations at the
base and the surface respectively; y.(f)andy (f) are
the acceleration records at the base and the surface in
the frequency domain, respectively; H(f) is the transfer
function between the rock basement and the soil surface
and TF' is the inverse Fourier transform. The site factor,
SF, is given by:

4 Average

H/V spectral ratio

Frequency (Hz)
Fig. 8 North—South, East-West and average H/V spectral
ratios for micro-tremor at the Dar El Beida site
(Laouami and Slimani, 2013)
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Fig. 10 North—South, East-West and average H/V spectral
ratios for micro-tremor at ElI Afroun site
(Laouami and Slimani, 2013)

AU
SF = o (6)

The calculation procedure has been made according
to EC8 provisions, i.e., considering two levels of seismic
action, Typel and Type 2 (EC8, section 3.2). According
to EC8, it should take into account the magnitude of the
earthquakes that contribute mainly to the seismic hazard
defined for the probabilistic assessment of the hazard,
rather than conservative upper limits (e.g., maximum
credible earthquake).

Site factors and accompanying elastic response
spectra of Type 1 should be used when the earthquake
contributing to the seismic hazard has a surface wave
magnitude, M, greater than 5.5. These response spectra
have more energy at low frequencies and should be used
inregions with high seismic activity. Conversely, the Type
2 elastic response spectra are proposed for earthquakes
with M <5.5, having larger spectral amplitudes at high
frequencies. To reach that objective, the accelerometer
records previously used have been divided into two
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datasets based on M_5.5. For each record, the Fourier
spectrum was computed and then convoluted with the
average transfer function of the concerned site, to obtain
signal at the surface site incorporating the particular
distinctive features such as the frequency content and the
amplification potential. The site factor is then obtained
through the ratio between the PGA at the surface and
that at the rock basement (Eqgs (3)-(6)). The mean site
factor and its standard deviation are also computed for
both considered record datasets representing the two
specified seismicity levels.

6.1 Average site factors

Direct simplified methods are proposed in EC8
to account for the influence of local conditions on
the site seismic response. EC8 considers five subsoil
classes A,B,C,D and E, including stratigraphic profile
geotechnical descriptions with S-W velocity values at
thirty meters depth, V, , (Table 6). The last class (Class E)
is a class with no ¥, values. Two other classes S1 and
S2 are to be considered when particular geotechnical
investigations are needed (EC8, Table 3.1). Furthermore,
various shapes of 5% damped elastic acceleration spectra
corresponding to each soil category are considered
wherein site effects are directly reflected through the
site factor S. The input motion intensity is described by
the single parameter, a,, representing the effective peak
ground acceleration at rock site (Site Class A) which is
taken as a reference site. Both site factors and response
spectra are computed for two kinds of wave surface
magnitude of records, Type 1 and Type 2 (ECS, Tables
3.2 and 3.3).

As stated earlier, RPA99 categorizes soils into four
classes: rock site (S1), stiff site (S2), soft site (S3) and
very soft site (S4) (Table 1). The soils are characterized
by geotechnical subsoil description, compatible with
the geological nature of each site type and average S-W
velocity values in layers forming the first thirty meters of

the subsoil. For structural design requirements, RPA99
proposes 5% damping elastic acceleration spectrum
for each site class, where site effects are not explicitly
accounted for (Fig. 1). The peak ground acceleration is
obtained via the zone’s seismic coefficient depending on
the building type (Table 5), multiplied by the acceleration
of gravity and is supposed acting at the rock site.

In ECS8, the proposed site classes are comparable
to the current RPA99 classes in terms of geotechnical
description and ¥ profile values. One considers that
Classes A, B, C and D of EC8 are compatible with S1,
S2, S3 and S4 of RPA99 site classes, respectively (Tables
1&6). Obtained results will therefore be compared with
the corresponding ones of the Algerian and European
seismic codes on the basis of this assumption.

By observing Table 7, it is remarked that for all site
classes included in RPA99 the computed average site
factors are, in general, consistent with those found by
Pitilakis et al. (2012). For the type 2 records dataset,
site factors computed using the linear average transfer
functions are also shown in the table. One supposes
that soils show linear behaviour for weak-to-moderate
ground motions. In this case, the dissipation of the
seismic energy is not as important as in the case of
strong ground motions, wherein the shaking amplitude
is strongly absorbed by the damping effect. For this
second case, equivalent linear mean transfer functions
were used, and thus, site factors obtained for the Type 1
records dataset are, overall, smaller than ones found for
the Type 2 records dataset. This is related to the nonlinear
phenomenon occurred in large magnitude events. This
aspect is also valuable for results obtained by Pitilakis
etal. (2012).

For the Type 2 records dataset, one observes that
calculated mean site factors are, in most cases, in good
agreement with results found by Pitilakis et al. (2012),
especially for S2 and S4 sites. Furthermore, S2 mean
site factor is significantly close to the one found for
the typel records dataset. That might be justified by

Table 6 Definition of subsoil classes according to EC8

Soil o . .
class Description of stratigraphic profile V_,(m/s)
A Rock or other rock-like geological formation, including at most 5 m of weaker material at the surface > 800
B Deposits of very dense sand, gravel, or very stiff clay, at least several tens of meters in thickness and 360-800
characterized by a gradual increase of mechanical proper ties with depth
C Deep deposits of dense or medium-dense sand, gravel, or stiff clay with thicknesses from several 180-360
tens to many hundreds of meters
D Deposits of loose-to-medium non cohesive soil (with or without some soft cohesive layers),or of <180

predominantly soft-to-firm cohesive soil

E Soil profile consist ingofa surface alluviumlayer with ¥,  values of type Cor D, and thickness
esvarying between 5 m and 20 m,under lain by stiffer materials withV_, >800m/s

S1  Deposits consisting or containing a layer at least 10 m thick of soft clays/silts with high plasticity

index (PI>40) and high water content

S2  Deposits of liquefiable soils, sensitive clays, or any other soil profile not included in types A-E or S1
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Table 7 The calculated mean site factors and their standard deviations considering the two seismicity levels for ground motion
datasets. The ECS site factors and those proposed by Pitilakis ez al. (2012) are also presented in order to enable comparison

with results found in this study

M <5.5 (Type 2)

M_>5.5 (Type 1)

Linear case

Equiv. linear case

Site Calculated Std EC8  Pitilakis Calculated Std ECS8 Pitilakis
mean SF (2012) mean SF (2012)
S2-B 1.44 0.05 1.35 1.40 1.42 0.067 1.20 1.30
S3-C 1.70 0.131 1.50 2.10 1.65 0.144 1.15 1.70
S4-D 1.64 0.05 1.80 1.80 1.31 0.08 1.35 1.35

the good similarity between average transfer functions
of S2 site in both linear and equivalent linear cases.
For both S3 and C classes, computed site factor values
are greater than site factors of S2 and D classes,
respectively. The computed site factors of the Type 1
ground motion dataset for all site classes match well
with those found by Pitilakis et al. (2012). Their values
are relatively weak compared with those of the Type
2 record dataset, especially for S4 site, which might
explain presence of nonlinear behaviour caused by
strong ground motions arising from Type 1 seismicity
level. The obtained results underline the low values of
the current ECS site factors for the soil classes B and C.

7 Mean acceleration response spectra

To obtain the mean response spectra curves,
acceleration records of both datasets were normalized
according to their PGA and used to compute the
acceleration pseudo response spectra with 5% damping.
For each RPA99 soil class, the obtained mean response
spectra are presented in this section. Comparison is then
made with the corresponding RPA99 and ECS8 design
response spectra with and without site factors.

7.1 Comparative analysis

7.1.1Records of Type 2 (M <5.5)

(a) Stiff site (S2) ‘

The graph of Fig. 11(a) shows the calculated mean
acceleration spectrum and the mean plus/minus one
standard deviation for S2. The maximal spectral values
appear at the 4-10 Hz frequency interval. This is
consistent with the near field earthquake characteristics
of Type 2 records and stiff soil type. Figure 11(b) shows
a comparison of the mean spectrum with the RPA99 S2
design response spectrum with and without site factor.
There is a clear difference in the frequency content and
also in the spectral amplitudes. The latter is due to the fact
that the RPA99 design spectrum is increased by a non-
defined constant factor of 1.25 for the four RPA99 spectra.
Also, the results show an underestimation of spectral

values for the high frequency content (f> 8 Hz). Figure
11(c) shows a comparison of the mean spectrum with EC8
B design response spectrum with and without site factor.
The results underline a good correlation up to 10 Hz.

(b) Soft site (S3)

The mean S3 acceleration response spectrum has
two spectral peaks, at frequencies of 2—3 and 5—6 Hz,
respectively (Fig. 12(a)), although one would expect a
smooth curve since the mean response spectrum is the
average of a large number of events. The appearance
of those spectral peaks is most likely influenced by the
shape of the S3 mean transfer function curve which
exhibits two modes at those frequencies (Fig. 4(d)).
As for the S2 site class, a clear difference arises in the
spectral amplitude when compared with the RPA99
design spectrum due to the non-defined constant factor
of 1.25 affecting the latter (Fig. 12(b)). However, the
plateau frequency content is relatively similar for the
two curves. On the other hand, comparison results
with the EC8 C design spectrum, with and without site
factors, underline good similarity for frequency content
and spectral amplitudes (Fig. 12(c)).

(c) Very soft site (S4)

The calculated mean response spectrum of S4 site
class is presented in Fig. 13(a). The spectrum shape
shows two spectral peaks at frequencies of 1-2 and 4-5
Hz, respectively. The appearance of those spectral peaks
follows the shape of the S4 mean transfer function curve
which exhibits two modes at those same frequencies
(Fig. 4(e)). Moreover, the spectral amplitude is larger at
frequencies 4-5 Hz because of the Type 2 ground motion
(near field) which is characterized by high frequency
content (Fig. 13(b)). However, the plateau frequency
content is relatively similar for frequencies above 3 Hz.
The difference for frequencies below 3 Hz is due to the
fact that the RPA99 design spectra do not distinguish
between Type 1 and Type 2 ground motions. Comparison
with the EC8 D spectrum shown in Fig.13(c) shows good
agreement in frequency content as well as amplitude up
to 7 Hz frequency, but begs the question of why the EC8
D plateau continues until 10 Hz.
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Fig. 11 Mean acceleration pseudo response spectrum with 5% damping of the S2 site. Normalized response spectrum is compared
with the corresponding RPA99 S2 and EC8 B design response spectra

7.1.2 Records of Type 1 (M >5.5)

(a) Stiff site (S2)

The mean response spectrum for S2 and its plus/
minus one standard deviation are presented in Fig. 14(a),
which shows a maximal spectral values plateau at the
3—7 Hz frequency range. This frequency range is shifted
slightly to the left, i.e., lower frequency values, when
compared with the S2 response spectrum for records
of Type 1. This is consistent with the characteristics
of near field moderate earthquake and stiff soil type.
Comparison with RPA99 (see Fig. 14(b)) shows that the
two response spectra are in good agreement to 11 Hz. A
clear difference in the spectral amplitudes is observed
which is due to the non-defined constant factor of 1.25 in
RPA99. Figure 14(c) shows a comparison with the EC8
B design response spectra with and without site factor.
The results highlight good matching for both spectral
values and frequency content, since the spectra are very
closer for almost the complete frequency range, even
if the S2 site spectrum has somewhat higher maximal
spectral values, which can be attributed to the slight
difference between the corresponding mean site factors.

(b) Soft site (S3)

The maximal spectral values of the S3 response
spectrum are shifted to lower frequencies as compared
to the S2 response spectrum (Figs. 15(a) & 14(a)), the
high spectral value plateau of S3 being at the 2-3 Hz

frequency interval. Moreover, for frequencies lower than
2 Hz, the spectrum shapes seem appreciably consistent
but the calculated one remains largely below for the
rest of the frequency range. This is because near-field,
moderate motion is characterized by low frequency
contents. The results indicate a good similarity for the
frequency content, also, S3 studied site has a greater
amplification level at the high spectral values plateau,
which can explain the large deviation between the
corresponding site amplification factors (Table 7 and
Fig. 15(b)).

(c) Very soft site (S4)

Two spectral peaks at the 1-1.3 Hz range and at
3 Hz frequency, respectively, are prominent in the S4
response spectrum (Fig. 16(a)). The peaks represent good
correlation with those of the S4 mean transfer function
(Fig. 4(e)). The maximal spectral values of the calculated
S4 spectrum are concentrated at lower frequencies in
comparison with RPA99 S4 design spectrum (Fig. 16(b)).
Additionally the frequency range defining the plateau
is relatively similar for the two curves for frequencies
above 1.3 Hz. The difference between the curves for
frequencies below 1.3 Hz is due to the fact that the
RPA99 design spectra do not distinguish between Type
1 and Type 2 ground motions. On the other hand, the
spectra shapes highlight a good likeness for the frequency
content between the S4 spectrum and the EC8 D
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design spectrum (Fig. 16(c)). The two curves match
well in spectral amplitude up to 1.4 Hz; above 1.4 Hz,
the calculated S4 spectral value is less than the EC8 D.

8 Conclusion

This study proposes a simple tool for RPA99 design
site characterization, through average transfer functions
via a probabilistic simulation approach combined to a
statistical study. First step in the process is to simulate,
for any RPA99 site type, many soil profile realizations
that are consistent with the RPA99 requirements in
terms of shear wave velocity interval. In the second
step, deterministic calculations of the mean transfer
functions via 1-D seismic analyses are made. The
mean transfer function is a practical tool to characterize
entire site objects of study and, henceforth, allows
their classification by comparing the in-situ measured
data with the proposed mean transfer functions. It is
established that the frequency content of the transfer
function is similar to the H/V amplification function. For
the linear case, the mean transfer function curves show
an important amplification level evidenced at frequencies
greater than those of the equivalent linear case. The S2
mean transfer function curves are extremely close in both
the linear and equivalent linear cases, with a common
amplitude peak shown at practically the same frequency,
an indication that nonlinear behaviour is minimal for

this site type. S3 and S4 are, on the other hand, soft
and very soft site, respectively, according to RPA99
provisions. Consequently, they exhibit nonlinearity
effects characterized by a drop in maximal amplitude
and a shift of the peak frequency shown through their
corresponding transfer function curves.

The Kik-Net Japanese database is used to check the
reliability of the transfer functions based classification
scheme. A site classification test is made according to
the RPA99 provisions. The obtained results indicate
good classification of the soil profile when compared to
the current Algerian seismic code classification. With
the exception of one site, the mean transfer function
(MTF) assigned classes within +1 class were completely
successful compared to the other -classification.
Classification is also made for station sites situated in
the Mitidja basin (Algeria), where micro-tremor H/V
spectral ratio curves were derived by Laouami and
Slimani (2013). Comparison between H/V curves and the
proposed transfer functions leads to a good classification
of the Boumerdes, Dar el Beida, Hussein Dey and El
Afroun stations.

Considering two acceleration records datasets
(Typel and Type 2 according to the current ECS8),
MTF is used to calculate the mean site factors and the
normalized mean response spectra. The calculated mean
site factors are of great interest since they represent a new
dimension to site classification and ideal complement
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to current RPA99 provisions, which do not integrate
explicitly the site factor concept. The mean response
spectra combined with mean site factors reveal important
differences with the RPA99 design response spectra for
almost all site classes. For the type 2 seismicity level,
the mean response spectra shapes are not well matched
with the RPA99 design response spectra, regarding both
frequency range and spectral amplitudes, whereas they
show good agreement with the corresponding EC8 design
response spectra, with the exception of the S3 site which
exhibits relatively larger spectral values than EC8 C. For
the Type 1 seismicity level, the results show that unlike
the other site classes, the S2 mean response spectrum
shape is consistent with the corresponding RPA99 S2
design response spectrum for both frequency content
and spectral amplitudes whereas the S3 and S4 plotted
spectral shapes are, on average, in good agreement with
those of EC8 when differences between their site factors
are excluded. In particular, a large disparity is observed
between the EC8 C and the S3 site factor values.

Calculated mean response spectra are realistic and
more appropriate representation of a site because they
are derived on rational basis and, more importantly, they
embody the amplification potential of the site by virtue
of the calculated mean transfer functions.
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