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Abstract

In this contribution, we developed an extended stochastic technique for seismic hazard
assessment purposes. This technique depends on the hypothesis of stochastic tech-
nique of Boore (2003) “Simulation of ground motion using the stochastic method. Appl.
Geophy. 160:635-676". The essential characteristics of extended stochastic technique
are to obtain and simulate ground motion in order to minimize future earthquake con-
sequences. The first step of this technique is defining the seismic sources which mostly
affect the study area. Then, the maximum expected magnitude is defined for each of
these seismic sources. It is followed by estimating the ground motion using an empiri-
cal attenuation relationship. Finally, the site amplification is implemented in calculating
the peak ground acceleration (PGA) at each site of interest. We tested and applied this
developed technique at Cairo, Suez, Port Said, Ismailia, Zagazig and Damietta cities
to predict the ground motion. Also, it is applied at Cairo, Zagazig and Damietta cities
to estimate the maximum peak ground acceleration at actual soil conditions. In addi-
tion, 0.5, 1, 5, 10 and 20 % damping median response spectra are estimated using the
extended stochastic simulation technique. The calculated highest acceleration values
at bedrock conditions are found at Suez city with a value of 44 cm s2. However, these
acceleration values decrease towards the north of the study area to reach 14.1 cm s
at Damietta city. This comes in agreement with the results of previous studies of seis-
mic hazards in northern Egypt and is found to be comparable. This work can be used
for seismic risk mitigation and earthquake engineering purposes.

1 Introduction

Seismic hazard is defined as the probable level of ground shaking associated with
the recurrence of earthquakes. It is applied in reducing economic and social effects of
earthquake disasters through the prediction of ground motion and related damage sce-
narios. Seismic hazard can be assessed using probabilistic seismic hazard approach
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(PSHA) and/or deterministic seismic hazard approach (DSHA). PSHA is considered
as seismology’s most valuable contribution to earthquake hazard assessment (Reiter,
1990; Frankel, 1995; Woo, 1996; Giardini, 1999; Bommer et al., 2004; Deif et al., 2009;
El-Hussain et al., 2010; Rafi et al., 2013; Ur-Rehman et al., 2013a, b). It uses all the
available historical and instrumental earthquake data to estimate the seismic hazard.
Nevertheless, when a complete earthquake catalogue is unavailable for a study area,
DSHA can be utilized to estimate the seismic hazard. DSHA amounts to identify and
select the worst case earthquake (McGuire, 2001; Anderson et al., 2000; Anderson,
1997) which will produce the most severe ground motion at the investigated site. Both
of these analyses require previous knowledge about seismicity, tectonics, geology and
attenuation characteristics of seismic waves.

Another technique that can be used in assessing the seismic hazard in an area
is the stochastic simulation method. This technique combines parametric or functional
descriptions of the ground motion’s amplitude spectrum with a random phase spectrum
modified such that the motion is distributed over a duration related to the earthquake
magnitude and to the distance from the source. It is based on the point source assump-
tion and it is well known that this assumption fails in the near source region of large
earthquakes. It is useful for simulating the high frequency ground motions of most in-
terest to engineers (f > 1 Hz). This method defines the ground motion at the study site
in terms of peak ground acceleration (PGA), peak ground displacement (PGD) and
peak ground velocity (PGV). One of the essential characteristics of this method is that
the total spectrum of the motion at a site is formed of contributions from earthquake
source, path and site. By separating the spectrum into these components, the stochas-
tic models can be easily modified to account for specific situations or to account for
improved information about particular aspects of the model (Boore, 2003). Thus, as-
sessing the ground motion at any site located at a given distance from an earthquake
of given magnitude is one of the most critical elements of any seismic hazard analysis
(Abd El-Aal, 2008, 2010a).
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Earthquakes are considered as the most typical phenomena of natural hazard. They
influence human life, bridges, railway, buildings, strategic projects and man-made struc-
tures. Frequent large earthquakes in remote areas determine high seismic hazard but
pose no risk. However, moderate earthquakes in densely populated areas imply small
hazard with high risk. In Egypt, buildings are not designed to resist earthquakes. There-
fore, relatively small events can be the source of huge socio-economic disasters. The
north eastern part of Egypt was affected by many earthquakes like 31 March 1969
(M,, = 6.9), 29 April 1974 (Abu-Hammad earthquake with M,, =5.11), 12 June 1983
(M,, =5.28), 29 March 1984 (M,, = 5.11), 2 January 1987 (Ismailiya earthquake with
M, =5.28), 12 October 1992 (M,, = 5.8), 22 November 1995 (M,, = 7.3), 28 Decem-
ber 1999 (M,, = 4.5) and 24 August 2002 (M,, = 4.3) earthquakes. In cities with vibrant
economy, large earthquake may cause an economic downturn lasting for a long period
of time. This can be avoided by the development of better construction methods, safety
systems, early warning and effective evacuation planning.

Previous studies were applied in different parts of the study area to assess seis-
mic hazard (El-Eraki et al., 2015; Abd El-Aal, 2010a, b; EI-Sayed et al., 2001; Sadek,
2010). In the current study, seismic hazard is assessed using a new extended stochas-
tic simulation method. This method is developed basing on the stochastic technique
of Boore (2003) for the purpose of earthquake resistant structures or seismic safety
assessment. The developed extended stochastic simulation method is applied to pre-
dict the ground motion at Cairo, Suez, Port Said, Ismailia, Zagazig and Damietta cities
(Fig. 2) which are of high socio-economic importance in Egypt. It is used in terms of
peak ground acceleration and response spectra to acquire a quantitative evaluation of
the nature of ground shaking from future earthquakes.

2 Method

In this paper, a new extended stochastic simulation technique is developed based on
the hypothesis of the stochastic method of Boore (2003) to predict the seismic hazard.
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Figure 1 illustrates components and steps of the new developed extended stochastic
technique. The total spectrum of the ground motion in this developed method is con-
sists of earthquake sources, path, site and instrument. These terms can be involved in
a general equation (Boore, 2003), in the frequency domain, as follow:

Y (My,R,f)=E My, f)P(R,F)G(f)I(f) (1)

where Y (M,,R,f) is the Fourier amplitude spectrum of ground acceleration (gathering
the seismic moment and the distance), £ (M,, ) is the earthquake source spectrum for
a specific seismic moment, P(R,f) is the path which models the geometric spreading
and the anelastic attenuation effects as a function of R and f (the hypocentral distance
and frequency, respectively), G(f) is the site effect and /(f) is the instrumental transfer
function and it represents a filter that characterizes the spectrum to get some particular
type of the ground motion (displacement, velocity or acceleration).

2.1 Source parameters

The input source parameters required for the developed extended stochastic simulation
at an area are described in the following:

2.1.1 Definition of seismic sources

The definition of seismic sources depends on the interpretation of geological, geo-
physical and seismological data. The seismotectonic source model is defined as the
geographical distribution of seismic source zones and the specification of all source pa-
rameters required for seismic hazard assessment (Abd el-aal et al., 2015; El-Hussain
etal.,, 2010). In general, a source zone can be idealized as a point source, a line source,
an area source, a volume source or a dipping plane (Lee and Trifunace, 1985).

The seismotectonic source model is prepared depending on the spatial distribution
of large, moderate and small earthquakes having close characteristics like the focal
mechanism to finally obtain a seismic zone that have the same possibility of future

7559

earthquakes to be occurred in any point inside it. It is preferable to convert all events in
the catalogue that is used in constructing the seismic model to the moment magnitudes
(M,,) scale as it is the most reliable magnitude scale. Any duplication in the catalogue
events should be removed. Catalogue declustering should also be done by removing
the dependent events (foreshocks and aftershocks) to satisfy the spatial and temporal
principles of earthquakes independency.

The source parameters in the stochastic model involve some parameters (Boore,
2003) like the average radiation pattern for the shear waves which has a value of about
0.55, the free surface amplification, the reduction factor that represents the partitioning
of energy into two horizontal components (usually taken as 1/V/2), the density and the
shear wave velocity.

2.1.2 Definition of maximum expected magnitude

It is essential to define the maximum expected magnitude for each of the identified
seismic sources. This is because it has a considerable influence on the seismic haz-
ard, especially at long return periods and short distances from the sites of interest. The
maximum expected magnitude can be estimated by four different procedures: (1) using
the results of paleoseismological studies, if present, (2) using the statistical procedure
proposed by Kijko (2004), if the seismic history is available, (3) using the fault rupture,
if reliable data concerning fault type and its total length are available, the maximum
expected magnitude can be estimated by assuming that 20 to 40 % from the total fault
length could rupture in one earthquake and (4) using a constant increment (0.5 magni-
tude unit) to largest known magnitude in each seismogenic zone.

2.2 Path parameters

The effect of travel path from source to site on the ground motion depends on geomet-
rical spreading and attenuation (both intrinsic attenuation and scattering attenuation)
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that influence the spectrum of motion at a particular site. The simplified path effect P is
obtained using the following formula (Boore, 2003, 2009):

mfR ]

P(R,f)=Z(R)exp _O(f)Co

)

where Z(R) is the geometrical spreading function, Q is the anelastic attenuation func-
tion, Cq is the seismic velocity used in the determination of Q(f) and R is the closest
distance to the rupture surface.

2.3 Site parameters

Generally, the modification of seismic waves by local site conditions is part of the path
effect. This is because local site effects are largely independent of distance traveled
from the source, except for nonlinear effects for which the amplitudes of motion are im-
portant. Sites having soft sediments tend to increase the ground motion in comparison
to bedrock sites. This is because at sites with exposed soft soil or having topographic
undulation, the seismic energy is trapped due to the impedance contrast between sed-
iments and the underlying bedrock. This leads to a resonance patterns and thus am-
plifies the ground motion (Lacave et al., 1999). The site effect G(f) is a combination of
the amplification A(f) and the attenuation D(f) (Boore, 2003) as follows:

G(f) = A(f) + D(f). (3)

The amplification vectors A(f) is relative to the source unless amplitude variations due
to wave propagation, separate from the geometrical spreading, have been accounted
for. The diminution or attenuation function D(f) is used to model the path independent
loss of energy. This loss of energy may be due to a source effect (Papageorgiou and
Aki, 1983), a site effect (Hanks, 1982) or by a combination of these effects. If source
effect, the attenuation may also depend on the size of the earthquake. In order to
account for the high cut filter, the following equation (Boore, 1983) is used:
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on-[1+(£)]

where £, is the high frequency cutoff. It is equal to 20Hz or it is equal to 15Hz for
soft surface layers and 25 Hz for bedrock (Hanks, 1982).

2.4 Ground motion simulation

Once the maximum earthquake magnitude is defined for each seismic source, the
corresponding ground motion at the investigated sites of interest should be estimated.
Given the spectrum of motion at a site, the ground motion can be obtained through two
ways: (1) time domain (TD) simulation and (2) random vibration (RV) theory. The time
domain simulation can be useful in estimating the peak parameters such as the peak
acceleration, peak velocity and peak displacement. A much quicker way in estimating
the peak parameters is through using the random vibration theory, but it is not useful
if time series are required in the analysis. Also, there are assumptions in the random-
vibration theory that are not present in the time domain simulation. For this reason, time
domain simulation is used in this study as it can be considered as truth. In general, the
ground motion calculation is made by assuming that the maximum earthquakes are
located at the closest distances to the sites of interest.

2.5 Seismic hazard estimation

The developed extended stochastic simulation technique is used to estimate the seis-

mic hazard in terms of PGA, PGV and PGD. First, the seismic source of a possible

impact on the site of interest is defined. Then, an earthquake of maximum magnitude

is assigned to each of the seismic sources. It is followed by determining the closest

distance of each source from the site of interest. Then, the ground motion is calculated

using appropriate attenuation relationships. Finally, the site parameters are used in
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calculating the PGA at different periods for each site. The seismic source that has the
strongest ground motion (represented in the highest values of PGA, PGV and PGD) at
a site of interest, represents the source of the most hazardous effect at this site.

3 Case study

The new extended stochastic simulation method is used here to assess the seismic
hazard at Cairo, Suez, Port Said, Ismailia, Zagazig and Damietta cities (Fig. 2) which
are located in the north-eastern part of Egypt. The study area is located between lati-
tudes 29°54'32.4" and 31°39'18" N and longitudes 31°0'36" and 32°59'9.6" E.

3.1 Geological, structural and seismological settings

The study area includes the eastern part of the Nile Delta and the north-western part of
Sinai. Its surface is mostly covered by Quaternary deposits and consists of sand dunes,
sabkha deposits and undivided Quaternary deposits consisting of wadi deposits, playa
deposits and raised beaches. Quaternary Nile deposits and Pliocene deposits consist-
ing of marine beds are exposed on the surface of the eastern Nile Delta. The surface
of the area of study is also covered by Miocene deposits that are represented by clas-
tics, gypsum and carbonates. Basalt dolerite dykes and sheets mainly of Tertiary age
are exposed in some localities. The Oligocene deposits consist of fluviatiles, lacus-
trine clastics and gravel sheets between Cairo and Suez and around Cairo. Surface
Eocene deposits consist of thick marine limestone with chert and minor clay beds. Un-
divided Cretaceous rocks are exposed in some localities. In northern Sinai, the Upper
Cretaceous deposits consist mainly of carbonate beds and the Jurassic rocks are rep-
resented by marine and associated fluviomarine beds (Geologic Map of Egypt, 1981).

The structural setting of the study area is characterized by a complicated pattern
formed of faults and folds. Faults in eastern Nile Delta are of normal type and strike
mainly in the E-W and NW-SE directions. Folds have a relatively minor importance
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and observed at few localities on the surface such as Gebel Subrawit and Gebel lwabid
(El-Fayoumy, 1968). In subsurface, these major folds were truncated by faults and con-
sequently allowed the high pressure water bearing Nubia Sandstone strata to be up-
lifted close to the surface (El-Dairy, 1980). However, northern Sinai is characterized
by the presence of NE to ENE oriented doubly plunging anticlines. These anticlines
include large, intermediate and small folds. Six E-NE elongated belts of right-stepped
en-echhelon folds are recognized. These fold belts probably overlie deep seated faults
rejuvenated by right lateral transpression in late Cretaceous-early Tertiary time (Said,
1990).

Egypt is one of the few regions of the world where evidences of historical earthquake
activity have been documented during the past 4800 years. Many events were reported
to have occurred in and around Egypt and affected the study area such as 2200 BC
(Tell Basta earthquake), 4 October AD 935 earthquake, 26 May 1111 East Cairo earth-
quake, 8 August 1303 (Eastern Mediterranean earthquake), 5 March AD 1455 earth-
quake, September AD 1754 earthquake, 7 December AD 1895 earthquake (Sieberg,
1932; Ambraseys, 1961; Maamoun, 1979; Ibrahim and Marzouk, 1979; Poirier and
Taher, 1980; Savage, unpublished data; Kebeasy, 1990; Ambraseys et al., 1994). The
study area is affected also by instrumental earthquakes that have been recorded in
Egypt since 1899. These earthquakes are ranging from micro, small, medium to strong
earthquakes. Consequently, the study area is characterized by a moderate seismic
activity.

Seismicity in Egypt tends to occur along the active margins of the plate boundaries:
African plate, Eurasian plate, Arabian plate and Sinai sub-plate. Almost all the seismic
activity of Egypt is concentrated in the northern part of its territory. It is affected by
regional and local active seismic sources. Regionally, the seismotectonics in Egypt is
related to the regional tectonics of the Mediterranean Sea and the Red Sea (Maamoun
and Ibrahim, 1978; Maamoun et al., 1980; Kebeasy et al., 1981; Ibrahim, 1985; Albert,
1987; Kebeasy, 1990; Degg, 1990; Abou Elenean, 1993). The local seismic activity
is located at specific seismic zones that reflect their tectonic activities. These zones
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have different levels of seismic activity like south east Mediterranean Sea zone, central
Negev shear zone, central Sinai fault zone, northern Red Sea, Dahshour (south-west
Cairo), Abu Zabal, Gulf of Suez, Gulf of Agaba and Cairo-Suez district zones.

3.2 Application of the newly developed stochastic method

The developed extended stochastic method is applied here to simulate the ground
motion at Cairo, Suez, Port Said, Ismailia, Zagazig and Damietta cities. The seismic
source model (Fig. 3) used in this study is updated from the seismotectonic model pre-
pared by El-Eraki et al. (2015). The updated model used here is an area source model
where every point has the same probability of being the epicenter of a future earth-
quake. This model is prepared depending on the spatial distribution of large, moderate
and small instrumental earthquakes. It includes instrumental earthquake data having
magnitudes > 3 from the period of 1900 to 2011. The total number of dependent earth-
quakes in this model is 10 640 events.

This model contains thirty eight seismic sources as well as a background seismic
zone which models the floating earthquakes that are located outside these distinctly
defined zones. The most effective seismic source on each site is determined depend-
ing on the closest distance and the highest magnitude affecting the site. The maximum
expected earthquake magnitude (Table 1) for each seismic zone is calculated using
the statistical procedure proposed by Kijko (2004). The ground motion is simulated
from four effective seismic sources (Table 2) which have the most considerable seis-
mic effect on the sites under study. The closest epicentral distances between Suez,
Cairo, Ismailia, Zagazig, Port Said and Damietta cities and the corresponding effective
seismic sources are found to be 13.4, 13.9, 16.5, 26.4, 25.5 and 40.7 km, respectively.
The density and the shear wave velocity, which are utilized in estimating the source
parameters in the stochastic model, are taken for the average crustal properties in the
study area and equal to 2.8 gm cm™> and 3.8kms™", respectively.

The geometrical spreading relationship of Atkinson and Boore (1995) and the atten-
uation model of Moustafa (2002) are applied here to account for the effect of travel
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path from the seismic source to the investigated site on the ground motion. In order to
account for the high cut filter, a high frequency cutoff value of 20 Hz is used because of
the absence of strong motion records in Egypt suitable for its empirical determination.
Also, this value preserves the interested frequencies (up to 10 Hz) for the engineering
purposes.

The ground motion is simulated using the computer code SMSIM (Boore, 2009). It is
simulated at Cairo, Zagazig and Damietta cities on surface soil because of the validity
of the amplification data at these cities. However, there were no available amplification
data at Suez, Portsaid and Ismailia cities. So, the stochastic simulation at these cities
is done only on bedrock where the amplification and the corresponding fundamental
resonance frequency are assumed to be 1 and 1 Hz, respectively.

The predicted ground motion for bedrock shows the highest acceleration at Suez city.
It is followed by Cairo, Ismailia, Zagazig, Port Said and Damietta cities (Figs. 4 and 5).
Also, the predicted ground motion for surface soil shows that the highest acceleration
is at Cairo city. It is followed by Zagazig and Damietta cities (Fig. 6). These results
(Table 2) show that the highest values are concentrated at the south-eastern part of
the study area and decrease towards the north direction.

Response spectra are defined on the basis of the response of a single degree of
freedom damped oscillator to the earthquake acceleration (Jennings, 1983). It serves
two-fold function characterizing the ground motion as a function of frequency. The re-
sponse spectra (0.5, 1, 5, 10 and 20 % damped pseudo-acceleration) for frequencies
ranging from 0 to 25 Hz were simulated for the four effective seismic sources (Figs. 7
and 8). The results of pseudo-spectral acceleration (PSA) show that the highest PSA
value is at Cairo city. It is followed by Suez, Ismailia, Zagazig, Port Said and Damietta
cities. These results could be used as a base for design motion specification of the crit-
ical structure and for the nonlinear analysis (structural, site response, landslides and
liquefaction).
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4 Comparison between the developed extended stochastic method and the
probabilistic seismic hazard approach

The extended stochastic simulation method is applied at Cairo, Zagazig and Damietta
cities to estimate the peak ground accelerations on surface soil at different frequencies.
Information about site amplifications (Table 3) in the uppermost 30 m layer at these
cities is taken from previous studies (Toni, 2007; Abdel-Rahman et al., 2010; Moustafa,
2013). These studies used the microtremor survey to obtain the peak amplification
and its corresponding fundamental resonance frequency at each site. The results are
plotted (Fig. 9) with the PGA on the vertical axis and the period (reciprocal of frequency)
on the horizontal axis. In this figure, Fig. 9a shows the highest PGA value at Zagazig
city and the lowest PGA value at Damietta city. However, Fig. 9b and ¢ show the highest
PGA value at Cairo city and the lowest PGA value at Damietta city to the north of the
study area. This reveals the effect of the site amplification on the PGA values as it gives
the highest PGA value at the sites that expose the highest amplification.

These results are comparable with the results (Table 4) of the work made by El-Eraki
et al. (2015) who studied seismic hazard on our study area using the probabilistic seis-
mic hazard approach (PSHA) (Fig. 10). They calculated the uniform hazard spectra
(UHS) on bedrock for 75 and 475years return periods. These return periods corre-
spond to 80 and 90 % probability of non-exceeding ground motion in 50 years period
(that is the expected design life for a building). Their results demonstrate that Cairo city
exposes the most hazardous effect. This hazard diminishes toward the north direction
of the study area at Damietta city.

5 Discussion and conclusions

In this work, a new extended stochastic simulation technique is developed basing on
the stochastic method of Boore (2003) to assess the seismic hazard. This method
is simple and powerful in simulating the ground motion in terms of PGA, PGD and
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PGV. The ground motion is largely affected by the earthquake magnitude that can be
assigned to the seismotectonic source that is mostly affecting the study site and on the
source to site distance in a direct relationship.

The extended stochastic method is applied here to simulate the expected ground
motion at some sites in the north-eastern part of Egypt. This region is important due
to its location in the north-eastern part of Africa. It is affected by the movement of
the African plate, Eurasian plate, Arabian plate and Sinai sub-plate. This movement
controls the seismicity of the area at the regional scale. The results of the simulation
give the highest hazardous effect at the south-eastern and the southern parts of the
study area. The hazard is diminishes at Port Said and Damietta cities to the north
direction of the study area.

The simulated PGA, PGD and PGV give the highest values on soft soil rather than
bedrock reflecting the effect of local site conditions on seismic hazard. This is because
of the impedance contrast between soil and bedrock which causes the multiple reflec-
tions of seismic waves in the layers near the ground surface. This leads to long duration
of vibration and thus increases the hazardous effect on man-made structures. Also, the
0.5, 1, 5, 10 and 20 % damped pseudo-acceleration gives high values of PSA in the
southern part of the study area. These values decrease to the north and to the west of
the area of study.

In addition, the maximum peak ground accelerations at different frequencies (espe-
cially, the frequencies of main interest to the earthquake engineers) are estimated to
identify its relation with the amplification. So, the PGAs are estimated at frequencies
ranging from 0.4 to 10 Hz (corresponding to period ranging between 0.1 and 2.5s) at
Cairo, Zagazig and Damietta cities. It gave the highest PGA at the highest amplification
indicating that the highest level of ground motion will be at the fundamental resonance
frequency of the site. This means that the site of high ground motion amplification ex-
poses high peak ground motion acceleration value. These results reinforce the fact of
exceeding the ground motion on soft soil rather than hard rock. This work can be useful
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in earthquake engineering purposes before the construction of any structure to mitigate
the hazardous effect at the study sites.
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Table 1. The maximum observed and expected magnitudes from identified seismic sources.

Seismic source

Maximum observed magnitude

Maximum expected magnitude

1 5.2 57
2 55 6

3 4.6 4.9
4 6.7 6.9
5 4.7 4.9
6 5.9 6.2
7 4.4 4.9
8 4.2 4.4
9 4.4 4.9
10 5 5.4
1 4.2 5

12 6 6.5
13 4.4 4.9
14 6.3 6.5
15 4.2 4.7
16 6.1 6.2
17 5 5.4
18 4.7 5.1
19 7.2 7.3
20 6.3 6.4
21 6.9 7

22 5.4 5.4
23 5.2 5.3
24 5.6 5.7
25 5.7 5.8
26 6.1 6.5
27 6.1 6.6
28 55 5.9
29 6.2 6.7
30 6.5 6.8
31 6.7 6.8
32 5.1 5.2
33 6 6

34 6.9 7

35 6.7 6.8
36 7.9 8

37 7 71
38 4.1 4.6
Back ground 4.6 4.7
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Table 2. The estimated PGA predicted from the most effective seismogenic sources at the
investigated sites in the area of interest.

PGA (cms™?)
seismic  expected Bedrock Surface soil

City Effective  Maximum

Jaded uoissnosiq

source  magnitude condition condition

Suez 6 6.19 44 -
Cairo 14 6.54 43.9 136.1
Ismailia 6 6.19 30.2 -
Zagazig 14 6.54 25.3 83.3
Port said 25 5.79 14.3 -
Damietta 26 6.53 141 48
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Table 3. The predicted estimated PGA at different frequencies and their corresponding ampli-

fication at different locations in the investigated sites in the area of interest.

City Frequency Amplification PGA (cm s’2)
(Hz) Site 1 Site 2 Site 3 Site1 Site2 Site3
Cairo Fo, Ag 15,4 1.5, 3.1 15,23 2352 175.6 135.2
0.4 1 1.4 1.5 58.79 79.3 88.19
0.6 0.8 0.9 1 47.03 51 58.79
0.8 0.7 0.8 1.1 41.16 453 64.67
1 0.9 0.75 1.3 52.91 425 76.43
2 1.9 1.45 1 1117 822 67
4 0.6 0.8 1.7 35.28 453 57.95
6 0.65 1.2 1.1 25 425 57
Damietta Fy, Ay 15,34 022,27 025,121 479 4065 16.56
0.4 1.1 1.6 1 155 24.09 15.06
0.6 1 1.19 0.99 141 17.92 1491
0.8 0.62 0.81 1.2 8.7 122 22
1 0.8 0.9 1.12 11.3 1755 16.86
2 0.6 0.6 1.1 8.5 9.034 16.56
4 0.95 0.7 1 8.2 8.5 15.06
6 1.19 0.8 0.98 8.1 8 14.76
Zagazig Fy, Ay 09,51 11,33 07,12 286.8 88.1 64.77
0.4 3.2 0.77 0.88 180 20.6 47.49
0.6 2.8 0.59 1 1575 158  53.97
0.8 4 1.09 1.19 225 29.1 64.23
1 4.45 3.23 0.98 250.3 86.2 52.89
2 1.97 2.08 1.1 110.8 555 59.37
4 1.82 0.61 1.11 60 16.28 59.91
6 0.8 0.29 1.03 4499 11 60
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Table 4. The results of PGA obtained from the uniform hazard spectra on bedrock condition
for 75 and 475 years return periods using the probabilistic seismic hazard approach (El-Eraki

et al., 2015) at the investigated sites in the study area.

Period PGA (cm 3"2) at city
(s) Cairo Zagazig Damietta
75years 475years 75years 475years 75years 475 years
0 38.4 120.7 35.3 115.1 314 64.2
0.1 64.7 210.4 59.2 199.5 53.7 111.6
0.2 58.7 160.4 53.8 149.4 58.3 117.8
0.3 48.5 118.5 44.8 108.9 51.2 101.2
0.5 38.6 82.6 35.7 75.5 415 81.4
1 18.9 36.6 17.5 33.2 20.3 38.5
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Figure 1. The developed extended stochastic simulation for seismic hazard assessment.
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Figure 2. Location map of the study area.
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El-Eraki et al., 2015).
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Figure 4. The simulated time histories of the expected largest earthquake (acceleration, veloc-
ity and displacement) for bedrock condition at: (a) Suez, (b) Cairo and (c) Ismailia cities.
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Figure 5. The simulated time histories of the expected largest earthquake (acceleration, ve-
locity and displacement) for bedrock condition at: (a) Zagazig, (b) Port Said and (c) Damietta

cities.
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Figure 6. The simulated time histories of the expected largest earthquake (acceleration, ve-
locity and displacement) for surface soil condition at: (a) Cairo, (b) Zagazig and (c) Damietta

cities.
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Figure 7. The predicted pseudo-spectral accelerations for bedrock condition at: (a) Suez,
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Figure 8. The predicted pseudo-spectral accelerations for surface soil condition at: (a) Cairo,

(b) Zagazig and (c) Damietta cities.
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Figure 9. The expected PGA obtained from the developed extended stochastic simulation
method at each corresponding period (reciprocal of frequency) at the investigated sites.
(a) Site 1, (b) site 2 and (c) site 3 at these cities.
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Figure 10. The estimated PGA obtained from the uniform hazard spectra on rock sites for
(a) 75 and (b) 475 years return periods using the probabilistic seismic hazard approach (El-

Eraki et al., 2015).
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