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ABSTRACT  
Land use planning has been used only recently as a method to mitigate losses due to earthquake hazard. The most
fundamental approach in land use planning is to simply avoid proposing development on lands that have seismic hazard and 
subsurface structures. This approach is most applicable in raw land situations where land values are comparativily low. The 
magnetic methods are applied for detection the subsurface structutres. The seismic hazard represented by peak ground 
acceleration and characteristic of site period at selected 19 sites in the study area were evaluated and represented by a contour
maps. The structures deduced from applying the trend analysis method to the RTP magnetic map indicate that there are two
sets of fault trends. The major trends are the N-S directions and the minor trends are the E-W direction. The maximum 
acceleration has its minimum value of about 36 gal at the central eastern part and the maximum of about 64 gal at the
southern part of the studied area. The computed natural period has its minimum value of about 0.8 sec at the southern part of
the area, while the maximum value is about 4.2 sec at the northwestern part of the area. Recommendations for land-use 
planning policies relative to structural trend map, ground shaking and characteristic of site period  were considered.    
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1. INTRODUCTION 
In the last few years, the Egyptian government

proposed a general plan, aiming at constructing a
number of new cities in desert areas to accommodate
the rapid increase of population and to avoid the
construction on green lands.  One of those cities is
Aswan New City, which is located about 12 km north
of Aswan City and lies on the western bank of the
Nile River. The suggested location of the Aswan New
City is situated between latitudes 24˚ 09\ 20\\  & 24˚
13\ 07\\ N and longitudes 32˚ 50\ 18\\ & 32˚ 52\ 08\\ E
covering an area of about 21 Km2 (Fig. 1). The
present study aims to evaluate the subsurface
structures, ground shaking and characteristic of site
period at the proposed site of Aswan New city.  

Land use planning has been used only recently as
a method to mitigate losses due to earthquake hazards
(Lennis Berlin, 1980).  According to Mader (1976),
urban planners in the past have generally not been
sufficiently aware of seismic problems and therefore
have too often simply ignored them. In USA several
key pieces of legislation have been enacted to achieve
seismic hazard reduction via land use planning.
Nichols and Buchannan-Banks (1974) described
various types of land use plans that can be
implemented for developing areas, to mitigate losses
arising from subsurface structures, ground shaking,
ground failure, and tsunami effects. In this study the
land use planning was applied to mitigate losses
arising from subsurface structures, ground shaking
and characteristic site period. 

Fig. 1 Location map of the study area 

The main task of this detailed study is concerned
with the land-use and regional planning and
development of the study area. One motive behind
land-use planning is safety and how to mitigate losses.
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Faults crossing the study area are part of the 
Western Desert fault system. The Western Desert fault 
system consists of two sets of east-west faults that 
exhibit right-slip displacement, and north-south faults 
of left-lateral displacement. The north-south faults are 
predominantly located at the eastern end of the fault-
set zone. Their limited distribution and low degree of 
activity suggest that they are secondary to the east-
west set of faults (Issawi, 1968).  South of the study 
area, many faults (Kalabsha, Seiyal, Gebel El-Barqa, 
Kurkur, Khour el Ramla, Abu Derwa, Spillway, and 
Ghazal faults) were mapped and identified in 
Kalabsha area. Also, other faults having generally 
east-west trends were mapped in this area, but they are 
of lesser extent and cut mainly through the sandstone 
beds. Moreover, many faults of small extent have 
trends oblique to the main two fault sets in the present 
area  (Fig. 2). 

2. GEOLOGICAL AND TECTONIC SETTING 
The geological map (Fig. 2) established by the

Egyptian Geological Survey and Mining Authority
(EGSMA, 1981) shows rocks distribution in the study
area.   Rocks of this area are belonging to the Nubian
Formation. Many authors (e.g., Issawi, 1968, El
Shazly et al., 1974 and 1976, Van Houten &
Bhattacharyya, 1979, Butzer & Hansen, 1968, Klitzch
& Wycisk, 1987, Hendriks et al., 1987) have studied
the geology of the study area. 

These studies indicated that the study area is
consist of a thick sedimentary section of Nubian
Sandstone Formation of Upper Cretaceous age that
overly the Precambrian basement rocks. This section
is consist of ferruginous sandstone, sandstone and
clays. Clays are present as beds and lenses of widely
varying dimensions within the sandstone beds.  

Undivided Quaternary Deposits

Paleocene to Eocene age marine limestone of Kurkur, 
Garra and Dungule Formations
Latest Cretaceous sandstone and shale of the Nubian
Formation
Late Cretaceous sandstone and shale of the Nubian
Formation

Precambrian metamorphic and plutonic rocks; locally
includes Mesozoic-age alkaline syenites

Faults, dashed where approximately located 
or conceated

Kalabsha Fault

Aswan
New
City

Fig. 2 Geology of Aswan area 
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3.1. TREND ANALYSIS TECHNIQUE 
The trend analysis technique was used to 

delineate the subsurface structures deduced from the 
RTP land magnetic map and correlate the results with 
the published surface geologic structures. This 
technique was performed using the gradient method 
(Nettleton, 1976) where the peaks of the gradient 
profiles represent the location of the fault lines. The 
deduced structures map, Fig. 5 indicates that there are 
two sets of fault trends.  

The most predominant trends are the NNW-SSE 
and NE-SW directions, followed by two sets that 
trend NNE – SSW and NNW-SSE directions.  The 
less common trends are NW-SE and NNE-SSW and 
ENE-WSW directions. 

These trends are highly corresponding with 
surface fault systems in the Western Desert (Issawi, 
1968). 

3. LAND MAGNETIC SURVEY 
The land magnetic survey has been performed

using two Protons magnetometer with accuracy one
nT. One of these instruments was fixed as a base
station for diurnal and the other was using in the
measuring of the observed magnetic field. The survey
was performed along about 140 stations distributed
along the studied area (Fig. 3).  

The surveyed data was digitized to the computer
program with respect to its coordinates. The deduced
total magnetic anomaly map has been reduced to the
north magnetic pole using the RTP technique of
Baranov (1975) after making the diurnal variations
and latitudinal corrections as shown in Fig. 4. 

The RTP land magnetic map represents the
distribution of the magnetic anomalies along the
studied area. This map was subjected to intensive
analysis to detect the subsurface structures affecting
the studied area.   
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Fig. 3 Location map of the magnetic measurements
stations. 
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Fig. 4 RTP Magnetic anomaly map of the study 
area. 
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Fig. 5 Structural trends deduced from the RTP
magnetic anomaly map of the study area. 

 

4. GROUND SHAKING 
Ground shaking is the motion of seismic waves

felt on the earth’s surface caused by an earthquake.
The strength of ground shaking depends on the
magnitude of the earthquake, the type of fault that is
slipping, and distance from the epicenter. Ground
shaking translates to structural damage as amplitude
of ground motion. Generally, the process to estimate
the ground motion starts with investigation of seismic
motion characteristics at the base rock from the
seismic source, and then to surface as a function of
site effects. 

 
4.1. SEISMICITY OF THE PROPOSED ASWAN NEW 

CITY AREA 
Instrumental earthquakes during the period from

1900 to 1981 were collected from Maamoun et al.,
(1984), International Seismological Center bulletin
(ISC), National Earthquake Information Center

(NEIC) and Preliminary Determination of Epicenters 
(PDE). On November 14, 1981 an earthquake of 
magnitude mb 5.3 occurred in Kalabsha area about 80 
km south of the proposed Aswan New City site. 
Following this earthquake, Aswan telemetry seismic 
network is installed in the northern part of Aswan 
reservoir area by Helwan observatory.  Before 
installation of Aswan seismic network, a few numbers 
of large earthquakes occurred in Red Sea and one in 
Gulf El-kebir had been reported in Upper Egypt, 
because the closest station to record earthquakes in 
Upper Egypt was Helwan station (690 km from 
Aswan), it wasn’t possible to determine the low 
magnitude activity from Upper Egypt. The first 
seismographs installed in Upper Egypt that were 
capable of recording small local earthquakes were 
short-period instruments installed at Aswan and Abu-
Simble in 1975. In 1990 a portable short period 
seismic station was installed in Mersa Alam along the 
Red Sea coast to monitor the seismic activity in Abu-
Dabbab area and Red Sea. In addition to the collected 
earthquakes from National and International Bulletins, 
the regional data used in this study during the period 
from 1982 to 2003 mainly was located using Aswan, 
Abu-Simbel, Mersa Alam seismic stations and Aswan 
seismic network.  

 
4.2. GROUND MOTION AT THE BASE ROCKS 

A probabilistic seismic hazard analysis was 
conducted for assessing the ground motion at 19 
selected sites in the proposed Aswan New City area as 
shown in Fig. 6. The objective of the analysis was to 
evaluate the probability of exceedance of different 
levels of ground motion due to earthquakes that they 
may occur in and around the proposed Aswan New 
City area. 

All data relating to known earthquakes with 
magnitude ≥ 3.0 around Aswan New City site are 
collected and analyzed. This analysis includes: 
1. All significant seismic sources in the area are 

identified. 
2. For each seismic source, the rate of earthquakes 

at different magnitudes is determined by a 
statistical analysis on all data related to that 
source. 
 

4.3.  METHOD  
For this work the Cornell approach (Cornell, 

1968) was applied. In this approach the fundamental 
elements that enter into a seismic hazard analysis are: 
the geometrical definition of the earthquake source, 
the parameters of its seismicity, and the choice of the 
relationship for attenuation. 

  
4.3.1. EARTHQUAKE SOURCE GEOMETRY 

The Cornell method requires the seismicity of 
the region under consideration to be divided into 
spatially distinct earthquake source zones. Based on 
the spatial distribution of the catalogue of earthquake 
data for the period from 1900 to 2003, the seismicity 
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Fig. 6 Location map of the 19 selected sites. 
 

around Aswan new city area has been modeled as 6
source zones significant to the study area as shown in
Figure 7.  

 
4.3.2. MAXIMUM EARTHQUAKE MAGNITUDES 

One of the most controversial and important
variables in representing a source of seismicity is the
size of the maximum credible earthquake. In this
study for each seismic source area, the cutoff
magnitude is taken to be the observed maximum
magnitude known for the source plus 0.5 (Al-Hadad et
al., 1992).      

 
4.3.3.  EARTHQUAKE RECURRENCE RATES 

An earthquake occurrence model describes the
recurrence of events in time within each seismic
source zones. A linear regression analysis was carried
out to estimate the coefficients of Gutenberg-Richter’s

relationship between magnitudes and their cumulative 
frequency of occurrence, i.e., 

 

mbaNm −−−−====log ,                                                     (1)
 

 where Nm is the number of earthquakes in a given 
period having magnitude greater than or equal to m. 
The program used for this purpose is the ESA 
program (Ahmed, 1991). The rate of occurrence at the 
minimum magnitude as well as the value 

[ ])10ln(b=ββ are given in Table (1). The lower 
bound magnitude at m = 3.0 has been set, because 
smaller earthquakes are not interesting from the 
seismic hazard point of view.  
 
4.3.4. GROUND MOTION ATTENUATION  MODEL 

Ground motion attenuation model describes 
mathematically the manner in which earthquake 
ground motions decrease with distance from an 
earthquake source for various magnitudes. We used 
attenuation model developed from peak ground 
acceleration for the Aswan area (Fat-Helbary, 1995). 

 
715393808951 .)ln(..ln −−−−−−−−==== ∆bmA        

 (σ = 0.558)                                                               (2)

Where A represents the peak ground acceleration 
in cm/s2 , mb is the body wave magnitude and ∆ is the 
hypocenteral distance in km. The residuals of this 
equation are log – normally distribution with standard 
deviation (σ) 0.558. 

 
4.3.5. EXPECTED MAXIMUM ACCELERATION AT 

SURFACE LAYERS  
The maximum amplitude of ground motion 

expected within a given period of time and 
corresponding to a chosen probability level using 
inputs from steps (4.3.1)-(4.3.4) is calculated (Table 
1). The computer program used for this purpose is 
EQRISK (McGuire, 1976). The program yields the 
expected accelerations with 90 percent probability of 
not being exceeded in exposure times of 100 years.
The procedure of analysis is repeated systematically in 
the 19 selected on the proposed Aswan New City area. 
The results show that the expected acceleration at the 
19 sites is almost the same and in range from 42 to 47 
cm/sec2. For use as input motions at the bottom of the 
actual soil columns, one must remove from the com-
puted motions the effects of free-surface boundary 
conditions, which invoke certain components of the 
stress tensor to be zero. To achieve this, the free-
surface motions are divided by a factor of 2 (Jacob et. 
al., 1995).   

Local site conditions play an important role in 
changing the characteristics of seismic waves. It is 
often associated with the extent of damage and 
destructiveness of a site incurs due to a strong 
earthquake. Therefore, it is important to incorporate 
some type of site factor into the analysis of risk such 
as amplification factor.  The amplification factors at 
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Fig. 7 Epicentral distribution of the catalogued events in the period from 1900 to 2003 and
the significant earthquakes source zones to Aswan New city site. 

Table 1 Parameters of  seismic recurrence curve for each source 
 

Source 
No. 

Mag. 
(mb) 

No. of 
events 

β Occurrence 
rate (λ) 

Average depth 

A1 5.3 36 1.441 0.375 9.28 

A2 4.7 27 2.121 0.281 10.70 

A3 6.1 488 2.256 4.743 10.80 

A4 5.8 294 2.120 0.677 16.31 

A5 4.9 51 2.231 0.531 7.75 

A6 4.2 29 2.141 0.302 6.55 

 

5.      CHARACTERISTIC SITE PERIOD 
The response of a building to shaking at its base 

depends on the design quality of the construction 
(Slob, 2002). However, what is a very important 
factor is the height of the building. All objects or 
structures have a natural to vibrate. The rate at which 
it wants to vibrate is its fundamental period or natural 
frequency. High rise building (with a low natural 
frequency) react totally different than smaller building 
(with a much higher natural frequency).  

 

ω0  = πVs / 2H,                                                          (3)
 

in which   ω0  = fundamental frequency 
         Vs = Shear wave velocity 
         H = Soil thickness 

and 

the 19 selected sites are calculated by Abdel-Motaal
(2003) (Fat-Helbary et al., 2004) and used in the
present study.  The computed amplification has its
minimum value of about 1.61 at the west central part
of the area, while the maximum value is about 4.46 at
the southern and northwestern parts of the area where
the sediments are loose and thick. Finally the
maximum surface acceleration was estimated by the
multiplication of peak acceleration at the base rock
with the relative amplification factor for the surface
layers. The maximum ground accelerations and their
distributions at the ground surface in exposure time
100 years are represented by a contour map as shown
in Figure 8. The calculated acceleration has its
minimum value of about 36 gals at the central eastern
part, while the maximum value is about 64 gals at the
southern part of the studied area.   
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Fig. 8 Surface acceleration for expected values in
100 Years (in gals) 

Ts = 2 π / ω0  = 4H / Vs                                             (4)
 

in which 
Ts = Characteristic site period. 
 

Buildings have a high probability to achieve
(partial) resonance, when the natural frequency of the
ground motion coincides with natural frequency of the
structure. Resonance will cause increase in swing of
the structure and given sufficient duration,
amplification of ground motion can result in damage
or destruction. Specific ground conditions may result
in resonance and large amplification of the seismic
signal, but if the frequencies for which this occurs lie
far outside the natural frequency range of our
building, this may not have significant effects.
Shallow seismic refraction survey was carried out at

the 19 selected sites on the proposed location of 
Aswan New City as shown in Figure 6, to obtain P-
and S- wave velocities and the thickness of each layer
(Abdel-Motaal, 2003). The calculated S-waves 
velocities and the thickness of each layer at each site 
is used in equation 4 to calculate the characteristic of 
site period. The calculated natural site period and their 
distributions at the ground surface are represented by 
a contour map as shown in Figure 9. The computed 
natural period has its minimum value of about 0.8 sec 
at the southern part of the area, while the maximum 
value is about 4.2 sec at the northwestern part of the 
area. 

 
CONCLUSIONS AND RECOMMENDATIONS 

The structures deduced from applying the trend 
analysis method to the RTP magnetic map indicate 
that there are two sets of fault trends The major trends 
are the N-S directions and the minor trends are the E-
W direction. The surface peak ground acceleration 
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was estimated by multiplication of peak acceleration
at the bedrock with relative amplification factor for
the surface layers and represented by a contour map. 

The maximum acceleration has its minimum
value of about 36 gal at the central eastern part and the
maximum of about 64 gal at the southern part of the
studied area. While the natural sites period and it’s
distributions at the ground surface are represented by
a contour map. The computed natural period has its
minimum value of about 0.8 sec at the southern part
of the area, while the maximum value is about 4.2 sec
at the northwestern part of the area. 

 
Considering land-use planning, the present study

recommends that: 
3. The trace of the detected faults must be left

without construction and reserved as green park
or open space. 

4. A distance of 50 m must left astride each fault
without high buildings.  

5. The ground shaking at the southern  and north
western parts are relatively high, the development
with special engineering solution may be
appropriate. 

6. The natural periods for bulidings should be lie far
outside the natural periods range of site, this may
not have significant effects.   
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