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Abstract: The new administrative capital (NAC), as decided by the Egyptian government's proposed planning, is placed 45
kilometers east of Cairo. According to Egyptian government strategies, this city will be the country's future governmental and
economic hub. Ministries, crucial government agencies, and sectors are all expected to be represented on the site. The future
capital's total land area is around 700 square kilometers. It is projected that there are five million people living there, this
population could rise to seven million people. The skyscrapers sector in the New Administrative Capital is the subject of the
research. To detect near-surface structures at the chosen building site, nine Electrical Resistivity Tomography (ERT) profiles
and twenty-four Ground Penetrating Radar (GPR) profiles were used in this study. After the necessary and appropriate
processing, the results that extrapolated from all measured profiles of both tools, demonstrated that the research region can be
separated into two different shallow layers. The (Higher Miocene) sandy limestone rock makes up the main first surface layer
with thickness about 4 meters. The second layer consists of silty shale rock with thickness about 12 meters in some places.
This The most obvious features that had an impact on building were normal faults in the WNW and ENE directions, with
minor fractures between them, as well as a few shale lenses can reach diameters of 3 to 4 meters. Additionally, the retrieved
findings from the two geophysical tools demonstrate that the shape and thickness of the inferred layers are in satisfactory
correlation.
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1. Introduction

The New Administrative Capital is a government proposal
that was crystallized to reduce the overcrowding in Cairo, which
is the ancient capital of Egypt. The transfer of government
headquarters and ministries with all their employees will allow
change the idea of centralization in ending government
procedures within the old capital (Figure 1).

This will allow people to change their traditional ideas of
seeking housing next to government agencies to end their
daily procedures. This step will be the first stage to create a

new urban community characterized by the presence of all
services near it. Since the most important steps involved in
establishing new cities are concrete buildings and basic
infrastructure supplies, the most important thing that should
be studied is the nature of the soil. The study area was chosen
to apply a geophysical measurement to find out the most
important rock structures that may affect the nature of the
soil. The electrical resistivity tomography method and the
ground penetrating radar have the advantage of easily
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determining the susceptibility of the surface soil to the
structures affecting it [1-4]. The ERT method can be applied
to several uses such as mapping geological changes,
including the diversity and distribution of soil rocks (for
example, clay versus gravel), the presence and irradiation of
surface groundwater, fracture areas, locations of soil
saturation change, areas of increased salinity and their
overlap by fresh groundwater and studying some cases of
groundwater pollution. ERT can be used for mapping
fundamental rock depths, mapping top-of-bedrock and
geometries [5-7]. Preferably, ERT is used for mapping
cavities such as caves, karstic sewers, and decaying sewers.
There are many factors that are affected greatly by electrical
methods such as subsurface geochemistry, particle
distribution, groundwater chemistry and the presence of
pollution elements [8, 9]. Common uses of GPR systems are
in mapping the distribution of basic underground facilities,
determining the thickness of soil or rock layer, impacting
fractures in rocks, designating karst characteristics such as
cavities and voids, underground storage tanks (UST), lava
tubes, discovering ancient foundations, archaeological
detection, mapping debris and identifying other obstacles to
construction [10, 11]. Despite the many successful
applications of the GPR method, there are many obstacles
and factors that limit and diminish its results, such as clay
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soil, saturated soil, saline groundwater, and lack of
penetration outside or through metal objects, the effect of
alkalis on the surface of the earth [12, 13]. Therefore, an
understanding of the proposed site for application to it, the
sedimentary environment and the geological conditions is
essential and extremely important in determining the
likelihood that the GPR method will be able to meet the
project objectives when applied in a specific manner. There
are several reasons for choosing the location of the study,
which is that there was a proposal to construct two buildings
(No. 5 and 6) on a somewhat heterogeneous rocky layer in
the New Egyptian Administrative Capital, after the
completion of the construction of the concrete foundations,
several cracks appeared after a period of hardening and
drought. Because of the previously known information about
the study area, which is that the sedimentary record of the
area is represented by the Oligocene and Miocene rocks, and
the cornerstone of the new administrative capital was cut by
many faults in the northwest, northwest and ENE, but most
of them are geologically old and do not pose a seismic threat.
Few of these bugs have seen activity in the past 100 years.
Therefore, analysis of topography, geological structures, and
surface geological processes is essential in land management
perspectives, especially in such dynamic and complex
geological areas.
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Figure 1. Spatial Location of the area under study with field work distributions.
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2. Geological Setting and Stratigraphy

The stratigraphic succession for the most part in the study
area ranges, in geological age, between the late-Early Eocene
and the Oligocene. The Neogene sediments are exposed outer in
the study area at Wadi Ghoweiba, Wadi Hagul, and to the north
at Gebel Gharra, Gebel Iweibed, and Gebel Homeiyra.
Quaternary sediments compose of alluvial terraces and cover the
floors of wadis. The middle part of the Cairo—Suez district
composes of a nearly parallel, high mountain edges trending in
an E-Wand NW-SE directions with low-lands in the middle.
The Middle Eocene rocks mostly assemble the mountains and
high scarps disregarding both sides of the Qattamiya—Ain
Sukhna road, whereas both the Upper Eocene and Oligocene
sediments cap the low topographic areas as grabens. A
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simplified geological map of the study area is drawn in figure 2.

Beside the sedimentary rocks, some volcanic sheets are
mostly basalts, it evidenced from numerous places along
Cairo—Suez district [14, 15, 16]. They were observed at
Gebel Abu Treifiya, surrounding it from all sides excluding
the northern face and also noted to the south of Gebel Umm
Reheiat along the Qattamiya—Ain Sukhna road, comprises
well-known hillocks [17, 18]. Basalt extrusion was the result
of rejuvenation of the normal faults in E-Wand NW-SE
direction for the period of late Oligocene and Early Miocene
[19]. These basalts were given out by [20] using K/Ar
method, to the late Oligocene - early Miocene (Aquitanian;
22 +2 Ma.).
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3. Methodology
3.1. Electrical Resistivity Tomography [ERT]

ERT is an electrical test method based on the electric
current induction of layers of earth using two electrodes.
The voltage drop is then measured and recorded using two
other electrodes [4]. Many different electrode array
configurations have been designed to reach a measurement
of specific depth points in the soil. All array
configurations have a uniform target, which is the
collection of data whose results can be applied in
estimating the different changes in the ground resistance
values in the lateral and vertical dimensions.

ERT in 2D imaging survey can overcome resistance
changes in both the horizontal and vertical dimensions
along 9 scan lines. For this reason, the two-dimensional
geoelectric imaging technique was chosen for application
in the study area. Wenner's method of distributing
electrodes yields an array with the fewest possible data
compared to other common arrays [21, 6, 22]. This
distribution has the ability to measure in noisy areas which
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necessitate that accurate vertical accuracy be important
and necessary, and therefore it was used in the present
study. The scanning of nine lines (Figure 4) have been
used a multi-electrode system which is linked to the [23]
ammeter through a multi-core cable (Figures 3 a & c).
There was a small computer integrated with an electronic
switching unit to automatically identify the four related
electrodes for each measurement used.

3.2. Ground Penetrating Radar [GPR]

The technique of GPR method is based on a physical
principle of propagating waves that send and receive
electromagnetic waves (EM or radio waves). The common
form of using the GPR method is the zero-reflection scan
mode, in which the EM signal is almost as a vertical travel
path, but it can be measured by configuring the EM signal in
the offset reflection mode as well [10, 11]. There are a lot of
GPR systems and antennas that were introduced by
commercial companies. The range of the paired terrestrial
antennas used in imaging the Earth ranges from a center
frequency of 25 to 1500 MHz. Air-coupled antennas, which
are used in paving and concrete imaging, can have a
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frequency of up to 2.2 GHz. The user can increase the low
frequency range with more depth investigation, but this
increase is unfortunately at the cost of target accuracy; On
the other hand, higher frequencies have tremendous accuracy,
but they have limitations in the depth of investigation [24]
(Figures 3 b & d).

A Mala-Radar system was used with a 200 MHz
antenna and a scanning wheel, manufactured by Malaya.
The 200 MHz antenna was selected for the purpose of
obtaining maximum detail and highest resolution at the
top 3-10 meters (Figure 5). Several sectors were
surveyed in the same places of electrical imaging and
some places over the concrete blocks in the study area,
so that the anomalous feature resulting from the
impedance imaging method is discovered. In each sector,
the scanning was done by a method of rotation and a
reversal in the direction of the scan (back and forth) so
that the scanning lines were spaced every 5 cm and a
length 130 meters. The data set for the study area was
completed with 26 a GPR scan lines and the time
windows were 120 ns, with 20 scans per meter, and 512
samples per scan (Figures 3 b & d).
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Figure 4. Spatial distribution of the measured ERT Profiles.
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Figure 5. The places of GPR Profiles distribution in the study area.

4. Data Interpretation and Discussion
4.1. ERT Data

The ERT method is considered one of the most easy and
applicable geophysical techniques, especially regarding
clarifying temporal and spatial changes in the content of
interfering water in the soil, describing soil slip problems, soil
thickness changes, calculating the lateral extension, and
measuring the variable depth of soil [1, 2, 3, 4, 8]. The
computer software’s [25], edited in 1998, ([26]; Loke, 2002)
are used to interpret resistivity data, and these programs have
the ability to both drawing the electric cross sections along
each recorded profile in the study area and calculating the
subsurface layers’ parameters such as (depth, and resistivity
under each electrode). Four layers can be defined in the study
area according to the general view up of the constructed cross
sections. The "first" surface upper layer consists of (Upper
Miocene) sandy to Marly limestone rock. That layer is located
above the second layer of silty shale rock. It is known that the
two-dimensional sectors of the electrical measurements were
carried out on non-built land, but around concreted buildings,
and the results of the two-dimensional geo-electrical
measurements in the study area were interpreted qualitatively
and quantitatively and presented in the form of different cross-
sectional shapes in order to accurately clarify the subsurface

conditions more accurately As follows:

1) The qualitative explanations of the results of the geo-
electric resistivity measurements show both horizontal
and vertical change in the values of electrical resistivity
and the thickness of the layers. It is clear as shown by the
geo-electrical cross-section from P1 to P4 (Figure 6).

2) It is evident that there is a noticeable horizontal change
in some sectors with the values of geoelectric resistivity
between 2 and 78 Ohm.m, whereas areas with values
from 2 to 5 Ohm.m indicate the presence of layers of
the shale or marl, although areas with values between
16 and 78 Ohm.m indicate the presence of Layers of
limestone and Marly limestone.

3) The first layer, consisting of the shale and the marl, is
detected in the form of lenses in cross-sections numbers
(1, 2, 3, 4, 5 and 8) below the base-foundation level as
shown in the geo-electrical cross-section (Figure 6).
This layer has not been monitored in cross-sections nos.
6, 7 and 9 (Figure 7).

4) The second layer, consisting of limestone and Marly
limestone, appears in all cross-sections, they also show
some subsurface geological structures represented by
separators and crevices.

5) The effects of the cracks extended to the third layer.
There is a shift in displacement that differ from profile 1,
4, and 9, the cracks outline at distances 14, 24 and 42.
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Figure 9. Examples of the interpreted GPR profiles 12, 18, 20, and 26 listed as a, b, ¢, and d respectively.

4.2. (GPR) Data Interpretation and Discussion

The values of the insulation measurements, using the
pyrometer, are relatively consistent and have a relationship in
line with the ability of the rock to retain some amount of
moisture for making measurements in nature [28].
Unfortunately, the application of the pyrometer test in the
field was limited due to the fact that this test requires manual
measurement for each site where the measurement is

performed with a device because data collection must be
done manually in every location where measurements are
taken with the radar device, which limits and hinders data
collection. For this reason, the use of GPR is the most
effective way to evaluate cracks and fractures in areas where
construction has already taken place. A GPR [24] system
with an antenna and a laptop connected to trolley handles
was used to collect data on the study area. Using GPR, the
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extent of ground cracks spacing can be measured by
comparing the amplitude of the reflected signal from the
surface with the amplitude of the reflected signal from
cohesive soil at the same measurement site. (as the reference)
(DC values depend on the time taken to arrive, the amplitude
of the current, and the pulses reflected from the reached
surfaces, which are referred to as the radar wave. These
waves display the amount of DC current and the thickness of
the layers within the soil [28, 29]. It is worth noting that the
radar data cannot be used immediately for interpretation and
exploration, because typical terrestrial radar measurements
contain reflection features, noise, and chaotic reflections
resulting from the antenna "resonance", differences in the
power coupling to the ground, and multiple reflections that
occur between the antenna and the Earth's surface, as well as
'Noise' in the background [30, 31, 32]. The final steps in data
processing include converting the radar data into usable
images. Often this requires a significant simplification of the
complex block of GPR data [12, 13]. The work areas were
treated in two stages, the first stage was to confirm the
anomalous features that could be found in the GPR field
sections. The complete GPR dataset was analyzed using [33]
software for post-processing operations (Figures 8 and 9). In
the second stage, several processing steps were applied
including background removal to remove horizontal lines
caused by surface reflections, band-pass filter for high-
frequency component removal, F-K filter and automatic gain
control. The processed geo-radar data shows that cracks and
joints are clearly visible. Some sectors show weaknesses in
concrete, as in profiles numbers (8, 9 and 12), and some

profiles show no effect of cracks and joints (Figures 8 and 9).
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Figure 10. Realistic pictures from the study site showing the emergence of
cracks in the concrete surfaces affected by the superficial structures.
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Conclusion and Recommendation

From all the above geophysical surveys of the area

concerned with the study, the following results were obtained:

1) The Miocene rocks constitute the most prominent
stratigraphic units in the study area.

2) The study area consists of limestone-to-Marly
limestone with the intersection of shale.

3) ERT and GPR succeeded in providing detailed
information about the upper (shallow) portion of the
subsurface (approximately 8 to 20 m thick).

4) It can distinguish local rock heterogeneity and the cause
of cracks appearing in concrete foundations.

5) Shale appears in the study area as a lens.

6) The limestone to Marley limestone layer is affected by
many joints, fissures, and concave sedimentation areas
(Figure 10).

7) These sub-surface structures are located below the
foundation depth of Building No. 5 and 6 (in the study
area).

8) These many joints, fissures, and concave cause cracks
in concrete in buildings.

9) It was recommended to exclude building sites and to
change sites after concrete structures, or take all
engineering precautions according to the above data
(Figure 11).
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