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Abstract Geophysical tools such as electrical resistivity tomography (ERT) and shallow seismic

(both P-wave seismic refraction and Multi-channel Analysis of Surface Waves (MASW)) are inter-

esting techniques for delineating the subsurface configurations as stratigraphy, structural elements,

caves and water saturated zones. The ERT technique is used to delineate the contamination, to

detect the buried objects, and to quantify some aquifer properties. Eight 2-D (two dimensional)

electrical resistivity sections were measured using two different configurations (dipole–dipole and

Wenner). The spread length is of 96 m and the electrodes spacing are 2, 4 and 6 m, respectively

to reach a depth ranging from 13 to 17 m. The results indicate that, the subsurface section is divided

into main three geo-electrical units, the first is fractured marl and limestone which exhibits high

resistivity values ranging from 40 to 300 ohm m. The second unit is corresponding to marl of mod-

erate resistivity values and the third unit, which is the deeper unit, exhibits very low resistivity values

corresponding to clayey marl. The fourth layer is marly clay with water. The presence of clay causes

the most geotechnical problems. Fourteen shallow seismic sections (both for P-wave and MASW)

were carried out using spread of 94 m and geophone spacing of 2 m for each P-wave section. The

results demonstrate that the deduced subsurface section consists of four layers, the first layer exhib-

its very low P-wave velocity ranging from 280 to 420 m/s, the second layer reveals P-wave velocity

ranging from 400 to 1200 m/s, the third layer has P-wave velocity ranging from 970 to 2000 m/s and
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Fig
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the fourth layer exhibits high velocity ranging from 1900 to 3600 m/s. The ERT and shallow seismic

results, reflect the presence of two parallel faults passing through Quarter 27 and trending NW-SE.

ª 2014 Production and hosting by Elsevier B.V. on behalf of National Research Institute of Astronomy

and Geophysics.
1. Introduction

In the last few years, the application of geophysics in civil
and environmental engineering has been become a promising
. 1 (a) Location map. (b) Geo
approach. Geophysical tools are implemented in a wide range
of applications ranging from building ground investigations to
the inspection of dams and dikes (Klimis et al., 1999; Luna and
Jadi, 2000; Othman, 2005; Savvaidis et al., 1999; Soupios et al.,
logical map of the study area.



Fig. 2 Location map of the electrical resistivity sections.

Fig. 3 Location map of measured points for (a) the dipole
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2006 and Venkateswara et al., 2004), aiming toward the explo-
ration of geological and the determination of the physical
parameters of the rock formations. The sources of hazards in

civil engineering disciplines result essentially from undetected
near-surface structures, such as cavities and/or inhomogenei-
ties in the foundation geo-materials (Bremmer, 1999; Abdel-

Hafez, 2004; Domenico and Sergio, 2009; Akintorinwa and
Adesoji, 2009, and Araffa, 2010). Information related to the
local soil conditions is vital for risk assessment and mitigation.

Shallow seismic refraction and MASW are the ‘‘work-horse’’
of engineering geophysics, and have been widely applied to
regolith mapping in geotechnical engineering (Whiteley, 1994).

The May 15th city is one of many new cities constructed

around Greater Cairo, Egypt. It was established in 1978, and
is located south of Greater Cairo, east of Helwan city
(Fig. 1). It was constructed to solve the problem of insufficient

accommodation. It includes many quarters, some of these
quarters suffered from geotechnical problems, which appear
as cracks of different sizes, specially at Quarter 27 causing

the subsidence for some parts of the constructions and
distribution of the clay layer and their effect by subsurface
structures. Different authors tried to get the source of these

geotechnical problems through geological, geophysical and
geotechnical studies. Mohamed et al. (2012) investigated the
southern part of the May 15th city using geological, geophys-
ical and geotechnical data. They concluded that, the study area

consists of four subsurface layers, the first layer is sand and
clay (soil), and the second layer is composed of fractured
limestone. The third layer is clayey marl and the fourth layer

is marl. A number of normal faults trending NW-SE were
delineated at different locations as shown in the geo-electrical,
and geo-seismic cross sections. The limestone layer at shallow

depths exhibits fractures and some buildings suffered oriented
–dipole configuration and (b) the Wenner configuration.



Fig. 4 The 2-D electrical resistivity section along profile P1–P10, (a) dipole–dipole array and (b) Wenner array.
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cracks, due to the effects of the fault elements, which dissect
the study area. Atya et al. (2010) studied the near surface
dynamics and its impact for foundation stability at Quarter

27 of the May 15th city. They concluded that the shallow
surface of the ground is highly fractured producing a level of
danger on the constructions and the block buildings at many
sites of the Quarter. The move of the fracture center and its

combination with the center of weight applied on the ground
by the construction loads result in the change of the
destruction resources which might lead to collapse, landslide,

or divergence over the joints of the blocks.
2. Geology and Geomorphology of the study area

The study area is a part of the May 15th city, which is repre-
sented by Quarter 27. The study area consists of deposits of
Pliocene, Upper, and Middle Eocene. The Pliocene deposits

represented by wadi deposits, which is composed of compacted
sandstone of medium to coarse grains. These deposits occupy
the southwestern part of the May 15th city. The Upper Eocene

deposits are represented by Wadi Garawi and Qurn Forma-
tions, while the Middle Eocene deposits are represented by
Observatory Formation. Wadi Garawi Formation distributes
at the south and southwestern parts of the May 15th city
and consists of marl and marly limestone with clay intercala-
tion at the upper part of the formation with thicknesses

ranging from 50 to 80 m. Qurn Formation, which belongs to
the Upper Eocene and covers most of the May 15th city, is
composed of five units. The study area is dissected by two
essential sets of faults trending NW-SE (Mohamed et al., 2012).

3. Methodology

3.1. Resistivity tool

3.1.1. Data acquisition

Electrical resistivity measurements are executed through
applying Wenner and dipole–dipole configurations using

SYSCAL-R2, as a resistivity-meter, which is fully automatic
equipment designed for DC electrical exploration. The
measurements are carried out in a fully automatic manner through

the control of a microprocessor. Also, the SYSCAL-R2 unit can
be a remote controlled through the serial link (reading of
stored measurement points and control for the whole func-
tions). It can also be connected to a network of intelligent

nodes and thus be used as an automatic Multi-Electrode



Fig. 5 The 2-D electrical resistivity section along the profile P3–P30; (a) dipole–dipole array.
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(ME) switching system array. Eight profiles have been

measured with a spacing of two meters between the profiles
(Fig. 2). The apparent resistivity value is given by:For Wenner
configuration:

qa ¼ 2paR ð1Þ

For dipole–dipole configuration:

qa ¼ 2panðnþ 1Þðnþ 2ÞR ð2Þ

where: R is the measured resistance, a is the spacing between
the electrodes. The resistivity data were measured by using

the automatic Multi-Electrode switching system of 48 nodes,
where the data are automatically executed and stored in the
storage memory of the instrument. The measurements were

carried out at different levels which are function in the depth
of penetration and electrode spacing (a) is equal to two meters.
The Wenner levels (n) are ranging from 1 to 15 and in
dipole–dipole n is ranging from 1 to 7. Eight Wenner profiles
were measured in the study area with spreading length of
96 m for each profile. Each profile contains 360 measured

points representing the fifteen levels. In addition to eight
profiles of dipole–dipole were carried out at the same locations
of Wenner profiles, in order to compare the results of the two
techniques. In the dipole–dipole array, the electrode spacing is

2, 4 and 6 m respectively (Fig. 3). The RMS errors for all the
measurements are ranging from 1.7 to 5 ohm m.

3.1.2. Data interpretation

The processing and interpretation of the obtained data have
been done using commercial software for geo-electrical 2-D
inversion (RES2DINV, 2001). Griffiths and Barker (1993)

explain the theory and methodology of the routines applied
in the software in detail. The 2-D model used by RES2DINV
consists of a number of rectangular blocks. The arrangement

of these blocks is loosely tied to the distribution of the data
points in the pseudo-section. The depth of the bottom row



Fig. 6 The 2-D electrical resistivity section along the profile P5–P50; (a) dipole–dipole array and (b) Wenner array.
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of blocks is set to be approximately equal to the equivalent
depth of investigation of the data points with the largest elec-
trode spacing (Edwards, 1977).

In the present study, the obtained data have undergone sev-

eral steps through RES2DINV software to be more smooth
and clear for interpretation processes. For this purpose, two-
dimensional (2-D) resistivity model of the acquired data has

been automatically determined according to the expressive
blocks and the distribution of the data points in the pseudo-
section. The inversion sections of Wenner techniques more

depth of penetration, about 17 m and for dipole–dipole sec-
tions (Figs. 4–6) are more resolution and the depth of penetra-
tion reaches 13 m. The inverted sections demonstrate that, the

deduced subsurface section is classified into three main geo-
electrical units. The first unit is fractured marl and limestone,
which exhibits high resistivity values ranging from 40 to
300 ohm m. The second unit is corresponding to clayey marl
of moderate resistivity values and the third unit is the deeper
unit and exhibits very low resistivity values corresponding to
clayey marl saturated with water.

Also, the results of interpretation of the obtained data for
Wenner array are represented in the 3-D view to delineate
the zones of very low resistivity values which are correspond-

ing to clayey marl saturated with water and have direct effect
on the constructions and may cause cracks and fractures
(Fig. 7). This figure represents the slices at depths ranging from

0.38 to 2.79 m, which reveals the high resistivity values
corresponding to marls at the southeastern and central parts
of the study area (Fig. 7a). The northern part of the area shows

very low resistivity values corresponding to marly clay
saturated with water at depths ranging from 3.74 to 11.85 m
(Fig. 7b and 7c). The constructions on this part of the area



Fig. 7a The 3-D (tomography) resistivity view at depth slices from 0.38 to 2.79 m.
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suffer from a lot of cracks and fractures due to this situation of
subsurface geology.

3.2. Seismic tool

3.2.1. P-waves shallow seismic refraction

Nine shallow seismic refraction spreads for longitudinal waves
(Fig. 8) were carried out to cover Quarter 27. The field survey
was carried out using a seismograph model Strata View (of

1 ms sensitivity) manufactured by Geometrics Company
(Underwood, 2007). The acoustic waves were generated by
using a sledge hammer of 15 kg weigh as a seismic source.
Forty-eight geophones for seismic spread (of 47 m spread

length) were used with a spacing of 1 m for spreads S1 and S2,
and geophone spacing of 2 m with spread length of 96 m for
the rest (seven spreads). Five shots are carried out, the first shot

is the normal one at 5 m before the first geophone, the second
shot at the half distance between geophones 12–13, the third
one is the midpoint between geophones 24–25, the fourth shot

between geophones 36–37 and the last shot is the reverse one
at 5 m after the last geophone. The data have been processed
and interpreted using SIPT2 (RIMROCK, 1992), SeisRefa
and SeisImager software packages. The interpretation of data
is based on the iterative ray-tracing technique, in which the

ray propagation will be simulated through a model (Scott,
1973). The results of the interpretation for 9 spreads reveal four
layers, the first is surface layer composed of fragments of

limestone and marl with P-wave velocity ranging from 0.3 to
0.35 km/s and of thickness less than 1 m. The second layer
reveals low velocity ranging from 0.4 to 0.55 km/s and corre-
sponding to fractured marl. The third layer reflects moderate

velocity values ranging from 0.7 to 1.5 km/s, which is composed
of marly clay. The fourth layer is composed of marly clay satu-
rated with water and exhibits velocity values ranging from 1.8 to

2.2 km/s. Fig. 9 shows an example of the recorded seismograms
of the profile S3–S30. The time distance (T-D) curves and the
geo-seismic depth sections are deduced (Figs. 10 and 11).

3.2.2. Multi-channel Analysis of Surface Waves (MASW)

Another technique to determine the shear wave velocities is
applied using the surface waves. This is the most common type

of Multi-channel Analysis of Surface Waves (MASW) survey
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Fig. 7b The 3-D (tomography) resistivity view at depth slices from 3.74 to 7.22 m.
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(Park et al., 1999). The maximum depth of investigation, that
can be achieved, is usually in the range 10–30 m, but this can

vary with sites and types of active sources used. A fairly heavy
sledge hammer was used as a source in the active MASW sur-
vey. Stacking with multiple impacts can suppress ambient

noise significantly and is therefore always recommended, spe-
cially, if the survey takes place in an urban area. Low-fre-
quency (of 4.5 Hz) geophones are used. The length of the

receiver spread is directly related to the longest wavelength
that can be analyzed, which in turn determines the maximum
depth of investigation. On the other hand, (minimum if
uneven) receiver spacing is related to the shortest wavelength

and therefore the shallowest resolvable depth of investigation.
A one millisecond of sampling interval is most common with a
2-s total recording time (T = 2 s).

The MASW spreads were carried out along the same
spreads of the P-wave shallow seismic refraction (Fig. 9) using
24 geophones. Each spread is of 46 m length. One shot was

applied using a 15 kg sledge hammer at a distance of 5 m
before the first geophone (1-D active MASW). The processing
and interpretation are carried out using the SurfSeis-3 software
package for 1-D MASW, passing through the following steps:
surface wave imaging (overtone), constructing the dispersion

curve as shown in Fig. 12, preparing the initial model (from
the available boreholes and the P-wave model) and applying
the inversion technique as shown in Fig. 13. The MASW

technique is one of the seismic surveys for determining the
shear wave velocity and consequently, evaluating the elastic
condition (stiffness) of the ground for geotechnical engineering

purposes.

3.2.3. The elastic moduli and geotechnical parameters

The obtained P- and S-wave velocities which are deduced from

both the P-wave shallow seismic survey and the Multi-channel
Analysis of Surface Waves (MASW) are used to evaluate the
elastic moduli and geotechnical parameters.

The elastic moduli such as: density (Eq. (3)) (Gardner et al.,
1974), Poisson’s ratio (Eq. (4)) (Telford et al., 1976), Rigidity
modulus (Eq. (5)), Young’s modulus (Eq. (6)) and Bulk’s
modulus (Eq. (7)) are listed in Table 1.

q ¼ 0:3V0:25
p ð3Þ
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Fig. 7c The 3-D (tomography) resistivity view at depth slices from 8.62 to 11.85 m.

Fig. 8 Location map of the Shallow seismic refraction spreads.
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where: Vp is the P-wave velocity.

r ¼ ððVp=VsÞ2 � 2Þð2ðVp=VsÞ2 � 2Þ ð4Þ
where: Vs is the shear wave velocity.

l ¼ V2
sq ð5Þ

Y ¼ ð1þ rÞ2l ð6Þ

B ¼ ðY=ð1� 2rÞ1=3Þ ð7Þ

The geotechnical parameters such as: the N-value, bearing
capacity and the site classes according to the weighting average

of the shear wave velocity (Vs
30) down to 30 m depth (IBC,

2003) are evaluated as follows:

a. N-Value:
The N-value represents the geotechnical parameter SPT

(Standard Penetration Test), which is defined as the resistance

to penetration by normalized cylindrical bars under standard
load, geophysically determined utilizing the modified Imai’s
formula (1976) by Stumpel et al. (1984) as follows (Eq. (8)):

Vs ¼ 89:9 �N0:341 ð8Þ

The N-value was originally adopted to investigate the status of
cohesion-less deposits, and the low competent rocks reveal low

N-value and vice versa.

b. Bearing capacity

In geotechnical engineering, the bearing capacity is known
as the capacity of soil to support the loads applied to the
ground. The bearing capacity of soil is the maximum average



Fig. 9 The P-wave seismograms of the shallow seismic refraction survey of profile S7–S70 as an example: the normal shot at �5 m (upper

left panel), the inline shot at 23 m (upper right panel), the midpoint shot at 47 m (middle panel), the inline shot at 71 m (lower left panel)

and the reverse shot at 99 m (lower right panel).
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contact pressure between the foundation and the soil which
should not produce shear failure in the soil.

The ultimate bearing capacity (Qult) provided by Parry
(1977) is the theoretical maximum pressure which can be sup-
ported without failure (Eq. (9)).

The allowable bearing capacity (Qall) is the maximum load
to be considered to avoid sand liquefaction or shear failure,
which should be taken into consideration during design pur-

poses. It is the ultimate bearing capacity multiplied by a safe
factor (Eq. (9)). Sometimes, on soft soil sites, large settlements
may occur under loaded foundations without actual shear fail-
ure occurring; in such cases, the allowable bearing capacity is

based on the maximum allowable settlement.

Qult ¼ 30N ¼ 102:9322ðlogVs�1:45Þ ð9Þ
Qall ¼ Qult=Fs ð10Þ

where Fs is the safety factor ranging from 2 to 3 according to

the type of lithology.

c. Vs
30

Ground motion is controlled by a number of variables,

including the characteristic of the source, the propagation path
and the near-surface geology. Elastic properties of near-surface
materials and their effects on seismic wave propagation are

very important in earthquake and civil engineering, and in
environmental and earth science studies. The increase of
amplitudes in soft sediments is one of the most important fac-

tors responsible for the amplification of earthquake motions.
The amplification of seismic waves is closely linked with areas
where a strong acoustic impedance is present, i.e., where layers



Fig. 10 The Time Distance (T-D) curves for the seismic profile S1–S10 (upper panel) and the geo-seismic depth section and velocity

model (lower panel) along S1–S10.

Fig. 11 The Time Distance (T-D) curves for the seismic profile S9–S90 (upper panel) and the geo-seismic depth section and velocity

model (lower panel) along S9–S90.
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of low seismic velocity overlie stiff soils or bedrock with a high
seismic velocity. The amplification A is proportional to the

reciprocal square root of the product of the shear wave
velocity Vs and the density q of the investigated soil
(Aki and Richards, 2002):
A / 1ffiffiffiffiffiffiffiffi
Vsq
p ð11Þ
where: Vs is the shear wave velocity and q is the density of the
investigated soil since density is, in general, relatively constant
with depth, and the Vs profile better describes the local site
conditions.
The average shear wave velocity of the upper 30 m (Vs
30)

should be computed in accordance with the following

expression:
V30
s ¼

30
PN

i¼1
hi
ci

� � ð12Þ
where: hi and vi denote the thickness (in meters) and shear-

wave velocity (at a shear strain level of 10�5 or less) of the
ith formation or layer, in a total of N, existing in the topmost
30 m. Vs

30 was accepted for site classification in the
International Building Code (IBC, 2003) as listed in Table 1.



Fig. 13 The 1-D shear wave model deduced from the observed dispersion curve using the inversion technique at the profile S7–S70.

Fig. 12 The dispersion overtone (image) of the recorded surface waves and the dispersion curve with high S/N ratio at the profile S7–S70.

Table 1 The site classification, according to the IBC code (2009).

Site class Average shear wave velocity Vs
30 Remarks

A Vs
30 > 1500 (m/s) Hard rock

B 760 6 Vs
30
6 1500 (m/s) Rock

C 360 6 Vs
30
6 760 (m/s) Very dense soil or soft rock

D 180 6 Vs
30
6 360 (m/s) Stiff soil

E Vs
30 < 180 (m/s) Soil

F Vs
30 < 180 (m/s) Soil requiring site-specific evaluation
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The elastic moduli and the geotechnical parameters using
the mentioned empirical relations are obtained and listed in

Table 2.
4. Discussion

The integration of geo-electrical and shallow seismic refraction
data are used to define the properties and characteristics of the
different subsurface layers and to delineate the structural ele-
ments which could have direct effects on the constructions in

the Quarter 27, which is a part of the May 15th city. Geolog-
ical study, which includes field work and geological descrip-
tions at many observation points indicates that the study

area consists of different geological units belong to different
geological formations. The main formation in the study area
is Qurn Formation which composed of five geological units,

occupying almost the entire study area. Most of these units



Table 2 The elastic moduli and the geotechnical parameters at the interested area.

Profile Layers Vp (m/s) Vs (m/s) q (gm/cc) r l (dyn/cm) Y (dyn/cm) B (dyn/cm) N-Value Qult (kg/cm
2) Qall (kg/cm

2) Class (m/s)

Vs
30 class

S1–S10 1 310 175 1.30 0.27 4.0E+08 1.0E+09 7.2E+08 7.1 0.21 0.11 712 C

2 400 215 1.39 0.30 6.4E+08 1.7E+09 1.4E+09 12.9 0.40 0.20

3 780 450 1.64 0.25 3.3E+09 8.3E+09 5.5E+09 >50 3.40 1.70

4 1900 1120 2.05 0.23 2.6E+10 6.3E+10 4.0E+10 >50 48.9 24.4

S2–S20 1 280 165 1.27 0.23 3.5E+08 8.5E+08 5.3E+08 5.9 0.18 0.09 539 C

2 440 225 1.42 0.32 7.2E+08 1.9E+09 1.8E+09 14.7 0.40 0.20

3 970 495 1.73 0.32 4.2E+09 1.1E+10 1.1E+10 >50 4.50 2.20

4 1900 1120 2.05 0.23 2.6E+10 6.3E+10 4.0E+10 >50 48.9 24.4

S3–S30 1 280 165 1.27 0.23 3.5E+08 8.5E+08 5.3E+08 5.9 0.18 0.09 319 D

2 1300 720 1.86 0.28 9.6E+09 2.5E+10 1.9E+10 >50 13.4 6.70

3 2000 1020 2.07 0.32 2.2E+10 5.7E+10 5.4E+10 >50 37.1 18.6

4 3600 1835 2.40 0.32 8.1E+10 2.1E+11 2.0E+11 >50 207.8 103.9

S4–S40 1 280 165 1.27 0.23 3.5E+08 8.5E+08 5.3E+08 5.9 0.18 0.09 398 C

2 510 310 1.47 0.21 1.4E+09 3.4E+09 1.9E+09 >50 1.10 0.60

3 1100 745 1.79 0.08 9.9E+09 2.1E+10 8.4E+09 >50 14.8 7.40

4 2300 1340 2.15 0.24 3.9E+09 9.6E+10 6.2E+10 >50 82.7 41.3

S5–S50 1 400 210 1.39 0.31 6.1E+09 1.6E+10 1.4E+09 12.0 0.36 0.18 437 C

2 1100 650 1.79 0.23 7.5E+09 1.9E+10 1.2E+10 >50 9.90 5.00

3 1800 950 2.02 0.31 1.8E+09 4.8E+10 4.1E+10 >50 30.1 15.1

4 3000 1650 2.29 0.28 6.2E+10 1.6E+11 1.2E+11 >50 152.1 76.1

S6–S60 1 310 175 1.30 0.27 4.0E+08 1.0E+09 7.2E+08 7.1 0.21 0.11 424 C

2 620 315 1.55 0.33 1.5E+09 4.1E+09 3.9E+09 39.5 1.20 0.60

3 1200 640 1.82 0.30 7.5E+09 1.9E+10 1.6E+10 >50 9.50 4.70

4 2500 1375 2.19 0.29 4.1E+10 1.1E+11 8.2E+10 >50 88.2 44.1

S7–S70 1 330 165 1.32 0.27 4.5E+08 1.2E+09 8.4E+08 8.3 0.25 0.12 313 D

2 730 320 1.61 0.38 1.7E+09 4.6E+09 6.4E+09 41.4 1.20 0.60

3 1500 820 1.93 0.29 1.3E+10 3.3E+10 2.6E+10 >50 19.6 9.80

4 2500 1375 2.19 0.28 4.1E+10 1.1E+11 8.2E+10 >50 89.1 44.6

S8–S80 1 350 195 1.34 0.27 5.1E+08 1.3E+09 9.6E+08 9.7 0.29 0.15 370 C

2 1200 590 1.82 0.34 6.4E+09 1.7E+10 1.8E+10 >50 7.50 3.70

3 1700 765 1.99 0.37 1.2E+10 3.2E+10 4.2E+10 >50 16.0 8.00

4 2600 1390 2.21 0.30 4.3E+10 1.1E+11 9.3E+10 >50 92.0 46.0

S9–S90 1 350 200 1.34 0.26 5.4E+08 1.4E+09 1.4E+09 10.4 0.31 0.16 380 C

2 440 260 1.42 0.23 9.6E+08 2.4E+09 2.4E+09 22.5 0.70 0.30

3 1000 580 1.74 0.25 5.9E+09 1.5E+10 1.5E+10 >50 7.10 3.50

4 2100 1200 2.10 0.26 3.0E+10 7.6E+10 7.6E+10 >50 59.8 29.9
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consist of marl intercalated with clay. This marly clay
represents the main geotechnical problem. Two sets of faults

trending NW-SE were investigated through detailed field geol-
ogy at the area. The geo-electrical data which include Electric
Resistivity Tomography (ERT) represented by dipole–dipole

and Wenner sections indicate that, the study area consists of
different geologic units according to the resistivity values,
where the inversion of 2-D resistivity data and 3-D representa-

tion indicate that the subsurface section consists of different
geologic units such as fragments of limestone, marl and marly
clay where these units coincident with the geologic description.
Also, shallow seismic refraction interpretation for P-waves and

surface waves reveal four layers, the first as a surface layer is
composed of fragments of limestone and marl, the second layer
reveals fractured marl, the third layer reflects marly clay. The

fourth layer is composed of marly clay saturated with water.
The normal faults which dissect the Quarter 27 as shown in
the geological map appear in two resistivity sections along

the profiles P1–P10 and P3–P30 (Figs 4 and 5). The 3-D repre-
sentation reflects these faults at shallow depths (Fig. 7a). In
addition, these faults dissect the geo-seismic section along
spread number S9–S90. The marly clay layer is saturated with
water. The normal faults, that dissect Quarter 27 cause cracks
and fractures for most buildings of the Quarter, specially at

building numbers 40 and 41. The presence of clay and water
leads to weakening of the soil layer which is obvious in the geo-
technical parameters as well as the site classes which reflect

sites of class D and the lower limit of class C.
5. Conclusion

From the integrated interpretation for the geophysical data
at the Quarter 27 in the May 15th city, we can conclude
that, the study area consists of four subsurface layers, the

first layer is the fragment of marl and limestone, marl, marly
clay and marly clay saturated with water. A normal fault
trending NW-SE is delineated at different locations as
shown in the geo-electrical and geo-seismic cross-sections.

The marl layer at shallow depths exhibits fractures. Some
buildings suffered oriented cracks and fractures due to geo-
technical problems for the subsurface situation of marly clay

saturated with water and normal fault which dissects the
Quarter 27.
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