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Abstract

In 1986, the Egyptian government planned 15th May City, which is located in the southeast of
Helwan city. It is considered one of the most propitious cities that pull out the residents who live
around the Nile valley in Egypt. This study examines the district No. 27. The chief aim of this paper
is to identify the chinks in the near subsurface layer under buildings and calculate approximately
its displacement to attain its reasons. This research uses shallow seismic refraction and two-
dimension electrical resistivity surveys. The three-dimension electrical imaging method is inter-
preted in the form of the geoelectric layers’ depths and thicknesses. Accordingly, the interpreta-
tion proposes sequences of three layers. Moreover, the borders of the crack can be noticed. The
results of shallow seismic refraction method show the same sequences of three seismic layers. The
interpreted layers from both techniques are dried limestone “calcite to dolomite” layer; the
second is wetted Marley limestone; and the third Layer is semi-wetted Marley limestone. Alterna-
tively, these parameters separate the location into layers of dissimilar competence nature and
dissimilar appropriateness. The interpretation of both methods delineates five chinks or cracks.
These chinks extend in the study area. These chinks can be watched by naked eyes in the buildings
close to the area of the study. This study recommends getting rid of the gardens that is located
between buildings to avoid the negative effect of irrigation water.
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1. Introduction

The City of 15th May covers an area of about 18 km?. It is revealed between latitudes 29°50'9"N and 29°50'11"N
and longitudes 31°22'25"E and 29°22'31"E (Figure 1). The city, as an inhabited one, has many buildings that are
dedicated to factories and workers’ dwelling and the city has also motive trucks. Some buildings, in specific dis-
tricts, suffer from cracks. This study tries to find the reason of these cracks. The district No. 27 is chosen for this
study to detect the reasons of this problem.
This study uses the two-, three-dimension electrical array (R2D & R3D), and shallow seismic refraction “SSR”

surveys. It helps in detecting any credible or interrupted shallow structural features. The integrated interpretation
of the techniques classifies the subsurface into three layers with noticed chinks over all the study area.

2. Geological Setting
2.1. Surface Geology

Abbas (1953), Shukri (1953), Said (1962, 1971), Farag and Ismail (1955, 1959), Ismail and Farag (1960),
Moustafa et al. (1985), and Strougo (1985) discussed the geology of Helwan area in general and 15" May city
especially. These studies, with field notes of the author, define the foundations of the discussion around the
study area; that handles the geology, the geomorphology, stratigraphy, and the structure. Figure 2 is the geolog-
ical map of east Helwan including the study area.

2.2. Stratigraphy

Cuvillier (1924a, 1924b, 1930), Awad and others (1953), Shukri (1953), Farag and Ismail (1955, 1959), Ismail
and Farag (1960), Said (1962, 1971), Tadros (1968), Ghobrial (1971), Strougo (1976, 1979), and Moustafa et al.
(1985) studied the stratigraphical item at some zones of the study area. Middle Eocene, Upper Eocene, and Oli-
gocene rocks crop out in the mapped area. A number of classifications are related to the Eocene rocks in the
special parts of the study area. The traditional classifications of G. Mokattam and east of Helwan are shown in
Table 1.

Figure 3 shows nine stratigraphic sections that are located in different parts of the study area. They are linked,
based on lithologic and faunal similarities, in order to have only one set of rock units that can be used in every
part of the study area and also to be used for building the geological map.
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Figure 1. General location map of the study area.
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Figure 2. Geological map of 15th May area, compiled from the Geological Survey of Egypt (1983).

Table 1. G. Mokattam and east of Helwan’s Eocene rock units (after strougo,
1985 and Moustafa et al., 1985).

Age G. Mokattam Area east of Helwan
Angabia formation Wadi Helwan series

Late Eocene Wadi Hof series
Maadi formation Wadi Garawi series

EI-Qurn series

Observatory series

Middle Eocene Mokattam formation .
G. Hof series

A short report of the mapped rock units is given below. The complete description of these units is given as
follows (Strougo, 1976; Moustafa et al. 1985).

3. Data Acquesition
3.1. Electrical Imaging Survey in Two- and Three-Dimension

The 2-D and 3-D imaging surveys overcome the changes of resistivity in both the horizontal and the vertical
ways along the survey line. Therefore, the 2-D geo-electrical imaging technique is selected for the survey. While
the Wenner array gives the least number of probable data compared to the other common arrays (Griffiths &
Barker, 1993). It is also has the ability to work in noisy fields and when fine vertical resolution is necessary. The
Wenner array has been used in this study.

Eight geo-electrical profiles with 72 m length for every one spread over the spot area (Figure 4). The survey
uses 73 multi-electrodes system linked to SYSCAL R2 resistivity meter through a multi-core cable.
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Figure 3. Lithological sections of Helwan area; (after Strougo, 1986).
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3.2. Shallow Seismic Refraction Survey

Seismic exploration involves generation of seismic waves and recording the arrival times of these waves from
the source to the series of geophones (Dobrin, 1976). Seismic refraction method is very useful as an investiga-
tion tool in lately explored areas, chiefly in engineering schemes.

The seismic refraction data obtained along eight shallow seismic refraction profiles spread over the same part
planned for the R2D and R3D resistivity imaging survey. The survey uses 72 channels signal enhancement
seismograph “GEOMETRICS SMARTSEIS” along 72 m length profiles (Figure 4).

4. Data Interpretation
4.1.R2D and R3D Geo-Electrical Imaging

The computer softwares RES2DINV and RES3DINV, edited in 1998, (Loke, 2000, 2002) are used to interpret
resistivity data, and these programs have the ability to:

1) Calculate the parameters such as (depth, and resistivity under each electrode) of different layer.

2) Draw the electric cross sections along each recorded profile in the study area.

Three layers can be defined in the study area according to the general view up of the constructed cross sec-
tions. The surface layer consists of weathered and dried limestone (mainly Dolomite). The second layer consists
of fractured and structured wetted Marley limestone; this layer appears as dotted layer with low Resistivity val-
ues related to fractures in layer which filled up by water. The third layer consists of semi-wetted Marley limes-
tone with moderated low Resistivity values.

Figure 5 shows the geoelectric cross sections constructed over this area. The noted feature is classified as a
cracks or chinks, it is clear that these chinks are shown at distances 3.5, 4.5, 25.5, 30.5, and 55.5 m from the first
electrode. It can be noted that its dimension reaches the maximum diameters in profile number “8”. The effects
of the cracks extended to the third layer around it. There is a shift in displacement that differ from profile 1, 6,
and 8, the cracks outline at distances 16, 20, 48, and 76 m from the first electrode.

4.2. SSR Data Interpretation and Discussion

Computer program SEIPEEDIT (2002) has been used to treat the data to build the travel time curve, in which
the time of the first arrival is plotted versus the geophone, offset distance. The layer’s parameters (thickness,
depths, and the different velocities beneath each geophone) have been calculated to create geo-seismic cross
sections (Figure 6).

The mainly interpretation for profiles are based on the profiles done on the normal and middle shooting posi-
tion and they are compared with the Reverse ones. The interpretation is made to avoid the confused data and
output signals caused by cracks that contain incoherent materials filled with air. These air-filled materials wea-
ken waves (Figure 7).

The inspection of the constructed seismic cross sections can lead to the similar result to the R2D and R3D.
The study area consists of three seismic layers with highly observed five cracks as features that can be noticed
over the seismic lines from 1 to 8. Figure 8 and Figure 9 represent the Time-Distance curve and the interpretive
lithological reading respectively of profile 1 as an example of these lines. The same result can be also noted in
Figure 9, Figure 10, and Figure 11 for (P-wave velocity, SH-wave velocity, and Slandered Penetration Test) as
cross-section profiles; as Figure 12, Figure 13, and Figure 14 present it as 3D maps.

Sudha et al. (2009) presented a linear correlation between SPT N-value and the transverse resistance (T) that
is given by equation:

T= pihi )

where pi and hi is the resistivity and thickness of ith layer.

Finally, a comprehensive interpretation of the R2D, R3D and the SSR data can lead to define five sites lines
of cracks or chinks (Figure 15); these chinks are illustrated from south western part to north eastern part over all
the study area.

The chinks come out as a result of the irrigation water (used in garden). This water seeps into the subsurface
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layers. Clay minerals in the second and third layers “Marley Limestone” are saturated with water in the winter
and they stay nearly stable. When the hot weather of summer appears, the subsurface layers drive out water by
evaporation. This operation, in addition to the loads of buildings, produces the chinks features which cause splits

in the buildings.
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Figure 5. () R2D of the study area with over measured surface shows the geoelectrical cross sections along profiles 1, 6,
and 8; (b) R3D of the study area shows the geoelectrical cross sections along the study area.
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Figure 6. Velocity estimation using the slope method calculation with shot point and geophones ar-
ray in field (after Basheer, 2003).
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Figure 11. The Standard Penetration Test “N-values” distribution along profiles in two dimensions.

5. Conclusions

The present study has been conducted mainly to detect the site of the chinks and provides an interpretation of the
data in terms of the foundation rock materials and parameters.

The study involves carrying out three main geophysical techniques integrately; the first technique embraces
executing two- and three-dimension of electrical resistivity imaging survey in the form of eight parallel profiles.
These profiles are distributed over a suggested portion of the study area where the bad effects on building are
noticeable. The Wenner’s electrode arrangement with maximum spread of 72 m, 1 m between the electrodes and
0.5 m interline distance is used utilizing the SYSCAL R2 system. The second techniques depend on the same
last techniques with another processing and presentation; three-dimension electrical resistivity imaging gives a
formed shape. The third technique of the study depends on the analysis of the acquired seismic refraction data
using eight shallow seismic refraction profiles spread over the same sites of R2D and R3D profiles. In the sur-
vey, the velocities of the P- and SH-wave have been specified with interpreted standard penetration test
(N-values). Most interpretations of seismic profiles have been made on normal and middle shooting position
types to avoid the effect of blind layer that causes the attenuation of waves. Through the R2D and R3D survey,
the penetrated depth reached about 30 m while the penetrated depth using the SSR varied from 22 m under geo-
phone No. 16 of profile 5 to 23.3 m under geophone 22 of profile 2.

The integrated results, obtained from the interpretation of the R2D, R3D, the SSR records and calculated
N-values, can be classified lithologicaly into three layers invaded with five structural features as subsurface
cracks or chinks (Figure 15). These layers from the top to the bottom (according to geo-electrical values, shal-
low seismic refraction waves’ values, interpreted N-values, and the known geological column in the area) are
classified as follows:

1) Top soil layer consists of weathered limestone (mainly Dolomite); its thickness varies between about 3.5 m
and about 5 m.

2) Wetted Marley limestone with thickness varies from 10.3 m to 10.33 m.

3) Semi-wetted Marley limestone.
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Figure 15. Direction and spread of cracks lines over the studied area.

(b)

Figure 16. (a) Crack between two sides of building in the study area; (b) The water pool used in the irritation of garden
between buildings in the study area.

Five chinks or fractures have been outlined by the interpretation of these three techniques. These features
spread all over the study area. They have also been organized and noticed by eyes in the buildings near the study
area (Figure 16). It is recommendable to remove the gardens between buildings to avoid the effect of irrigation
water (used in garden’s watering) and keep it away.
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