
  
Middle East Journal of Applied 
Sciences 
ISSN 2077-4613 

Volume : 06 | Issue :03 | July-Sept.| 2016 
Pages: 430-441 

 
 

Corresponding Author:  Ahmed Mahmoud Saad, Geology Department, Faculty of Science, Al-Azhar University, Cairo,  
                                           Egypt. 

430  

Mechanical Behavior and Geoelectrical Analysis of Shallow Foundation Beds at 
Industrial Area, New Cairo – Egypt 
 

Ahmed Mahmoud Saad  
 
Geology Department, Faculty of Science, Al-Azhar University, Cairo, Egypt.  

Received: 29 May 2016 / Accepted: 30 June 2016 / Publication date: 15 July 2016 
 
ABSTRACT  
 

The combination of geophysical data and geotechnical measurements may greatly improve the quality of 
buildings under construction in civil engineering. The study was conducted to assess the index properties and 
characterize the soils and rocks of industry area, Southern-eastern part of New Cairo City, Egypt, has been 
suffered under complicated and different aspects of hazards and risks following constructions. These 
complications are connected with the problem of the fracturing limestone and occurrence of clay beds, due to 
clay swelling. Twelve vertical electrical soundings are realized (VES). These VES interpretation shows that the 
prospected lithological formations are characterized by facies, thickness and depth variations. They identify the 
following resistivity layers; a surface layer; which is made of sand and often a mixture of sand with gravels, 
sandstone, clay sands, and sandy limestone in some places with wide range of resistivity values from 48 to 891 
ohm-m. Its thickness varies between 0.46m and 3.18m. The first geoelectric layer consists of sand and gravels 
with resistivity ranges from 15 to 90 ohm-m. Its thickness ranges from 1.2 to 13 m. The second geoelectric layer 
is the marl with intercalation of clay lenses with a resistivity values ranging between 13.1 and 31.2 ohm and 
thickness ranging from 9.3 to 13.4m. The third geoelectric layer has a resistivity value ranging from 2.3 to 5.68 
ohm-m. This layer is composed of clay. The fourth layer composed of sandy limestone and have a resistivity 
ranging between 221 and 363 ohm-m. The X-ray diffraction reveals that the most predominant minerals are 
montmorillonite and kaolinite types. The present studies indicated that the liquid limit ranges from 56% to 115 
%, the plastic limit ranges between 20% and 40 %. The values of the free swelling of the studied samples are 
ranging between 60% and 290 %. Claystone of the study area can be classified as inorganic clay of high and 
very high plastic soil with some samples are extremely high plastic soil. 
 
Key words:  Geophysical methods, fractured limestone, liquid limit, industrial area. 

 

Introduction 
 

This work is considered as an attempt to clarify the situation in the study area to various constructions by 
using some geophysical tools and geotechnical studies. The study area locates in the industrial zone of the New 
Cairo region. It lies to the east of great Cairo, to the North of the Cairo – Soukhna main High Way and to the 
east of the slicified Protected Forest area. It lies between latitudes 29°57`15`` and 29°58`30``N, and longitudes 
31°28`30`` and 31 30`18`` E (Fig.1). The study area covers an area of about 3 km2 and characterized by 
undulated ground surface with generally slopes towards the south east direction. Some drainage present as small 
tributaries of Wadi Degla. Its elevation varies from 320 to 360 m.  

The study area is characterized by an arid climate, very low rains, high temperature in July 35C and low in 
19C in January, and high evaporation rate 255 mm/year. The area, however, is vulnerable to heavy rain storms 
every certain number of years. It is based on the data of the Egyptian meteorological Authority for the 
internationally recommended climatic period extending from 1961 to 2010.  The engineering behavior of soil is 
a function of its moisture content, structure, mineralogical composition and the subsequent stress history.  

The study area and new urban cities around the Greater Cairo, usually sited on limestone bedrocks, that 
have encountered the problem of fracturing or sited on clay  which reported construction damage due to 
swelling process, (Fig. 2). It becomes inevitable that high resolution near surface geophysical techniques be 
employed to detect and help delineating and assessing these hazardous problems. 

The area is located on the main limestone plateau, which contains lithologic inhomogeneities. 
Stratigraphically, the shallow section in the study area and its surroundings is composed of Plio-Pleistocene 
deposits underlain by Pliocene and Miocene sediments, (Fig.3). The Plio- Pleistocene is represented by coarse 
sand in alluvial fans of the wadies surrounding the area. Pliocene is found on the top of Non- marine Miocene at 
gebel El- Nassuri and El- Anqabiya. It consists of cross bedded sand with some clay, conglomerate and white 
hard very dense limestone. The Miocene deposits exposed in this area can be classified into two units: 

a) Marine Miocene (Homth Formation) 
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 The marine Miocene sections occur patchy, isolated outcrops along the Cairo –Suez road, but east ward it 
covers larger areas. They are made up of sparsely fosiliferous calcareous sandstone and arenaceous limestone. 

b) Non-marine Miocene (Hagul Formation) 
 This unit covers most of north eastern part of the study area. It is composed of white to grayish sand 

intercalated by gravels beds.  
 

 
 

Fig. 1: Location Map of the Study Area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Fig. 2: Outcrop of claystone bed which causing construction damages at the study area. 
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Fig. 3: Geological map of the New Cairo City (after EGSMA, 1983). 
 
Experimental Technique: 

 
The electrical resistivity method is most used in engineering geology. It identified and locates, from the 

earth surface, the structures which have resistivity contrasts (Telford et al., 1990). There are different types of 
electrical resistivity theoretical approach based on electrodes array for interpreting resistivity data. The 
techniques of data interpretation used involved seeking a solution to the inverse problem namely the 
determination of subsurface apparent resistivity distribution from surface measurement (Ezomo et al., 2011). 
Most of the electrical resistivity techniques require injection of electrical currents into the subsurface via a pair 
of electrodes planted on the ground. By measuring the resulting variations in electrical potential at other pairs of 
planted electrodes, it is possible to determine the variations in resistivity (Dobrin, 1988; Ozcep et al., 2009; 
Alile et al., 2011). Vertical Electrical sounding (VES) method, adopted in this study, is used to determine 
vertical variations of resistivity. An electrical field is imposed on the inland area by a pair of current electrodes 
(A and B). The potential difference is measured between a pair of potential electrodes (M and N). Apparent 
resistivity ‘‘ρa’’ is subsequently deduced. Twelve Vertical electrical soundings were realized and interpreted. 
The maximum electrode spacing is 100 m and the Schlumberger configuration was adopted. 
The field data were processed using Res2dinv Computer Program and IP12Win. It has been designed by a 
scientific group in Moscow State University, the VES data were then presented as sounding curves, which are 
obtained by plotting graphs of apparent resistivity versus half electrode spacing on the double logarithmic graph 
sheets. The true resistivity values for the subsurface, which have geological meaning, are obtained from 
interpretation techniques (Reynolds, 2002). 

The laboratory tests were selected to obtain the required physical and mechanical properties of the rocks 
and soils to evaluate the different foundation beds for the industrial zone using British Standard Laboratory 
techniques (BS, 1981, 1990). The tests on rocks include: petrography (5 samples), rock quality designation 
(R.Q.D) (13 samples) and uniaxial compressive strength (U.C.S) (13 samples) were prepared representing the 
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encountered lithologies. The laboratory experiments which were carried out on soils are: grain size analysis (20 
samples), Atterberg limits (13 samples) and Free Swell testing (13 samples). 
 
Geoelectric Resistivity Results 
 

The quantitative interpretation has been applied to determine the thicknesses and true resistivities of the 
stratigraphic units below each VES stations. The results of the quantitative interpretation are summarized in 
Table (1) which indicates the number of layers, true resistivity and thickness of the different layers for each of 
the interpreted sounding curves. 
 
Table 1: Geoelectrical parameters for the area under investigation 

Layer No. 

 

 

VES 

No. 

I II III IV V 

ρ1 H1 ρ2 H2 ρ3 H3 ρ4 H4 ρ5 H5 

1 511 0.7 43.8 6.89 5.68 20.3 315 -- -- -- 

2 891 0.46 90 1.16 31.2 11.3 2.98 11.6 350 -- 

3 568 0.62 60.3 3.26 17.3 12.6 3 12.7 320 -- 

4 49.2 3.18 15.1 11.4 2.34 9.43 310 -- -- -- 

5 48.2 2.82 18.2 10.4 2.49 10.8 307 -- -- -- 

6 113 1.79 23 13 2.5 9.3 354 -- -- -- 

7 419 0.43 41.3 2.88 10.2 13.4 3.67 9.24 247 -- 

8 501 0.48 51.6 1.63 17.4 12.5 3 9.47 221 -- 

9 245 0.71 57.2 2.43 23.5 10.2 2.95 8 363 -- 

10 192 0.75 37.9 3.97 14.4 9.18 3.4 9.55 354 -- 

11 442 0.53 54 2.21 19.6 11.2 3 9.94 310 - 

12 220 0.81 42.3 2.36 13.1 12 2.9 9.32 232 --- 

 
Quantitative Interpretation 

 
1-VES Interpretation 
 

The modeling of the VES measurements carried out at twelve stations has been used to derive the 
geoelectric resistivity cross–sections for profiles A-A‾, B-B‾, C-C‾ and D-D‾ respectively (Fig. 4). These have 
revealed that there are mostly four geologic layers beneath each VES station. The geologic sequence beneath 
the study area is composed illustrated as follows: The first geoelectric it is a mixture of sand and sand with 
gravels, with resistivity ranges from 15 to 90 ohm-m. Its thickness ranges from 1.2 to 13 m.  The second 
geoelectric layer is the marl with intercalation clay lenses with a resistivity ranging between 13.1 and 31.2 
ohm-m., and thickness is ranging from 8 to 12.7m. The third geoelectric layer has a resistivity value ranging 
from 2.3 to 5.68 ohm-m. This layer is composed of clay bed. The fourth layer is composed of sandy limestone 
and has a resistivity ranging between 221 and 363 ohm-m. The high resistivity zone has been interpreted as 
bedrock. 

  
2- Clay layer distribution map 

 
 The recognized clay layers in the study area especially these layers which have shallow depth to the 

surface mast be taken in consideration for engineering purposes. The isopach and depth contour maps of clay 
layer of the study area show that, the thickness and depth for the clay (Figs.5 & 6). It is thicker in the north 
south directions 10.3 to 10 .9 m, but in the east west directions represented decrease in the thickness and 
depth. 

 This layer has dangerous effects of the building or any establishment. This danger related with the 
building height, depth of foundation, type of this establishment and its sensitivity or resistance for falling 
down or swelling when water infiltrate to clay layer. 

 
Petrography 
 
       The international society for rock mechanics has published suggested methods for petrographically 
examining those rock features that have a bearing on mechanical behavior that can only be observed with a 
microscope (ISRM, 2007). The petrographical analysis of industrial area which belongs to a new Cairo City 
indicated the presence of four carbonates microfacies association. These are as follows: 
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Fig. 4: VES location map with cross-sections A-A‾, B-B‾,C-C‾ and D D‾ 
 

 
Fig. 5: Isopach distribution map of the clay layer. 
 

 
 
Fig. 6: Depth to clay contour map. 
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1- Sandy Dolostone 
 

           Petrographically it is composed of essentially scattered sand-size quartz grains (10-15%) embedded in 
macrocrystalline dolomite cement (85-90%). Sand quartz grains are medium to fine, subangular to rounded and 
moderately sorted. Dolomite crystals are subhedral rhomic-crystals with iron oxide core and show hypidotopic 
to xenotopic texture. Few quartz grains are shattered, fractured and cracked due to the effected early stage 
mechanical composed (Fig.7A&B). The effect of mechanical compacted is not clear in most samples, this due to 
the presence of carbonate (dolomite) cement. 
 
2- Sandy Bioclastic Dolostone: 
 
          Petrographically it is composed of essentially scattered sand-size quartz grains (10-15%), bioclastic shell 
fragments (10-15%) are cemented by Fe-dolomite (70-80%). Sandy quartz grains are fine to medium, 
subangular to subrounded and moderate to poorly sorted (Fig.7C). Bioclastic shell fragment are mostly 
recrystallized and dolomitized. Dolomite crystals are euhedral idotropic crystals with iron oxide core and mostly 
zoned. The rock suffered from dissolution in some parts which indicates acidic pore water, affected at late stage 
(pettigohn 1975).  
    
3- Dolostone  
 
           Petrographically it is composed of essentially of macrocrystalline dolomite with few ooze crystal, few 
quartz, glauconite and iron oxide spots are embedded within dolomite crystals. Dolomite are mostly euhedral to 
subhedral,idotopic to hypidotopic texture (Fig.7D). 
 
4- Glauconitic Sandy Dolostone 
 
          Petrographically it is composed of essentially sand-size quartz grains (15-20%), glauconitic pellets (10-
15%) and phosphate fragment collofan. All the former embedded in macrocrystalline dolomite cement (70%). 
Dolomite is euhedral rhombic crystal, zoned with iron oxide core. They are mostly idotopic texture (Fig.7E).  
Glauconite are medium to coarse size pellets, pale yellow to brass yellow, subrounded and poorly sorted. 
 
Uniaxial Compressive Strength (U.C.S): 
 
 Compressive strength test describes the strength properties of rocks unless affected by many factors 
such as porosity and density, mineralogy, water content and texture. The results obtained are in part a function 
of the length breadth ratio of the sample and of the rate of loading. The simplicity of the test is somewhat 
deceptive (Joyce, 1982). Samples should be undisturbed. The results of this test are shown in Table (2). From 
the Table (2) the rock quality designation described as  poor and fair rocks  while the results of Compressive 
strength range from 59 to 185 kg / cm2 ( medium weak to medium hard rocks). 
 
Grain Size Analysis 
 

The quantitative data that an engineer needs depend upon the mechanical properties such as stiffness 
and strength, and these must be determined from mechanical tests. Coarse grained soils have good bearing 
capacities and good drainage qualities, and their strength volume change characteristics are not significantly 
affected by change in moisture conditions. Fine grained soils have less load bearing capacities compared with 
coarse grained.  The results of the mechanical analysis are tabulated in Table (3) and the data are represented in 
cumulative curves (Fig.8). 
 

Parameters Obtained From Grain Size Distribution Curve 

 

1- Uniformity Coefficient U.C (measure of the particle size range). It is also called Hazen Coefficient. U.C = 

D60/D10. If (U.C) < 5 --Very Uniform, U.C = 5 -- Medium Uniform, Cu >5 --No uniform 

2- Coefficient of Gradation or Coefficient of Curvature (C.G) (Measure of the shape of the particle size curve).  
     C.G = (D30)2 / D60 x D10        C.G from 1 to 3 --- well graded. From the table (2) the values of uniformity 
coefficient indicated that, the studied area is characterized by a range between well – graded and poorly graded 
soil.  
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Fig. 7: Photomicrograph showing (A& B) 
Sandy Dolostone.  
(C) Sandy Bioclastic Dolostone. 
(D) Dolostone. 
(E) Glauconitic Sandy Dolostone. 
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Table 2: Mechanical properties of the studied samples. 
S

am
p

le
 

N
o

. 

Compressive strength kg/cm2 
 

Unit wait 

 

R.Q.D. % 

 

Description 

1.2 76 2.16 31 Poor 

3.3 100 2.14 29 Poor 

4.3 107 2.16 44 Poor  

5.3 105 2.15 51 Fair 

6.3 65 2.15 28 Poor  

7.1 103 2.16 35 Poor 

8.2 80 2.17 40 Poor 

10.2 89 2.17 45 Poor 

11.2 65 2.12 26 Poor 

18.1 185 2.16 65 Fair 

20.1 59 2.14 25 Poor  

22.2 70 2.15 29 Poor  

25.2 165 2.17 38 Poor  

  
 

 

 
 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8: Grain size distribution curves of studied samples. 
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Table 3: Grain size data of the studied samples at industry area. 

Mathematical values used as principle for classification of soil Sample 

No. C.C  U.C  D60 D30  D10  

0.86 4.6 0.7 0.3 0.15 1.1 

1.55 3.6 0.9 o.59 0.25 2.1 

1.34 4.66 0.56 0.3 0.12 11.1 

0.87 4.23 0.55 0.25 0.13 12.1 

0.96 4.81 053 0.24 0.11 13.1 

1.16 3.51 0.95 0.55 0.27 14.1 

0.78 4.85 0.63 0.25 0.13 15.1 

0.96 4.72 0.52 0.24 0.11 23.1 

1.40 5.4 0.81 0.41 0.15 24.1 

1.01 4.12 0.99 0.49 0.24 26.1 

1.01 4.35 1.35 0.8 0.31 27.1 

1.52 3.83 0.69 0.38 0.18 28.1 

1.25 3.17 1.07 0.7 0.35 29.1 

1.84 5.31 0.79 0.47 0.15 30.1 

0.94 2.95 1.21 0.68 0.41 31.1 

6.16 18 0.72 0.43 0.11 32.1 

2.48 5.88 1.00 0.65 0.17 33.1 

1.28 4.11 1.11 0.62 0.27 34.1 

1.07 6.03 1.81 0.76 0.3 35.1 

1.27 5.64 1.41 0.67 0.25 36.1 

1.20 3.58 1.11 0.64 0.31 37.1 

0.52 6.03 1.97 0.57 0.32 38.1 

1.04 5.00 0.55 0.25 0.11 39.1 

0.94 4.67 1.31 0.59 0.28 40.1 

 
Clay Mineral Composition 
 

Three oriented particle mounts were prepared from the pure clay fraction (< 2 µm) and X-rayed for the 
semi quantitative identification of clay minerals. They were prepared by pipetting of the clay suspension on 
glass slides. One of these mounts was suggested to X-ray in its original state (untreated). The second were X-
rayed after saturation with ethylene glycol (glycolated) and the third after heating at 550˚C for two hours heated 
(Fig.9). 
 
Montmorillonite 
 

It is built up of 3 layer units comprising two silicon layer separated by an aluminum layer. Some 
aluminum is usually replaced by magnesium or iron, and small amounts of sodium or calcium are then attached, 
as ions lying between the 3 layer units or around the edges of the minute crystals. 

The layers are held together by weak van der waals forces and exchangeable ions. Water can easily enter 
the bond and separate the layers in montmorillonite, causing swelling. The montmorillonite is the most 
predominant in the studied samples (Fig.9). 
 
Kaolinite 
 

Kaolinite, Al4 Si4O10 (OH) 8 is composed of a single tetrahedral and a single alumina octahedral sheet 

combined in units. The kaolinite mineral is formed staking the layer of 7A thick one above the other with base 
of the silica sheet bonding to hydroxyls of the gibbsite sheet by hydrogen bond, the kaolinite sheets are difficult 
to dislodge. 

Kaolinite is generally formed in warm moist regions as a residual weathering product or sometimes by 
hydrothermal alteration of other aluminosilicates. Kaolinite is the second mineral of abundance in the studied 
clay samples (Fig.9). 

 
Atterberg Limits of Fine Soil 
  

Atterberg Limits: Atterberg limits or consistency limits are characterized by plastic and liquid limits and 
plasticity index. The liquid limit represents the minimum water content at which soil particles flow under their 
own weight and the plastic limit is the minimum water content at which a soil is molded without breaking.  
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Fig. 9: X-ray diffraction of the studied clay samples, (samples 3.1, 4.1, 6.1 and 16.1). 

 
These limits control the consistency of the soils as wetting conditions change. Atterberg limits have a 

very extensive use in geotechnical engineering for identification, description and usually used for the 
determination of water content of soils. 

The liquid limit showed maximum value of 115% and minimum value of 56%. The other values are 
situated between the two extremities. The plastic limit test results showed 40 and 20 % for the maximum and 
minimum values, respectively Table (4). The liquid and plastic limits are decreases with depth. Based on the 
their test results, the soil can be classified in terms of plasticity according to the IAEG (1981) as moderate 
plastic and high to extremely high plastic.      

The plasticity of the soil can be classified as inorganic clay of high and very high plastic soils with 
some samples are extremely high plastic soil (Fig.10). A more reliable relation between the swell potential and 
the plasticty index can be established. According to the definition of the clay activity (Coduto, 2004), the soil is 
characterized by high to very high potential expansiveness (Fig. 11). The clay activity equation is shown as: 

                        
                      Plasticity index 
Activity = 
                           Clay fraction     
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Table 4: Atterberg limits of the studied claystone samples. 

Sample No.  Liquid Limit (L.L.) Plastic limit (P.L.) 
Plasticity Index 

(P.I) 
Free Swell % 

Activity 
% 

3.1 115 35 80 290 0.92 
4.1 89 32 57 200 1.02 
5.1 70 20 50 230 0.87 
6.1 107 40 67 260 0.95 
8.1 72 36 36 120 0.66 
9.1 70 35 35 110 0.63 

10.1 69 33 36 100 0.66 
12.2 79 28 51 90 0.82 
13.2 84 32 52 100 0.75 
14.2 68 22 46 80 0.91 
16.1 56 28 28 60 0.56 
17.1 81 32 49 85 0.89 
19.1 90 30 60 125 0.69 
21.1 87 33 54 100 0.88 
22.1 79 31 48 65 0.79 
24.2 81 30 51 90 0.96 
25.1 110 36 74 145 1.09 
39.2 61 22 39 76 0.84 

 

 
 
 
 
 
 
 
 
 
 

Fig. 10: Shows that, the claystones of study area can be classified as inorganic clay of intermediate to very high 

plastic soil 

 

 
 
 
 
 
 
 
 
 
 
Fig. 11: Determination of potential expansive of soil (After William, 1958). 
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Conclusion  

 
Engineering geophysics combined with geotechnical engineering focuses on the behavior and performance 

of soils and rocks in the design and construction. Often, existing buildings are located over anomalous 
subsurface zones which are inappropriate for bearing the load of a structure. Moreover, building foundations 
may not have been built properly. Recent and present damage, such as terrain subsidence and cracks in houses, 
call for attention and for further investigation using some non-destructive geophysical methods to guide 
additional exploratory trenching and drilling. Based on the above, geophysical surveys could contribute 
significantly in major construction projects in which subsurface structural problems are possible. The approach 
outlined in this paper allows for the rapid characterization of subsurface formations that can help to guide site 
investigations through the advancement of soil borings or test pits. 

The claystone intercalation at the foundation level at studied area have high values of plasticity (LL% = 56 
–115; PI% = 28–80). The minerals in these clays type were identified by X-ray analysis as Montmorillonite and 
Kaolinite. The claystone intercalations at the foundation level at industrial area classified inorganic clay of high 
and very high plastic soil with some samples are extremely high plastic soil. This bed of claystone should be 
treated before constructing the building on it by removed and replaced by a soil of clean sand taken from 
another spots to be distributed under the foundation. This replacement layer should not be less than 1.5 m thick. 
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