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INTRODUCTION 
1.1 Background of the study 
Soil is a geological material which all structures and infrastructures are laid upon. 
Mineralogy is a study of minerals that controlled the soil and knowledge of it, is important 
to the safety and success of the structures. When soil has unbalance swelling and 
shrinking potential will give rise to foundation problems. Swelling pressure as a result of 
plasticity will results in serious up thrust on structures Ogundalu and Oyekan (2014). 
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Abstract: This research work presents the result of the geophysical investigation carried out At 
Tudun Wada Area of Maiduguri Metropolis, North East Nigeria. The geophysical investigation was 
done using the Vertical Electrical Sounding (VES) with the aim to delineate the subsurface layers 
of the study area. A total of Ten (10) VES were conducted at different points on each side of the 
Tar road. Schlumberger electrode configuration were used, with symmetrical current electrode 
spread (AB/2) varying from 1 to 100 m. Geoelectric sections made from the sounding curves 
revealed three geoelectric layers with resistivity values first and second layer, ranging from 25 
Ωm to 1100 Ωm, 9 Ωm to 70 Ωm respectively. These resistivity ranges were lithologically inferred 
to be topsoil, sand and sandy-clay, clayey-sand, with corresponding H – curve type only. The first 
geoelectric layer represent the topsoil with resistivity values varying from 25 Ωm to 1100Ωm and 
thickness of 5 m to 0.6 m, the moisture unit was represented as the second geoelectric layer 
composed mostly clay with electrical resistivity values ranging from 9 Ωm to 70 Ωm with thickness 
of 7 m to 0.8 m, while the third geoelectric layer with infinite depth is mostly represent sand & 
gravel, sandy claye with resistivity values range from 40 Ωm to 200 Ωm.  

 
Keywords: Lithology, Resistivity, Delineat, Direct current, Geoelectric section, Schulumberger  
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Basically suitability of soils for building purposes depends on their strength to remain in 
place and with stand the permanent or transient loads that may be placed on them, Roy 
Bhalla (2017). A foundation is inherent to a structure that convey the weight to the soil 
below it. However, when the soil underneath does not possess the required bearing 
capacity, foundation failure may arises which eventually affects the structure Olayanju, et 
al (2017) and Adeoti, et al (2016).  Probing of soil base on characterization will determine 
the strength of the soil is indispensable for better civil engineering structures (Folorunso 
et al., 2012). The importance of subsoil investigations using geophysical survey is aim at 
evaluating the readiness of an area for the building structures and other civil engineering 
work. Most high rise building failure could be attributed to lack of geophysical investigation 
prior to constructions, which will divulge the nature of the subsoil and give sound 
information on the suitability for the building. Many buildings are constructed on soil that 
has inadequate bearing capacity to support the weight of the structure. The subsurface 
soils may consist of clay that shrink and expands due to change in moisture content. 
(Andrew et al., 2013). If the moistening and drying of clay is not conform, foundation 
movement may occur (Andrew et al., 2013). The use of the electrical drilling as an 
effective tool for gaining knowledge into the subsoil formation, in particular, for identifying 
deviation and determine the intricate nature of the lithology. (Colangelo et al., 2008; 
Lapenna et al., 2005). 
 
One of the intricate of Soil is the moisture gain and will be threatened seriously, because 
the contracting potential of expanding soils is much greater than the shrinkage potential 
and this problem can come from plumbing leaks, subsoil water like wet weather or a high 
water table which may attributed to rainy season. Foundation settlement occur during 
drought as a results of loosing of water by soil and dries most quickly at the perimeter. 
The encounter between soils and solid materials is one of the chief unruly behavior in civil 
engineering practice, especially, shallow foundations, earth reinforcement and dams.  
 
1.2 Statement of the Problem 
The presence of clay content and its expansive and contracting properties in the soil of 
Tudun wada area has been attributed to the presence of Cracks on buildings. Also the 
high rise in water table affecting foundations of buildings during the rainy seasons is also 
a source of concern to the residents of this area. The research question is therefore, do 
the materials of the foundation have the necessary qualities to withstand the loads of 
buildings? 
 
1.3 Objectives of the study 
The specific objectives of the study are to: 

a. investigate soil formation using electrical resistivity method to reveal the Geo-
electric section. 

b. identify depth of various Geo-electric sections in the study area, and 
c. determine from the soil resistivity measurement, the nature of the soil. 
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1.4 Significance of the study 
For any developmental activities, the soil base on it strength, is important and the main 
component in which solid foundation can be laid. Thus, the present study if successfully 
conducted will delineate the study area for the purpose of probable safe building structure. 
 
Scope and Limitation  
The scope of the study is centered on Tudun Wada area, Maiduguri Metropolis  and it is 
limited to time, field work and budget. 

 
1.6 The Study area 

Tudun Wada area is situated few maters behind the Department of Security Services 
(DSS) and bordered from east and west by Yerwa Government Girls Secondary School 
and PHCN Bulunkuttu Unit Maiduguri respectively. It is located between latitudes 110 50` 
and 500 24` N and longitudes 130 06` and 130 07` E. figure 2. 
LITERATURE REVIEW 
1.1 Review of the Geology of the area 
The Chad Basin is a big continental basin in the Central West Africa (Figure 3) that covers 
a total area of about 2,335,000 km2 (Genik 1993). The basin spread over five countries, 
namely, Nigeria, Niger, Chad Republic, Cameroon and Central Africa Republic. The 
Bornu Basin in Nigeria, is a part of Chad Basin, is situated at south western sector of the 
Basin and, and covers about one-tenth of the total area. Joining Benue Trough with the 
northeastern part of SW-NE.  
The Benue and Borno Basins are parts of the same domicile NE-SW fissure system 
which, according to (Guiraid, 1993) formed another three junction in the Lake Chad axis 
with two ill-predestined arms that are now conserved as the NW and NE to NS inclination. 
The two basins are distinguished by pressure-induced basement tectonics and by random 
of faulting. The most common structural formation in the basin are horsts and grabens, 
concealed hills and unwelcome volcanics. Faults are predominantly tensional and 
basement involve. (Abovvo, 1986). The majority of these faults terminate beneath a 
regional angular unconformity at the boundary between the Cretaceous and Tertiary. 
Movements along the faults may be strike-slip, with induced compressional folds such as 
drag folds or positive flower structures. 
 
2.1 Review of Electrical Resistivity Method of Geophysics 
Fundamentally resistivity methods is the flow of low frequency current to the subsoil. In 
this technique, an electrical current is send into the ground.  Potential electrodes (MN) 
will measure the resultant potential difference between them, which will us to record the 
electrical resistance of the material in the ground. Clearly, apparent resistivity is based on 
the obtained value of impedance i.e. ratio of potential to current and the array of the 
electrode spread known as G Factor. Extensive electrical drilling gives important 
information about the inner structure of the mantle and earth’s crust. (Lowrey and 
Williams, 2007 
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Ohm’s Law 
The German scientist George Simon ohm establish in 1827 that the electric current: I in 
a conducting wire is proportional to the potential differences V across it. The linear 
relationship is expressed by the equation  

𝑉 = 𝐼𝑅          (2.1)  
where R is the resistance of the conductor in Ohm’s. For a given material the resistance 
is proportional to the length L and inversely proportional to the cross-sectional area A of 
the conductor. These relations are expressed in the equation  

𝑅 = 𝜌
௅

஺
          (2.2) 

The proportionality constant 𝜌 is the resistivity of the conductor measured in ohm’s. 
If we substitute equation (2) in (1) and rearrange the terms, we will get the following 
expression: 

 
௏

௅
=  𝜌

ூ

஺
          (2.3) 

 
From the above figure, we obtain Electric field 

 𝐸 =
ିௗ௎

ௗ௥
=

௏

௅
          (2.4) 

Current density  

𝐽 =
௖௨௥௥௘௡௧ 

௔௥௘௔
=

ூ

஺
         (2.5) 

we can now rewrite ohm’s law as 
 𝐸 = 𝜌𝐽      

However, the quantities that are measured are V and I. However, if we consider the flow 
of current around an electrode that introduces a current I at the surface of a uniform half 
space. The electric field E at a distance r from the input electrode is obtained from ohm’s 
law (Eq. (4)) 

 
The figure above is the illustration of a half uniform sphere with a surface area of  

2𝜋𝑟ଶ𝐸 = 𝜌𝐽 = 𝜌
ூ

ଶగ௥మ
         (2.7) 

Putting (2.7) into (2.4) yields the electrical potential U at a distance r from the input 
electrode:  

ௗ௎

ௗ௥
= −𝜌

ூ

ଶగ௥మ
          (2.8) 

upon integrating Eq. (8) we obtain 
𝑈 =  𝜌

ூ

ଶగ௥మ
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The figure above consists of an arrangement of a pair of current electrodes and a pair of 
potential electrodes. The current electrode A and B act as source and sink, respectively. 

At the detection electrode C, the potential due to the source A is + 𝜌𝐼
(2𝜋𝑟஺஼)ൗ , while the 

potential due to sink B is −𝜌𝐼
(2𝜋𝑟஼஻)ൗ . The combined potential at C is 

𝑈௖ =
ఘூ

ଶగ
ቀ

ଵ

௥ಲ಴
−

ଵ

௥಴ಳ
ቁ         (2.10) 

Similarly, the resultant potential at D is  

𝑈஽ =
ఘூ

ଶగ
⦋ቀ

ଵ

௥ಲವ
−

ଵ

௥ವಳ
ቁ         (2.11) 

The potential difference measured by a voltmeter connected between C and D is 

 𝑉 =
ఘூ

ଶగ
ቂቀ

ଵ

௥ಲ಴
−

ଵ

௥಴ಳ
ቁ − ቀ

ଵ

௥ಲವ
−

ଵ

௥ವಳ
ቁቃ          (2.12) 

All the quantities in the above equation can be measured at the ground surface except 
the resistivity which is given by 

 𝜌 =  2𝜋
௏

ூ
ቂቀ

ଵ

௥ಲ಴
−

ଵ

௥಴ಳ
ቁ − ቀ

ଵ

௥ಲವ
−

ଵ

௥ವಳ
ቁቃ  ିଵ      (2.13) 

where  

𝐺 = ቂቀ
ଵ

௥ಲ಴
−

ଵ

௥಴ಳ
ቁ − ቀ

ଵ

௥ಲವ
−

ଵ

௥ವಳ
ቁቃ      

is the geometric factor, the value obtained from (2.13) is called apparent resistivity 
(Lowrey and Williams, 2007). In the Schlumberger configuration, the current and the 
potential pairs of electrodes often have a common mid-point, but the distance between 
the adjacent electrodes differ. Let the separations of the current and potential electrodes 
be L and a, respectively. Then 𝑟஺஼  =  𝑟஽஻ = (𝐿 − 𝑎) 2⁄   and 𝑟஺஽ = 𝑟஼஻ = (𝐿 + 𝑎) 2⁄  
Substituting in equation (13) we get 

𝜌 =  2𝜋
௏

ூ
= ቂ

ଶ

௅ି௔
 −

ଶ

௅ା௔
 −

ଶ

௅ା௔
 −  

ଶ

௅ି௔
ቃ

ିଵ

   

=
గ

ସ

௏

ூ
ቀ

௅మି ௔మ 

௔
ቁ           (2.14) 

in this configuration, the separation of the current electrode is kept much larger than that 
of the potential electrodes (𝐿 ≪ 𝑎). Under these conditions, (2.14) simplifies to 

𝜌 =
గ

ସ

௏

ூ
ቀ

௅మ 

௔
ቁ   

 
DATA COLLECTION AND PROCESSING 
3.1 Data Collection 
Data were collected at ten difference location i.e VES station 1 to 10 in the study area for 
the purpose of interpretation. Table 1 below depicts the raw data where each VES point 
with AB/2 starts from 1 to 100 m on either side of the sounding station while MN/2 was 
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divided into two. First part began from 0.2 m up to 10 sounding points before it was 
adjusted and end with 1.5 m.  
 
Table 3.1: Apparent resistivity Data 
AB/
2 

MN/
2 

VES
1 

VES
2 

VES
3 

VES
4 

VES
5 

VES
6 

VES
7 

VES
8 

VES
9 

VES1
0 

1 0.2 
70.0
1 

71.0
1 

800 
55.0
1 

50.0
1 

30.0
1 

70.0
1 

58.0
1 

900.
5 

25.86 

1.5 0.2 
67.8
3 

37.5
4 

558.
6 

53.5
4 

45.4
7 

28.3
1 

10.7
2 

32.4
8 

492.
4 

26.3 

2 0.2 
60.8
4 

37.7
4 

498.
1 

52.2
2 

40.3 
22.3
8 

10.7
4 

18.3
5 

146.
5 

25.93 

2.5 0.2 
49.1
5 

36.8
7 

373.
3 

52.0
8 

38.2
7 

19.9
8 

10.3 
13.8
3 

79.2
9 

25.44 

3 0.2 
38.6
6 

37.4
4 

257.
9 

54.7
5 

36.4
2 

18.9
8 

10.8
2 

12.9
7 

72.2
6 

26.07 

4 0.2 
30.1
1 

35.5
8 

149 
54.6
4 

34.4
1 

16.8
8 

9.46 
12.5
6 

60.4
1 

25.55 

5 0.2 
27.1
5 

34.6
9 

97.7
1 

52.5
1 

31.4
5 

15.0
1 

9.98 
12.1
4 

47.9 24.41 

6.5 0.2 
25.1
5 

35.0
6 

76.7
9 

53.3
3 

32.4
5 

16.7
2 

11.2
3 

13.2
4 

47.8
6 

25.06 

8 0.2 
23.0
1 

30.1
3 

77.6
9 

51.8
3 

33.4
6 

18.0
9 

5.69 
17.5
6 

50.2
9 

22.9 

10 0.2 
20.8
2 

28.6
5 

65.7
2 

49.2
3 

37.6 
20.4
9 

14.0
3 

16.8
8 

50.1
8 

22.3 

8 1.5 
20.1
5 

25 
64.7
5 

48.2
3 

36.7
8 

20.2
3 

15.2
3 

15.9
8 

50.2
9 

21.45 

10 1.5 
19.2
6 

25.1
8 

63.6
9 

48.8
9 

37.1
8 

21.8
9 

16.7
8 

18.2
1 

49.9
8 

23.43 

13 1.5 
20.0
3 

25.0
2 

68.9
9 

47.1
3 

40.8
1 

26.7
4 

15.5
2 

19.9
5 

49.8
5 

22.49 

16 1.5 
20.9
5 

25.6
2 

70.3
4 

47.1
3 

41.2
2 

32.8
8 

16.5
2 

23.3
6 

51.2
3 

24.33 

20 1.5 
25.8
2 

30.7
9 

75.9
2 

40.7
1 

43.2
6 

35.1
7 

19.7
3 

28.0
1 

50.6 24.67 

25 1.5 28.3 
32.9
9 

75.6
9 

38.9
2 

47.8
7 

52.6
7 

24.0
8 

36.5
6 

51.8
3 

27.95 

30 1.5 
29.4
5 

34 
75.0
4 

35.3
8 

45.3
1 

55.1
1 

31.6
5 

45.4
2 

55.2
5 

37.42 

40 1.5 
30.9
4 

33.2
3 

90.8
1 

30.6
1 

49.5 
68.9
2 

40.3
2 

58.6
5 

70.7
4 

46.91 

50 1.5 
32.2
8 

32.8
1 

96.1 
29.4
6 

48.8
9 

87.1
5 

45.2
2 

65.5
3 

83.7
5 

47.4 
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Data generated from the Vertical Electrical Sounding using Schlumberger configuration 
were presented as Geoelectric sounding curve and Geoelectric section. Geoelectric 
section shows the subsurface layers, resistivity, depth and thickness while Geoelectric 
Sounding Curves were obtained by plotting the apparent resistivity value against AB/2 
using Computer software IX1D for interpretation. All of which were iterated thereafter on 
the computer with the same software program, to minimize as much as possible the errors 
which yield near better curves. The interpretation of vertical electrical sounding (VES) 
data for the survey is quantitative. The following table 2 below shows the display of the 
interpreted data. 
 

 
 Figure 3.2: Map of the study area showing the Ten VES points  
  

65 1.5 
30.4
4 

30.8
9 

100.
1 

27.9
4 

52.1
6 

95.9
9 

50.0
7 

77.9
5 

88.0
4 

60.35 

80 1.5 
33.5
6 

29.9
3 

110.
2 

28.0
4 

53.9
1 

100.
8 

50.0
6 

82.7
1 

90.3
2 

61.63 

100 1.5 
35.1
2 

35.5
6 

120.
2 

35.0
2 

52.9
3 

131 48.2 
89.3
8 

100.
2 

63.61 
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Results and Discussion 
Below are the Interpreted results of the Ten VES points with their resistivity values, 
thickness and depth. Characteristic curve type of same throughout the sounding points 
with fittings errors of less than 10%. All of the VES points revealed three layers; first, 
second and infinite layer all are related because of homogenous nature of the earth sub-
surface material in the area. The lithology exhibited are mostly clay, fresh water sandy 
clay etc.  
 
3.1 VES 1:  
The VES show a three layer succession with first two layers having thickness of 1.2 m 
and depth 20 m respectively, and the last layer of infinite thickness with an H curve 
characteristic indicating a dry layer under laid by water saturated layer, figure (4.1) below 
shows the Graph and the Curve Model. If the first and second layer made up of same 
materials will they have the same resistivity value? But the other section is saturated. If 
in the same vein the material of third layer with resistivity of 40 Ωm which is over laid by 
moist region is same as the preceding layers with value 20 Ωm can have a low resistance 
which indicate moisture content of the layer. The sounding point has a fitting error of 
4.94%. 

 
Figure 4.1: The above diagram shows Graph and the Model curve of VES 1 
Geo- electric section was obtained where it contain only the electrical parameter. 
Suggested earth material that has the electrical resistivity values of 70, 20, and 40 Ωm 
are dry clay, wet clay overlying a dry clay. Figure (1a and 1b). 
Based on the suspected rock types found in this VES point any foundation laid below 20m 
is within a clay region and might likely to crack. 
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3.1.1 VES 2 
It has a three-layer case revealing a high resistance of 80 Ωm in the first layer under laid 
by moisture layer with resistivity of 20 Ωm. If the both layers contain the same material 
will they have same low resistivity? But with one section saturated with water. Figure 4.2 
below reveals the Graph and the Model curve and has a fittings error of 2.95%. The 
lithology in this sounding point are sandy clay, wet clay and clayey sand and is curve H 
type. 

 
Figure 4.2: The above figure shows the Graph and Model curve of VES 2 
Geoelectric section in this VES point contain electrical parameters of 80 Ωm, 20 Ωm, 43 
Ωm and the suggestive rock that has this values probability are clay which is dry, overlying 
wet and dry clay. The geologic material found in this area may not be suitable for civil 
engineering because of tendency to crack. Figure (2a & b) gives the lithology and the 
depth profiles 
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3.1.2 VES 3: 
Three layer cases were sample in this VES point with 4.38% error. It is thinner with 
thickness of 1.2 m than the previous two points but related in same pattern with high 
resistivity of 90 Ωm under laid by moist region with resistance of 70 Ωm at just depth of 
20 m. If these two layers have same materials will they have same low resistivity? But 
one part is moist. If in the same way the second and third layer are dominated by same 
material, will they have similar resistivity but section of it is, saturated with water. This is 
H type sounding point with laterite, sandy and silt formation. Figure 3 

 
Figure 4.3: The above figure shows the Graph and Model curve of VES 3  
Geologic section of this VES point might not be suitable for foundation to be laid because 
it has clay up to 20 m depth suggested by electric resistivity values of 90, 70 and 150 Ωm. 
Figure (3a & b) gives the lithology and the depth profile. 
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3.1.3 VES 4:  
The VES show a three-layer succession with first two layers having thickness of 10 m 
and 12 m depth and the last layer of infinite thickness. This sample point is same as the 
previous ones, is H type curve too. Low resistivity value 20 Ωm was recorded will it be 
attributed to all three layers if supposedly are made up of same material with one part 
saturated with water? This VES point has a lithology of sandy clay, clay and sand. Figure 
(4.4) below shows the curves. 

 
Figure 4.4: The above figure shows the Graph and Model of VES 4 
Electrical resistivity values of 50, 20, and 200 Ωm for the Earth material in this section 
was assumed to name of the formation which are clay dry and wet and sand and gravel. 
This is suggesting unsuitability of the soil for building construction. Figure (4a & b) shows 
the lithology and the depth profile. 
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3.1.4 VES 5:  
This profile recorded a three layers case and has a similarity with preceding VES points 
but it is thinner in first layer with thickness less 1 m with resistivity of 55 Ωm under laid 
moist layer with value 18 Ωm figure (4.5). If the layers is occupied by same material will 
they have same low resistance with one part domicile with moisture? The infinitely layer 
with 55 Ωm, if having a similar low resistance with the layer two, can it be, the material in 
the layer three be same, with one part saturated with water? The formations are 
suspected to be dry clay, wet clay and dry clay with a H type curve having a 3% fitting 
error 

 
Figure 4.5: The above figure shows the Graph and Model of VES 5 
Suggested based on the resistivity values of 55, 18, 55 Ωm. This section was dominated 
by clay both dry and wet. Civil engineering work of any type might be susceptible to crack. 
Figure (5a & b) illustrate the lithology and depth profile. 
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4.1.5 VES 6:  
This sounding point with fitting error of 5.92% has succession of three layers. It has 
similarity with above layers but the first and second layer with thin values 1 m and 6.5 m 
depth respectively. The first and second layers are suspected to have same materials 
because of low resistivity values of 35 Ωm and 10 Ωm. In the other hand third layer is 
very pervious because it has a very high resistivity of 250 Ωm. The lithology may be wet 
clay, clay or fresh water and sand and gravel. It is type H curve. Figure (4.6) 

 
Figure 4.6: The above figure shows the Graph and Model curve of VES 6  
Electrical resistivity values of this section are 35, 10, and 250 Ωm. The geologic section 
are infer to be wet clay, wet clay or fresh water and sand and gravel. At a depth below 
7m, if foundation are laid there is a tendency to crack because of the nature of the rock 
in the area. Lithology and the depth profile in figure (6a & b) shown. 
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4.1.6 VES 7:  
Three-layer case recorded with fitting error up to 7.75% figure (4.7). The first and second 
layers have low resistivity of 30 Ωm and 9 Ωm with thickness of 0.9 m and depth of 7 m 
respectively. In third layer the resistivity gone up to 90 Ωm because of permeable nature 
of the material. It is type H curve. Fig. (4.7) 

 
Figure 4.7: The above figure shows the Graph and Model curve of VES 8 
Geo-electric parameter of this section was obtained and use it to name the Earth material 
that has the electrical resistivity values of 30, 9, 90 Ωm respectively. This is probably 
suggesting a claye area and there is a likelihood of crack to manifest on the structural 
wall. Figure (7a & b) gives the lithology and the depth profile 
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4.1.7 VES 8:  
This sounding point has a sequence of three layers profile with a fitting error of 6.46%.  
Resistance value of 120 Ωm under laid low resistance of 10 Ωm at less than 7m depth. If 
the two layers supposedly, having the same material will the resistivity be conformed to 
low with one section of it is saturated with moisture. The infinite layer under laid by low 
resistance, has a high resistivity of 190 Ωm dominated by sand and gravel material while 
the first two are suspected to made up of sand and wet clay or fresh ground water. Layer 
two of the proceeding VES point is related to this second layer in the formation which 
fresh ground water. Figure (4.8) 

 
Figure 4.8: The above figure shows the Graph and Model curve of VES 8 
The name of the rock type correspond to the electrical parameters of 120, 10, and 190 
Ωm, are suspected to be sand and gravel at a depth of less than 7 m, while in the second 
layer with depth not more than 7 m is dominated by wet clay which overlaid a sand and 
gravel.  Figure (8a & b) illustrate the lithology and depth profile. Building foundation sited 
within this range may likely to crack. 
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4.1.8 VES 9:  
This shows a three layer case. Layer one has a high resistance of 1100 Ωm at very thin 
thickness of less than 1 m indicating very dry zone under lay by moist layer at a depth of 
20 m. beneath this layer is another dry section with high resistivity of 160 Ωm. There is a 
similarity between this and the last sounding point. In this case layer two occupied by 
different material from layer one and three. It has a lithology of gravel and sand dry clay 
and it is type H curve and with fitting error of 9.50%. Figure (4.9)   

 
Figure 4.9: The above figure shows the Graph and Model curve of VES 9 
Geo- electric section was obtained where it contain only the electrical parameter and was 
used to identify Earth materials with electrical resistivity values of 1100, 50, and 160 Ωm. 
The suggested rocks could be sand and gravel in the first layer at depth of less than 1m 
overlying a dry clay up to the depth of 20 m. Figure (9a &1b) showing the lithology and 
the depth profile. 



InternaƟonal Journal of InformaƟon, Engineering & Technology 

arcnjournals@gmail.com                                                       Page | 17  
 
 

 
4.1.9 VES 10:  
In this VES point three layers were sample having a fitting error 4.95%. This profile has a 
very good relationship with the preceding ones but thicker in layer one than the previous 
VES point and has a resistivity of 25 Ωm with thickness of 5 m under laid another water 
saturated zone at a depth of 9 m with resistivity of 10 Ωm but in third layer the resistivity 
gone up to 100 Ωm. probably the materials in layer one and two are the same or similar 
because of the low resistivity value they have. The lithology is infer to be fresh water or 
clay on both layers and dry clay in infinite layer and a type H curve. Figure (4.10) below 
shows the Curves 

 
Figure 4.10: The above figure shows the Graph and Model curve of VES 10 
Suggested name of the formation in this VES point is wet clay overlaying another wet clay 
based on the electrical parameter 25, 10, and 100 Ωm at a depth not up to 10 m.  Figure 
(10a & b) gives the lithology and the depth profile. 
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Summary, Conclusion and Recommendation 
5.1 Summary 
The Vertical Electrical Sounding carried out in 10 VES stations was used to derive the 
geo-electric section of various profile; which indicate the existence of three geologic 
layers in the study area in each VES points where the survey was carried out. This 
comprised of first layer, second layer and third layer. The layer one is suspect to be clay 
soil with resistivity of 25 Ωm at VES 10 with a thickness of 5m and span over to 1100 Ωm 
with a thickness of 0.6m, which is refer to as VES 9. The layer two has a resistivity ranges 
from 9 Ωm to 70 Ωm with thickness varies from 7 m to 20 m depth. The layer three has a 
resistivity ranges from 40 Ωm to 200 Ωm which move infinitely in depth.  
 
Based on the aforementioned, it is observe that the geo - electric curve type identified in 
the area are all H type. Therefore, from the data analysis of the curve types. Curve H is 
most dominants in the area. However, the resistivity distribution reveals that, the resistivity 
is lowest in the most part of the area with value 9 Ωm at just less than 1 m which is found 
in the western part of the area. 
 
5.2 Discussion  
Based on the results interpreted the geophysical survey carried out was successful and 
the desired results was achieved with minimal errors. In all of the 10 VES points the fitting 
errors were less than 10% which indicate the reliably of the work, because the lesser the 
percentage error the more precise the work would be.   
 
Clay soil can have a significant impact on building foundations due to its characteristics. 
Here are some effects of clay soil on building foundations: 1. Shrinking and Swelling: clay 
soils have high water retention capacity, causing them to expand when wet and shrink 
when dry. This cycle of swelling and shrinking can lead to movement and instability in the 
foundation. It may results in cracks, settling. And unevenness in the building. 2. 
Differential Settlement: due to uneven moisture distribution in the clay soil, differential 
settle may occur. This means that some parts of the foundation may sink more than 
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others, leading to an uneven distribution of weight and potential structural damage. 3. 
Moisture Absorption: clay soils can absorb and retain large amounts of moisture, making 
them prone to saturation. Excessive moisture can weaken the foundation, reduce its load-
bearing capacity, and increase the risk of foundation movement or failure. 4. Poor 
Drainage; clay soil typically has a low permeability, meaning it has a limited ability to drain 
water. The Poor drainage can potentially cause water accumulation near the foundation, 
increasing hydrostatic pressure and likelihood of damage. 5. Expansive Pressure: As clay 
soil absorb water, it exerts expansive pressure on the foundation walls. This pressure can 
lead to cracking or bowing of the wall, compromising the overall structural integrity of the 
building. (Kenneth and Michael, 2018). 
 
Conclusion  
Vertical Electrical Sounding (VES) technique carried out at 10 VES stations in Tudun 
Wada area of Maiduguri Metropolis Northeast Nigeria to reveal the soil potential of the 
area. Computer aided interpretation of the VES data showed three geoelectric layers in 
all sounding points. The result of successful Electrical Drilling indicates that top soils are 
mostly dominated by dry material suspected to be either sand or gravel while in the 
second layer significance amount of moisture content which was inferred to be clay 
material were seen. 
5.3  Recommendation  
Following recommendation were deduced from the study area base on the electric 
resistivity, suggestively foundation should not be laid less than 10 m depth in some part 
of the area, refer to as; VES 4 and 10, while in some part up to 20 m depth which point to 
VES 1, 3,and 9, avoid crack. A more detail geophysical investigation should be carried 
out on study area for further studies. 
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