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Abstract: This research showed the significance of electrical resistivity method for foundation studies at Ikekogbe Primary
School, Ekpoma, Edo State, Nigeria. The aim of the study is to assess the building in the area that was intensively affected by
cracks resulting in structural instability. The Electrical Resistivity method involved three techniques; Vertical Electrical
Sounding (VES), 2-D Electrical Resistivity Tomography (ERT) and Horizontal Profiling (HP) which covers a pilot test of 60
meters. Eight (8) VES were carried out using Schlumberger array with current electrode spacing varying from 1 to 40 m, with
2-D ERT using Dipole-Dipole electrode array with inter-station separation of 5 m and an expansion factor that varied from 1 to
5 and HP using Wenner array with an electrode spacing of 5 m interval. The results obtained from the VES delineated three
geoelectric units which comprise of topsoil, clayey sand and sandstone formation. The 2 D imaging (Dipole-Dipole) gave
information on the subsurface characteristic in the area with low apparent resistivity which indicates low competence material.
The Wenner profile is characterised by low resistivity. All the results correlate well with one another showing that all the
techniques used are complemented and also deduced that the failures of these buildings arise from incompetent clay materials
and lateral inhomogeneity. Evidence has shown that a suspected weak zone cut across the study area and the weak zones
contributed a great deal to the cracks observed on the classroom block. The presence of clay materials beneath the classroom
also contributed to the cracks observed. It is therefore recommended that future engineering construction should consider
possible weak zones before designing or imposed structure as such can instigate failure in the proposed structure.
Keywords: Dipole Dipole, Geoelectric Section, Wenner Profiling, Incompetent Materials, Foundation Integrity

1. Introduction
The Earth is complex in nature and very inhomogeneous in
fracture distribution. The complexity of the earth materials is
more pronounced in the basement complex regions while in
the sedimentary terrain the soil properties may be fairly
uniform over long distance. While some areas are underlain
by shallow bedrock or materials of higher load-bearing
capacity, others may have significant superficial soil cover
[1, 7]. Incessant failure of buildings has often dominated

headlines in Nigeria in recent times and this has generated
concerns prompting the entire citizenry to continue to ponder
on the causes of the failures of buildings in most part of the
country. Previous works over the years in geosciences have
attributed these failures to lateral inhomogeneity of the
subsurface, differential settlement and failure due to the
presence of weak zones beneath the buildings. [2-4, 12] In
areas of thick overburden cover, the materials could have
variety of engineering properties. While some may be very
weak especially where the clay content is high others may be

American Journal of Environmental and Resource Economics 2019; 4(2): 73-83

of high load bearing capacity especially if the aggregates are
gravelly. The rate of failed structures in Nigeria has increased
in recent times [11]. This assertion can be attributed to the
minimal attention paid towards the use of geophysics in
foundation studies. In Engineering Geophysics and site
investigation, structural information and physical properties
of a site are sought [15]. This is so because the durability and
safety of the engineering structural setting depend on the
competence of the material, nature of the subsurface
lithology and the mechanical properties of the overburden
materials [1, 7]. This research is therefore targeted at
revealing the use of electrical resistivity approaches as a
reliable means of undertaking post construction studies at
Ikekogbe Primary School, Ekpoma, Edo State as related to
the Geologic nature of the environment thereby saving a lot
of time and cost. Also, with the art of these approach, the
basic problems of imperative due to the (failure) of buildings
in the school and its environs that have emerged problematic
can be investigated and remediation actions can be taken.
Site Description and Geology of the Study Area
The study was carried out at Ikekogbe Primary School
Eguare-Ekpoma, Edo State, Nigeria (Figure 1). It is situated
between the UTM coordinates of Ekpoma datum of
Eastings745800 - 746000 m and Northings 185460 - 185620
m. The elevation ranges from 241.5 to 425.7 m above the sea
level. The area of the study falls within the Anambra Basin
covering EguareEkpoma town and Ukpenu extension in Esan
West Local Government area of Edo State, Nigeria. Three
major formations underlain the study area vis-à-vis Imo
shale, Bende-Ameki formation and Ogwashi-Asaba [5, 8, 10,
13]. The area of study is underlain by Bende-Ameki
formation, while the nearby area is underlain with 3% of Imo
shale and Ogwashi-Asaba. The area is underlain by clay,
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shale, sandstone, limestone and sand. The Niger Delta
sediment include Basin Agbada and Akata formations and
they range in age from Eocene to recent [5].
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Figure 1. Base Map of the Study Area.

Figure 2. Geological Map of Ekpoma Showing the Study Area (modified after [14]).
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2. Methodology
Three traverses of about 50 m were established in an
approximate E - W direction (Figure 3). The electrical
resistivity method utilized the horizontal profiling (HP)
technique, the vertical electrical sounding (VES) and the
combined horizontal profiling and vertical electrical
sounding techniques. The horizontal profiling utilizing
wenner electrode configuration of station separations and
electrode spacing of both 5m were used for the traverses. The
combined horizontal profiling (HP) and vertical electrical
sounding (VES) using dipole-dipole configuration to
determine the lateral and vertical variation in apparent
resistivity of the subsurface beneath the three established
traverses, electrode spacing of 5m was used along same
traverses as for the wenner electrode configuration.
Resistivity values were obtained by taking readings using the
R50 resistivity meter. The VES involved the use of
Schlumberger array. Eight (8) sounding stations were

occupied along the three established traverses, and the
current electrode spacing (AB/2) was varied from 1 to 40 m.
In order to process the electrical resistivity data, the apparent
resistivity values were plotted against the electrode spread
(AB/2). This was subsequently interpreted quantitatively
using the partial curve matching method and computerassisted 1-D forward modeling with Win Resist 1.0 version
software [16]. The horizontal profiling data were plotted on
excel work sheet while the dipole-dipole data were inverted
into 2-D subsurface images using the DIPPRO™ 4.0
inversion software [6]. 2-D electrical imaging of the
subsurface was obtained using dipole-dipole configuration.
The inter-electrode spacing of 5 m was adopted while interdipole expansion factor (n) was varied from 1 to 5.
Resistivity values were obtained by taking readings using the
R50 resistivity meter. The results from the three techniques
were integrated in order to determine the consequences of the
differential settlement.

Figure 3. Data Acquisition Map of the Study Area.

3. Results and Discussion

3.1. Characteristic of the VES Curves

The results of the study were presented as Sounding curves
geo-electric sections, pseudo sections, and profiles.

Curves types identified ranges from A, KH and HK
varying between three to four geo-electric layers. The A
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curve type was predominating. Typical curve types in the

area are as shown in Figure 4(a-c).

Figure 4. Typical ‘A’ sounding curve.

Figure 5. Typical ‘HK’ sounding curve.

Figure 6. Typical ‘KH’ sounding curve.
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3.2. Geoelectric and Lithological Characteristic Along the
Three Traverses
The geo- electric sections were represented by the 2-D
view of the geo-electric parameters (depth and resistivity)
derived from the inversion of the electrical resistivity
sounding data The geoelectric section along Traverse 1 to
traverse 3 (Figure 6 to 9) attempted to correlate the
geoelectric sequence across the study area. The geoelectric
sections identified three geoelectric/geologic subsurface
layers. The topsoil comprising of clay, clayey sand, sandy
clay and sandstone with the resistivity values ranges from

128 to 1101 Ω-m with its thickness varies from 0.6 to 1.2 m,
the clayey coarse sand comprises of clay and clayey sand
with resistivity values range from 225 to 383 Ω-m and
thickness ranges from 3.4 to 13.2 m while the sandstonelayer
resistivity varies from 1267 to 3732 Ω-m. The resistivity
values of the topsoil are indicative of clay, sandy clay, and
clayey sand. This layer may not be of any particular interest
since topsoil is usually excavated. Hence, the foundation of
the proposed structures was founded within the upper 2m
which is clayey in nature.
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Figure 7. Geoelectric Section along Traverse One.

Figure 8. Geoelectric Section along Traverse Two.

Figure 9. Geoelectric Section along Traverse Three.
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3.3. Dipole-dipole Pseudosection
The 2-D Pseudosection was produced from the dipoledipole data taken along the three (3) traverses Figure (10-12).
The Dipole-Dipole traverses covered a distance of about 60
meter along East to West Orientation. It delineated three to
four major subsurface material/layer components, identified
with various colour for easy characterisation; The layer
lithological materials varies from Topsoil comprises of clay,
clayey sand and sandy clay material as indicated in
green/bluecolour with layer resistivity variation of 119 to
207Ωm. Following this layer is another characterised by low
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resistivity variation from 207 to 459 Ωm with the dominant
resistivity being between 15.6 Ωm and 112.6 Ωm. These are
as characterised by lithologic units that can be classified
sandy shales, and shaly sands, with layer thickness varying
from 1 to 25 m they are indicated with green, light green, and
green/blue colour. These zones are characteristically weak
and made up of attributes of low foundation integrity. The
few zones with materials of high/moderate integrity can be
found around the pegging of the traverse within 35 to 45 m to
a depth of 5 m along traverse one and two, also within 10 to
25 m along traverse three.

Figure 10. Dipole-Dipole Pseudo-section along Traverse One.
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Figure 11. Dipole-Dipole Pseudo-section along Traverse Two.

Figure 12. Dipole-Dipole Pseudo-section along Traverse Three.
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to 25 m demonstrated fear competence with apparent
resistivity value ranging from 380 to 400 Ωm (Figure 7a).
Weak zone was also observed within the 30 to 55 m along
traverse three with apparent resisitivity varying from 200 to
280 Ωm (Figure 7b).

3.4. Horizontal Profilling
Horizontal profiling was produced from the Wenner data
obtained along the traverse one and three (Figure 13 and 14).
The results obtained further revealed that the zone is
generally weak with apparent resistivity varying from 10 to
200Ωmbetween 30 to 40m along traverse one while within 5
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Figure 13. Horizontal Profiling along Traverse One.
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Figure 14. Horizontal Profiling along Traverse Three.

3.5. Synthesis of Results
Figure 13 displays the correlation of result obtained from
the geophysical techniques along traverse one which clearly
showed that they complement each other. The Wenner
profiling observed at a distance 25 to 40 m demonstrated
weak zone with apparent resistivity value ranging from 10 to
200 Ωm which coincides with the low resistivity zone (weak
zone) 0bserved on the dipole-dipole pseudo-section at a
distance 25 to 40 m. This also agree with the depression
observed on the geo-electric section at the same distance
which indicate low integrity and the causes of the
differentiate settlement. Also the low resistivity zone (weak
zone) 0bserved on the dipole-dipole pesudosection at
distance between 10 to 25 m m at depth of 0 to 25 m coincide
with the depression observed on the geo-electric section at

distance 10 to 25 m on Figure 16. The Wenner profiling zone
is generally weak with apparent resistivity varying from 180
to 300 Ωm at a distance of 30 to 60 m correlate with the low
resistivity zone observed on the dipole-dipole pseudo-section
at distance between 30 to 60 m and with the depression
observed on the geo-electric section which indicates low
integrity (Figure 17). Correlating the electrical resistivity
methods employed along traverses one and three highly show
a weak zone with portion of classroom designated on this
weak zone. These weak zones contributed a great deal to the
cracks observed on the classroom block (figure 9). The
presence of clay materials beneath the classroom could also
be a contributor to the cracks observed. These results reveal
that the Electrical resistivity techniques used for this study
are complimentary.
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Figure 15. Correlation of Results along Traverse one.

Figure 16. Correlation of Results along traverse two.
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Figure 17. Correlation of Results along traverse Three.

Figure 18. Showing the Cracks in the Building Located Along Traverse 3.

4. Conclusion
The study has shown the relevance of geophysical site

study for foundation design consideration. The investigation
was carried out at Ikekogbe Primary School, Ekpoma, Edo
State; where buildings in the study area were severely
damaged by a series of cracks as pronounced on the walls of
the buildings which affect their stability. The objective is to
investigate the cause (s) of building failures in the area
whether it is precipitated by geological factors or otherwise.
The results obtained from VES delineated three to four
geoelectric units which comprises of topsoil, clay sand, sandy
clay and sandstone units. From the comprehensive
interpretation it is deduced that: the failures of these
buildings arise from two factors which are incompetent clay
materials and lateral inhomogeneity. All the results correlate
well with one another showing that all the techniques used
are complemented. No building can be constructed
successfully in this area and most other part of the country
with similar formation where clay or shale is a major factor
without a thorough geophysical studies and information that
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will assist the construction Engineers; at using the right
materials as well as excavating to a specific depth with a
view to replacing the shale/clayey material with necessary
competent materials, complement with reinforcement and
proper drainage.
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