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ABSTRACT: Sub-surface exploration provides valuable input regarding the type, age and depositional
environment of geologic formations existing at a site for use in planning and interpreting the site conditions. Hence,
the objective of this paper was to evaluate and provide data on the geo-technical sub-surface exploration for
delineation of structural foundations in Technical University, Ibadan, Nigeria using Vertical Electrical Sounding
(VES) to determine the suitability of the sub-surface competence of the site for construction purposes and building
development in the institution. The results indicated that the resistivity value of different geo-electric layers showed
that geologic value greater than 20 m (thick weathered bedrock) can support massive civil engineering structure
while 5-10 m can support small civil engineering structure.
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The rate of buildings failure throughout the country
has increased in recent times and a number of lives and
properties have been lost. There are several cases of
collapsed building and cracking of walls as a result of
poor foundation during construction and lack of site
investigation (Amadi et al., 2012; Adagunodo et al.,
2014). This may be linked to poor soil stability, since
some soils are more sensitive to moisture gain or loss
and also lack of knowledge of structural distributions
of the subsurface (Kwaerno and Oygarden 2006).
Geophysical surveys are often ignored when
considering sites for construction purposes. The
design of a structure which is safe, durable and has low
maintenance  costs depends upon adequate
understanding of the ground on which such building is
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located (Ozegin et al., 2013; Plagnes et al., 2011). The
necessity for site characterization for construction
purposes has therefore become very important so as to
prevent loss of valuable lives and properties that
always accompanied such failures. The primary
purpose of all site investigations is to obtain the data
needed for analysis and design (Oyedele et al., 2012;
Gassman et al., 1995). Some general reasons why
buildings may be susceptible to collapse have been
advanced, which include poor quality of building
materials, salinity and age of buildings. Less
frequently mentioned is subsurface condition of the
ground on which the buildings are sited. The geology
of an area plays an important role in the construction
of buildings. Most buildings are constructed on soil
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that has inadequate bearing capacity to support the
weight of the structure (Kwaerno and Oygarden 2006;
Adiat et al., 2009; El-Khabiry and Colver 1997).
Constructions are affected by geological/geophysical
features. These geological and geophysical features
include fractures, voids, extent of depth to bedrock,
depth to the water table, etc (Arshad and Ahmed 2007;
Telford et al., 1990). A good knowledge of the
underground strata before construction will help in
preventing cracks. Seepage precipitated settlement
and natural differential settlement arising from the
underlying clayey substratum were responsible for the
failure of spilling structure (Amadi et al., 2012;
Kwaerno and Oygarden 2006). Electrical resistivity
survey is increasingly being used in environmental,
engineering and hydrological investigations as well as
geothermal and mineral prospecting, where detailed
knowledge of the subsurface is sought. (Agada et al.,
2017; Kana et al., 2015; Doolittle et al., 2006; Sabins
1999; Kammerling et al., 1994). It is based on the fact
that the subsurface structures possess varying
resistivity and it provides subsurface information
regarding subsurface resistivity distribution, thickness
and depth of various layers when compared with other
methods like gravity and magnetic. The differences in
electrical properties are investigated and analyzed to
delineate underground structures. Due to high spatial
resolution, relatively fast field data acquisition time
and low cost, the geo-electrical methods have been
employed by several researchers in studying the
subsurface structures (Joshua et al., 2011; Keary et al.,
2002; Kumar 2012; Soupios et al., 2010; McGregor et
al., 2001). Therefore, investigation of the foundation
bedrock and the subsoil condition of soil is vital to
determine the cause(s) of the failure of the building
which manifest in form of tilting and cracks.
Therefore, the need for pre-foundation studies has
therefore become very imperative so as to prevent loss
of lives and valuable properties that always
accompany such failure. Hence objective of this paper
was to evaluate and provide data on the geo-technical
sub-surface exploration for delineation of structural
foundations in Technical University, Ibadan, Nigeria.

MATERIALS AND METHODS

Location and Geology of Study Area: The study area
is located inside the Technical University Ibadan along
the Ibadan-Lagos express way in Ibadan, Oyo State in
Southwestern Nigeria. About half of the total land
mass of Nigeria is covered by the Precambrian
basement complex rocks introduced by younger
granites of Jurassic age. The other half is made up of
Cretaceous to Recent sediments overlying the
basement rocks. The basement complex rocks in
Ibadan area are mainly the metamorphic rocks of
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Precambrian age with few intrusions of granites and
porphyries of Jurassic age. The dominant rock types
are quartzites of the meta-sedimentary series and
banded gneisses, augen gneisses and migmatites
which constitute the gneiss-migmatite complex. Other
associated rock types include pegmatites, quartz,
aplites, dolerites dykes, amphibolites and xenoliths. In
most part of Ibadan, the rocks are overlain by
weathered regolith; thus, outcrops are correspondingly
few. Banded gneiss constitutes over 75% of the rocks
in and around lIbadan while augen gneisses and
quartzites share the remaining in about equal
percentages (Sunmonu et al., 2013; Rahaman 1989).

Geophysical Data Acquisition: Geophysical survey
was carried out using vertical electrical sounding
(VES) with the Schlumberger electrode configuration
employed. The current electrode spacing (AB/2)
ranges from Om to 30m in successive steps with five
traverses in the east-west direction and 4 profiles in the
north-south direction. A total of 20 VES stations were
carried out and measurements made with aid of a
DDR1 Resistivity meter along the transverse sections
forming the grid of the selected area. The grid points
of the selected area were classified into 9 profiles and
results were collated. The instruments and materials
used for the data acquisition are resistivity meter, steel
metal electrodes, connecting cables, measuring tape,
hammer, compass, data recording materials, global
positioning system (GPS).

Data Processing: The resistance data obtained on the
field was multiplied by the Schlumberger geometric
factor to obtain the apparent resistivity values. The
vertical electrical data were subjected to partial curve
matching which involves plotting of field data on
transparent logarithm paper. The field curve is then
superimposed on the master curve with the axes kept
parallel to each other. It is moved around until a fit
good enough for connecting as many as possible data
points is achieved. The point of intersection of the
master curve was then marked on the field curve
tracing paper and then the curve matched. The
resistivity value was obtained from the logarithm
paper Y-axis while the X-axis gives the thickness of
the layers. Computer iteration was carried out with the
use of the WINRESIST geophysical software after the
curve matching process. The advantages of the log-log
plot is that it gives the possibility of the plotting both
large and small value of apparent resistivity on the
same log paper and also permits the comparison of the
plotted curve with standard curve design for this
purpose. This is important, because interpretation of
the results depends largely on the small variations in
resistivity occurring at shallow depth.
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RESULTS AND DISCUSSION

The results obtained from the electrical resistivity
survey is presented in table 1 and generated into geo-
electric sections with respect to the elevation of each
VES point (figures 5-9). The results are also presented
in form of field curves and geo-electric sections
(figures 2-4). The curves obtained within the study
area include the H-curve and the K-curve types. A
quantitative interpretation of the VES curves resulted
in determination of geo-electric layer parameters
(layer resistivity and thickness) for the subsurface
characterization.

Fig 1: Geo sensors resistivity meter used for data gathering.

Table 1: Geo-Electric Parameters and Inferred Lithology of the study area
VES Station Possible lithology Top Soail Weathered Basement Fresh Basement Curve Type

Resistivity (Qm) 481.8 159.2 203.5

VES 1 Thickness (m) 0.6 10.1 Infinity H
Depth (m) 0.6 10.6 Infinity
Resistivity (Qm) 164.2 35.1 364.1

VES 2 Thickness (m) 3.6 5 Infinity H
Depth (m) 33 9.1 Infinity
Resistivity (Qm) 121.2 39 831.8

VES 3 Thickness (m) 3.3 5.9 Infinity H
Depth (m) 33 9.1 Infinity
Resistivity (Qm) 192.4 84.6 1503.5

VES 4 Thickness (m) 2.7 17.2 Infinity H
Depth (m) 2.7 19.9 Infinity
Resistivity (Qm) 194.7 68.5 395

VES 5 Thickness (m) 0.8 25,5 Infinity H
Depth (m) 0.8 26.6 Infinity
Resistivity (Qm) 132.8 240.2 93.7

VES 6 Thickness (m) 1.6 11 Infinity K
Depth (m) 1.6 2.8 Infinity
Resistivity (Qm) 123.3 210.9 97.9

VES7 Thickness (m) 1.4 1.4 Infinity K
Depth (m) 14 2.8 Infinity
Resistivity (Qm) 100.9 177.4 80

VES 8 Thickness (m) 2.3 29 Infinity K
Depth (m) 2.3 5.2 Infinity
Resistivity (Qm) 232.2 83.5 630.4

VES 9 Thickness (m) 0.8 139 Infinity H
Depth (m) 0.8 14.7 Infinity
Resistivity (Qm) 248.6 116.2 203.6

VES 10 Thickness (m) 11 19.2 Infinity H
Depth (m) 11 20.3 Infinity
Resistivity (Q2m) 135.2 98.7 130.1

VES 11 Thickness (m) 0.6 9.3 Infinity H
Depth (m) 0.6 9.9 Infinity
Resistivity (Qm) 182.2 90 142.4

VES 12 Thickness (m) 0.4 2.7 Infinity H
Depth (m) 0.4 3.1 Infinity
Resistivity (Qm) 66.4 92.2 2135

VES 13 Thickness (m) 0.6 10.5 Infinity A
Depth (m) 0.6 11 Infinity
Resistivity (Qm) 297.5 85.5 351.2

VES 14 Thickness (m) 0.7 16.9 Infinity H
Depth (m) 0.7 17.6 Infinity
Resistivity (Qm) 2449 67 1445

VES 15 Thickness (m) 0.9 16.1 Infinity H
Depth (m) 0.9 16.9 Infinity
Resistivity (Qm) 254.4 105.9 79.2

VES 16 Thickness (m) 0.6 6.6 Infinity Q
Depth (m) 0.6 7.2 Infinity
Resistivity (Qm) 335 104.6 324.4

VES 17 Thickness (m) 0.6 185 Infinity H
Depth (m) 0.6 19.1 Infinity
Resistivity (Qm) 210 67.6 693.5

VES 18 Thickness (m) 42 119 Infinity H
Depth (m) 42 16.1 Infinity
Resistivity (Qm) 2227 125.4 1328

VES 19 Thickness (m) 18 14.6 Infinity H
Depth (m) 18 16.3 Infinity
Resistivity (Qm) 117.7 43 902.9

VES 20 Thickness (m) 12 9.3 Infinity H
Depth (m) 1.2 10.4 Infinity
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Fig 4: Representative curve type of VES 12 obtained in the study area

Geoelectric Section: Figures 5-9 shows the geoelectric
section generated along the profiles established within
the study area. All the sections revealed a maximum
of three layers which could be classified into three
major geologic layer. This includes the top soil, the
weathered/ fractured basement rock, and lastly the
fresh basement rock. The resistivity of the top soil
ranges from 100Qm to 481.1 Qm with depth ranging
from 0.4m to 4.2m below the surface. The weatherd
basement value ranges from about 35Qm to 240Qm
with thickness ranging from 1.1m to 25.5 m. it is
composed of already weathered rock. The third layer

which is the fresh basement rock has resitiivty values
reanging from 79.2Qm to 1503Qm and it consitiute
the last layer. High degree of inhomogeniety in the top
soil is responsible for the variations of the topsoil and
of the other subsequent layers. Regions with low
resistivity distribution resulted from water saturation
at those points and regions of high resistivity value
resulted from low porosity and permeability rate
which leads to reduction in the level of water
stauration. The top soil is generally thin but the depth
to bedrock varies across each geoelctric sections with
as deep as 25.5m in VES 5 (Table 1).

s wan wn Vs

"“Iﬁ"'gl—i

Fig 5: Geo-electric section along: a: Profiles 1,2,3 and 4, b: Profiles 5,20,15 and 14
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Fig 6: Geo-electric section along a: Profiles 6,19,16 and 13 b: Profiles 7,18,17 and 12

Fig 8: Geo-electric section along: a: Profiles 2,20, 19,18 and 9; b: Profiles 3, 15, 16, 17 and 10
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L

Fig 9: Geo-electric section along Profiles 4,14,13, 12 and 11

Conclusion: Results revealed three subsurface layers
of topsoil, weathered/fractured basement and fresh
basement and Curve types include H, A, K, and Q. The
H-type curve is dominant and accounts for 75% of the
curve types obtained from the study area which
indicates the presence of highly resistive layers typical
of Basement Complex areas. Based on the resistivity
values of the different geo-electric layers, the geologic
units greater than 20m like the thick weathered
bedrock are competent and can support massive civil
engineering structures while units between 5m-10m
can support small civil engineering.
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