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Abstract
A geophysical and geotechnical pre-foundation study on the proposed ICT center of the
Olusegun Agagu University of Science and Technology (OAUSTECH), Okitipupa, was carried
out to determine the suitability and competency of the subsurface soil and evaluate its
engineering implications for infrastructural development. The Dipole-Dipole array, with a
spacing of 5 meters, was used to investigate the subsurface lithology and its suitability for
construction application in relation to the depth, thickness, and resistivity of subsurface
materials. Three (3) traverses, 110 meters each, were employed. Four (4) soil samples randomly
taken at depths of 0.5 meters were used to carry out geotechnical laboratory tests. The first
layer resistivity ranges from 153 ohm-m – 1005 ohm-m with maximum thickness of
approximately 2 meters, the second layers resistivity value ranges between 1162 ohm-m to
84965 ohm-m with corresponding thickness of 10 meters – 15 meters, and the third layer has
resistivity values above 221486 ohm-m. Geotechnical analysis carried out on the soil samples
obtained are Natural Moisture Content (NMC) with values between 14.1% to 14.3%, Grain
Size Analysis with > 50% finer passing, Atterberg Limit Test with plastic limit ranging from
19.4% to 19.9%, Consolidation test ranging from 0.0131 – 0.0136m²/yr, Unconfined
Compression (UC) Test revealing approximately 182.5Kla, Permeability test ranging from
1.33×10-5 cm/s to1.85×10-5 cm/s, and Specific Gravity (SG) of 2.648 - 2.654. Three geological
layers were inferred namely; clayey sand, sandy clay and sand. From the geophysics and
geotechnical it can be inferred that the study area is competent. But Excavation of soil to a
depth of about 2 meter at which the soil is adequately competent (consolidated) is
recommended.
Keywords: Assessment; Geophysical; Geotechnical; Dipole-dipole; Soil Competence.
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It stretches from South-eastern Ghana on the west to Benin
Republic and Togo on the east to the Okitipupa ridge in
southern Nigeria. The base map and geological map of Ondo
State showing the study area is depicted in Fig. 1 and 2.

I. INTRODUCTION

G

eoscientists, engineers, and other professionals routinely
conduct geophysical investigations and subsurface
assessments for environmental remediation and other aspects
of site characterization are used in engineering design and
construction. [1]. In recent years, more structures have failed
due to inadequate bedrock knowledge, incorrect top soil
characterization, inability to determine groundwater levels,
underground voids, and cavities in carbonate rocks, and soil
strata competence [2]. This understanding will aid in the
provision of adequate design data information as well as
determining the likelihood of failure before design, and
establishing the suitability of the location before building a
safe, durable, and low-maintenance structure
All structures on the earth have foundations that are
supported by rocks. The majority of structural failure issues
are caused by a faulty foundation and poor-quality building
materials. However, there is insufficient understanding of the
physico-mechanical factors that determine the competency of
soil-supporting engineering structures [3].
Geophysical methods are used to determine subsurface
structures such as cavities, voids, sinkholes, fractures, faults,
and other hazards in civil engineering structures [4].
Engineering geophysics provides detailed information on the
subsoil's competence in foundation engineering [3].
Various methods of geophysical investigations/survey are
frequently used to visualize the Earth's subsurface in support
of subsoil investigations. Geophysical methods that are
commonly used include seismic tomography, electrical
resistivity, gravity, ground penetrating radar and
electromagnetic [5], [6].
In the present study, geophysical and geotechnical methods
of the survey were integrated into evaluating the competence
of the subsoil at the proposed ICT building of the Olusegun
Agagu University of Science and Technology (OAUTECH,
formerly OSUSTECH), Okitipupa. The Integration approach
involves geophysical investigation using the dipole-dipole
array and geotechnical investigation by collecting soil samples
to be analysed in a standard geotechnical laboratory. The
objectives are to determine the geological parameters and
nature of the lithology of the subsurface, delineate subsurface
geological features and thus determine competent and
incompetent layers in the subsurface.
The research area is on the permanent site of OAUTECH,
Okitipupa, designated for the construction of the information
technology (ICT) building with an area approximately 250 m
x 145 m in size and is located between longitudes 4°3' E and
6°00' E and latitudes 5°42' N and 8°15' N. Okitipupa is located
in Ondo State's Southern District, in south-western Nigeria,
and it’s within the Nigerian sector of the Dahomey basin. The
basin is a marginal pull-apart basin formed during the early
Cretaceous separation of the African and South American
plates, and it is part of a network of West African pre-cratonic
basins formed during the beginning of rifting [7], [8] and [9].
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Fig. 1 Base Map of the Study Area

Fig. 2 Geological Map of Ondo State showing the Study
Area [10].
The study area comprises undulating lowlands which
characterizes the coastal sedimentary rocks of south-western
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Nigeria. The drainage pattern observed in the study area is
dendritic. They are characterized by irregular branching of
tributary streams in many directions at almost any angle.

soil weighing 250g was made to pass through a stack of
meshes arranged according to sizes in descending order. The
stack was placed in a shaker and the clamps were fixed and
the time adjusted (10 to 20 minutes). The setup was left to
shake and the mass of soil retained in each sieve was measured
and analyzed.
3) Atterberg Limit Tests

II. MATERIALS AND METHOD
A reconnaissance survey was carried out in the study area
to acquire topographic information and the geology of the
study area which is of an approximated dimension of 250 m x
145 m. The GPS reading was used to generate the base map of
the study area. The electrical resistivity method of geophysical
survey was carried out using the Dipole-Dipole array and three
traverses were established, with a station interval of 5 meters
with a Dipole level (n=5).
Soil samples obtained at four different locations within the
study area were analyzed using geotechnical analysis in the
laboratory.

I) Liquid Limit (LL)

A small amount of the sifted soil was mixed with distilled
water, a penetrometer cup was filled with the wet sample, and
a pallet was used to level the soil in the cup, the cone was later
released on the soil for about five minutes and the penetration
reading was taken from the gauge and recorded (in mm), the
wet sample was taken using pallet knife inside the moisture
content can, weighed and was placed inside the oven for 24
hours to know the mass of the dry soil, so that the moisture
content can be calculated. This method was repeated three
times.
The number of penetration was plotted against the
moisture content and a curve is drawn through the plotted
points. The curve is called the flow curve, in which the straight
line is drawn to the moisture content to determine the value of
the liquid limit for each sample.
4) Plastic Limit (PL)
A small quantity of soil was taken and the sample was
sieved through a 425μm sieve. It was thoroughly mixed with
distilled water and subsequently moulded into a ball. The soil
was moulded between the palm, finger, and glass plate until
the soil's heat was sufficient to cause minor cracks then the
sample was divided into two subsamples was later roll
between the tip of the finger and with a glass plate into 3mm
diameter and was weighed immediately before it was placed
inside the oven for 110oC, It was weighed after dryness. The
moisture content was then calculated.
5) Linear Shrinkage (LS)
The brass mould is rub with grease, after it is filled with
wet soil and placed inside an oven for 48hours to determine
the shrinkage which occur to the soil, which will now be
measured by a meter rule after it dryness. Mathematically
linear shrinkage is calculated by this expression
𝐿. 𝑆 % = × 100
(2)
6) Compaction Test
The soil was pulverized and sieved through the 20mm
sieve and 3kg of the sample was weighed and poured into a
large tray. The base plate was fixed to the mold, weighed, and
recorded as M1, later the extension collar was attached, while
the mold was rubbed using oil, 8% water of the soil sample
was mixed with it and was divided into 3 equal parts, then the
mold was filled with the first part and 25kg hammer was used
to blow at a count of 25 blows. The hammer was always in
contact with the soil surface as the blow was distributed over
the surface, the second and third part was done the same way
but the third part was compacted very well so that it will not
extend above the mold, later the extension collar was removed

A. Geophysical Measurements
The geoelectrical data was collected using a 12-electrode
system, which allowed for automated measurements of near
surface apparent resistivity using a dipole-dipole electrode
array. This technique has a high horizontal resolution but
suffers from a relatively low signal strength [11]. The dipoles
were spaced 5m apart. Using the commercial software
package DiproTM® [12], the resistivity data were processed
and inverted [13]. The RMS errors were quite low due to the
high quality of the processed data (less than 7 percent). The
data output is used to make interpretations.
B. Geotechnical Study survey
The acquisition of soil samples for the geotechnical study
involves the excavating of topsoil to a depth of 0.5m and the
samples were taken randomly at these four positions, after
which it was kept in a polythene bag to prevent them from
being exposed to air to prevent it from losing water. The
samples were later taken to the laboratory for analysis. The
geotechnical tests conducted includes Natural Moisture
Content (NMC), Grain size analysis, Atterberg limit tests and,
Confined and Unconfined test.
1) Natural Moisture Content (NMC)
The Natural Moisture Content (NMC) of a soil is the ratio
of the weight of water in a given sample to that of the dry
weight of the sample. The soil mass was weighed, and a small
amount of the soil sample was placed in two different cans.
Each can was subsequently placed in the oven for 24 hours,
and the weight was taken again to determine the dry mass of
the soil sample. The NMC can be calculated as follows:
Weight of empty can = W0 (g)
Weight of empty can + wet soil = W1 (g)
Weight of empty can + dry soil = W2 (g)
Weight of water in the pores of the soil = W1- W2 (g)
𝑁𝑀𝐶 =

(

)
(

(

)
)

× 100

(1)

2) Grain Size Analysis
A representative sample of oven-dried un-conglomerated
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and straight was used to trim the soil compacted above 6 mm
until is perfectly leveled with the top of the mold. The weight
of the mould along with the compacted soil was taken and
recorded. A portion of the soil that had been compacted and
extruded from the mould was taken as a sample from both the
top and the bottom for moisture content determination. To
raise the water content, 2% of water was added to it. The same
step was repeated about four times till the weight of the mold
plus compacted soil dropped.
7) Consolidation test
When subjected to different vertical pressures, the
Consolidation test is used to ascertain the magnitude and rate
of volume decrease in a laterally confined soil sample. Using
the measured data, the consolidation curve (pressure-void
ratio relationship) can be plotted. This data can further be used
to estimate the compression, recompression index and preconsolidation pressure of the soil. Furthermore, the data can
be used to calculate the soil's consolidation and secondary
compression coefficients
8) Unconfined Compression (UC) Test
The soil sample was compacted into a mold and later
extruded. An exact diameter of the soil at the top at three
locations at an angle of 1200 apart at exact length; was also
average and recorded as length. The mass of the sample was
weighed. The sample was positioned and centered on the
device's bottom plate, the upper plates were adjusted to make
contact with the sample, and the deformation dial was set to
zero. The load was applied until the load dial was decreased,
and the apparatus produced axial strain at a rate between 0.5 2.0 percent per minute. The load and deformation dial
readings were recorded. The sample was then extracted from
the compression apparatus, and its moisture content was
measured.
9) Specific Gravity (SG)
In the laboratory, a Pycnometer is utilized to determine the
specific gravity of a soil sample. The specific gravity of a soil
is utilized to determine the phase relationship between air,
water, and solids within a given volume of soil.
10) Permeability Test
Permeability test (or hydraulic conductivity) is a test used
to determine the rate at which water flows through a soil. It is
a function of grain size, shape and voids.

and 448 Ωm. The second layer (in green/yellow color)
corresponds to the lateritic layer with resistivity values
ranging from 1162 – 19949 Ωm and a depth of about 4 m. The
third layer (red /purple color) corresponds to resistivity values
ranging from 53745 Ωm – 412218 Ωm which is termed to be
the most competent layer. It should be noted that at 35m to
50m across the traverse 1 and at a depth of 20- 30 m, a
conductive body was observed which was noted for further
investigation.
Traverse 2 (Fig. 4), the topsoil has a resistivity ranging from
153 Ωm – 851 Ωm showing that it is a competent bed for
foundation structure. The second layer (in green/yellow color)
corresponds to the lateritic layer with resistivity values
ranging from 5049 Ωm – 76634 Ωm and a depth of about 3m.
Traverse 3 (Fig. 5), the resistivity values ranging from 405
Ωm -1005 Ωm at the topsoil were interpreted as clayey sand.
The second layer having resistivity values ranging from 6276
Ωm – 82584 Ωm was interpreted as a competent layer.

III. RESULTS AND DISCUSSION
A. Geophysical field result
The Dipole-Dipole data was acquired from resistivity values
taken in the South – North direction for traverse 1 and traverse
2. And the third traverse was perpendicular to them at the
center (East-West direction). The inverted 2D resistivity
structure sections correlated along with the current density
sections along the traverses (Fig. 3-5).

Fig. 3 2D Resistivity Section for Traverse 1 along S – N
Direction

Traverse 1, the 2-D resistivity structure beneath Traverse
images (Fig. 3) 25m below the surface sequence. The topsoil
(in blue color) has variable resistivity values of between 245
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B. Geotechnical result
A geotechnical analysis was carried out so as to gain insight
into the types and properties of soil materials present in the
near-surface of the study area and to compare results obtained
with the geophysical results. The outcomes of the geotechnical
analysis conducted on the collected soil samples are displayed
in tables and graphs and used as a basis of interpretation.
1) Natural Moisture Content (NMC) Results
The water content of many soils may be a fundamental
index for establishing the relationship between the properties
of soils and how they behave. The moisture content of finegrained soil greatly influences its consistency. The natural
moisture content of the soil sample tested in the study area
ranges between 14.1% - 14.3% (Table I). The values indicates
that the NMC of the soils in the area is moderately low. When
the rainfall is heavy, the soil beneath the study area will not be
greatly affected.
2) Consistency Limit Results
On the four soil samples, the Atterberg limits tests were
performed to establish and describe their consistency,
providing useful information about their strength, behavior,
stability, type, and degree of consolidation [14]. As observed
from Fig. 6-9, the liquid limit value ranges from 30.2 percent
to 32.0 percent. The plastic limit ranges from 19.4% - 19.9%.
The soil samples have low liquid and plastic limits indicating
their sandy or silt nature (AASHTO classification system,
1945). The values obtained for the liquid limit and Plastic
Limit of the collected samples are in the medium range
(<30%) and indicate low plasticity of the soil samples. It is
generally believed that soils having high values of liquid and
plastic limits are not good as construction materials. The
plastic index of all soil samples in the area ranges from 10.80–
12.10 which is less than 20%, hence it is suitable for
engineering construction [15]. The higher the Plasticity Index,
the lower the competence of the soil for civil engineering
construction [16]. The linear shrinkage values of the samples
range from 11.0 – 12.0%. They are therefore good as
construction materials.
3) Compaction Test Results
As observed from Fig. 10-13, the compaction test results
of the subsoil give the Maximum Dry Density and Optimum
Moisture Content of the soil samples to range from 1923
kg/cm3 - 1946 kg/cm3 and 14.0 % - 14.6 % respectively. The
moisture-density relationship, i.e. the compaction curves,
indicates the maximum bulk density to which a given force
can compact the soil and the water content of the soil that is
optimal for maximum compaction. According to the Unified
Soil Classification System (USCS) on moisture-density
relationships, the study area's soil samples fall into sandy clay
and gravelly clay, which correlates with the Atterberg Limit
classification and grain size distribution. This demonstrates
that compaction has a gradual effect on the soil.

Fig. 4 2D Resistivity Section for Traverse2 along S – N
Direction

Fig. 5 2D Resistivity Section for Traverse 3 along E – W
Direction
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Fig. 6 Atterberg limit result for sample 1

Fig. 8 Atterberg limit result for sample 3

Fig. 7 Atterberg limit result for sample 2

Fig. 9 Atterberg limit result for sample 4
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Fig. 12 Compaction test for sample 3

Fig. 10 Compaction test for sample 1

Fig. 13 Compaction test for sample 4
4) Grain Size Analysis Results
The results obtained from the soil samples (Fig. 14-17)
reveals that the percentage of soil passing for sieves 10, 40,
and 200 range from 22.4 – 25.7%, 20.8 – 22.5%, and 51.1 –
53.3% respectively. It was observed that each soil sample
exhibited >50% finer passing (sieve 200) and according to the
USCS (Unified Soil Classification System), these samples are
classified as clay of high plasticity (CH) and are all considered
fair engineering material. There is a correlation between these
results and the resistivity distribution of the topsoil within
which these samples are taken. This indicates a direct
relationship between the resistivity of a material and its
competence to sustain the structural load [15].

Fig. 11 Compaction test for sample 2
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Fig. 14 Grain Size Analysis Result for Sample 1

Fig. 16 Grain Size Analysis Result for Sample 3

Fig. 15 Grain Size Analysis Result for Sample 2

Fig. 17 Grain Size Analysis Result for Sample 4
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5) Hydrometer Analysis Result
Hygrometer analysis is the process by which fine-grained
soil, silts, and clay, are graded. The buoyoucous Hydrometer
analysis performed on the samples to assess textural
classification reveals the samples, as revealed from the results
in Fig. 18-21, classified as silty sand.

Fig. 21 Hydrometer Analysis Result for Sample 4
6) Specific Gravity Result
From the soil sample obtained (Fig. 22-25), Sample
number one has a specific gravity of 2.652, sample number
two has a specific gravity of 6.52, sample number three has a
specific gravity of 2.654, and sample number four has a
specific gravity of 2.648. The sample has a specific gravity
range of 2.648 - 2.654, indicating that it is a silty-sand.

Fig. 18 Hydrometer Analysis Result for Sample 1

Fig. 19 Hydrometer Analysis Result for Sample 2
Fig. 22 Specific Gravity analysis for sample 1

Fig. 20 Hydrometer Analysis Result for Sample 3
Fig. 23 Specific Gravity analysis for sample 2
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Fig. 27 Permeability test for sample 2
Fig. 24 Specific Gravity analysis for sample 3

Fig. 28 Permeability test for sample 3

Fig. 25 Specific Gravity analysis for sample 4
7) Permeability Results
The results obtained from the permeability test, as revealed
in Fig. 26-29, on the samples show that the permeability rates
range from 1.33 × 10 𝑐𝑚/𝑠 to 1.85 × 10 𝑐𝑚/𝑠,
indicating a very low rate of water flow through the soil.

Fig. 29 Permeability test for sample 4
8) Consolidation Results
The consolidation properties determined from the
consolidation test (Fig. 30-33) show the rate at which the
volume of the soil decreases laterally over time. The rate of
consolidation of the soil samples ranges from 0.0131 – 0.0136
m²/yr indicating that there is a low decrease in volume of the
soil and showing that it can withstand the load of the structure
erected on it.

Fig. 26 Permeability test for sample 1
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Fig. 30 Consolidation Test Analysis Result for Sample 1

Fig. 32 Consolidation Test Analysis Result for Sample 3

Fig. 31 Consolidation Test Analysis Result for Sample 2

Fig. 33 Consolidation Test Analysis Result for Sample 4
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9) Unconfined Compression Test
UCT is a straightforward laboratory testing method for
determining the mechanical properties of rocks and finegrained soil such as clay and silt. It measures the undrained
strength and stress-strain properties of the rock or soil being
investigated.
Unconfined
compressive
strength
is
approximately 182.5Kla. The unconfined compressive
strength of soil is expressed in terms of consistency. The result
(Fig. 34-37) shows that the soil is very stiff.

Fig. 36 Unconfined Compression Test Result for Sample 3

Fig. 34 Unconfined Compression Test Result for Sample 1

Fig. 37 Unconfined Compression Test Result for Sample 4
The summary of the geotechnical analysis carried out on the
soil samples obtained from the study area is as displayed in
Table I.
Fig. 35 Unconfined Compression Test Result for Sample 2
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Table I. Summary of Geotechnical Analysis Result

to Progressive or Sudden Collapse of Engineering
Structures in Lagos, Nigeria”, The Journal of
American Science, vol. 5, no 5, pp. 91-100, 2009.
[3] M. O. Ofomola, K. A. N. Adiat, G. M. Olayanju, and
B. D. Ako, “Integrated Geophysical Methods For
Post Foundation Studies, Obanla Staff, Quarters Of
The Federal University of Technology, Akure,
Nigeria”, The Pacific Journal of Science and
Technology, vol, 10, no. 2, pp. 93 – 111, 2009.
[4] K. O. Ozegin, A. O. Oseghale, A. L. Audu, and E. J.
Ofotokun, “An application of the 2–D D.C.
Resistivity method in Building Site Investigation –
a case study: south-south Nigeria”, Journal of
Environment and Earth Science, vol. 3, no. 2, pp.
108-112, 2013.
[5] A. J. M. Pugin and T. H. Larson, “Geological
mapping using geophysics”, Workshop on
Geological Models for Groundwater Applications.
Denver Co, Geological Survey of Canada, Open File
1449, pp. 42-46, 2002.
[6] E. P. Susan, “The role of geophysics in 3-D
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[7] A. Akinmosin and D. Imo, “Lithofacies types and
influence on bitumen saturation in Xhorizon of the
Nigerian tar sand deposits”, IFE J. Sci., vol. 18, no.
1, pp. 103–117, 2016.
[8] A. Akinmosin, K. Omosanya, S. Ariyo, A. F.
Folorunsho, and S. O. Aiyeola, “Structural Control
for Bitumen Seepages in Imeri, Southwestern
Nigeria”, Inte. J. of Basic & Appl. Sci., IJBASIJENS, vol. 11, no. 93, pp. 118601–4949, 2011.
[9] O. S. Adegoke and M. E. Omatsola, “Tectonic
Evolution and Cretaceous Stratigraphy of the
Dahomey Basin”, Min-Geol., vol. 1. pp. 130 – 137,
1980.
[10] I. E. Esu, A. U. Akpan-Idiok, P. I. Otigbo, E. E. Aki
and K. I. Ofem, “Characterization and Classification
of Solids in Okitipupa Local Government Area,
Ondo State”, Int. J. of Soil Sci., vol. 9, pp. 22-36,
2014
[11] Y. Sasaki, “Resolution of resistivity tomography

IV. CONCLUSION
A geophysical investigation was carried out on the
proposed ICT center of the Olusegun Agagu University of
Science and Technology, Okitipupa using the Dipole-Dipole
array. The geophysical data were processed and interpreted
qualitatively and quantitatively to image subsurface. Pseudo
sections were generated as related to the objectives of the
study. The second layer with resistivity value ranging from
1162 – 84965 Ωm was recommended as a competent bed for
foundation structure.
The interpretation of the geophysical data and the
geotechnical analysis from the study area revealed that three
major layers were delineated which comprise the topsoil
which is mainly clayey sand, sandy clay, and sand.
Geotechnical analysis was carried out on the four (4) soil
samples collected, at a depth of 0.5m. Tests conducted include
Natural Moisture Content, grain size analysis, the Atterberg
limit, permeability, compaction tests, specific gravity, and
Unconfined Compression Test, consolidation, and hydrometer
analysis.
Generally, there was no evidence of any major linear
structures or discontinuities such as faults and shear zones that
could impact the proposed structure's stability. Similarly, the
topsoil is free of aggressive soil that can cause corrosion
failure in the structure's steel reinforcement, consequently the
subsoil can house metallic pipes. The weathered layer,
observed at a depth of 20-30 m down the subsurface and hosts
a conductive body, should be sought for adequate grounding
operation to protect installed electrical materials in the event
of lightning or thunderstorms.
In conclusion the subsurface layer can be considered to be
fit as foundation material, however its clayey nature should be
considered in designing the foundation. In a case whereby the
proposed structure might be a superstructure, it is advisable to
excavate the topsoil up to a depth of about 2 meters thereby
placing the foundation on the competent bedrock.
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