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ABSTRACT

The study area is underlain by sedimentary basin of Ondo State, which underlain by the Coastal Alluvium, Coastal
Plain sands, Imo Shale group, Upper Coal measures and Nkporo Shale, geophysical investigation was carried out at
Irele in Ondo south in Irele local government to determine the structural competence of the subsurface geological
strata for building construction and other foundation purposes, using Vertical Electrical Sounding (VES) survey
technique of the electrical resistivity method. With a view to investigations the image of the subsurface geology, to
characterize the soils in terms of their engineering geological properties in view of determining their suitability for
building the foundation and assessing the two methods in determine building foundation requirements in the study
areas. Twenty Vertical Electrical Soundings (VES) were quantitatively interpreted using the partial curve matching
technique and computer assisted 1-D forward modeling were conducted for the geophysical survey using electrical
resistivity method. From the result of the survey, four or five major layers have been established within the study area
for building construction purposes and have been recommended for bungalows and other forms of low rising
buildings. The cracks on walls of the buildings within them campus have been attributed to either the inability of the

engineers to dig the foundation to the required depth or the construction of heavier structures on very weak

subsurface layers which triggered off movement.
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INTRODUCTION

Investigation and of proposed site(s) for
foundation purposes by geophysicists, engineering and geologists
provides subsurface information that assists the building
professionals in the choice and design of civil engineering
structures. A building construction at a site without proper
investigation and consideration of the underground geological
strata or its load bearing capacity may settle excessively or
differentially, which causes development of cracks in the
building which may ultimately leads to foundation failure and
collapse of the building. Subsurface geological features such as
fractures, voids and nearness of water table to the surface are
among the inconveniences which have been identified to pose
considerable constraints to building
constructions especially to their foundation. A number of
geophysical techniques are available which enables an insight in
obtaining a rapid nature of the underground strata or its load

consideration

foundation

bearing capacity. Although these methods do not serve as a
substitute for geotechnical investigations of the subsurface
or geochemical investigation, they render quick and cheap
preliminary approach to harnessing information about the
subsurface layers [1].

Among the known geophysical techniques, the electrical
resistivity method has found favour in the sight of many authors
for application in engineering studies, environmental assessment
and hydro-geological investigation. Electrical resistivity method is
based on the response of the result or output of the earth to the
flow of electrical current. Artificially generated electric currents
are introduced into the ground and the resulting potential
differences are measured at the surface [2].

All materials, including soil and rocks, have an intrinsic property
resistivity that governs the relation between the current density
and the gradient of the electrical potential.
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Beside architectural factors, foundation cracks on building
commonly occur due to resultant differential movements in
the subsurface. Building foundation design is crucial for
structural stability and longevity. In sedimentary regions like
Ondo State, understanding the geotechnical properties of
the subsoil is essential due to the potential variability in
soil composition and characteristics.

Geoelectrical methods, particularly VES, offer a non-
invasive approach to evaluate these properties. Some
buildings within the United Grammar School (UGS) have

their walls cracked already only few years after construction

(Figures 1 and 2) [3].

Figure 1: Walls cracked.

Development of the site started without any form of subsurface
investigation (whether geotechnical or geophysical), hence, the
remote cause of the cracks could not be inferred. In order to
ascertain the causes of such structural failure, a geophysical
investigation was carried out with the aim of determining depth
to stable geoelectrical layers which are geotechnically suitable for
foundation purposes (Figure 2) [4].
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Figure 2: Map of the study area.
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MATERIALS AND METHODS

Study area

The research covers various sedimentary areas in Ondo state,
known for diverse soil compositions ranging from sandy to
clayey materials [5].

Geophysical survey

Vertical Electrical Sounding (VES) known as employing
Schlumberger array configuration, VES surveys were conducted
at multiple sites to measure subsurface resistivity variations.
Equipment involves resistivity meter, electrodes and cables.

Data collection

Systematic VES surveys with electrode spacings ranging from 1
to 100 meters. Data were collected and recorded for different
depths to construct resistivity profiles.

Data interpretation

Inversion of VES data to generate resistivity models. Correlation
of resistivity values with soil types and geological formations.
Identification of key geoelectrical layers relevant for foundation
design, such as topsoil, weathered layer, and bedrock [6].

Vertical Electrical Sounding (VES) were conducted for the
geophysical survey using electrical resistivity carried out along
ten traverses in each location and a total of twenty traverses were
carried out in the locations. Twenty vertical electrical sounding
stations were acquired at different points along the ten traverses,
on each traverse two vertical electrical sounding was carried out.
The geodetic system of coordinates was obtained using the
Garmin 12 global positioning system. The Schlumberger current
electrode separation (AB) was varied from a minimum of 2.0 m
to a maximum ranging from about 160 m to 220 m at the VES
locations. The direction of the electrode spread of the VES
points is in the North-South and West-East direction. The VES
was interpreted manually and systematically using WinRes
software with a maximum RMS error of 1.3-2.6. Their curve
types are between QH, KH, KQ, QHK, KQH and HKH having

four to five layers [7].

RESULTS AND DISCUSSION

Some typical resistivity curves from the locations are shown in
Figures 3-5. A summary of the interpreted VES results with
inferred lithology from the locations is presented as Table 1.

Foundation design implications: Recommendations for shallow
foundations in high resistivity areas. Consideration of pile
foundations or soil stabilization methods in low resistivity
regions [8].

Geotechnical  correlation: Comparison  with  standard
geotechnical tests (e.g., SPT, CPT) to validate geoelectrical
findings. Integration of geoelectrical data with traditional soil
mechanics to enhance foundation design accuracy.
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Resistivity profiles: Identification of multiple subsurface layers
with varying resistivity values. Typical resistivity ranges for sandy
soils (100 Qm-300 Qm), clayey soils (10 Qm-100 Qm) and
bedrock (>300 Qm).

Soil competence: High resistivity areas indicating potential
zones of competent subsoil for shallow foundations. Low
resistivity zones suggesting the presence of clay or water-saturated
soils, necessitating deeper foundations or soil improvement
techniques [9].

Geoelectrical sections: Construction of geoelectrical sections
along various profiles showing the spatial distribution of subsoil
layers. Correlation with known geological formations and
existing bore-hole data for validation (Figures 3-5 and Table 1).
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Figure 3: Resistivity curve of VES 1 IRELE (HA).

Table 1: Summary of interpreted VES results.
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Figure 4: Resistivity curve of VES 2 IRELE (AA).
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Figure 5: Resistivity curve of VES 3 IRELE (AA).

Ves no. Layers Resistivity (Qm) Thickness (m) Depth (m) Curve type Lithology
IRELE
1 1 378.5 0.6 0.6 HA Topsoil
2 182.6 31 3.7 PLPZ ISP
3 1414 173 21 Clayey sand
4 3271.1 - - Sand/Sandstone
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2 1 467.8 0.7 0.7 AA Topsoil
2 633.8 42 49 pl<plep3<pd Sandy clay
3 3346.6 16.6 215 Clayey sand
4 8088.6 ) ) Sand/Sandstone
3 1 276.7 0.8 0.8 AA Topsoil
2 4703 25 3.3 plspZepi<pd Sandy clay
3 2146.8 123 15.6 Clayey sand
4 2622.5 : : Sand/Sandstone
4 1 5312 0.6 0.6 HK Topsoil
2 509.2 21 2.7 pI>p2<p3>pd Sandy clay
3 5368.1 384 411 Sand/Sandstone
4 165.2 ) ) Clay
5 1 328.8 0.6 0.6 AAK Topsoil
2 351.6 22 2.9 plepZepdspdps oy
3 1406.3 79 10.8 Sandy clay
4 3662.7 29.7 40.4 Sand/Sandstone
5 736 ) ) Clayey sand
6 1 352 0.8 0.8 AAK Topsoil
2 974.1 4 48 PLPIPIPEPS o g
3 2128.8 74 12.2 Sandy clay
4 2944 35.2 474 Clay sand
5 1033.6 ; ) Sand
7 1 557.6 0.8 0.8 AA Topsol
2 1512.2 3.4 42 pl<pZep3<pd Sandy clay
3 1769 18.8 23 Clayey sand
4 23016 ) ) Sand
8 1 541.6 0.7 0.7 AA Topsoil
2 763.2 3.7 4.4 pl<plep3<pd Clay
3 1756.9 14.4 1.8 Clayey sand
4 47216 : ) Sand/Sandstone
9 1 139.5 0.7 0.7 AA Topsoil
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Ezomo FO OPEN a ACCESS Freely available online

2 663 3.8 4.5 p1<p2<p3<p4 Clay

3 1483.9 14.3 18.8 Clayey sand

4 4068 - - Sand/Sandstone
10 1 160.5 0.6 0.6 AAK Topsoil

2 458.2 27 3.3 PLpIpIpdpS ()

3 1235.6 8.2 11.6 Clayey sand

4 3127.2 45.6 51.6 Sand/Sandstone

5 571.1 - - Clay
11 1 143.6 0.7 0.7 AA Topsoil

2 520.5 41 458 pLspZspIspt ¢y,

3 8379 16.2 21.1 Clayey sand

4 2339.1 - - Sand/Sandstone
12 1 561.9 0.7 0.7 AAK Topsoil

2 444.2 1.9 25 PLpIpIpdpS ()

3 939.5 16.4 19 Clayey sand

4 3952.8 36 54.9 Sand/Sandstone

5 413.4 ) ) Clay
13 1 181.3 0.8 0.8 AA Topsoil

2 500 3.9 47 plepzep3<pt Clay

3 1179.8 18.1 22.8 Clayey sand

4 2168.6 - - Sand/Sandstone
14 1 628.7 0.5 0.5 HKH Topsoil

2 323.1 24 2.9 PI>PZP3>p4pS

3 1145.7 19.8 22.7 Clayey sand

4 282.3 19.8 42.5 Clay

5 5189 - - Sand/Sandstone
15 1 367 0.7 0.7 AA Topsoil

2 760.3 4.1 48 plepZ<pi<pd Clay

3 2433.7 13.8 18.5 Clayey sand

4 5941.7 - - Sand/Sandstone
16 1 415.5 0.8 0.8 AA Topsoil

] Geol Geophys, Vol.13 Iss.3 No:10001180 5
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2 1546.6 3.8 4.6 p1<p2<p3<p4 Sandy clay
3 3023.9 12.7 17.3 Clayey sand
4 7015.2 - Sand/Sandstone
17 1 383.9 0.6 0.6 HA Topsoil
>p2<p3<
2 169.4 1 1.6 pI>p2<p3<pt Clay
3 969.3 15.7 173 Sandy clay
4 5709.8 - Clayey sand
18 1 414.4 0.7 0.7 AKH Topsoil
<p2<p3>pd<
2 14935 5.3 6 PLPIPIPAPS gy clay
3 2739.4 11 17.1 Clayey sand
4 1201.7 35.8 52.9 Sandy clay
5 10022.4 - Sand/Sandstone
19 1 298.8 0.6 0.6 AA Topsoil
<p2<p3<
2 325 2.2 2.8 pl<pZep3<p4 Clay
3 1348.2 16 18.8 Sandy clay
4 5016.1 - Sand/Sandstone
20 1 545.4 0.7 0.7 AA Topsoil
<p2<p3<
2 1419.2 49 5.6 plepep3<pd Sandy clay
3 2516.5 11.5 17.1 Clayey sand
4 3850.3 - Sand/Sandstone
Geoelectric section along AA' (IRELE
g AN ) A VESI s VES2_ugs
Figure 6 consists of VES (1 and 2). The section reveals four 1306 f[rEEE
subsurface layers namely top soil, clay, clayey sand, sandy clay 5
and sand/sandstone. The topsoil is characterized by resistivity ~ 10 LEGEND
values ranging from 378.5 Om to 467.8 Om and layer thickness g 14140 TOPSOIL
of 0.6 m to 0.7 m. The second layer in VES 1 denotes clay with E 15 M eray
resistivity value of 182.6 QOm and layer thickness of 3.1 m while % %gé{;ﬁ SANDY CLAY
. . . . L. A ot
thc;1 clay is re.placed with sandy clay in VES 2 having res1st.1v1ty 20 I % rosss égz CLAYEY SAND
and layer thickness value of 633.8 Om and 4.2 m respectively 25 DS ANDSTONE
[10]. The third stratum depicts clayey sand with resistivity values B s R'E_SIS'H'V_HY Oh_
ranging from 1414.0 Om to 3346.6 Om with a layer thickness of : (Ot
16.6 m to 17.3 m. The fourth hori i tomatic of sand
m o 7 m . .e. our OHZOHA is symptomatic of sand/ Figure 6: Geoelectric section for VES 1 and 2 (IRELE).
sandstone with resistivity values ranging from 3271.1 QOm to

8088.6 Om but their layer thickness could not be determined
due to current terminated at this region. The clay, clayey sand
and sandy clay represent bad material that cannot withstand
engineering structures or building while that of sand/sandstone
is a good engineering material for engineering structures or

building (Figure 6) [11].
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Geoelectric section along BB' (IRELE)

Figure 7 consists of VES (3 and 4). The section reveals four
subsurface layers namely top soil, clay, clayey sand, sandy clay
and sand/sandstone.
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The topsoil is characterized by resistivity values ranging from
276.7 Om to 531.2 Om and layer thickness of 0.6 to 0.8 m. The
second layer connotes sandy clay with resistivity values ranging
from 470.3 Om to 509.2 Om and layer thickness of 2.1 m to 2.5
m [12]. The third substratum layer in VES 3 depicts clayey sand
with resistivity value of 2146.8 Om with a layer thickness of 12.3
m while the clayey sand is replaced with sand/sandstone in VES
4 having resistivity and layer thickness value of 5368.1 Om and
384 m respectively. The fourth horizon in VES 3 is
representative of sand/sandstone with resistivity value 2622.5
Om but the layer thickness could not be determined due to
current terminated at this region. While the sand/sandstone is
replaced with clay in VES 4 having a resistivity value of 165.2
Om but the layer thickness could not be determined due to
current terminated in this zone. The clay, clayey sand and sandy
clay represent bad material that cannot withstand engineering
structures or building while that of sand/sandstone is a good
engineering material for engineering structures or building

(Figure 7) [13].
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Figure 7: Geoelectric section for VES 3 and 4 (IRELE).

CONCLUSION

Geophysical and geotechnical studies were integrated to
characterize the subsoil within the proposed residential
buildings located at Irele, Igbekebo, Igbokoda and Okitipupa,
Ondo State, Southwestern Nigeria. A total of eighty (80) VES
data were acquired, processed and interpreted from the four (4)
study areas with twenty (20) VES from each location to reveal
the vertical subsurface characterizations in terms of the
geoelectric parameters. Ten (10) traverses were occupied in each
of the four (4) study locations to produce the 2D resistivity
structures which reveal the spatial distributions of subsurface
resistivity of the geologic materials respectively. The VES reveal
four to five geoelectric layers or subsurface zones in Irele area,
which are indicative of topsoil, clay, clayey sand, sandy clay, sand
and sand/sandstone.

At Irele area, the resistivity and thickness of the topsoil vary
from 139.5-628.7 Om and 0.5-0.8 respectively, clayey sand
(736.0 Om-5709.8 Om and 8.2 m-35.2 m), clay (165.2 Om-944.8
Om and 1.0 m-19.8 m), sandy clay (470.3 Om-2128.8 Om and 2.1
m-35.8 m), sand in VES 6 (974.1 Om and 4.0 m) while the sand
in VES 6 and VES 7 (1033.6 Om-2301.6 Om) the thickness of

J Geol Geophys, Vol.13 Iss.3 No:10001180 (g
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the sand could not be determined because the probing current
terminated in that zone and sand/sandstone in VES 1, 2, 3, 5,
8, 9, 11, 13-20 (2168.6 Om-10022.4 Om). In Irele, the thickness
of the sand/sandstone zone could not be determined because
the probing current terminated in that region. The geoelectrical
evaluation provides a comprehensive understanding of the
subsoil properties in the sedimentary areas of Ondo State,
crucial for informed foundation design. High resistivity zones
are suitable for shallow foundations, while areas with lower
resistivity require additional geotechnical considerations.

REFERENCES

1. Imeokparia EG, Falowo OO. Subsoil Foundation Support
Assessment in Owo Area of Ondo State, Southwestern Nigeria.
Geotech Geol Eng. 2020;38(2):2009-2026.

2. Ganiyu SA, Oladunjoye MA, Olobadola MO, Aizebeokhai AP,
Badmus BS. Investigation of incessant road failure in parts of
Abeokuta, Southwestern Nigeria using integrated geoelectric
methods and soil analysis. Environ Earth Sci. 2021;80:1-9.

3. Akiang FB, Emujakporue GO, Nwosu LI. Leachate delineation and
aquifer vulnerability assessment using geo-electric imaging in a major
dumpsite around Calabar Flank, Southern Nigeria. Environ Monit
Assess. 2023;195(1):123.

4. Olayanju GM, Mogaji KA, Lim HS, Ojo TS. Foundation integrity
assessment using integrated geophysical and geotechnical techniques:
Case study in crystalline basement complex, southwestern Nigeria. ]
Geophys Eng. 2017;14(3):675-690.

5. Salako AO, Adepelumi AA. Evaluation of hydraulic conductivity
of subsoil using electrical resistivity and ground penetrating radar
data: Example from Southwestern Nigeria. Int ] Geo-Eng.
2016;7:1-26.

6. Ibitoye FP, Ipinmoroti FV, Salami M, Akinluwade K], Taiwo AT,
Adetunji AR. Application of geophysical methods to building
foundation studies. Int ] Geosci. 2013;4(09):1256.

7. Elkhateeb SO, Dosoky W, Mohamed A, Abbas MA. Geoelectric
and mineralogical studies for foundation soil characterization in
new Luxor city, Upper Egypt. Arab ] Geosci. 2022;15(13):1220.

8. Cardarelli E, Cercato M, Di Filippo G. Assessing foundation
stability and soil-structure interaction through integrated geophysical
techniques: A case history in Rome (Italy). Near Surf Geophys.
2007;5(2):141-147.

9. GutierrezMartin A, Yenes JI, Fernandez-Hernandez M, Castedo R.
Stabilization methodology in foundation soils by ERT-3D application
in Estepona, South Spain. App Sci. 2021;11(10):4455.

10. Alabi AA. Site characterization for engineering purposes using
geophysical and geotechnical techniques. Mater Geoenviron.
2021;67(4):197-207.

11. Soupios PM, Georgakopoulos P, Papadopoulos N, Saltas V,
Andreadakis A, Vallianatos F, et al. Use of engineering geophysics to
investigate a site for a building foundation. ] Geophys Eng.
2007;4(1):94-103.

12. Liu X, Shen ], Yang M, Cai G, Liu S. Subsurface characterization of
a construction site in Nanjing, China using ERT and CPTU methods.
Eng Geol. 2022;299:106563.

13. Dafalla M, Alfouzan F. Electrical resistivity tomography of a
gypsiferous detection of a
geoenvironmental phenomenon. J King Saud Univ Sci. 2023;35(4):
102595.

subsurface  soil:  Geotechnical


https://link.springer.com/article/10.1007/s10661-022-10643-2
https://link.springer.com/article/10.1007/s10661-022-10643-2
https://link.springer.com/article/10.1007/s10661-022-10643-2
https://academic.oup.com/jge/article/14/3/675/5112918
https://academic.oup.com/jge/article/14/3/675/5112918
https://academic.oup.com/jge/article/14/3/675/5112918
https://www.scirp.org/journal/paperinformation?paperid=40218
https://www.scirp.org/journal/paperinformation?paperid=40218
https://onlinelibrary.wiley.com/doi/10.3997/1873-0604.2006026
https://onlinelibrary.wiley.com/doi/10.3997/1873-0604.2006026
https://onlinelibrary.wiley.com/doi/10.3997/1873-0604.2006026
https://www.mdpi.com/2076-3417/11/10/4455
https://www.mdpi.com/2076-3417/11/10/4455
https://academic.oup.com/jge/article/4/1/94/5127677
https://academic.oup.com/jge/article/4/1/94/5127677
https://www.sciencedirect.com/science/article/abs/pii/S0013795222000485?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0013795222000485?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1018364723000575
https://www.sciencedirect.com/science/article/pii/S1018364723000575
https://www.sciencedirect.com/science/article/pii/S1018364723000575

	Contents
	The Geoelectrical Evaluation of Subsoil for Building Foundation Design Considerations in Sedimenyary of Ondo State
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Study area
	Geophysical survey
	Data collection
	Data interpretation

	RESULTS AND DISCUSSION
	Geoelectric section along AA' (IRELE)
	Geoelectric section along BB' (IRELE)

	CONCLUSION
	REFERENCES




