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Abstract

Search for engineering and other challenges associated with bridge construction require tactfulness and
sensitivity to assure overall technical and financial success for the project. This paper focuses on the
investigation of the geophysical properties of the soil and the underlying basement rock of the proposed site of a
bridge at Umuohi section of Ozubulu-Okija road in Okija, Anambra State. The geophysical investigation
involved geological hydrogeological survey of the study area followed by Geo-electrical investigation. Two
Coordinates were taken at two stations using Vertical Electrical Sounding (VES) done using Campus Ohmega
Resistivity meter model 143 instrument, Point 1 (VES1) and Point 2 (VES 2) to determine the geophysical
parameters that can be used to evaluate the structural competence of the subsurface geological characteristics
of the study area for the construction development using the Schlumberger configuration data acquisition at a
distance of 12m apart, also using Garmin GPS MAP 76C for effective coordinate mapping. Models obtained
from each VES were used for construction of geo-electric characteristics of the geological formation in the
study area. The results interpretation revealed that the geo-electric sections comprise of four lithology namely:
top soil, lateritic clay, weathered basement and basement rock. The resistivity values comprise of 120 —
4210hm-m, 17.6 — 2250hm-m, 4.7 — 20.30hm-m and 1369 — 14560hm-m respectively while the layer thickness
ranges from 0.7-1.2m, 1.0-4.4m, 4.6-12.4m and infinite thickness respectively. This investigation showed that
the VESI type ‘A’ curve implied area not highly fractured and is to be the most competent for the engineering
structure while listed recommendation must be taken care of to check subsurface instability, cracks and distress.
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I. Introduction

Subsurface investigation is an important program in engineering foundation and that calls for this study
in structural project such as bridge construction in road building. The term bridge applies to structures over
waterways, grade separation structures, road over rail structures and elevated highways above 6meters which
convey traffic. This bridge structure supports its own weight, loads due to do natural elements and daily traffic
loads (Ede and Nwachukwu, 2019). In Engineering and construction, a bridge is seen as a structure that spans
horizontally with supports with the aim to carry vertical loads with the beam resting on it. These supports have
to have the required strength to withstand the load it will carry. Several approaches have been used for the
success of foundation investigations including electrical resistivity technique (ERT) geophysical methods,
extensively used for a wide variety of engineering and environmental problems (Zohdy, 1975; Barker, 1980;
Boyce and Kaseoglu, 1996; Mousa, 2003, Olorunfemi, et al., 2004; Hosny et al., 2005; Alotaibi and Al-Amri,
2007; Nigm et al., 2008; Oyedele et al., 2009). Geophysical method of electrical resistivity measurements using
the vertical electrical sounding (VES) technique is a well established and widely used approach for solving a
variety of geotechnical, geological, hydrological and environmental sub surface detection problems (Ward,
1990; 1998). As a result of the relatively cheap cost that is involve in (ERT) and the fact that it saves time and
easy to carry out, and can also be used to geological structures investigation (Al-Sayed and EI-Qady, 2007). In
this study, a non-destructive geophysical technique involving Vertical Electrical Sounding using Schlumberger
array was adopted to investigate the subsurface conditions at the proposed bridge site in Okija - Ozobulu road
Ihiala local government area with the aim of investigation and determining the competency condition of the
competent rock upon which the structure will be laid. Consequently two vertical electrical soundings (VES)
stations were carried out and the data obtained were processed and their output was presented as geoelectric
curves. The geophysical information obtained during in-situ observation is an essential part of ensuring safety
and cost effectiveness during the bridge design and its construction.
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I.11 Description of the study area

Okija town in Ihiala local government area is about 30km North of Ozubulu town in Anambra state
were the study area is located, approximately bounded in the North by Longitude 5.8994° N - 5.8997° N and in
the East by Latitude 6.8354° E - 6.8345° E . The topography of the area is of relatively flat to a gentle slope
terrain, and lies in Southeastern Nigeria, which is within the humid tropical region of the equatorial zone and is
typified by two main climatic seasons, namely the wet and dry seasons. The area belongs to the tropical
rainforest of southern Nigeria and is covered mainly by tall trees typical of savannah vegetation with average
temperature of 27°C, Wind S at 6 km/h and 78% Humidity and bordered in the east by Ihembosi and Ukpor
cities, within the west by olu or Ogbakubara, within the north by Ozubulu and within the south by Ihiala. In the
area, the Ulasi River on its flow to the Atlantic, joins Okposi river one of its tributaries.

Figl(a) showing the Google map showing the digital location of the study area and environs in a larger
scale whereas figl(b) in a smaller scale indicating the vegetation and topography highlighting from North end of
Urobo-Okija, Isieke, Akpaka, Osuakwa, Ogboro to down south of Ihite lhiala. However, fig 2 is the Geological
map of Anambra state by local government area indicating the lithology and fig 3 showing the location and
various Formation and the energy resources of the study area. Moreover, fig 4 having the drainage pattern and
major roads in the study area which aid engineering properties assessment and suitability of the lithology
examination for backfill materials which aid in impact assessment and lithology stability and construction
sustainability, similarly, fig 5 is the thematic map of Okija with Environmental Impact Assessment and
lithology stability for structural construction. Fig 6 showing the entire area structural map indicating various
rock units, Gully erosion extent and lake location which revealed the regional structural strength of the research
area. All this give insight of the regional and local geology, the area is underlain by three formations, the Eocene
Nanka, Oligocene-Miocene Ogwashi, and Oligocene Benin formations as figures indicated. The three
formations are characteristically composed of sands interbedded with thin layers of mudrocks and ironstones
(Nwajide, 2013). Studies have shown that the formations are generally extensive in the southern Nigeria and
inherently weak and collapsible (Chikwelu & Ogbuagu, 2014; Egbueri, Igwe, & Nnamani, 2017; Igwe, 2012;
Igwe & Egbueri, 2018; Nwajide, 2013; Obiadi et al., 2014; Okoyeh et al., 2014). Despite their age differences,
all the soils underlying the study area are predominantly composed of loose and poorly consolidated fine-
grained sand materials with low clay content and little or no coarse-grained aggregates (Egbueri et al., 2017;
Igwe & Egbueri, 2018).

Asaba Akpaka
0 e e~ -
B Gas | IsmHotels | (Al Rest stops Q More HH o

Onitsha Ner
Achi
Agulu Enugu Inyi

Amawbia

Awgu

u Ekwulobia Ugwueme

Atani Nnewi

Obulo Eziama £33
Umunze \

& -
Okija
2& lj

Utchi Awojidemiri = 3 hr 12 min
146 km Okigwe
Obiogo
di Nkwerre =

AKill Ogidi Obolo Ol

Abajah Ehime
Mbano =

Ihitte-Uboma
Umukabia
=

Ndoni Obudi Ekwereazu

Aga
3 G umuhu

S0
=
{ & 2 hr 32 min
/ 131 km
J Ohoba = um
hlagwa Um ach
om munachi
9 Layers Google % loio
AVioma E3  obor oworo (miaku
Omoku Map dsta 2022 Nigeria _ Terms _Privacy _Send feedback 10kmi—— 1

Fig 1(a): Google map showing the digital location of the study area and environs. Larger scale (after
google 18/06/2022, Okija town SE Nigeria and its environs)
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Fig 1(b): Google map showing the digital location of the study area and enwrons Smaller scale
highlighting Urobo-Okija, Isieke, Akpaka, Osuakwa, Ogboro to lhite lhiala (after google 18/06/2022,

we Pt
A o
oo v vaent
A
Sewes s Lot ) .-
Dirua b
¥
on \ *
| Ao St DESCRIPTION
Moks |
mt-Mn-u Moy, - Ul Y
3 Aaoche " Orumia oty A
todendh St \
oo g M..'h
! Nevews Moot Agusta
A P Sousr
T
b
v Sands, gravels and clays
LGA Boundary
B . = @ m——re

Fig 2: Geological map of Anambra state by local government area indicating the lithology of the study
area (after Nigeriandata mall 2016)
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Fig 3: Geologic map of Anambra state indicating the location and Formation of the study area (after
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Fig 5: A thematic map of Okija with Environmental Impact Assessment and lithology stability for
structural construction (after Anukwonke, C and Muoghalu, L 2019)
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Fig 6: Structural map indicating the Formations, Gully erosion and lake location (after Obiadi et al.,2011)

Il. Material and Methods

Electrical resistivity surveying is a procedure that introduces direct current into the ground through
surface electrodes, it provides and measures the potential difference which can then determine the subsurface
resistivity distribution. Resistivity sounding is the method of survey which is designed to determine resistivity
variations with depth beneath some fixed surface location and it is also called electrical drilling. In this survey,
electrode spacing varies for each measurement, however, the center of the electrode array, where the electrical
potential is measured remains fixed. In this array, electrodes are distributed along a line, centered at a midpoint
that is considered the location of the sounding. Therefore, the two current electrodes and the two potential
electrodes are placed in line with one another and centered on some observed location. The current electrodes
are at equal distances from the center of the sounding (AB/2). The potential electrodes are also at equal
distances from the center of the sounding; however, this distance (MN/2) is much less than the distance AB/2.

The number of layers, their thickness and resistivities are derived from VES in favourable conditions.
The method centres on the principle of four electrodes, which consist of two current and two potential
electrodes. Depth of penetration increased with the increase of distance between current electrodes that is AB
spacing. In this way deep seated layer influenced the apparent resistivity values and these apparent resistivity
values plotted against the current electrode spacing on log-log scale and interpolated to a continuous curve
called sounding curve as an initial stage of data interpretation and the layered earth model thus obtained served
as the input model for the inversion algorithm as a final stage in the quantitative data interpretation. The final
interpreted results were used for the preparation of geoelectric section and map. The data were analyzed for each
VES curve. It was first compiled to describe the apparent resistivity (Q a) from the different segments on the
discontinuous curve, obtained during field measurements. The interpretation of the field data was carried out
using the IP12WIN software, which converts the apparent resistivity as a function of electrode spacing to the
true resistivity as a function of depth in two dimensions. (Fig 4) Principle of electric sounding (a) For small
current electrode separation (b) For larger current electrode separate. (lbitoye et al., 2013) Vertical Electrical
Sounding (VES) using the systematic and practically advantageous Schlumberger array electrode configuration
(Fig 5) was carried out at selected points were located and fully occupied within the study area. The VES data
obtained were subjected to partial curve matching using two-layer master curves and auxiliary curves as an
initial stage of data interpretation (Orellana and Mooney, 1966; 1972). VES using the Schlumberger electrode
array was carried out at 2 selected station points within the proposed site axis using the instrument named
Campus Ohmega Resistivity terrameter model 143 instrument of 0.001 Q accuracy.The current electrode
separation (AB/2) was varied from a minimum of 1.5 m to a maximum of 100 m, ensuring at least 25 meters of
depth of investigation at the VES locations. The potential electrode separation was 0.5, 2 and 6 m.
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Fig 7: Principle of electric sounding (a) For small current electrode separation (b) For larger current
electrode separate
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Fig 8: Field electrode layout for schlumberger array

I11. Result
The geo-electric layers pictorially revealed from the results of the geophysical survey is presented in
geophysical profile in Fig 9 from top soil at the top to lateritic clay, weathered basement and basement rock at
the base, and sounding curves interpretations (layer model) of VES1 and VES2 in Fig10 (a) and (b) respectively
while the resistivity results as shown in Table 1.
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Fig 9: Geophysical profile of the study area

Unified Rock Classification for the profile
TS: top soil

LC: lateritic clay

WB: weathered basement

R:  rock (basement)

Tablel: VES 1 and 2 Resistivity results in the study area

AB2 Restivity result (VES1) Restivity result (VES2)
1.0000 368.9000 243.9600
2.0000 321.1600 299.4800
3.0000 212.6900 244.0000
3.0000 231.5700 221.0000
5.0000 135.1500 152.9600
7.0000 128.8100 89.6200

10.0000 162.7600 69.4500
10.0000 174.0300 67.4400
15.0000 227.3300 97.6600
20.0000 264.5900 133.2400
20.0000 255.2500 133.8800
25.0000 302.4400 166.1100
25.0000 290.2100 170.0100
30.0000 332.0600 204.2300
35.0000 373.3200 236.2700
40.0000 425.7000 262.4700
45.0000 477.2200 289.5300
50.0000 544.2300 342.5800
60.0000 647.8000 NIL
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Fig 10(b): Interpretation of VES 2 data

The results of the interpretation show a system of four geo-electric layers for VES1 while VES2 shows
a system of four geo-electric layers. VES1 showed presence of the curve type ‘A" which may implied that the
site is not highly fractured and very competent speculatively as good one for bridge and other engineering
construction and VES2 showed an H curve pattern which is satisfactory yet suggest more examination. It is
quite evident that the resistivity of the first layer is very low indicating a high degree of saturation. The
resistivity values range from 120 — 421 Ohm-m suggesting top soil unit. The thickness of this layer ranges from
0.7 — 1.2 m. The second-layer shows a lateritic clay unit with resistivity value ranging from 17.6 - 225 Ohm-m
with the layer thickness ranges from 1.0 — 4.4 m. The third-layer shows a weathered basement unit with
resistivity value ranging from 4.7-20.3 Ohm-m with the layer thickness ranges from 4.6 — 12.4 m. The fourth
layer is likely basement rock with resistivity value ranging from 1369 — 1456 Ohm-m and the thickness is
infinite.

IV. Discussion
Fracture and other structural weakness play an important role in determination of construction
development strategy of a bridge project. The standard of work to solve this geo anomaly have to be factored
especially in sedimentary terrain like our study area. Despite the proven benefits expected, cost and funding
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issues go a long way to defeat this goal, the most likely reasons why this study was designed and the chosen
method applied for to lower the risk and optimise the resources available. The present study was carried out in a
time interval of June 2020 to July 2020. The results revealed that the southern part of the study area (<100 Ohm-
m); the high resistivity depicts competent geologic materials, such as sand or clayey sand formation. Very low
resistivity suggests clay or sandy clay materials, or water saturated materials, often less competent to support the
stability of heavy engineering structures like such as bridge. The depth of the aquifer unit of 12.4 m as shown in
VES 1 indicates a very thicker overburden favouring groundwater potential provided more investigation indicate
clay absence in the area. Soils below the groundwater tables generally saturated (Coduto, D.P, 1998). An
important factor often considered in structural design is the water table and water table fluctuation (Bowles, J.E,
1984; Coduto, D.P, 1998), as the VES1 interpretation (fig 10 ( a)) and its effect was factored in the study for
structural check. In addition, raised water table may create a wet basement of foundation, and consequently
engenders instability of the overlying structure (Bowles, J.E, 1982; 1984) like the proposed bridge project.In the
present study, not all of the concerns were found in comparative with previous studies yet it would help to
address foundation issues in bridge construction.

V. Conclusion

The application of Electrical resistivity method has been employed in delineating the various litho units
at a proposed bridge construction site in Okija, Ihiala local government area in Southeastern Nigeria. Based on
the VES measurements taken, four major layers were delineated from the study area which comprise topsoil
(sometimes undulate), weathered layer (sand and clay), fractured partly weathered layer and fresh basement
rocks. The weathered layer constitutes of aquifer zones in all the points investigated and the depth of the topsoil
range from 1.2m at the Southeastern part of the study area to 4.4 m towards the Western part of the area. The
depth of the partially competent bed ranged from 3.4 — 13.0 m. The first and second layers are highly saturated,
and it is rated incompetent. Weathered rock is the geoelectric layer. The thickness of the layer is about
12.4meters. The fresh basement is the last; geoelectric layer the thickness is infinite. The results of this research
has shown that the areas of weakness and distress on the rocks within the study area and the need for additional
geophysical study and fortification templates to positively check the differential settlement resulting from the
incompetent subsoil materials and the fractured bedrock on which the proposed bridge structure which its
foundation be hanged on. Also, the investigation speculatively revealed that the rocks is suitable for shallow
foundation for proposed structure, and based on the conclusion stated above, the following recommendations are
made:
(i) Ground treatment such as dewatering and in-situ compaction should precede use of reinforced concrete
during the construction of shallow foundation.
(i) The use of piling may be necessary for the structures to rest directly on the competent lithology with regards
to the proposed bridge structure
(iii) It is very key to take into cognizance all other engineering construction criteria that may be relevant
considering water challenges as may arise in the site.
(iv) Further geological and geotechnical analysis should be carried out on the soil sample of the study area.
Further studies in this respect, could adopt integrated geophysical methods and increase in area of coverage in
other to enhance accurate delineation of the stratigraphic layers of the subsurface in the study area.
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