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Abstract

The result of this paper is to establish a considteapproach to
geophysical handling of road failure using electdt Resistivity method-
Double Dipole and Electromagnetic method- VLF (Velpw Frequency). The
work was done along Oke-Agbe Road in Ondo Statem@uoter iterated data
from the study area enabled the delineation of tinwestigated portion of the
road into highly weathered and non weathered zomeith Resistivity values
ranging from 37 — 5950m. The form of road failure identified in this studis
due to subsidence arising from differential settlemts associated with clayey,
fairly thick, geotechnical weak and low resistivityear surface horizon. The
results obtained clearly demonstrates the relevartbés kind of study in
highway feasibility studies and roadway evaluation.

1.0 Introduction

Geophysical method of prospecting and delineation of anomalous zonesuts$oeface extends
its wide application to buried materials (both of economiltie@ and non alike), inhomogeneity of
subsurface, bedrock properties / behaviour and even lateral changeswith the subsurface.

Electrical Resistivity and electromagnetic methods haveugly and systematically made their
way to the top in the successful search and exploitatiameaubsurface. The use of these methods plays
a prominent role in the study of earth crust. These methodsoammanly used in getting detailed
information about geologic setting (mapping) and foundation study. Sortteesd include subsurface
lithology, subsurface mapping, lithological boundary differentiation and geothexplaration.

The incessant failures and near-zero efficiency rehahilitavork on the roads has become a
thing of common concern. While the failures have become a commamompkaon as they are
permanently on the increase, the problem seems to be more preocarmussections of roadways within
the Precambrian basement complex areas of the country. Genigralgsistivity surveying technique,
current is passed into the ground by means of two current electiodethe potential drop across a
second pair of potential electrodes is measured. Hence thesdtipble array involves the passing of
current into the subsurface through the current electrodes and éméigdatifference is measured through
the potential electrodes where both pairs of electrodes drgamad at a common distance “a”. The
separation of both pairs of electrodes is usually kept at (n+1)a. Wseeeemultiple of a.

Electromagnetic survey is one of the widely accepted mettiogeophysical exploration [1]. It
utilizes the principle of the subsurface response to the propags# alternating current and magnetic
force. Off all the types of Electromagnetic procedures, the WiBE a unique acceptance by the
exploration industries because of its accuracy, low power consumptiaesping and presentation of
data and eventually its ease of use. Thus, VLF measuréslthstrength and phase displacement around
conductive geologic structures such as faults and fractures.
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Several factors are responsible for road failufégse include geological, road geomorphologicatemmical,
road usage, poor or bad construction practicesmaaimitenance. Field observations and laboratory raxeats
carried out by [2] showed that road failures arepramarily due to usage or design/constructione Tifluence of
Geology and geomorphology in the design and cocistiu phases may not have been adequately condid®re
the problems could also be as a result of inadeduaiwledge of the characteristics and behaviouesitiual soils
with which our roads are built. The geological &astin road failures are in-situ and encompass#itare of soils
(laterites) and the near surface geologic sequenistence of geological structures such as cayitiacient stream
channels and shear zones. The collapse of concealsdrface geological structures and other zohegaknesses
are controlled by regional fractures and joint eyst along which silica leaching has led to rockcilficy. They
are also known to contribute to failures of highwand rail tracks. The geomorphological factors retated to
topography and surface/subsurface drainage systEmessubsurface geologic sequence and concealddggeo
structures can be mapped by geophysical metho@(4] hence geophysics is quite relevant in highwig
investigations.

In recognition of the devastating effects of roadufe in recent years, this paper is designed ttith
following objectives in mind: to identify zones wkakness, determine the subsurface condition of¢ldeock and
mapping of the bedrock subsurface structural featguch as faults, fractures, joints, and lithaalgboundaries
with the subsequent geological stress implicatiding double dipole and VLF were used for the gesjday survey
on the failed section of the Oke-Agbe — Oyin raad\koko North LGA of Ondo State.

2.0  Theoretical analysis
The Double Dipole theory is well known [5]. The medhs based on Ohms law, which is expressed as;
J=0E (2.1)

But the apparent resistivity of Double Dipole arimygiven aspa = 77n(n+21)(n +1)$ (2.2)

for values of n «1. However, when the dipoleswidely separated, n »1, we have

pa= 2ﬂn3L?—V (2.3)

This is the approximation usually applied to regitst surveys and also applicable here.

The VLF, on the other hand, is designed for lorgjatdtice transmission. From the Biot-Savart law, aseh
that the involved linear distance is always lessitthe wavelength provided that we have a lowueegy source.
[2]. Here, the electric dipole is likened to thegnatic dipole once we interchange the E and H compis of the
wave. This is the vertical component which représéhme real part of the VLF probe. The five vectoegded to
determine the electric and magnetic fields withigiveen zone are B, H, E, D and J. while the fimtrfdescribe the
electromagnetic field, J describes the motion véa charge; where
B = the magnetic induction in Weber’s per squaresmet
H = the magnetic field intensity in Amperes turns peter,

E = the electric filed intensity in volts,

D = the electric displacement in Coulombs per sguaeter ,

J = the electric current density in Amperes per seumaeter.

From Maxwell’s equation, these five vectors arated in parts by [6],

-_0B
OxE= o (2.4)
OxH=3+22 (2.5)
ot
, , E
In conducting zones, the field obeys the equatE)%;H =0 (2.6)

E
While in zones having an appreciable conductivity satisfies the eq;uﬁti?or|1I =iguw (2.7)

wherep = magnetic permeability, ara= conductivity
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Now, in zones where failure occurs, E and H mussfyacertain boundary conditions at the interfadges
the field vectors and their derivatives must betiomous within the various zones, but where disicwiitty occurs in
d or u, discontinuities in E and H will also exist.
Equation (2.6) is obeyed by static electric or n@gn fields and equation (2.7) may be writters
2 E 0 E
O =ou— 2.8
H ”at H (2.8)

which is the vector diffusion equation. It must be noted theages where there exits a current density J
due to sources independent of the electromagnetic field, we have;

D><H=0E+£(;—|t5 (2.9)

3.0 Methodology

The experimental work was carried out at Oke-Agla@yin Road which is located in Akoko North-West
Local Government Area of Ondo State in the Soutkevasasement complex of Nigeria. It lies withinditude 8
45" and 8 50'and latitude 735" and ? 40". The altitude of Oke-Agbe is about 200ft abovedba level. Oke-Agbe
lies within the tropical climate. The annual ralhfa about 1500mm. Rock exposure are very commihinvthe
study area as many outcrops are seen beside tthe roa

The double dipole array and the VLF profiling wersed to investigate the failed portion of the said.
It must be noted however that, while the VLF imasuransversing profiles of given intervals witk tieceiver and
antenna held at right angles to each other forimgadto be taken, the double dipole involves thatiooous
increase of the distance between both pairs oftredes. The ABEM WADI and RESISTIVITY METER
(STRATAMETER) were used for the VLF and Double Dpavestigation respectively.

4.0 Results and discussions
4.1 VLF Section

The ABEM WADI high amplitude are observed at dises 120,140,160,180 and 210m and low
amplitudes are observed at distances 130,.150nm &A@ 190m. (Figure 1). The high amplitudes isciveductive
zone, and it indicate areas of basement depressioite the low amplitudes is the non-conductive eonvhich
indicates the near surface basement.
Minor depression is observed between station 180l while the major depression is between 180 Z@im.
This is the point of total failure
4.2 Dipole-Dipole section

The various stages of decomposition of the subserfacks are displayed in the variable resistivity
distribution (37-598m) of the Pseudo-section (Figure 2). Intensely thwered rocks are manifested as very low
resistivity values, which characterize the northBamk of the stable road section and increaseb dépth, with
nearly uniform and parallel contours. High resisfiwalues are manifestations of near surface alirtiveathered
or fresh rock. The bedrock surface is uneven infdiled portion or segment of the road. The unekedrock
interface may have aided settlement of the subgvatten the zones with relatively thick weathereydr and a
consequently failure of the roadway.

5.0 Conclusion

The results of the computer interated Double Digtdéa interpretation and the VLF profiling enabtid
delineation of the investigated road into two latezones. The weathered and non weathered zonexeHe
fractured zones are usually indicated by significaross over points, which of course were absenthim
iterpretations from the study area. However, theeee numerous crossover and rapid amplitude varigtivhich
represents the weathered zone. Intensely weathrecks are manifested as very low resistivity vajushich
characterize the northern flank of the stable reaction and increases with depth, with nearly umfand parallel
contours. In addition, the investigated failure \gaserally characterized by non-uniform apparesistiwity values
for the weathered zones and uniform apparent na@gistalues which increased with depth at the Eatones.
Finally, the form of road failure identified fronhdé study was due to subsidence resulting from reifiigal
settlement associated with thick clay horizonslzeoved on the road section.
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Figure 1: Very Low Frequency (VLF) Profile of O-Agbe—Oyin Road.g = 1(m).
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