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ABSTRACT
Cracks on concrete and walls could be bothersomeydality of life and for property claims. Geophyei
investigations was carried out around Faculty ofe®me and BACOSA buildings of Bowen University
Temporary site, lwo with a view to establish thegible cause(s) of failure of buildings within #tedy area.
The geophysical methods used for the investigatiere the Very Low Frequency Electromagnetic (VLFEM
and the Electrical Resistivity (ER) methods. ThePVEM measurements were taken at an interval of alamg
six traverse lines in the E-W and S-N directionsonk the result of the VLF-EM, six VES stations were
occupied in the study area involving Schlumbergerfiguration with half current electrode separat{g/2)
varying from 1 to a maximum of 65m. The 2-D VLF-Efdodels generated showed a network of suspected
linear (geological) structures such as fracturaglté and contacts within the study area.
The VES curve types obtained in the area include KA, QH and AA with HA type curve dominating. Four
subsurface geologic layers were delineated in tindysarea. These include the topsoil, weathereer]agtayey
sand and fresh basement with resistivity rangitognfrl21.3 to 771.2 ohm-m, 134.4 to 595.8 ohm-m, &4.6
951.9 ohm-m and 1474.7 to 5134.4 ohm-m respectivehe thickness range from 0.5 to 2.4m, 1.8 to 9.8m
and2.7 to 24.5m. Depths to the bedrock are gemeledls than 40m. The resistivity of the weathereget
beneath the topsoil in which the foundation is egatas found to be low within the study area, nagdrom
134.4 to 595.8 ohm-m typical of clayey materials.
From the models generated from VLF-EM and resistidata, the distressed structures were found &itbated
within the areas with a fairly high concentratiohfi@actures, faults and contacts and relatively Iasistivity
values(less than 1000 ohm-m) typical of incompetéayey formation.
Keywords: Geophysical investigation, Structural failure, Eteal resistivity, Depth to bedrock, Foundation,
Very low frequency electromagnetic, VLF-EM

1. INTRODUCTION

The incessant incidence of foundation failure aficture is becoming alarming in Nigeria. This fa@ihas been
attributed to a number of factors such as inadequdbrmation about the soil and the subsurfacdoggcal
material, poor foundation design and poor buildimgterials (Fatoba et al. 2010). This has led tddks of life
and lots of goods and properties worth millionsnaira aside from the cost of rehabilitation or ctetg
redesign and reconstruction at much higher cost.

Structural failure is said to have taken place whwsre are unacceptable differences between expecte
observed performance of any structure (Egwuonwd2p0Structural failure ranges from settlement huypst
and total collapse. Some earth materials, due éo thature, cannot support solid and rigid strustimong
these are clay and clay-bearing earth. Similadythematerials such as sands and fresh basemédnprocide
firm support for solid foundation.

Common structural failures in the world today ud# the failure of bridges, dams and the failurbwfdings,
which is the most common of all. Building failuresn be considered to have occurred in a componies that
component can no longer be relied upon to fulfgl principal functions. Limited deflection in a @iowhich
causes a certain amount of cracking and distoritioportions could reasonably be considered as tefec
whereas excessive deflection resulting in sericasadje to partitions, ceilings and floor finishesildobe
classified as utter failure (Akintorinwa et al.2Q2kintorinwa and Abiola, 2011).

Foundation of any structure is meant to transfer ldad of the structure to the ground without cagighe
ground to respond with uneven and excessive moverrerestigation into structural failures are ttfere not
only expected to identify trends leading to struatgafety problems but are also expected to stuiggéstion(s)
against the trend. To this end, geophysical methmsdes geotechnical approaches are routinely feged
foundation investigation. The geophysical methdut suites such investigation are the electricsistigity,
seismic refraction, gravity, magnetic and very logquency electromagnetic methods ( Sunmonu dagdbg,
2011).
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In this study, electrical resistivity and very Idmequency electromagnetic methods were used tciigage the
likely causes of structural failures which manifdgmselves as vertical cracks on the wall of lgs around
BACOSA and Science Laboratory Buildings (Figures 8}). The electrical resistivity method usuallyrfighes
the engineers information about the depth to thdérdmk, the composition of geoelectric layers and th
trend/nature of geological fissures that can jedigaror threaten the life span of the structurelevtiie VLF is
used to study the distribution of fractures whiagrmally reveal themselves as conductive zones mwithe
subsurface (Alagbe, et al, 2013).

2. MATERIALSAND METHODS
2.1. Very Low Frequency Electromagnetic (VLF - EM) M ethod

The instrument used for the VLF profiling is theegkb Wad. A total of six transverse were established
in either west to east or north to south directidri® reading was recorded at an interval of 10ssetr

VLF-EM is an inductive exploration technique thatused in mapping shallow subsurface structural
features in which the primary EM waves induces enirflow (Sharma, 1997, Adelusi et al, 2009). Aithb
both the real and quadrature component of the VM~slgere measured, the real component data which are
usually more diagnostic of linear features werecpssed for qualitative interpretation.

The VLF data i.e. real and filtered real componeifitthe EM fields measured were subjected to Fraser
(1983) filtering to increase the signal to noistoraf the data set and enhance the anomaly signatine real
and filtered real (Karous and Hjelt, 1983) compdserere plotted against station positions. A 2aeision of
real component data was also carried out usingdahee software.

2.2. Electrical Resistivity M ethod

The electrical resistivity method utilized the veat electrical sounding (VES) method involving the
Schlumberger array. Six sounding stations werebkskeed on the observed fault or weak zones reddajethe
VLF-EM method. The current electrode spacing (ABA3s varied from 1m to 65m. The apparent resigtivit
measurements were plotted against electrode spanibglogarithmic graph sheets.

Partial curve matching was carried out using WintkLsoftware for the quantitative interpretation of
the sounding curves. The results of the curve nragctiayer resistivities and thickness) were ussdtarting
model parameters for 1-D forward modeling usin@mputer iterating software WinResist to check RM®&+e
The VES interpretations were used for the constacif geoelectric sections along the various sedme

3. THE STUDY AREA
The study was conducted within the BACOSA and tlaeuRy of Science buildings of Bowen

University Temporary site in Iwo Southwestern NigefFigure 9), located between latitugeto 8°00 and

longitude 4°00 to 5°00 in south western Nigeria precambrian basement Eagmprising predominantly
migmatized and undifferentiated gneisses, schidt guartzite. Locally, the rock sequence in the ptatea
consists of fine grained biotite gneiss, quartgitghist complex of Precambrian age (jones anddyot864).

The gneiss complex underlain the northern and sootipart of the study area and constitute a
considerable larger area with rock exposures. Tuoksr appear to be readily weathered and give dsant
undulating topography dipping in a north-south diien and cross cutting by numerous bands and seate
pegmatites at several locations.

The topsoil association of the site is the Fasalh Ajawa groups with great fertilities, which suppo
good agricultural practice. They have fine textangl are of variety of colour ranging from brownbt@wnish
red, fairly brownish yellow and white clay, and areaverage thickness of 50mm (Akinloye, et al, 200
Generally Iwo is located in southwest Precambriasement complex of Nigeria, predominantly compasfed
oldergranite, migmatite gneiss complex, doloriteetyyand charnockitic rocks.

4. RESULT AND DISCUSSION

4.1. Very Low Frequency Electromagnetic (VLF-EM) Method

The measured raw real and the filtered real dateaeted from the raw field data were plotted to egaie
anomaly curves which enabled qualitative identifara of linear features. These linear features eoted
geological interface/fault zones) are usually dediled as points of coincident crossovers and pegiteaks of
the raw real and filtered real anomaly curves.

Figures 10a to 15a display VLF-EM plots (raw read diltered real) along profiles 1to 6 (BACOSA 1-6)
alongside the Fraser filtered and corresponding#siHjelt filtered current density pseudosectioigyFes 10b
to 15b). The 2-D inversion shows the variation pparent current density and change in conductiwitj

2
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depth. With such apparent current density crosseseplots, it is possible to qualitatively disciimate between
conductive and resistive structures where a higditie value usually denoted by red colour, coroesh to
conductive subsurface structure and low or negatiakies are related to resistive subsurface strestu
(KHFFILT, 2004).
Figure 10a shows the raw and filtered real praileng BACOSA 1. Three positive peaks mapped asuires,
joints, contacts, or faults at distances betweeB8af, 40-65m and 82-110m on the filtered real Aews with
two well pronounced positive peaks at distances/deh 40-65m and 82-110m.These are zones of interest
fault and fracture detection in basement terraigufe 10b shows the corresponding K-H pseudosectiothe
profile. The pseudosection is a measure of condtictiof the subsurface as a function of depth. The
conductivity is shown as colour codes with the mopé high conductivity coded with red colour. Diféat
features of varying degree of conductivity wereirdsdted on the profile with two highly conductivenes
clearly revealed (Red colour). Several other clesusf conductive bodies represented with colouresaate
present on the section with each conductive bodiycating with the points already identified on theofile as
fractures and joints.

Figure 11a, also shows the raw and filtered reafilp along BACOSA 2. Four positive peaks which
were zones of interest are again mapped as fracfmiats, contacts, or faults at distances betwi&ed0m, 60-
70m, 90-105m and 130-140m on the filtered reahasva with two well pronounced positive peaks atatises
between 40-65m and 85-110m. Figure 11b shows thresmonding K-H pseudosection on the profile witio t
very distinct zones of high conductivity (red cal@oded).
Figure 12a, also shows the raw and filtered reafilpralong BACOSA 3. Two pronounced positive peakere
observed and mapped as possible fractures, jaatgacts, or faults zones at distances betweed0a0-and
110-140m on the filtered real. Figure 12b showsdabeesponding K-H pseudosection on the profilenvtite
two zones of high conductivity (red colour coded).
Figure 13a, dipicted the raw and filtered real pecdlong BACOSA 4. Two positive peaks were obsdrwith
only one very pronounced at a distance between2Ddalwhich serves as point of interest. Figure 1@bady
shows the corresponding K-H pseudosection on tb&lgmith only one point of high conductivity (rezblour
coded).
Figure 14a, also shows the raw and filtered reafilpralong BACOSA 5. Two pronounced positive peaksre
observed and mapped as possible fractures, jaiotgacts, or faults zones at distances betweetD86: and
120-150m on the filtered real,but only one at dista120-150m is well revealed as this could be rolkseon
the corresponding K-H pseudosection (Figure 14b).
Observed on Figure 15b is the raw and filtered peafile along BACOSA 6. Three positive peaks mappe
zones of interest at distances between 0-20m, 40&itl 110-155m on the filtered real as shown witt well
pronounced positive peaks at distances betweer®dDand 110-155m. Figure 15b shows the corresporitting
H pseudosection on the profile with two highly cootive zones clearly revealed (Red colour).
4.2, Vertical Electrical Sounding (VES) Method
The resistivity sounding curves of the six VESistad (Figures 16 to 21) obtained from the surveaaonsist
of four geoelectric layers, with VES 1-3 (HA typélES 4 (KH type); VES 5, (QH type) and VES 6 (AA g)p
The curves were characterized according to thgimadures, which mirror the layering of the substefa The
four geoelectric layers that were delineated ineltlte topsoil, weathered layer, clayey sand arshfbasement
with resistivity ranging between 121.3 to 771.2 eimm134.4 to 595.8 ohm-m, 81.6 to 951.9 ohm-m afithi17
to 5134.4 ohm-m respectively. The thickness rarfigga 0.5 to 2.4m, 1.8 to 9.8m and2.7 to 24.5m. befib
bedrock are generally less than 4om. It was howelieerved from the six VES stations which circlesuad
the distressed building (Figures 1to 8) showed thatweathered layer has resistivity values of 21665.2,
134.4, 163.1, 196.5, 595.8 ohm-m and thickness®4,8.7, 4.8, 1.8 and2.1m respectively. Sincettipsoil
with thickness varying from 0.5 to 2.4m will be exated during foundation construction, this layebelieved
to act as support for foundation. From the redistivalues, the weathered layer in this study aseseen to be
characterized of clayey materials of thickness irmpdrom 1.8 to 10.2m. Therefore, probable reasamtiie
structural defect on the buildings could be thebjem of swell and shrinkages of clayey soils. Seako
variation in the level of saturation of clayey soi$ expected to have given rise to the seasonalisg and
shrinkages of buildings subsurface. The swell amdnk might have caused the ground movement which
invariably should have cause defect (cracks) anddation instability of the buildings. The contrastween the
shrinking clay and non-shrinking zone might hawoalontributed to the ground movement which in touald
bring about risk on the structure.

5. CONCLUSION
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The results of the investigation showed that thssiiibe cause(s) of the structural failure in thelgtarea are
due to the presence of geologic features mappdhetsires, faults, contacts and clayey formatioresent in
the study area. Therefore, in order to avert fulygetechnical problems and to minimize resourcesl us

repairing or total reconstruction of failed andtdissed structures in the University, the servioéghe

geophysist should be engaged for pre-foundatiogiestuwhich will act as a guide for the civil enggms before
and during construction.
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Figure 2: Distressed Building in the Study area Showing Csamkthe wall of BACOSA Extension |
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Figure 3: Distressed Building in the Study area Showing &Ksamn the wall of a fence behind BACOSA
Extension |

Figure 4: Distressed Building in the Study area Showingckseon the wall of BACOSA Extension Il
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Figure5: Distressed Building in the Study area Showing Csamk the wall of fence behind MICOM Lab.

Figure 6: Distressed Building in the Study area Showing Ksamn the wall of General Lab
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Figure 7: Distressed Building in the Study area Showingcksaon the wall of 200Level Physics Lab.

Figure 8: Distressed Building in the Study area Showing Ksam the wall of Faculty of Science building
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Figure 12b: Karous and Hjelt pseudo section along BACOSA 3
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Figure 14b: Karous and Hjelt pseudo section along BACOSA 5
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