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Abstract

This study investigated a road failure on an erosion prone highway of Sagamu-Papalanto southwestern Nigeria. The min-
eralogical and chemical composition of the soils were analyzed using X-ray diffraction and X-ray fluorescence methods.
The geotechnical properties of the soil such as grain size distribution, consistency limits test, specific gravity, compac-
tion, California bearing ratio (CBR), porosity, permeability, shear strength test and cone penetrometer test were also
conducted on the soil samples. The results of the investigation showed that the moisture content, specific gravity, liquid
limit, plastic limits and plasticity index ranged from 9.4-18.2%; 2.54-2.58; 26.8-42.6%); 18.2-25.2% to 7.1-21.6%, respec-
tively. Grain size distribution showed the fine and coarser fractions range from 12-32.5% to 49.4-80.5%, respectively.
The maximum dry density and its optimum moisture content ranged from 1.64-1.74 g/cm? to 12-17%, respectively. CBR
results ranged from 3 to 12%. The class of subsoils namely A-26, A-7, A-2-7 (clayey soils), were identified and rendered
unsuitable as road construction materials. The results from this investigation revealed that the subsoils are poor road
construction materials due to its fines and plasticties. This should be put into consideration during the reconstruction

and rehabilitation of the road.
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1 Introduction

Transportation has proven to be a vital tool in the socio-
economic development of any nations; as its serves as a
vehicle that propels other infrastructural development.
Every nation’s economic status relies on how well it has
been able to develop its roads, airports, ports, shipping
pipelines and railways [1, 2]. Transportation helps to link
up all markets, driving trades and wealth distribution.
Road transportation directs the spread and distribution
of economic practices across the world [3]. It has been
shown from past records that loss several lives and prop-
erties abound resulting from road accidents. [4]. High-
way pavements and foundation soils are inseparable
duo toward the development of any country [5]. Diverse
road failure components are observable within a short

period of time after commissioning. Roads are literally
constructed on geologic materials and these materials’
properties impact their functioning as transport medium
[6]. The major components of several typical flexible
highway pavements from the base to the top include the
subgrade, sub-base, base course and riding surfaces [7,
8]. However, loss of lives and properties has been linked
to the poor design and substandard construction activi-
ties arising from non- compliance with the recommended
standards. However, road failures are usually followed by
the following signs such as rutting, potholes, differential
heave, deformation, peeling and cracking [9-11]. Several
factors have been linked to the increasing recorded road
failures include geomorphological, geological and geo-
technical factors, design and construction inadequacies,
maintenances and road usage [12-14]. Climatic factors
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in particular temperature alterations and attacks by acid
rain have been reported to reduce the performance of
the road base materials. Gidigasu [15] and Graham and
Shields [16] reported insufficient width and the makeup of
the road shoulders as other contributing factors that give
rise to road failure. Specifically, several pavement failures
in the Southern region and Niger Delta region of Nige-
ria have been traced to hydrogeological and geological
conditions linked with swampy, textural properties of the
subsoils and poor drainage measures. [17, 18]. The preva-
lence of pavement failures have also been attributed to
the engineering characteristics of the underlying geology
and the subgrade materials. The engineering characteris-
tics of the underlying geology have been reported to have
been controlled by their mineralogical compositions [19,
20]. Poor geotechnical characteristics of the soils such as
poor bearing capacity, low maximum dry density, high
liquid limit, plasticity index, optimum moisture content,
California bearing ratio and high compressibility are typi-
cally responsible for road failures [19, 21]. These states
often result to pavement failures in the shape of cracked
pavements and surface deformation. However, the appro-
priateness of soils as base course or subbase course and
the subgrade are in cogent connection to the conveyance
and bearing of axle load which determine the strength,
durability and life of roads [22, 23]. Geotechnical assess-
ment of subsoils helps in comprehending the behaviour
of the soils that can cause remarkable impairment to road
construction and also propose solutions in problems con-
nected with both expansive and unexpansive soils [24-26].
Past investigations have also emphasized the role of geo-
physical investigations and integrated geotechnical and
geophysical investigations in the investigation of the sig-
nificant factors responsible for ceaseless highway pave-
ment failures in parts of southern Nigeria [27-29].

The study under investigation is focused on a major
highway along Sagamu-Papalanto in Ogun state south-
western Nigeria. The highway has been in a state of total
deterioration despite serving as accessible road to indus-
tries like dangote cement factory at Ibese Ogun state and
Lafarge cement industry at Ewekoro. The road has been in
a precarious state and left abandoned to be hiding place
for criminals. Loss of lives and properties through frequent
road accidents has also been reported on the highway.
The highway is located on a sedimentary terrain, during
the field inspection; excessive weathering and flooding
was noticed on the surface of the road. The flooding has
eroded the bituminous layer off the surface of the road.
The state of the road has resulted to a decline in economic
activities in the area. The investigation was undertaken to
ascertain the cause of road failure along Sagamu-Papal-
anto highway. The study under investigation is aimed
at determining the cause of road failure on the highway
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pavement of Sagamu-Papalanto in Ogun state southwest-
ern Nigeria using integrated methods and also proffer the
needed recommendation for the reconstruction and reha-
bilitation of the existing road.

2 Location, geomorphology and geology
of the study area.

The study area lies within Longitude 3°11°35.627’E to
3°34°42.25"'E and Latitude 6°51°1.217 "N to 6°54"16.457"'N
on the Sagamu-Papalanto Expressway in Ogun State
Southwestern Nigeria (Fig. 1).The road extends up to
60 km long, it serves as route to other connecting cities
like Ewekoro, Ibese, Ifo and Lagos -Ibadan Express and
other part of the country. Sagamu-Papalanto highway is
enclosed in the north by Oyo and Osun States, in the south
by Lagos State, in the east by Ondo State and in the west
by Benin Republic. It transverses between Papalanto Junc-
tion through several villages and settlement to Sagamu
Interchange. The geology of the area comprises of sedi-
mentary units which consists of argillaceous sediment that
is soft, friable and some siliceous and ferruginous materi-
als (Fig. 1). The Geology and stratigraphy of the Dahomey
basin has been grouped into six lithostratigraphic Forma-
tions namely, from oldest to youngest namely: Abeokuta,
Ewekoro, Akinbo, Oshosun, llaro, and Benin Formations
[30, 31] The Abeokuta Formation represents an irregular-
ity and lay directly above the basement complex, Ewekoro,
Oshosun and llaro Formations overlie these in turn and all
are overlain by the coastal plain sands of the Benin Forma-
tion. The studied area is located on sedimentary Formation
of the south western Nigeria and underlain by the base-
ment complex [32].It belongs to the Ewekoro Formation
which is Tertiary formed during the Paleocene and Eocene
period. It also forms a greater depression of artesian basin
for groundwater formation which is mostly made up of
shale/clay.The area has a wide spread humid tropical cli-
mate pronounced by the presence of wet and dry seasons.
The wet seasons starts in April and terminates in October
whereas the dry seasons run from October to March. The
mean annual rainfall is approximately 1375 mm.The style
and pattern of rainfall is dual mode in nature, in addition
to an annual peak in the month of June and a second-
ary maximum in the month of September [33].The mean
yearly temperature also differ from 22 °Cin wet season to
30 °Cin dry season mean. The humidity range from 40%
December to 80% July. The whole of the study has area has
moist air that comes from the Atlantic Ocean throughout
the year. The relief is of moderately uneven and undulat-
ing; the area is predominated by dendritic drainage pat-
tern which implies quite similar resistance of the underly-
ing rocks to weathering.
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Fig. 1 Showing geologic map of the study area

3 Materials and methods

The adopted methodology in this study includes recon-
naissance survey, field work (collection of samples),
laboratory tests and interpretation of results. Visual
inspection and reconnaissance survey which involved a
detailed geological field mapping was undertaken in the
course of the fieldwork to identify the failed sections of
the road under investigation. Ten disturbed soil sample
was collected using an auger from a burrow pits at a
depth of 2.5-3 m. The samples collected were kept inside
an air tight bag and then labeled for easily identification
of the sampling points in the laboratory. The collected
samples were sent to Lagos state material testing labora-
tory before been apportioned for mineralogical, chemi-
cal and geotechnical characterization.

The samples were spread on a tray for air drying;
the lumps in the samples were reduced to fine par-
ticles through the use of a pellet. The selected sam-
ples were divided and apportioned for elemental and
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mineralogical analysis respectively using the X-Ray Dif-
fraction (XRD) and X-Ray Fluorescence (XRF) machines.

The X-Ray Diffraction (XRD) was carried out in accord-
ance with the procedures of [34]. The X- Ray Diffraction
(XRD) analyses were carried out on the soil samples
through the use of the 6000XRD model machine with
CuKa radiation called the empyrean PANalyticalschimadzu.
However, the elemental composition of the samples were
conducted by using the PANAnalytical’s minipal 4 model
of the XRF which is also known as the Energy Dispersive
X-ray Fluorescence (EDXRF) spectrometer.The machineis a
light weight portable bench top which can easily be lifted
for use. The soil samples before been used for the chemi-
cal and mineralogical analysis were crushed to remove
all lumps with the aid of an arget pulverizing machine.
The crushed soil samples were made to pass through
150 micro mesh sieves. This was necessary to ensure uni-
formity of the samples. About 5 g of the crushed sample
were weighed into a beaker thereafter 1 g of starch solu-
ble (binding aid) were added. The mixture were carefully
mixed to ensure homogeneity and thereafter compressed
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under an increased pressure that will give rise to bolus that
will be used for the analysis. The bolus mass was carefully
placed in their respective measuring positions that has
been marked out on the sample changer of the measuring
equipment. The sample changer of the equipment serv-
ers as point of measuring the element composition in the
analyzed samples. The current of is set at 12-14 kV when
measuring the major oxides using a chosen filter tempera-
ture for the major oxides. The medium used for analyzing
the samples was air and by using a time measurement of
100 s.The equipment used was calibrated by using the
gain control of the machines; thereafter the separate sam-
ples were measured by tapping the corresponding spots
of the sample changer.

The XRD analysis was carried out by gently mixing a
powder with a dispersant solution (ethanol). These were
later rolled out equally over the slide, thereafter glass
plate was used to carefully press the samples into an XRD
sample holder. The machine operation was set at a cur-
rent of 40 mA, a voltage of 40 kV, a step size of 0.016, a
timer per step of 50.165 s, a separation slit fixed at the
angle of 0.6°and a range of 4-80 deg 26. The X'Pert High
Score Plus incorporated in the PDF-4 Minerals 2013 ICDD
database were used in identifying the crystalline mineral
phases and was in accordance with the stated procedures
of [35, 36].A sample of 15 kg of fresh rocks were collected
near the basement area along the study area for a detailed
petrographic studies using the petrographic microscope
so as to order to determine the parent material of the stud-
ied soil samples.

The geotechnical tests such as sieve analysis, Atterberg
consistency limit tests, specific gravity, compaction, shear
strength, permeability, porosity and california bearing
ratio (CBR) were conducted on the soil samples. These
analyses were carried out in accordance with [37-43]. The
detailed methods of the geotechnical analysis conducted
on the soil samples are highlighted in [44].

The CPT machine used has a peak angle of 60° and a
hinge area of 10cm? It consist of a steel frame and a driving
head which accommodate hydraulic pressure capsule. The
driving head is lifted or let down by manually controlling

the winch. The Dutch cone penetrometer test was carried
out by driving a hardened steel cone uninterruptedly into
the ground before taken its measurement of its resistance
to penetration. The cone body is forced into the ground by
using the steel rods that is fastened to the driving head.
These rods are shielded from friction by an empty outer
rod. The cone driving rods and outer rods were forced at
the same time into the ground for an interval of 200 mm.
The operated pressure is then exerted on the inner rods,
the cone is moved forward separately of the outer rods
for an interval of about 40 mm at the standard of nearly
100 mm/sec. The force required to progress the cone is
transferred across the capsule in the driving head to a
gauge and the penetration resistance indicated on the
gauge is recorded. The outer tube is then advanced and.

the whole assembly is driven further by 250 mm where
the operation is repeated.Four cone penetration test
(CPT)) were carried out along the studied area in accord-
ance with [43].

4 Results and discussion

4.1 Chemical and Mineralogical investigation
of the selected soils

The results of the mineralogy tests on the soil are sum-
marized in Table 1. The prominent clay mineral types iden-
tified are quartz, kaolinite and illites whereas muscovite,
iron sulphate and dickite were detected in their minor
proportions. The spare number of minerals detected
and measure was as result of the detection limit of the
equipment. More and Reynolds [45] reported that the low
concentration of mineral phases detected was due to the
equipment used and also as a result of the predominance
of the indentified mineral phases in the soil samples which
are mostly clay. The results in Table 1 showed that illite was
identified in L3; kaolinites were identified in the L2, L3, L4,
L9 and L10. Muscovite was also detected in samples L1,
L8 and L9. There was no presence of montmorillonite and
smectite which is accordance with was reported by [46]

the slected eight s samples L R S R R A R
Quartz (%) 78 85.6 47 58 70 45 65 35 66 80
Kaolinite (%) - 12.14 13 42 - - - - 14 15
Dickite (%) - - - - - 35 - - -
Microcline (%) - - 30 50 - 63 - -
Muscovite (%) 2 - - - - - 4 -
Iron sulfate (%) 20 - - - - - 5 16 -
Sanidine (%) - 2.26 - - - 5 - - - 5
Illites (%) - 40 - - - - - - -
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that montmorillonite is not present in the south western
Nigerian soils studied. The results of the mineralogical
investigation are in confirmation to the index properties
of the soil in (Table 4) that shows that the index proper-
ties of the soils are of low to medium plasticity. The pres-
ence of detection of kaolinite as a major minerals (Table 1)
shows that the soils of the study area is well drained and
the detection of muscovite in some sample locations may
result to field compaction problem [47-49]. The results
show that all the identified minerals (Table 1) belong to
the phyllosicate family of the silicate mineral group (Fig. 2).
The predominant amount of quartz and kaolinite with
minor amounts of illite and muscovite shows that these
minerals were derived from felsic sources which are deriva-
tives of the granitoids basement rocks.

The results of the geochemical analysis are summarized
in Table 2. The total amount of chemical elements in there
decreasing order includes; SiO2, Al203, and Fe203, with
averages of 45.77%, 22.9% and 22.60% respectively. The
studied soil samples are characterized by high amounts
of silica from 40.54 to 53.98%, appreciable amount of ses-
quioxides (Al203 and Fe203) which varied from 17.10 to
29.5% for Al203, 2.87 to 29.41% for Fe203 and reason-
able amount of bases (K20 and CaO). The other chemical
element concentrations were all lower than 5% (Table 2).

Courls

Fig.2 XRD results showing

The silica(S)/sesquioxides ratios(R) in Table 2 varied from
0.81to 1.67.

BIS [43] and Onana et al. [49] classified soils based on
the silica/sesquioxides ratio as laterite if the is less than
1.33; lateritic if ratio ranges from 1.33 to 2 and non-lateritic
if it is greater than 2. According to this classification, 5% of
the studied soils are classified as non-lateritic soils while
the rest 95% are lateritic.

A triangular diagram of (Na20 + Ca0)-Al203-K20 after
[50] was plotted using the major oxides from the XRF anal-
ysis data in Table 2. The triangular diagram was plotted
in order to show the trend of weathering. The triangular
diagram shows the degree of the conversion of feldspars
to clay and the trend of weathering in an average granitic
rock.

Figure 3 shows the trend of weathering on the samples
plotted using the Nesbitt and Young triangular diagram. It
was revealed from the (Na20 + Ca0)-Al203-K20 diagram
that all the samples exhibit an intense weathering history.
The Nesbitt and Young triangular diagram shows a relative
contrast in elemental composition of Al203, CaO, Na20,
and K20 which plot closer to higher contents of Al203.
The results shows a relatively high intensity of weather-
ing that has advanced to a phase at which appreciable
amounts of the alkali and alkali earth elements have been
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Table 2 Result of geochemical

a ¢ % Oxide L1 L2 L3 L4 L5 L6 L7 L8 L9 L10
analysis on the soil samples

Major elements

Sio2 4130 41.00 5398 4350 4747 4425 4614 4054 4714 4147
Al203 2119 2299 2950 2220 2140 1710 23,60 17.00 23,60 2440
Fe203 2941  25.61 287 2430 2035 2343 1644 2941 1544 2145
Cao 0.44 0.62 0.14 0.19 1.04 0.84 0.80 0.68 0.90 0.44
Na20 0.16 0.11 217 0.51 0.41 0.26 0.18 0.41 0.17 0.35
K20 3.25 340 9.86 4.25 4.67 5.62 4.86 5.60 5.86 5.67
MgO 0.32 1.59 0.17 0.73 0.72 0.77 0.50 0.72 0.60 0.42
TiO2 2.64 1.75 0.18 293 1.85 2.16 1.26 2.50 1.16 1.55
MnO 0.10 0.05 0.06 0.04 0.14 0.10 0.06 0.04 0.02 0.03
Zn0O 0.03 0.04 0.01 0.01 0.02 0.01 0.02 0.01 0.03 0.04
CuO 0.02 0.01 0.01 0.03 0.01 0.02 0.04 0.01 0.01 0.02
Total 98.86 97.17 9895 98,69 98.08 9456 939 9692 9493 95.84
Na20+Ca0 0.60 0.73 231 0.70 1.45 1.10 0.90 1.09 1.07 0.79
S/R 0.81 0.84 1.66 0.93 1.13 1.09 1.15 0.87 0.89 1.03

ALO, alignment of dark and light colored minerals in a preferred
(100 wi%s)

S oty
L2 5 X

Flasgiccisse

S VISV SV 1
CaO+Na,O
(100 W)

Fig.3 The (Na20+Ca0)-Al203-K20 diagram of all samples from
the study area after [50]

detached from the soil samples. The weathering process
for the samples has moved from K-feldspars to muscovite,
illite through to kaolinite and a deficiency in the percent-
age proportion of CaO + Na20. This result shows that there
is a progressive weathering that has taken place within
the plagioclase phase. The pattern of enrichment of the
mineral phases is from Al203 > K20 > CaO + Na20. The soil
samples are grouped in (Fig. 3) as plagioclase at 50-50%
Ca0+Na20 vs Al203, at 50-60% concentrations along the
K20-AI203 trend as K-feldspars whereas at 75-80% Al203
concentration as illite and at 75% Al203 as muscovite.

4.2 Petrographic characteristics of the selected rock

The rock studied under the microscope is made of quartz,
biotite, muscovite, garnet chlorite, K- feldspar (orthoclase
and microcline), and plagioclase (Fig. 4). Supplementary
minerals are apatite and zircon. It is mesocratic, medium to
coarse grained (1-5 mm) micaceous igneous rock with an
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direction showing gneissose foliation. The vitreous luster
of micaceous was also observed from the sample. The
minerals observed in the hand specimen include; quartz,
feldspars and mica (mostly muscovite). The thin section
of this rock sample (Fig. 4) showed quartz, plagioclase,
biotite, microcline, orthoclase, muscovite and pyroxene.
Quartz occupy up to 30% of the rock minerals. It appeared
as colorless polycrystalline mineral with no pleochroism
and twinning. It displayed an undoluse extinction with an
anhedral to subhedral shape. Biotite occurrence is 22%
in the rock. It is pale to brownish colour with character-
istics perfect cleavage and prismatic habit. Microcline is
made up of 11% of the rock minerals. It is colourless but
cloudy in plane polarized light with low relief. It showed
cross hatch twinning and oblique extinction. Orthoclase
appears as colourless cloudy crystal with low relief and
undergoes an oblique extinction. Orthoclase is made up of
12% of the rock minerals. Plagioclase is colourless with low
relief. It displayed polysynthetic twinning and undergoes
oblique extinction. It occupies 22% of the rock minerals.
Opaque minerals of about 3% were observed in the rock
thin section.

The second rock sample studied is a boulder of leuco-
cratic (pinkish) fine grained with random orientation of
light and few dark coloured minerals (Fig. 5). It consists of
alkali feldspars, quartz and biotite in the hand specimen.
The thickness of the rock is about 2.2 m and the rock is
suspected to be rhyolite with no evidence of migmatiza-
tion. The thin section study (Fig. 5) shows the occurrence
of quartz, microcline, orthoclase, plagioclase, biotite and
iron oxide. Biotite occurs as rounded pale brown mineral
but did not show the characteristic pleiochrosim. Quatrz
occur as an andedral crystals which gives grey interference
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Fig.4 Photomicrograph of the selected rock A in cross polar. QTZ =quartz, PLG=plagioclase, BIO =biotite

Fig. 5 Photomicrograph of the selected rock B in cross polar

colour with complete extinction. Microcline shows a cross
hatched twining while orthoclase shows carsbad twining.
The occurrence of plagioclase is lesser than those of ortho-
clase and microcline.

4.3 Geotechnical characteristics of the studied soil.
4.3.1 Index properties

The results of the index tests on the soil samples are sum-
marized in Table 3.The grain size analysis is important in

determining the strength of the soil and also determine
the particle size distribution of the studied soils [51]. The

results shows the percentage amount of clays, silts, fines,
sand and gravel ranged from 12.1-27.5%, 6.1-15.8%,
12-38.5%, 49.4-80.1% and 4.7-20.2% (Table 3 and Fig. 6).
The Federal Ministry of Works and Housing [52] recom-
mends subgrade soils to possess less than 35% amount of
fines. The results obtained in comparison with FMWH [52]
shows that four soil samples did not meet up the specifi-
cation. It can be inferred from the result that the soils are
susceptible to frequent shrinkage and swelling potentials
during the various wet and dry seasons which are usu-
ally the characteristics of the environmental and climatic
condition of the study location. The high percentage of
fines had been linked to the predominance of clay which

SN Applied Sciences

A SPRINGERNATURE journal



Research Article SN Applied Sciences (2020) 2:2094 | https://doi.org/10.1007/s42452-020-03849-x

Table 3 Summary of all the engineering index tests on the soil samples

SN Clays % Silt % Fines % Sand % Gravel % SG NM C LL
L1 24.2 11.2 344 56.2 8.4 2.56 15.8 343
L2 21.1 12.7 31.8 60.5 6.7 2.55 12.6 36.3
L3 26.9 6.1 32 594 10.6 2.58 12.2 33.6
L4 27 14.9 429 514 47 2.56 18.2 40.5
L5 13.4 15.8 27.2 64 9.8 2.57 11.5 26.8
L6 12.1 14.9 28 70.1 49 2.55 13.2 36.6
L7 226 8.7 283 50.5 20.2 2.54 22 313
L8 8.5 7.5 12 80.1 6.9 2.57 12.5 40.81
L9 21.8 14.8 356 55.7 1.7 2.50 11.6 454
L10 27.5 14 38.5 49.4 10.1 2.58 9.4 46.2
SN PL LL AASHTO Soil group ucs FS LS Activity
L1 21.7 343 A-26 (&) CL 31 9.57 0.29
L2 25.2 36.3 A-26 (&) Cl 8.14 10.29 0.52
L3 22,6 33.6 A-26 (&) CL 26 11.29 0.40
L4 22.1 40.5 A-7 (&) Cl 26.7 11.6 0.68
L5 18.2 26.8 A-24 (&) CL 11 8.86 0.64
L6 18.7 36.6 A-2 SiC CL 5.35 3.86 1.47
L7 20.5 313 A-24 (&) CL 5.17 3.96 0.47
L8 223 40.81 A-2 (&) CL 6.17 743 2.17
L9 238 454 A-2-7 (&) Cl 31 11.71 0.99
L10 21.6 46.2 A-7 (&) Cl 26 12.71 0.89
NMC natural moisture content, LL liquid limit, L plastic limit P plasticity index, FS free swell, LS linear shrinkage.
Fig. 6 Stacked grain size dis- 120 |11
tribution for the soil samples
—t—| 2
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feasibly exerts a dominant control on the mass behaviour
of soil which makes it mechanical unfit.

AASHTO [53] classification system is based on the parti-
cle sizes, liquid limit and plasticity index. According to the
grouping, soils with less than 35% pass through the No.200
sieve are classified under A-1 to A-3, typically clayey soils.
While soils with more than 35% pass through the No. 200
sieve are classified under A-4 to A-7, typically granular
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Seive Sizes (mm)

soils. The group index is the parameter that gives an indi-
cation of the load bearing capacity within the AASHTO soil
group. The resulting increase in the group index will cause
decrease in the load carrying capacity. The results on the
studied samples (Table 3) revealed that the soils are classi-
fied as A-26, A-24, A-2 and A-7 according to [53]. The soils
in these groups are considered as clayey soils. The soils are
grouped as fair to poor materials for road construction.
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The soils classified as A-2-7 soil on AASHTO soil classifica-
tion is regarded as poorly graded and poor graded(GP) on
USCS soil classification with group index of 0 [54]. There-
fore, they are unfit for use as subgrade, subbase and base
road construction materials. The clayey soils are classified
as fair to poor road materials, while the granular soils are
classified as excellent or good road materials.

The values of the specific gravity ranges 2.54-2.58
(Table 3).The specific gravity is often used as a criteria in
the selection an appropriate materials for highway pave-
ment construction.The value is low when compared with
the residual soils with the basement complex of Nigeria
[55] It has been revealed by [56] that specific gravity has
strong correlation between the chemical composition and
the mineralogy of a soil. Gidigasu [15] reported that the
greater the specific gravity; the greater the degree lateriza-
tion. The more the percentage of clay fraction and alumina
concentration the less the specific gravity. The studied
soils have been grouped as inorganic soils.

The natural moisture content of the analyzed soil sam-
ples varied from 9.4 to 18.2% (Table 3). It was revealed that
three sample locations values are higher than the specified
value of (5-15%) recommended by the FMWH [52] for road
construction. This shows high water adsorption potential
of the soil materials. The results revealed that the values
obtained will lead to reduction in shear strength of these
road construction materials [21]. Thus, they are unfit as
subgrade, subbase and base materials. High fluctuation in
moisture content often results to a large volume changes
in the clayey soils [27]. The results obtained for the mois-
ture content ranges from favorable, marginal favorable to
unfavorable in accordance to the work of [57].

The consistency limits is used in determining the set-
tlement and strength characteristics of soils for road con-
struction [58, 59]. The liquid, plastic limit and plasticity
index results of the studied soils ranged from 26.8-46.2%,
18.2-25.2% t07.1-21.6%, respectively. All the studied soils
have the potentials of causing a major deformation under
load due to their plastic natures. Thus, all the studied the
studied soils are within FMWH [52] recommended speci-
fication of 50% for liquid limit making them fit as used
for subgrade, sub-base and base road construction mate-
rials. However, only eight samples are within FMWH [52]
specified maximum plasticity index of 20% for highway
subgrade materials, while other soil samples are above the
maximum recommended standard value making them
unfit for subgrade materials. The Casagrande’s plasticity
chart (Fig. 7) containing the A-line plays an important role
in the classification [60]. The studied soil samples are then
classified into Cl, CL and CH on the basis of particle size
distribution, liquid limit and plasticity index. Two samples
falls within the low plasticity (CL) and eight samples falls
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Fig. 7 Plasticity chart of the samples [60]

Table 4 Expansive soil classification based on the activity

Activity (A c) Nature of the soil Probable degree
of swell potential

<0.75 Inactive Low

0.75-1.25 Normal Medium

>1.25 Active High

within the medium plasticity (Cl) categories in the Casa-
grande’s chart.

Clay activity of soils is obtained by integrating Atter-
berg limits and clay content into an exclusive parameter
[61]. The results of the percentage clay sized fraction and
plasticity index were used to calculate the activity in order
to determine the measure and the degree of likelihood of
exhibiting colloidal behaviour (Table 3). This is linked to
the geologic history and mineralogy of clays presents in
the soils. The characteristics of clay soils are known by the
physicochemical characteristics of the different constitu-
ents’minerals and by the relative proportions in which the
minerals are present [4]. Underwood [57] proposed three
classes of clay based on their activity which includes; the
normal clays, active clays and inactive clays which ranges
from 0.75 to 1.25, value greater than 1.25 and value less
than 0.75 Table 4. The activity less than 1 corresponds to
kaolinite, while activity between 1 and 2 corresponds to
illite and greater than 2 corresponds to montmorillon-
ite [61]. The clay activity of the soils under investigation
ranged from 0.29-2.17 (Fig. 8). The results indicate that the
predominant clay mineral present in the soil is kaolinite as
eight sample location has clay activity values of less than
one, which is inactivity and low moisture affinity.
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The linear shrinkage of the soils varied from 3.86 to
14.4% (Table 3). It was revealed from the results that seven
samples have values greater than [9, 61] recommendation,
which states that the maximum values of linear shrinkage
require for sub grade materials should be 8%. This results
show that the soils would be subjected to shrinkage and
swelling during the seasonal wet and dry seasons which
is typical of the tropical climatic condition of the study
area. The linear shrinkage results correlates with results

Table 6 Summary of the soil strength tests

obtained from grain size analysis; thus, the soil samples
are not suitable for both highway subbase and subgrade
materials. Only three fulfils the specification as subsoil
materials that are fit for road construction. The soils that
are prone to swelling and shrinkage can be modified by
stabilization processes to establish the desired properties
for road construction.

The free swell of the soils varied from 5.17-31 (Table 3).
The results show that the soils in the study area ranged
from kaolinite and illite which possesses low to medium
swelling potential (Table 5).

4.3.2 Soil strength properties.

The strength of subsoils for road construction are govern
by the soil’s resistance to distress under the application
of load as determined by compaction, CBR, cohesion,
permeability, and porosity tests, and their results are
summarized in Table 6.The compaction of soils for road
construction required the attainment of a high degree of
densification in order to prevent detriment consolidation
that will arise from traffic load [4]. The compaction curves
for the studied soils are shown in Fig. 9. The maximum dry
density (MDD) of the soils in the study area ranged from
1.50t01.78 g/cm3 at optimum moisture content (OMC) of
12-17% (Table 6). Five samples have MDD values above
the maximum 1.70 g/cm3 as specified by FMWH [52].
However, from the results of the tests it was revealed that
the residual soils have low bearing capacities and cannot
ultimately serve as construction barriers due to the poor
MMD and low OMC except if well compacted and stabi-
lized to reduce voids, to increase the strength and reduce
its permeability. It is worthy to note that the best soil for
foundation of pavement structures must always be com-
pacted above the MDD and the OMC values to yield the
maximum strength prevent inflow of water and distribute

SN MD D(g/cm3) OMC (%) CBR % Porosit y (%) Permeability k(m/s) Cohesion Friction angle Unit weight
(CKpa) ((9,°) (Y, kN/m?)
L1 1.70 16 3 34 1.85x107° 4 26 18.5
L2 1.72 15 4 41 2.93x107 5 23 16.5
L3 1.71 13 12 38 1.42x107° 4 24 213
L4 1.69 13.5 5 53 8.86x107° 6 28 16.1
L5 1.74 14 4 37 5.85x10™ 7 22 22,5
L6 1.60 12 4 39 2.85x10™ 2 27 23.5
L7 1.72 15 5 40 6.75%x107 1 29 18.9
L8 1.72 16 9 45 5.85x10™ 3 30 21.1
L9 1.64 17 3 48 8.05x107° 2 25 15.0
L10 1.64 16 4 49 7.01x10™ 3 26 17.1

MDD: Maximum dry density, OMC:optimum moisture content, CBR: California bearing ratio
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wheel loads uniformly into the pavement structures. It was
also inferred from the results of the MDD and OMC that the
soils have poor to fair foundation attribute, and are loose
materials that require minimal force for it’s to dissociate.
This is potentially responsible for the incidence of road
failure in the study area.

California bearing ratio is a test that is often employed
in the evaluation of soil strength in subgrade, subbase
and base course materials for road, footpath and airfield
pavement design [4, 63]. The results of the CBR ranged
from 3-12% (Table 6, Fig. 10). Only four of the analyzed soil

Table 7 Results of CPT for the studied locations

samples have the required > /5% CBR value recommended
for highway subgrade soil materials [52, 63]. The CBR val-
ues of the study area are generally low, requiring that the
soils should be subjected to soil improvement strategies
in order to acquire the required strength for road construc-
tion materials.

The coefficient of permeability for the soils ranged from
1.85% 107 t0 8.86 x 10~ m/s (Table 6). It is classified into
practically impermeable, medium permeable to low per-
meable which makes the soil to be fit for road construction
purposes [4, 64]. Igwe et al. [65] reported that permeability
coefficients (k) in the range of 107710 m/s are catego-
rized as moderately to highly permeable materials. How-
ever, when these soils come in contact with water, the soils
will retain water and lead to the rapid weakening due to
poor drainage and exposure to the surface [4, 8].

The porosity of the soils ranged from 34-53% (Table 6).
The extent and amount of rainfall are the agents that
control the infiltration potential of a soil [66]. The results
revealed that the studied soils are loose and porous which
was observed from the high percentage of fines that are
predominant in the particle size distribution (Table 3).

The angle of internal friction ranged from 22-30 ¢°
and the cohesion ranged from 1-7 kPa (Table 6). The
shear strength plays an important role in determining
the compactive effort of materials for road construction.
The results from the investigation revealed the soil sam-
ples have low angle of internal friction and cohesion. This
implies that the soils will be vulnerable to erosion and
abruptly collapse under an imposed load.

4.3.3 Cone penetrometer test

The cone penetration test (CPT) data collected are pre-
sented in Table 7. This was carried out to determine the
strength of near surface materials and also access the
in situ strength of the subsoil tested. The graphs of the
cone penetrometer tests which shows the rate of pen-
etration against depth Figs. 11, 12, 13 and 14.The results
revealed a low cone resistance value which indicates

Location test hole CPT point 1 CPT 1

CPT point 2 CPT 2

CPT point 3 CPT3 CPT point 4 CPT 4

Depth of Penetration (m) 2 6 16 12.5

Cone Resistance (kgf/cm?) 20 45 138 72

Undrained shear strength (Cu)KN/m? 10 7.50 8.63 5.76

Allowable bearing capacityKN/m? 17.13 12.85 14.77 9.86

Ultimate bearing capacity 50 37.5 43.125 28.5

Remarks Dark grey, stiff medium Dark grey, medium  Dark grey, stiff, fine- Dark grey, stiff, fine-

grained clayey sand grained clayey medium grained Clayey = medium grained
sand sand Clayey sand
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Fig. 11 Showing CPT plot for point 1 along profile 1

CPT POINT 2
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&

Fig. 12 Showing CPT plot for point 2 along profile 2

CPT POINT 3
Cone resistance Kg/cm2
0 20 40 60 80 100 120 140 160

Depth (m)

Fig. 13 Showing CPT plot for point 3 along profile 3

clayey sand material for sample point1, 2, 3 and 4. The
linear nature of the graphs of sample 3 and 4 shows that
the subsurface materials offer no resistance to the driven
cone when compared to sample point 1. The results of
the CPT tests for sample points 1 to 4 revealed a depth
range of 2-16 m. The CPT termination points at this pen-
etrated depth show that the soils are unfit for erecting
the foundation. The low shear strength values obtained
for the sampling points also revealed that the subsurface
materials are undesirable as road pavement materials.
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Fig. 14 Showing CPT plot for point 4 along profile 4

The increase depth in relation to the cone resistance is
as a result of the intercalation of clay (Table 8).

Using the established standard used by Lagos State
Material Laboratory test for CPTs in foundation engineer-
ing, “Simplified Description of the use and Design Methods
stated in [68, 69].

Undrained shear strength (Cu)

Cu =qc/NK (1)

where qc=cone end resistance value.Nk=Point of refusal
or termination point

Allowable Bearing Capacity Ultimate bearing
capacity is 5.14xCu, where 5.14isconstant 2)

Allowable bearing capacity = 5.14 xCu /3 (3)

However, the easy penetration of the cone rod to a
depth of 10 m at the sampling points could be as a result
of heavy flooding which was as a result of the ingress
of water into the intercalation of the soil layers thereby
making it to be loose and less cohesive. Erosion control
is therefore necessary in the study area as abrupt erosion
may result to heavy saturation of the pavement, drainage
failure and blockage of the culvert. In addition, drainage
system should be put in place in order to allow for easy
passage of surface and ground water through seepages.

5 Conclusion

The subsoil investigation of Sagamu-Papalanto road has
been carried out. The results revealed that the soil sam-
ples are majorly clayey and granular soils, easily com-
pacted with poor drainage. The soil samples indicatSe a
cohesive nature with variable moisture content due to
the climatic and hydrological conditions of the study area.
The geotechnical investigations showed that the soils are
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Table 8 Cone resistance value

Inferred CU
values(KN/m?)

Cone resistance
value (kg/cm?)

Relative density

e Cone resistance Soil type

for a corresponding lithology value (kg/cm2)

of cohesive and granular soils

[67] 0-4 Very soft clay
0-6 Soft clay
6-10 Firm clay
10-20 Stiff clay
Above 20

Hard clay

Very stiff —hard clay

20 20-40 Very loose to loose
20-40 40-120 Medium Dense
40-75 120-200 Dense

75-100 Above 200 Very Dense
100-150

And 150

poor road construction materials, but the strength can be
improved when subjected to stabilization measures as
indicated from the strength tests(compaction, California
bearing ratios tests) This should be out into consideration
during the reconstruction and the rehabilitation of the
Sagamu-Papalanto highway. In forestalling the incidence
of road deterioration and failure in Nigeria, checks should
be put in place to ensure every materials that will be used
during construction works is tested and treated in order
to avoid pre and post failure of road during construction
activity. It is expected that period maintenance should be
encourage in order to avoid roads dilapidating before their
design life span.
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