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Introduction

Good roads, drinking water, electricity, security and 
good maintenance practices must be captured in the 
sustainable development plan of every nation. Every 
economy needs good roads to thrive. Roads are directly 
proportional to the socio-economic development and 
gross domestic product of the country (Meshida 2006; 
Olofinyo et al. 2019; Ale 2021; Emmanuel et al. 2021) 
and should be maximised (Ighodalo 2009). One of the 
ways to enhance the sustainability of a country is to take 
past and new detailed engineering geological records of 
soils to generate engineering geological maps of 
different regions in Nigeria for characterisation. This 
will perfectly assist in the construction of new roads and 
reconstruction of old roads. Most of the federal and state 
roads have experienced all kinds of failures ranging 
from technical, to maintenance and to structural 
(Emmanuel et al. 2021).

Cocoa farming is the major farming activity in the 
Oboto community. More than 90 percent of the people 
living there are involved in cocoa buying, selling and 

farming. Roads linking the farm areas with the major 
road are not graded and have no drainage. These roads 
become worse during the rainy season. Erosion water 
eats up part of the road and causes undulating features 
on the roads which serve as reservoirs for erosion water. 
Loaded trucks of cocoa, Lorries, articulated and other 
heavy vehicles find it difficult to maneuver these roads 
during wet season and many are seen sucked in the 
waters. There is therefore the need to carry out soil 
analysis of these areas for possible construction of the 
roads.

Study Area

The study area is Oboto in Ondo East, Southwestern 
Nigeria. It is bordered by Ondo west in the west, Idanre 
in the east, Odigbo in the south and south of the Ile 
Oluji/Oke Igbo local government areas. It lies between 

0 0
longitudes E004  55' and E004  57' 30''; and also 

0 0
latitudes N07  7' 30'' to N07  10' of the Greenwich 
meridian (Fig. 1). It falls within the humid tropical 
region with two distinct seasons. The rainy season is 
from March to October and the harmattan season is from 
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November to March. The annual rainfall in the area is 
estimated to be about 2,000 mm (Akinseye, 2010) with a 
mean monthly temperature of between 25.7°C and 
30.2°C as well as high humidity, generally above 50% 
(Akinseye, 2010). The area is accessible by the federal 

road stretching from Akure (35 kilometers); its network 
linked Benin-Ore-Lagos road. The various road 
networks and foot paths leading to the farmlands make 
nearly all the areas of coverage accessible with some 
effort. The drainage pattern in this area is dendritic.

Fig. 1: Location map of the study area (insight is map of Nigeria and Ondo State)

Geology of Oboto, Ondo East, Nigeria

Ondo city and environs fall within the Precambrian 
Basement Complex of Southwestern Nigeria which are 
the migmatite, gneisses, schist and quartzite (Rahaman 
1988). The dominant rock types in this area are the 
medium to coarse grained granite and granite gneiss as 
observed from detailed field geological mapping and 
the geological map produced (Figure 3). Microscopic 
observation of the thin sections of both rock types 
(under Plane polarized light and cross nicol) reveal that 
granite rock is made up of three major minerals namely 
biotite, quartz and feldspar while the granite gneiss is 
majorly composed of Quartz, plagioclase Feldspars, 
Biotite, Hornblende and Muscovite. The granite rock is 
medium to coarse-grained. The granite gneiss has 
moderate to high foliation with not so clearly defined 
alternating bands of light coloured minerals (quartz- and 
feldspar-rich) and dark-coloured minerals rich in 
biotite, hornblende and other ferromagnesian minerals. 
The rock mainly trends WNW-ESE to ENE-WSW with 
moderate to steep dips to the south. The granite gneiss 
shows evidence of pegmatite, vein quartz and quartz 
lenses. Structures such folds, fractures and sheared 
zones are visible on the rock which is as a result of 
tectonic deformation.

Materials and Method

Twelve disturbed subsoil samples were collected from 
twelve trial pits along the minor road in Oboto, Ondo 
East Southwestern Nigeria. Soil samples were obtained 
between 0.6m and 1m depth and were kept in labeled 
polythene nylon bags (OTP1-OTP12). The soil samples 
for natural moisture content were collected into 
different sealed nylon to prevent moisture loss; and were 
determined immediately in the laboratory. Soil samples 
were air dried for 14 days before conducting other 
analysis. The other laboratory tests are Atterberg limit 
test, linear shrinkage test, grain size analysis, specific 
gravity, compaction test, consolidation test and 
California bearing ratio test; and were carried out in 
accordance with British standard code of practice 
(BS1377: (1990). Atterberg limits tests, linear shrinkage 
test, specific gravity and grain size analysis were done in 
accordance with American Society for Testing and 
Materials (ASTM) D4318, ASTM D494, ASTM D854 
(using pycometer method) and ASTM D422-63 
standards respectively. The set of sieves used consist of 
the following sizes: 4.75mm, 2.36mm, 1.18mm, 
850ìm, 425ìm, 300ìm, 150ìm, 75ìm and pan. The 
strength tests of a standard Proctor test, California 
bearing ratio test (penetration resistance) and 
consolidation test were carried out in accordance with 
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values range from 57.8% to 77.7% (63.9% ± 6.45), and 
22.3% to 42.2% (36.1% ± 6.45) respectively as 
presented in table 1. The liquid limit, plastic limit and 
plasticity index values with their mean and standard 
deviation values for the twelve soil samples range from 
39.0% to 48.4% (43.5% ± 3.23), 22.1% to 29.4% 
(24.9% ± 2.37) and 13.9% to 22.7% (18.6% ± 2.64) 
respectively (Tables 1). The linear shrinkage values of 
soil samples with their mean & standard deviation 
values range from 7.9% to 9.3% (8.4% ± 0.46) (tables 
1). The specific gravity values with mean and standard 
deviation values of the soil samples range from 2.61 to 

ASTM D 698, ASTM D1883-05 and specifications 
respectively. All the analyses were carried out at the 
Federal University of Technology, Akure. The obtained 
values were interpreted in accordance with the Nigeria 
specification.

Result

The values of the natural moisture content range from 
10.2% to 14.4% (mean and standard values of 12.4% ± 
1.42) (tables 1). The coarse contents and fine contents of 
the soil samples with their mean and standard deviation 

Fig. 2: Geological map of Oboto, Ondo East, Southwestern Nigeria
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remaining soil samples from the nine locations (OTP1, 
OTP3, OTP4, OTP5, OTP6, OTP7, OTP8, OTP9 & 
OTP12) did not meet this requirement and will be 
affected by seasonal variation change. All the soil 
samples are well graded because of the wide range of 
particle sizes on the grain size distribution curve from 
fine to coarse (Figure 3). In addition, none of the soil 
samples can be regarded as clean sand because they all 
have more than 5 percent of silt or clay passing through 
the #200 sieve.

The liquid limit, plastic limit and plasticity index values 
with their mean and standard deviation values for the 
twelve soil samples range from 39.0% to 48.4% (43.5% 
± 3.23), 22.1% to 29.4% (24.9% ± 2.37) and 13.9% to 
22.7% (18.6% ± 2.64) respectively (Tables 1). Soils 
with high liquid limit and high plasticity index values 
should be avoided at all cost in engineering 
constructions. The Nigerian specification of 
good/excellent soil as directed by FMWH (2010) 
recommends liquid limit not greater than 80% and 
plasticity index not greater than 55% for sub-grade 
materials while soil for sub-base and base materials 
should not be greater than 35% and 12% respectively. 
All the soil samples met the requirement for sub-grade 
soil. On the other hand, no sample met the requirement 
for subbase and base materials. The plasticity Index 
values of the soil samples fall between slightly plastic 
(3% -15%) and medium plastic (16% -30%) with slight 
and medium dry strength of Sowers (1979) 
classification. 

The linear shrinkage values of soil samples with their 
mean & standard deviation values range from 7.9% to 
9.3% (8.4% ± 0.46) (tables 1). Soil samples from five 
locations (OTP2, OTP3, OTP5, OTP11 and OTP12) fall 
within the recommended standard of Ola (1983) and 
Brink et. al, (1992) of 8% while all the samples met 
Gidigasu (1974) recommendation of 10% for a good 
soil material. Based on this linear shrinkage test, all the 
soil samples are good for subgrade, subbase and base 
materials but can further be improved upon. The 
obtained atterberg limits and linear shrinkage values are 
in the range of  values gotten by Ogunribido et al (2015), 
Ale (2021, 2022), Ale et al (2022) Adekanye et al 
(2021), Olofinyo et al (2022) in the southwest basement 
complex of Nigeria. 

Based on Casagrande's plasticity chart classification 
(1947); ten of the twelve soil samples are above the A-
line except for soil samples in OTP4 & OTP5 that have 
more of silt in their fine contents. Ten soil samples from 
locations OTP1, OTP2, OTP3, OTP6, OTP7, OTP8, 

2.65 (2.63 ± 0.01) (tables 1). The result of the California 
bearing ratio test ranges from  18% to 34% (mean & 
standard deviation values of 28.4% ± 4.6)  (tables 2). 
The maximum dry density of soil samples range from 

3 3
1590Kg/m  to 1804Kg/m  (mean & standard deviation 

3
values of 1687.5Kg/m  ± 72.4) while the optimum 
moisture content ranges from 10.4% to 14.4% (mean & 
standard deviation values of 12.8% ± 1.35) (table 2). 
The Coefficient of consolidation values, coefficient of 
volume compressibility values and settlement values 
with their mean and standard deviation values range 
from 0.1847 to 0.2594 (0.2216± 0.0224) , 0.2194 to 
0.3921 (0.3068± 0.0518) and 0.7652 to 1.2428 (0.979± 
0.1434) respectively(table 2).

Discussion

Index Properties

The geotechnical properties of subsoil are the x-ray that 
reveals the class/category of the soil material and its role 
in engineering construction. The values of the natural 
moisture content range from 10.2% to 14.4% (mean and 
standard values of 12.4% ± 1.42) (tables 1). Comparing 
the obtained results with the Underwood (1967) 
classification of natural moisture content values; all of 
the soil samples fall under marginal engineering 
material. The Federal Ministry of works and Housing 
(FMWH, 2010) specification stated that any soil 
material with natural moisture content value greater 
than 15% should be avoided in engineering construction 
activities. All the samples are within the 
recommendation. Excessive moisture content in soil 
can cause a great deal of problems if poorly managed 
(Daramola et al. 2015). There will be a decrease in the 
shear strength of the soil because of the fairly high 
values of soil moisture content recorded for soil samples 
obtained during the dry season. The soil samples are 
suitable for both subbase and subgrade materials. 

Particle size analysis is used to rate soils according to 
their suitability to support road pavements and building 
constructions. The coarse contents and fine contents of 
the soil samples with their mean and standard deviation 
values range from 57.8% to 77.7% (63.9% ± 6.45), and 
22.3% to 42.2% (36.1% ± 6.45) respectively as 
presented in table 1. According to the Federal Ministry 
of Works and Housing general specification 
requirements for roads and bridges (FMWH, 1997); the 
subgrade, subbase and base materials for construction 
must have less than 35% of weight finer than NO 200BS 
test sieve. Three soil samples (from locations OTP2, 
OTP10 & OTP11) met this specification while the 
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the range of Kaolinite rich clay, Montmorillonite rich 
clay and Illite rich clay to be between 2.60 and 2.66, 2.75 
and 2.78, and 2.60 and 2.86 respectively. Again, these 
twelve soil samples fall within the kaolinite rich clay 
group. The tested soils have moderately high values that 
fall within sandy and silty sand in Bowles (1992) 
classification. These soil samples are classified as 
inorganic soils in Ramamurthy & Sitharam (2005) 
classification. The obtained value of the soil samples for 
specific gravity fall within 2.5 and 3.6 that was reported 
by Maignien (1966) for tropical African lateritic soils. 

According to American Association of State Highway 
and Transportation Officials (AASHTO, 1993) soil 
classification; soil samples from three locations (OTP2, 
OTP11 & OTP12) have good ratings of A-2-6 or A-2-7. 
Soil sample from location OTP3 has fair rating of A-6 
while the remaining soil samples from locations OTP1, 
OTP4, OTP5, OTP6, OTP7, OTP8, OTP9 and OTP10 
are classified as A-7-6 materials (granular material with 
poor rating). The A-7-6 poor rating soil samples are not 
good enough for subgrade and subbase materials (table 
1). The closer the group index value is to 0 the better the 
soil and vice versa. This group index value is most 
appropriate for A-7-6 soil. This implies that OTP 5 and 
OTP12 of group index values of 1 are better soil when 
compared to soil samples from locations OTP1 and 
OTP10 with group index values of 5 of the same A-7-6 
rating. A good soil for highway subgrade may not be 
sufficiently good for other construction activities.

OTP9, OTP10, OTP11 and OTP12 fall within the clay 
medium compressibility (CI) while the remaining two 
soil samples from locations OTP4 and OTP5 fall within 
the silt medium compressibility (MI) (figure 4). The 
activity values of the twelve soil samples are presented 
in table 1 and on the activity chart in figure 5. The 
activity values range between 0.70 and 1.00. Skempton 
(1953) clay classification puts activity value less than 1 
as kaolinite; activity value between 1 and 2 as illite 
while value greater than 2 as montmorillonite. 
Similarly, activity values less than 0.75 implies inactive 
mineral; between 0.75 and 1.25 is regarded as normal 
mineral, and value greater than 1.25 is active mineral. 
This implies that only one soil sample from location 
OTP3 has an inactive clay mineral while the remaining 
eleven soil samples have normal clay mineral 
(Skempton, 1953) (table 1). All the twelve soil samples 
have kaolinite to be the predominant clay minerals 
present and possess low to very low expansion 
potentials as indicated by the activity chart (figure 6).

The specific gravity values with mean and standard 
deviation values of the soil samples range from 2.61 to 
2.65 (2.63 ± 0.01) (tables 1). According to Sowers 
(1979) classification, the range of specific gravity 
values indicate that the soil samples contain 
considerable amounts of clay and silt and further 
suggest slight to moderate shrinkage and swelling 
activities. Coduto (1999) noted that nearly all soils have 
specific gravity values between 2.60 and 2.80 and gave 

Table 1: Summary of the geotechnical properties of trial pits sampled soil

LL = Liquid limit, PL = Plastic limit, PI = Plasticity Index, LS = Linear Shrinkage, SG = Specific Gravity, K = Kaolinite , I = Illite, USCS =Unified 
Soil Classification System, AASHTO = American Association of State Highway and Transportation Officials, CL = Low compressibility, CI = 
Intermediate compressibility , MI = Intermediate Silt, Mn = Mean, SD = Standard Deviation

design curves for pavement thickness (Wignall et al., 
1999). The result of the California bearing ratio test 
ranges from   (Tables 2). The Federal Ministry of Work 
and Housing (FMWH, 1997) recommended California 

Strength Properties

California bearing ratio (CBR) has been correlated with 
pavement performance and has been used to generate 
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soil sample with CBR value lower than 30% should be 
improved upon by adding stabilizers. 
 
The strength Properties of subsoil is vital to the success 
or failure of any pavement or road construction. The 
maximum dry density (MDD) of soil samples range 

3 3
from 1590Kg/m  to 1804Kg/m  (mean & standard 

3
deviation values of 1687.5Kg/m  ± 72.4) while the 
optimum moisture content (OMC) ranges from 10.4% 
to 14.4% (mean & standard deviation values of 12.8% ± 
1.35) (table 2). Soil sample from location OTP11 has the 
highest maximum dry density and lowest optimum 
moisture content while soil sample from OTP8 has the 
lowest maximum dry density and highest maximum 
moisture content (Table 2). Going by the preposition of 
Woods (1937), soil samples from locations OTP1, 
OTP4, OTP5, OTP6, OTP7, OTP8, OTP9, OTP10 and 

3 
OTP12 fall into poor rating group (<1602 Kg/m - 

3
1762.2Kg/m ). Locations OTP2, OTP3 and OTP 11 soil 

3
samples have fair ratings (<1762.2Kg/m  to 

3
1922.4Kg/m ) in Wood (1937) preposition. The subsoil 
material must have sufficient shear strength to support 
both their own weight and external loads such as 
foundation, foundation with buildings and moving 
vehicles. 
According to the Federal Ministry of Works and 
Housing (FMWH, 1997) specifications MDD values for 
base/subbase and subgrade soil materials must not be 

3 3
less than 2000 kg/m  and 1760 kg/m  respectively. 
Comparing the MDD values of the soil samples 
obtained from the 12 locations with FMWH (1997); 
only three soil samples from locations OTP2, OTP3 and 
OTP11 met the specification of subgrade material while 

bearing ratio values of 80%, 30% and 5% for base, 
subbase and subgrade soil materials respectively. None 
of the soil samples met the specification of base soil 
material; seven soil samples from locations OPT1, 
OTP2, OTP3, OTP7, OTP9, OTP11 and OPT12 met the 
requirements of subbase material; while all the soil 
samples met the requirements of subgrade material. The 

Fig. 4: Grain Size Analysis of the 12 soil samples from Oboto, Ondo 
East, Nigeria

Fig. 5: Plots of the twelve soil samples on the Casagrande Plasticity 
chart (ASTMD 2487)

Fig. 6: Plots of the twelve sampled soils from Erusu Akoko on the 
activity chart

Fig. 7: Plots of the twelve trial pits soil samples from Oboto, Ondo 
East, Nigeria on the activity chart
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none met the requirement of subbase/base material. In a 
similar comparison with O' Flaherty (1988) proposition; 
the range of values fall into sandy clay and silty clay 

3
classifications of MDD values of between 1750kg/m  

3
and 2165kg/m  and optimum moisture content of 

3
between 8% and 15% and between 1600kg/m  and 

3
1845kg/m  and optimum moisture content of between 
15% and 25% respectively. Other soil samples whose 
MDD values fall below 1700 Kg/m must be improved 
upon by increasing the level of compaction to close up 
the voids in the soils and adding of stabiliser. 

The Coefficient of consolidation values (Cv), 
coefficient of volume compressibility values (Mv) and 
settlement (S) values with their mean and standard 
deviation values range from 0.1847 to 0.2594 (0.2216± 
0.0224) , 0.2194 to 0.3921 (0.3068± 0.0518) and 0.7652 
to 1.2428 (0.979± 0.1434) respectively (Table 2). Soil 
samples from locations OTP1, OTP2, OTP3 OTP7, 
OTP11 & OTP12 have medium degree of 
compressibility and also have settlement values lesser 
than 1 mm/year (very low settlement rate) while the 
other samples have high degree of compressibility and 
settlement values greater than 1(which implies that 
there is possibility of settlement). Authors like Abeele 

(1985), Coduto (1999), Prakash and Jain (2002) and 
Bell (2007) noted that a significant drop in groundwater 
level is a major cause of settlement; soil particles under 
the influence of water when submerged are supported by 
buoyancy.  This is not a possibility in the study area 
because of the low population of people in the area. The 
settlement rate in the study area can be as a result of 
afforestation activities which can reduce groundwater 
yield through interception and transpiration (Allen and 
Chapman, 2001) and vibrations that lead to 
densification of soils and subsequent settlement (Laskar 
and Pal, 2012). Despite the level of consolidation 
achieved on the field, engineers should give allowance 
in time and design for consolidation to take effect. 
Consolidation in clayey soil may take several months to 
respond to applied initial load (foundation, foundation 
with buildings, pavement and vehicular movement). 
Coduto (1999) noted that consolidation in sandy soil is 
more severe than in clayey material. The MDD, OMC 
and CBR values present the same interpretation of not 
adequately sufficient to satisfy base, subbase and 
subgrade materials which are similar to the soil values 
obtained by Ogunribido et al (2015) and Ale et al (2022) 
and must be improved upon.

Table 1: Geographi 

CBR = California Bearing Ratio, MDD = Maximum Dry Density, OMC = Optimum Moisture Content, Cv = coefficient of consolidation, Mv = 
coefficient of volume compressibility, S =settlement

Conclusion

The geotechnical properties of the twelve subsoils in 
Oboto, Ondo East, southwestern Nigeria were carried in 
accordance with British standard code of practice 
(BS1377: (1990). Index and strength tests were carried 
out on the soil samples. These tests include natural 
moisture content, liquid limit, plastic limit, plasticity 
index, linear shrinkage, specific gravity, grain size 
analysis, California bearing ratio, compaction and 
consolidation tests. The values of the natural moisture 
content range from 10.2% to 14.4% (mean and standard 
values of 12.4% ± 1.42) which fall under marginal 
engineering material. The liquid limit, plastic limit and 
plasticity index values with their mean and standard 
deviation values for the twelve soil samples range from 

39.0% to 48.4% (43.5% ± 3.23), 22.1% to 29.4% 
(24.9% ± 2.37) and 13.9% to 22.7% (18.6% ± 2.64) 
respectively. Soil samples met the requirement for 
subgrade soil. The coarse contents and fine contents of 
the soil samples with their mean and standard deviation 
values range from 57.8% to 77.7% (63.9% ± 6.45), and 
22.3% to 42.2% (36.1% ± 6.45) respectively. Only three 
soil samples from locations OTP2, OTP10 & OTP11 
met the specification of FMWH (1997). Ten soil 
samples fall within the clay medium compressibility 
except for OTP4 and OTP5 that have silt medium 
compressibility. The linear shrinkage values of soil 
samples with their mean & standard deviation values 
range from 7.9% to 9.3% (8.4% ± 0.46) which are all 
good for subgrade, subbase and base materials. The 
specific gravity shows that the soil is within sandy and 
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OTP11 & OTP12 have medium degree of 
compressibility and have settlement values lesser than 1 
mm/year (very low settlement rate) while others have 
settlement value greater than 1.

Recommendations

Engineers should drain water to a safe location during 
construction works.

silty sand. Three soil samples from locations OTP2, 
OTP11 & OTP12 have good ratings of A-2-6 or A-2-7; 
soil sample from location OTP3 has fair rating while the 
remaining soil samples have A-7-6 rating. The CBR 
values of 18% to 34% (mean & standard deviation 
values of 28.4% ± 4.6) show that the soil samples are 
good as subgrade material. The MDD and OMC values 
show that the soil samples have fair to poor ratings. Soil 
samples from locations OTP1, OTP2, OTP3 OTP7, 
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