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1. Introduction

ABSTRACT

Due to the persistent failures of road pavements and scarcity of suitable materials for use as fill for
road constructions, geotechnical investigations were conducted to characterize and select suitable
sites that subsurface soils can be obtained for road construction purposes in the study area. This
involved collection of sixteen soil samples from four selected sites. The geotechnical methods
deployed include sieve analysis, liquid limit and plastic limit determinations, compaction tests, and,
California Bearing Ratio tests (CBR). The particle size distribution curve (PSD) showed <35%
passing sieve #200. The liquid limit ranges from 22%-47%, the plastic limit from 14%-31%, and
the plasticity index range from 6%-18%. The values of the optimum moisture content using the
West African Compaction (OMC-WAS) methods ranged from 6.6%-11.5%, with maximum dry
density for WAS (MDD-WAS) from 1862 kg/m’-2061 kg/m® while the optimum moisture content
using the modified AASHTO methods (OMC-MAS) ranged from 7.0%-11.6% and maximum dry
density for MAS (MDD-MAS) from 1932 kg/m3-2174 Kg/m® respectively. CBR for unsoaked soil
samples ranged from 100%-249% and for soaked samples, 70%-119% respectively. The soils are
classified into three groups based on AASHTO classification as A-2-4, A-2-6, and A-2-7 which
classifies the soil as gravelly clayey or silty sand. The site investigated is, therefore recommended
suitable site for obtaining good to excellent materials for use as fill (bass and sub-base) materials to
enhance quality of road pavement construction in the study area.

parts of Nigeria, roads are in deplorable states, with very
low attention paid to construction of new roads and those
constructed unfortunately failing in a short space of time

The significance of road network to economic and social
development of a nation cannot be over stated. They are
very crucial physical infrastructures that connect rural
communities to cities and accelerate the movement of
humans and goods to these locations. However, in most
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after completion of construction. These failures in road
pavements are reflected in presence of pot-holes,
discontinuous stretch of asphalt, depressions, deformations,
cuts (Ighodaro, 2009; Adiat et al., 2017; Aderemi and
Adeola, 2021). Sundry reasons have been suggested to be
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responsible for the persistent failure of roads in Nigeria.
They include nature of subsurface geology (Prescence of
fractures, faults, buried stream channels, weathered
bedrock), the subgrade material (topsoil), existence of
active and swelling clays beneath, natural of material used
as fill (base and sub-base), poor competence of contractors,
and poor site investigations prior to construction amongst a
host of other causes (Momoh et al., 2008; Oke et al, 2009;
Osinowo et al., 2011; Nwankwoala et al, 2014; Adiat et al.,
2017; Olubanjo et al. 2018; Dhar and Hussain, 2018;
Babadiya and Igwe, 2021).

Soils obtained at or beneath the surface especially
lateritic soils have been applied in road construction as fill
materials (sub-base and base) for road pavement
construction (Lar et al., 2011; Roy and Bhalla, 2017;
Vincent et al., 2020). Its wide application is due to its
compositional advantage over other soil types used for
such purposes. It often consists of a wide range of particle
sizes that enhance the binding of the soil when compacted
and used as base and sub-base materials, enabling it to bear
the imposed load instead of transmitting it completely to
the natural sub-surface materials (Oluyinka, 2018). Other
advantages of using laterites for construction include the
fact that they are cheap alternatives and are often readily
available in the environment. They exhibit excellent to
good results when compacted. Amadi et al. (2012) are of
the view that geotechnical properties of lateritic soils such
as Atterberg limit shear strength, bearing capacity, depend
on the mineralogical and chemical composition of the soil.
In road construction works, especially in coastal regions
with soft soils (Dar and Hussain, 2018) and pore spaces
saturated with water, the local sub-surface soils possess
low bearing capacity, low compaction outcomes, high
differential settlement, etc. (Nwankwoala and Warmate,
2014), and often soils that possess the required properties
for base and sub-base materials will need to be brought in
from other locations. The choice of fill materials to serve
as base and sub-base should therefore be able to withstand
the pressures from vehicles that ply the road and maintain
is stability for many years (Quadri et al., 2012). This will
minimize alterations to the shapes and or dimensions of the
sub-base thereby ensuring the durability and sustainability
of the road pavements. It is therefore imperative that before
construction works, detailed and relevant information
about the soil properties must be sought and understood
(Omotosho, 2010; Didei et al, 2016). If such information is
known, it will ameliorate the incessant failure of roads and
enhance the construction of sustainable and durable roads
and other engineering structures in Nigeria.

Failure of roads characterizes the study area with most
of the community road in deplorable state thereby making
access to other connecting communities difficult. The
geology of the study area consisting mainly of sedimentary
soils and soft clays in some parts provides the challenge of
finding suitable sites that can provide suitable subsurface
soils for use as fills (base and sub-base) materials to aid
cost effective means of construction of road pavements.
Published reports indicates that the area is prone to and

seriously under the influence of gully erosion with most of
the overburden soils collapsing under the influence of
heavy precipitation because of its weaknesses (Omali et al.,
2010; Imasuen et al., 2011; Ile et al., 2015). These
highlighted shortcomings, encourage the scarcity of
suitable materials that possess the engineering properties to
be used as fill materials in the study areas. The aim of this
research; therefore was to characterize a selected site
through geotechnical investigation methods to ascertain its
suitability for use as fill materials for construction of road
pavements.

2. Material and Methods
2.1. Study Area Description

Ankpa is located between latitudes 7022'30"N -
7025'30"N and longitudes 7036'0"E - 7039'0" E (Fig. 1). It
is a town situated within Ankpa Local Government Council
and bounded in the North by Opulega, to the Southwest by
Ogodo, and Southeast by Abache village respectively, all
in Kogi State North Central Nigeria. The main occupation
of the people of this town and surrounding areas is Cashew
and palm nut farming (Ile et al., 2015). The area is drained
by the Anambra River which dissects the town from the
Northeastern portion to the south. The town just like most
parts of the Central part of Nigeria experiences two
climatic seasons: the rainy season which is short starts
from May through September with most rains in August
and September and a long dry season that starts from
October through April every year. According to Iwena
(2012), the area has maximum temperatures of 34°C and
minimum temperatures of 17°C, and it is classified among
the Guinea Savannah vegetation belts of Nigeria. It is
characterized by the presence of shrubs, grasses, and scanty
trees with stunted growth arising from an insufficient
supply of water to the soil and near semi-aridity
characteristics.

2.2. Geology of the Area

Geologically, the Ajali formation underlies Ankpa (Fig.
1) which is part of the Anambra Basin. The geology of the
basin has been discussed by several authors (Du Preez,
1945; Reymont, 1965; Murat, 1972). According to Obaje
(2009), its origin and formation are assigned to the Benue
trough believed to have started during the mid-Santonian
deformation, replacing the key depositional axis westward,
thus leading to the formation of the basin. Stratigraphy of
the basin was first described by Du Preez (1965) to be of
marine and fluviatile sequences consisting of poorly
cemented to friable sands, clays, shales, and limestone
which is sometimes found in association with thin non-
continuous lignite, and peat coal deposits. Ajali sandstone
in the study area is overlain by an appreciable thickness of
red earth material characteristically referred to as lateritic
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soil which receives its reddish color during weathering
resulting in enrichment with ferrous oxides (Ile et al.,
2015). The prolific aquifers of the basin are confined to the
Ajali sandstones, providing over three hundred meters
(300m) of thick sequences of sandstone for citing
boreholes for water supply (Offodile, 2002). Nwajide
(2013) described the topography of the basin to be gently
undulating or flat plains truncated by inselbergs which are
shreds of evidence of the resistance of those parts of the
landform to erosion. Such inselbergs are located
southwards of the basin and are referred to as the Ankpa
plateau.

2.3. Sample Collection and Preservation

Sample collection was achieved by digging trial pits or
trenches for near-surface soil materials using a shovel.
Four borrow pits were identified and selected for sample
collection during the reconnaissance stage of this research.
In each of the borrow pits, four trial pits were dug resulting
in the retrieval of a total of sixteen soil samples (Table 1).
The trenches were dug and an appreciable quantity of
representative samples was retrieved at a depth range of
0.15m -2.0 m after the removal of a light portion of the
surface soil. The samples were carefully examined visually
and described in terms of color, presence of organic matter,
presence of foreign matter, and geologic history. The log of
each trial pits meant to reveal the lithologic succession was
described and the samples were put in polythene bags well
labeled with permanent marker ink. The samples were then
conveyed to the laboratory for geotechnical tests: Sieve
analysis, Atterberg limit tests (liquid and plastic limits),
compaction tests, moisture content, and california bearing
ratio (CBR).

2.4. Laboratory Analysis

The grain size analysis was performed in the laboratory
to determine the distribution of the grain sizes that make up
the samples. The oven dried samples were poured into a set
of sieves and mechanical sieving done according to ASTM
D422 methods. The percentage retained on each sieve were
calculated and recorded. For the Atterberg limit
determination, a portion of the fines were air-dried and
sieved through sieve #40. A portion of the samples passing
the sieve #40 was formed into a paste by varying the
amount of water added to it. The liquid limit and plastic
limit was then determined from the samples. Details of the
procedures adopted in this study to determine the Atterberg
limit is as outlined in ASTM D4318 methods and reported
in published sources (Atterberg, 1911; Cassagrande, 1952;
Blackall, 1952). Two compaction tests were performed
namely: West African (sub-base) and modified AASHTO
(Base). The West African method requires the application
of compaction effort (number of blows per layer) of 5/25
blows and compacted in three layers. The Modified

AASHTO (Base) requires the application of compaction
effort of 5/61 blows and compacted in 5 layers. The
compaction properties of the samples were determined
following ASTM D7380 methods. The sample for CBR
determination was compacted to the required optimum
moisture content (OMC) and maximum dry density
(MDD). For the soaked CBR analysis, the samples were
soaked for 9hours to allow the samples to be completely
saturated and assume a worst-case scenario (Cabalar et al.,
2016a), and then compacted in line with ASTM D1883
describe in published sources (Bishop, 2000; Osinowo et
al., 2011; Cabalar et al. 2016b).

3. Results and Discussions

Particle size distribution curves for the four burrow pits
(BP1-BP4) consisting of each four trial pits (TP1-TP4) are
presented in Figs. 3 to 6 and discussed accordingly. Table 2
shows the percentage passing each of the sieves for all the
samples sieved. The percentage passing sieve #200 is less
than 35% in all the 16 samples analyzed. Federal Ministry
of Works and Housing (FMWH, 1997) specified that for a
soil sample to qualify to be used as base and sub base, the
percentage passing sieve No. 200 must be less than or
equal to thirty- five percent (<35%). Given this
specification, all samples analyzed met the requirement for
use as sub-base and base materials respectively. Table 2
contains the results of LL, PL, and PI respectively. The
liquid limit ranges from 22%-47% with the lowest value
(22%) and the highest value (47%) found at BP4 (TP1) and
BP2 (TP1) respectively. The plastic limit ranges from
14%-31% and the plasticity index from 6%-18%. The
values of liquid limit and plastic limit should be less than
or equal to fifty percent (<50%) while the plasticity index
should be less than 20% for such soils to be suitable for use
as base and sub-base materials respectively (FMWH, 1997;
Wright, 1986; Adeyemi, et al., 2014; Olubanjo et al.,
2018). According to Aghamelu et al. (2011), soils with
liquid limit and plasticity index of >35% and >12%
respectively, are characteristic of silty soils. For the present
study, samples from all four borrow pits sampled falls
within the safe threshold for soils that is recommended for
use as base and sub-base materials for construction of road
pavements in the study area.

Plots of dry density against average moisture content are
displayed in Figs. 7 to 10 while the optimum moisture
content and maximum dry density values retrieved from
the figures are shown in Table 3. The results are presented
based on the West African system (WAS) also called sub-
base and Modified AASHTO (MAS) known as base
specifically given the number of efforts applied during
compaction. The OMC-WAS range from 6.6%-11.5%,
MDD-MAS range from 1862 Kg/m® -to 2061 kg/m® while
the range of OMC-WAS is between 7.0%-11.6% and
MDD-MAS is between 1932 Kg/m® - 2174 Kg/m®
respectively. In each of the samples, there is a noticed
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lower OMC-WAS as compared with that of OMC-MAS
which is in accord with published reports suggesting that
OMC decreases with an increase in compaction efforts
(Osinubi, 1998, 2000).
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Burrow  Pit Latitudes  Longitudes  Elevation = Sampling
PitNo.  No. ) (E) M) Depth (M)
BP1 TP1 7°23'9.669" 7°37'21.055" 348 0.20-2.0
TP2 7°23'9.669" 7°37'22.706" 345 0.18-2.0
TP3 7°23'5.896" 7°37'21.762" 352 0.15-2.0
TP4 7°23'6.132" 7°37'23.649" 361 0.20-2.0
BP2 TP1 7°23'10.37" 7°38'50.417" 373 0.18-2.0
TP2 7°23'10.84" 7°38'52.303" 385 0.16-2.0
TP3 7°23'7.075" 7°38'51.596" 386 0.20-2.0
TP4 7°23"7.547" 7°38'53.246" 388 0.20-2.0
BP3 TP1 7°25'2.609" 7°36'28.476" 351 0.24-2.0
TP2 7°25'3.552" 7°36'29.890" 354 0.22-2.0
TP3 7°24'59.77" 7°36'28.947" 375 0.20-2.0
TP4 7°25'0.487" 7°36'30.598" 369 0.25-2.0
BP4 TP1 7°23'47.86" 7°36'52.290" 376 0.30-2.0
TP2 7°23'47.15" 7°36'52.761" 385 0.26-2.0
TP3 7°23'45.74" 7°36'49.696" 385 0.30-2.0
TP4 7°23'43.62" 7°36'51.346" 372 0.28-2.0

Table 2. Index properties of subsurface soil samples

Figure 9. Compaction curves for samples from Burrow Pit 3
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Figure 10. Compaction curves for samples from Burrow Pit 4

A published report (O'Flaherty, 1988) suggested
different ranges of OMC and MDD for different soil types
for soils subjected to compaction using standard proctor
analytical procedures. The findings show OMC ranging
from 20%-30% and MDD ranging from 1440 kg/m’ - 1685
kg/m® for clay and OMC ranging from 15%-25% and
MDD ranging from 1600 kg/m’- 1845 kg/m”® for silty clay.
OMC ranging from 8%-15% and MDD ranging from 1760
kg/™- 1845 kg/m’ for sandy clay. A careful look at the
results retrieved from the analysis of the soil samples
revealed that the soils are sandy with some amount of clay
and silty contents. Vincent et al. (2020) opined that
compaction aims to maximize the shear strength and
reduce compressibility and permeability of soils.
According to the Federal ministry of works and housing,
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FMWH (1997), documented in published sources (Oyelami
and Alimi, 2015; Tsado et al., 2018), OMC and MDD
values of <18% kg/m’ for OMC and >1700 kg/m® for
MDD is recommended for materials to be used as
pavement sub-base. The results from this current research
shows that samples, possess excellent to good
characteristics to be used for filling (base and sub-base) in
road pavement constructions. The CBR is an experimental
approach for establishing the shear strength of soils
(Mendoza and Caicedo, 2017) especially for its use as base
and sub-base materials in road construction works
(Oluyinka and Olubunmi, 2018). As shown in Table 3, the
unsoaked CBR values range from 100% to 249%, on the
other hand, the CBR for soaked samples ranges between
70% to 119% respectively. A CBR value for sub-grade
(>10%), for sub-base (=30%), and base (>80%) is
recommended (FMWH, 2010) for road construction
purposes. Because of the results obtained from the CBR
test, the samples exhibited good shear strength and can all
serve as excellent soils for use as sub-base and base
materials in road construction. Plasticity chart (Fig. 11) is
meant to present the percentage of fines (clay and silts) in a
soil sample; in this case, the sample passing sieve #200 is
<18%. From the chart and Table 4, samples from BP1
(TP1-TP4) all plot above the A-line and are largely lean
clays (CL) to intermediate clays (CI), for BP2 TP1 and
TP4 are intermediate silt while TP2 and TP3 are
intermediate clays respectively. BP3 (TP1-TP4) samples
are intermediate clays, for BP4 samples from TP1 and TP4
are intermediate silts while TP2 and TP3 are intermediate
clays respectively. It, therefore, means that the fines are
largely lean clays with some proportion of silts

The classification of soil based on the AASHTO system
depends on the liquid limit, plasticity index, percentage
passing sieve #200 Most samples fall within the A-2-6
group except BP2 (TP1) which is in the A-2-7 group and
BP3 (TP3), BP4 (TP1 and TP4) which fall within the A-2-
4 group respectively (Table 4). The soil sample can
therefore be said to be silty or clayey gravel and sand as is
shown also in the well logs (Appendix A). The sample is
rated as excellent to good concerning its use as base and
sub-base materials (AASHTO, 1993).

For classifying sands with a little quantity of fines and
gravels, the coefficient of uniformity (C,), the coefficient
of Concavity (C.), the percentage passing sieve #200, and
the plasticity index group symbols are applied to correctly
provide a group name for the sample. Cu and Cc are
obtained from the particle size distribution curve drawn for
each sample using the equations below (Handy. 1995). Soil
Samples from BP1 (TP1-TP4), BP3 (TP1 2 and 3), and
BP4 (TP2), (having Cu >6 and 1<Cc<3, percent passing
sieve No0.200 is 5-12%) fall within the group symbol SW-
SC and are classified as well-graded sand with clay and
<15% gravel. Soil Samples of BP2 (TP1 and TP4) and BP4
(TP4) are of group symbol SM (>12% pass sieve No.
200) meaning that they are Silty Sand with <15% of
gravels. The other group symbol SC (BP2-TP2 &3, BP3-
TP3 and BP4 —TP3) is clayey sand with gravels.

Table 3. Compaction and CBR laboratory analysis results

Burrow  Pit OMC
PitNo.  No. (%)

MDD  OMC
(kg/m’) (%)

MDD
(kg/m’)

payeos
paseosu)

BP1 TP1 11.5 1876 8.4 2021
TP2 8.2 2034 59 2049 91 92
TP3 12.5 1862 9.5 1932 101 215
TP4 9.1 1985 11.6 2000 103 155

o0
[o
—
(=
o0

BP2 TP1 8.9 2051 8.6 2057 92 215
TP2 7.7 2060 7.1 2076 119 134
TP3 - - 83 2010 88 100
TP4 7.6 2060 7.0 2070 90 106
BP3 TP1 10.4 1912 10.7 2060 87 106
TP2 8.5 2001 9.5 2025 114 178
TP3 - - 9.7 2051 85 105
TP4 - - 6.7 2048 115 138
BP4 TP1 8.0 2051 7.4 2057 95 106
TP2 73 2034 8.1 2174 101 249
TP3 83 1881 - - 60 107
TP4 - - - - 70 98

Based on this classification scheme, the bulk of the soils
in the study area are largely gravelly, clayey, or silty sand.
Sowers et al. (1979) and Handy (1995) classified soils
based on group symbols (Table 4). They classified soils in
terms of compaction characteristics, value as a fill material,
value as pavement sub-grade, and value as a base course
for pavement. Soils with the symbol SW have good
compaction characteristics, are very stable when used as
fill materials, are good if used as pavement sub-grade, and
fair when used as a base course for pavement.SC refers to
soils that possess good to fair compaction characteristics,
are reasonably stable when used as fill materials, good to
fair when used as pavement sub-grade, and fair to poor if
used as a base course for pavement. SP refers to soils that
have good compaction characteristics, are reasonably
stable when dense if used as fill material, good to fair when
used as pavement sub-grade, and poor when used as a base
course for pavement while SM means soils with good
compaction characteristics, reasonably stable when dense if
used as fill material, good to fair when used as pavement
sub-grade and poor when used as a base course for
pavement. Based on the soil samples in the study area, they
largely fall within the SW group symbol meaning that they
are good for use as sub-base and base materials
respectively.

4. Conclusion

This study assessed some geotechnical characteristics
(Sieve analysis, LL, PL, PI, Compaction, and CBR) of soils
from Ankpa. The results of the PSD showed that soils are
largely sands and met the requirements for use as sub-base
and base courses having <35% of the soils passing the
sieve No. 200. The liquid limit, plastic limit (<50%), and
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plasticity index revealed low to medium plasticity. The
optimum moisture content and maximum dry density for
both WAS and MAS all showed good values while the
CBR both soaked and unsoaked satisfied the requirements
of the federal ministry of works and housing. The site
investigated is, therefore recommended suitable site for
obtaining good to excellent materials for use as fill (bass
and sub-base) materials to enhance quality of road
pavement construction in the study area. This research
finding will serve as guide in selection of suitable borrow
pits in the study area.
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