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Engineering properties of residual soils in part of Southwestern
Nigeria: implication for road foundation

Olabode Olabaniji Olofinyo - Oluwaseun Franklin Olabode? - Imoleayo Oluwatoyin Fatoyinbo?
© Springer Nature Switzerland AG 2019

Abstract

The impact of roads on the socioeconomic development and progress of any country cannot be quantified. A geotech-
nical investigation of subsoils along Isinbode-Ara road, stretching in southeastern to northwestern direction of 7 km
distance within Ekiti State, Southwestern Nigeria, was carried out. This investigation follows the British Standard Institu-
tion, such as moisture content, particle size distribution, specific gravity, Atterberg limit, compaction, consolidation and
California bearing ratio. Results of investigation showed that the moisture content, specific gravity, liquid limit, plastic
limits and plasticity index ranged from 7.2-25.9%; 2.64-2.77; 24.0-61.1%; 19.2-26.2% to 4.35-38.90%, respectively.
Grain size distribution showed the fine and coarser fractions range from 13.0-66.5% to 32.6-84.8%, respectively. The
maximum dry density and its optimum moisture content ranged from 1.48-2.07 g/cm? to 11.3-30.3%, respectively.
Soaked CBR results ranged from 3 to 44%. Two classes of subsoils, namely A-2-4 and A-2-6 (granular materials) and A-6
and A-7-6 (clayey soils), were identified and rendered suitable and unsuitable road construction materials, respectively.
This investigation revealed that the subsoils are poor road construction materials due to its fine fractions and plasticities,

which should be put into consideration during its foundation design and construction stages.
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1 Introduction

Road network plays a vital role in the socioeconomic
development and progress of many nations; this aids the
linkage of all enterprises/markets and leads to employ-
ment creation, driving trades and equal wealth distribu-
tion. Road transport generally dictates the distribution of
economic practices across the world. Records showing loss
of several lives and properties abound resulting from road
accidents [1, 2]. Foundation soils and highway pavements
are inseparable duo toward the development of any coun-
try [3]. Several road failure features are noticeable within a
short period of time after its commissioning.

Roads are actually constructed on geological materials
(rocks or soils), and these materials’ properties influence

their performances as transport medium. Subgrade, sub-
base, base course and riding surfaces are the major com-
ponents of several typical flexible highway pavements
from the base to the top [4, 5]. Most often loss of lives
and properties has been associated to the ill-design and
weak construction activities relative to non-compliance
with relevant standard measures and recommendations.
However, road failures are usually preceded by the follow-
ing destructive signs such as cracking, rutting, potholes,
differential heave, deformation and peeling [6-10]. Many
causative factors attributed to the increasingly recorded
road failures include geological, geomorphological and
geotechnical factors, road usage, design and construction
inadequacies, and maintenances [11-18]. Climatic factors
particularly temperature fluctuations and acid rain attacks
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have been adjudged to reduce the strength of the road
base materials. Gidigasu [19] and Graham and Shields [20]
identified inadequate width and composition of the road
shoulders as other causative factors that lead to road fail-
ures. Notably, widespread pavement failures in the Niger
Delta region, Southern region of Nigeria, have been attrib-
uted to geological and hydrogeological conditions associ-
ated with swampy, poor drainage measures and textural
properties of the subsoils [14, 21-24]. Frequencies of pave-
ment failures have also been related to the engineering
indices of the subgrade materials and the underlying geol-
ogy. The engineering behavior of the underlying geology
has been reported to have been influenced by their min-
eral compositions [25, 26]. Poor geotechnical properties
of the soils such as low MDD, poor bearing capacity, high
compressibility, and high liquid limit, plasticity index OMC
and California bearing ratio (CBR) are usually responsible
for road failures [25, 27]. These conditions usually lead
to pavement failures in the form of surface deformation
and cracked pavements. However, the suitability of soils
as base course or subbase course and subgrade are in
strong relation to the transfer and bearing of axle load
which determine the durability, strength and life of roads
[28, 29]. Geotechnical investigation of subsoils helps in the
understanding of soil’s behavior that can cause significant
damage to road construction and also proffers solutions in
solving problems associated with both expansive or unex-
pansive soils [11, 14-17, 22, 23, 27, 28, 30-43]. Studies have
also reiterated the contribution of solely geophysical stud-
ies and integration of geophysical and geotechnical stud-
ies in the investigation of causative factors for incessant
failures of highways in parts of southwestern Nigeria [5, 33,
44-49]. In order to avoid the reoccurrence of premature
road failure of Isinbode-Ara road, geotechnical param-
eters of the residual subsoils which include the natural
moisture content, grain size analysis, Atterberg limits, Cali-
fornia bearing ratio, consolidation and permeability tests
have been investigated to determine their behavior when
subjected to loads. Recommendation of suitable materials
in in situ or otherwise, deduction of swelling and shrink-
age potential of the subsoils and comparison of results
with standards were also undertaken.

2 Location, geomorphology and geology
of the study area

The study area (Fig. 1) lies within latitude 7°40'54.8328"
and 7°43'3.7092" North of the Equator and Longitude
5°35'33.2988" and 5°37'39.3672" East of Greenwich Merid-
ian. The area enjoys tropical climate with high rainfall of
up to 1600 mm, temperature ranges (21-28 °C), and mean
monthly relative humidity is less than 70% with thick rain
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forest vegetation. It is characterized by two distinct sea-
sons [the rainy season (April-October) and dry season
(November-March)]. The road site is a 7-km-long stretch
in a southeastern to northwestern direction, from Isinbode
Garage to the North of Ikole Ekiti. The site is undulating
with an uneven topography and daily accessed by motor-
cycles and cars conveying commuters as well as farm pro-
duces. The study area is also underlain by the Precambrian
rocks (undifferentiated migmatitic rocks) of the Basement
Complex of Southwestern Nigeria [50] (Fig. 1). The Base-
ment rocks are concealed in places with the development
of residual soils (engineering soils) of variable thickness
on these basement rocks. The migmatitic derived soils are
generally lateritic silty clayey sand [5].

3 Materials and methods

The methodology adopted for this study includes recon-
naissance survey, site works (disturbed and undisturbed
soil samples collection), laboratory tests and interpretation
of results. The reconnaissance survey involved a detailed
geological field mapping in order to ascertain the local
geology of the area, as well as identify failed and stable
sections of the road under study. During this survey,
observation and description of rock and soil in the area
were undertaken. A total of eighteen (18) bulk samples
from the subgrade soils were collected from sixteen trial
pits and two borrow pits. Disturbed soil samples were
collected along the road alignment at 450 m intervals.
This was achieved by excavation of trial pits up to depth
of 1.0 m. The undisturbed soil samples were collected at
1.75 minterval along the road alignment with the aid of a
core cutter, through excavation of trial pits to 1 m depth.
Soil samples were also collected off the road alignment at
two nearby borrow pits. The collected soil samples were
subjected to two classes of laboratory tests, which include:
soil classification tests (moisture content, Atterberg lim-
its, specific gravity and particle size distribution) and soil
strength tests (standard proctor compaction tests, Califor-
nia bearing ratio (CBR), consolidation, permeability and
in situ density). These analyses were carried out in accord-
ance with [52, 53].

4 Results and discussion

4.1 Index properties

The results of index tests on the soil samples are sum-
marized in Table 1. The natural moisture content of the

analyzed soil samples varied from 7.2 to 25.9% (Table 1).
All the soils have high natural moisture content, because
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Table 1 Summary of all the engineering index tests on the soil samples

SN. Chainages NMC% SG LL PL PI LS Fine% Coarse% Gl AASHTO CF PR Activity Clay type
1 Ch0+000 244 267 49 22 264 87 543 443 112 A-7-6 32 218 084 Kaolinite
2 Ch0+450 12.4 269 44 22 218 9.1 485 48.3 69 A-7-6 32 2 0.7 Kaolinite
3 Ch0+900 18.8 271 51 24 278 7.7 58.1 40.64 13.6 A-7-6 33 217 0.83 Kaolinite
4 Ch1+350 14.3 268 44 21 228 8.7 483 494 72  A-7-6 30 208 0.76 Kaolinite
5 Ch1+800 7.2 265 28 19 915 13 21.2 55.4 0 A-2-4 25 147 036 Kaolinite
6 Ch2+250 16.4 272 47 24 234 8.7 503 47.7 83 A-7-6 34 198 0.69 Kaolinite
7 Ch2+700 14.3 265 36 23 131 10 35.2 1.7  A-2-6 31 157 042 Kaolinite
8 Ch3+150 259 277 37 26 104 9.6 542 458 3.7  A-26 32 14 033 Kaolinite
9 Ch3+600 18.4 27 52 21 278 7.7 572 41.6 146 A-7-6 26 244 1.07 Illite

10 Ch4+050 12.2 266 39 23 154 9.6 468 52.1 4 A-2-6 33 1.66 047 Kaolinite
11 Ch4+500 12.1 264 30 21 885 12 28.1 70.7 0 A-2-4 27 142 033 Kaolinite
12 Ch4+950 16.1 265 40 25 143 9.6 483 494 4.1 A-6 34 157 042 Kaolinite
13 Ch5+400 17.2 273 37 23 143 96 50.7 38 A-26 32 1.62 045 Kaolinite
14 Ch5+850 18.2 276 61 22 389 6.8 66.5 326 24.5 28 275 1.38 Illite

15 Ch6+300 12.2 264 24 20 435 14 84.8 0 A-2-4 18 122 0.24 Kaolinite
16 Ch6+750 8.2 264 33 20 132 12 403 55.6 1.7  A-2-6 28 1.66 047 Kaolinite
Borrow Pit 1 Borrow Pit1 18.2 271 45 21 234 9.1 51.7 6.9 A-7-6 30 241 0.78 Kaolinite
Borrow Pit2 Borrow Pit2 123 27 43 21 21.7 99 477 45.2 6.5 A-7-6 30 2.02 0.72 Kaolinite

NMC natural moisture content, SG specific gravity, LL liquid limit, PL plasticity limit, Pl plasticity index, LS linear shrinkage, G/ group index,
AASHTO American Association of State Highway Transportation Office, PR plasticity ratio

these values are higher than the average range (5-15%)
specified by FMWH [54] for engineering construction. This
indicates high water adsorption capability of the soil mate-
rials. Values in this range have been showed to result in
decrease in the shear strength of these road construction
materials [27]. Hence, they are not suitable as subgrade,
subbase and base materials. High variation in the moisture
content causes large volume changes in the clayey soils
[49]. The moisture content ranges from favorable, marginal
favorable to unfavorable road construction materials in
relation to the work of [55]. The specific gravity of the soils
ranged from 2.64 to 2.77 (Table 1). These values conformed
to those generally obtained for residual soils within the
basement complex of Nigeria [34]. The soils have been
classified as inorganic soils [56].

Grain analysis determines the particle distribution of
the studied soils. The fine fraction ranged from 13.0 to
66.5%, and the coarse fraction ranged from 32.6 to 84.8%
(Table 1 and Fig. 2). Standard specification by Federal Min-
istry of Works and Housing [54] requires subgrade soils to
possess less than 35% amount of fines. A comparison of
the obtained results with FMWH [54] specification indi-
cates that thirteen soil samples did not conform to the
specification. This suggest that the soils are prone to
repeated shrinkage and swelling abilities during alternate
dry and wet seasons typified of the climatic conditions of
the study area. High amount of the fine grains had been
related to abundance of clay content which makes them
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Fig.2 Grain size distribution curve plot for a typical soil (Chainage
0+1350)

mechanically unstable. Therefore, they are unsuitable for
subgrade, subbase and base road construction materials
[27].

Atterberg limits estimates the strength and settlement
characteristics of soils for road construction [57, 58]. The
liquid limit, plastic limit and plasticity index results of the
soils ranged from 24.0-61.1%, 19.2-26.2% to 4.35-38.90%,
respectively. All these soils possess the ability to cause
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significant deformation under load due to their plastic
natures. However, only nine soil samples are within [54]
specified maximum liquid limit of 50% making them suit-
able for subgrade, sub-base and base road materials and
maximum plasticity index of 20% for highway subgrade
materials, while other soil samples are above the maxi-
mum standard limit rendering them unsuitable for sub-
grade materials.

The Casagrande’s plasticity chart (Fig. 3) containing
the A-line plays a major role in the classification [59]. The
studied soil samples are then classified into CL, Cl and CH
based on the following three soil characteristics: particle
size distribution, liquid limit and plasticity index. Four
samples fall within the low plasticity (CL), ten falls within
the medium plasticity (Cl), and three falls within the high
plasticity (CH) categories in the Casagrande’s chart.

Clay “activity” of soil is obtained by combining Atter-
berg limits and clay content into a single parameter [60].
The results of plasticity index and percentage clay sized
fraction were used to calculate the activity in order to
determine the measure of the degree of likelihood of
exhibiting colloidal behavior (Table 1). This relates the min-
eralogy and geologic history of clays present in the soils.
The properties of clay soils are determined fundamentally
by the physicochemical characteristics of the various con-
stituent minerals and by the relative proportions in which
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Fig. 3 Position plots of the studied soils on activity chart for the
study area

the minerals are present. Activity less than 1 corresponds
to kaolinite, while activity between 1 and 2 corresponds to
illite and greater than 2 corresponds to montmorillonite,
and activity values less than 0.75 represent the mineral
is inactive, 0.75-1.25 is normal, and greater than 1.25 is
active [60]. The clay activity of the soils under investigation
ranged from 0.41 to 0.63 (Figs. 4, 5). This indicates that the
predominant clay mineral present in the soils is kaolinite,
which is inactive and has low moisture affinity and inter-
layer spacing of 7A".

The linear shrinkage of the soils varied from 7.7 to
14.4% (Table 1). Almost all the soil samples except for three
(3) soils (Ch0+900, Ch0+600 and Ch0+850) have values
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greater than [15, 61] recommendation, which require 8%
maximum to be suitable as sub grade materials. This con-
sideration suggests that the soils would be subjected to
swelling and shrinkage during alternate dry and wet sea-
sons typical of tropical climatic condition of the study area.
The linear shrinkage result correlates with results obtained
from grain size analysis; hence, the soil samples are not
suitable for both highway subbase and subgrade material.
Only two soils satisfy the specification as subsoil materials
that are suitable for road construction. The soils that are
susceptible to swelling and shrinkage can be modified by
stabilization processes to establish desire properties for
road construction.

AASHTO [62] classification system is based on the plas-
ticity index, particle sizes and liquid limit. According to the
classification, soils with less than 35% pass through the No.
200 sieve are classified under groups A-1 to A-3, typically
clayey soils. While soils with more than 35% pass through
the No. 200 sieve are classified under groups A-4 to A-7,
typically granular soils. Group index is the parameter that
gives an indication of the load carrying capacity within
AASHTO soil group. Resulting increase in the group index
will cause decrease in the load carrying capacity. Based
on the obtained results, the soils are classified as A-2-4
(0-4), A-2-6 and A-6, A-7-6 (6.5-24.5) (Table 1). The clayey
soils are classified as fair to poor road materials, while the
granular materials are classified as excellent or good road
construction materials.

4.2 Soil strength properties

The strength properties of subsoils for road construction
are controlled or dictated by the soil’s resistance to distress
under load application as determined by compaction, CBR
and consolidation tests, and their results are summarized
inTables 2 and 3.

The in situ density for the soils ranged from 17.14 to
18.27 (Table 3) with Ch0+5250 and Ch0+7000; Ch0+1750
and Ch0+3000 falling under fair and poor suitability cat-
egories, respectively, as road construction materials.

The coefficient of permeability for the soils ranged
from 1.58x 1073 t0 9.89 x 107/, and it can be classified into
practically impermeable, medium permeable to low per-
meability which make the soils suitable as road materi-
als for construction purposes [63]. However, when these
soils come in contact with water, the soils will retain water
and lead to the rapid weakened due to poor drainage and
exposure to the surface [5].

Compaction of soils for road construction required the
attainment of a high degree of densification in order to
prevent detrimental consolidation that will arise from
traffic load. The typical compaction curve of the maxi-
mum dry density and optimum moisture content of the
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Table2 Summary of compaction and California bearing ratio test
results

Chainages OMC MDD CBR Ratings Use
Ch0+000 246 1606 6  Poor S3 Subgrade
Ch0+450 215 1712 8  Poor S4 Subgrade
Ch0+900 234 1647 7  Poor S3 Subgrade
Ch1+350 20 1764 10 Fairtogood S4 Subgrade
Ch1+800 11.3 2066 44  Good Sub-base/S6
Subgrade
Ch2+250 246 1605 6  Poor S3 Subgrade
Ch2+700 146 1952 38  Good Sub-base/S6
Subgrade
Ch3+150 238 1633 7  Poor S3 Subgrade
Ch3+600 256 1570 Very poor S2 Subgrade
Ch4+050 188 1806 14  Fairtogood S4 Subgrade
Ch4+500 124 2028 35 Good Sub-base/S6
Subgrade
Ch4+950 236 1640 7  Poor S3 Subgrade
Ch5+400 214 1716 8  Poor S4 Subgrade
Ch5+850 303 1408 3  Verypoor S2 Subgrade
Ch6+300 11.3 2066 41  Good Sub-base/S6
Subgrade
Ch6+750 144 1958 33  Good Sub-base/S6
Subgrade
Borrow Pit1 225 1678 7  Poor S3 Subgrade
Borrow Pit2 22 1695 8  Poor S4 Subgrade

MDD maximum dry density (kg/cm?), OMC optimum moisture con-
tent (%), CBR California bearing ratios (%)

Table 3 In situ density and consolidation test result

Chainages Insituden-  Interpreta-  Cv Mv S

sity tion
Ch0+1750 17.14 Poor 0.1829 0.39824 1.25
Ch0+3500 17.19 Poor 0.1888 0.38285 1.208
Ch0+5250 18.27 Fair 0.257 0.22643 0.765
Ch0+7000 17.99 Fair 0.2134 0.32215 1.039

Cv coefficient of consolidation, Mv coefficient of volume compress-
ibility, S settlement

lateritic soils at the West African level of compaction are
shown in Table 2 and Fig. 6, respectively. The maximum
dry density (MDD) of the soils in the study area ranged
from 1480 to 2070 kg/cm? at optimum moisture content
(OMC) of 11.3-30.3% (Table 3). Nine samples have MDD
values above the maximum 1700 kg/cm? as specified by
[64]. Therefore, the residual soils have low bearing capaci-
ties and cannot ultimately serve as construction barriers
except if well compacted and stabilized to reduce voids,
to increase the strength and reduce its permeability. This
trend totally agrees with the in situ density determined
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Fig.6 A compaction curve of a
typical studied soil (Chainage
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which ranged from poor to fair. These values show that,
the soils respond gradually to compaction. However, the
best soil for foundation is the soil with highest maximum
dry density (MDD) at lowest optimum moisture content
(OMCQ) [15]. The compaction suggests that the foundation
of pavement structures must always be compacted above
the MDD and OMC values to yield the maximum strength,
prevent ingress of water and distribute wheel loads uni-
formly into the pavement structures.

California bearing ratio is a test often employed in
the evaluation of soil strength in subgrade, subbase
and base course materials for footpath, road and airfield
pavement design [5, 36, 65]. The results of soaked CBR of
the soils ranged from 3 to 44% (Table 2, Fig. 7a, b). Only
five of the analyzed soil samples have the required 30%
soaked CBR value recommended for highway subbase,
subgrade soils and base materials by [54, 66]. The CBR
values of the study area are generally low, requiring that
the soils should be subjected to soil improvement strate-
gies in order to acquire the necessary strength for road
construction materials. Samples with the following chain-
ages (Ch0+000, Ch0+450, Ch0+900, Ch1+350, Ch2+250,
Ch3+150, Ch3+600, Ch4+950, Ch5+400, Ch5+850 and
borrow pits) with CBR values less than 10% are posed to
be of excellent subgrade materials, while locations with
the following chainages (Ch0+000, Ch0+450, Ch0+900,
Ch1+350, Ch2+250, Ch3+150, Ch3+600, Ch4+050,
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Fig.7 California bearing ratio typical plot for studied soil (Borrow
Pit 2)

Ch4+950, Ch5+400, Ch5+850 and the burrow pits) are
posed to be good subbase materials, while all the soil sam-
ples can serve as base materials because their CBR values
fall lower 80% (Fig. 8).

The consolidation analysis reveals that Ch0+5250
and Ch0+7000 have coefficient of volume compress-
ibility falling within medium degree of compressibility
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Fig.8 Consolidation typical plot for soil (Chainage 0+700)

category according to [67]. The other subsoils fall within
high degree of compressibility. Only Ch0+5250 has settle-
ment value lower than 1, while Ch0+1750, Ch0+3500 and
Ch0+7000 have settlement values greater than 1 indica-
tion potential to settle. Soils with settlement rates greater
than 1 mm/year show that high settlement has no relation
to shallow water table. The water table is at deep depth
and can therefore not contribute to any settlement of the
subsoil. The cause of the high settlement values is possibly
related to the deep weathering of locally enriched zones of
feldspars in the original parent rocks, which has also been
shown elsewhere with related geology [68].

5 Conclusion and recommendations

The subsoil investigation of Isinbode-Ara road has been
undertaken. The result revealed that the soil samples are
essentially granular and clayey soils, incompressible, easily
compacted with good drainage. The soil samples indicate
a general cohesive nature with variable high moisture
content due to hydrological and climatic conditions of the
study area. This geotechnical investigation also revealed
that the subsoils are poor road construction materials,
but its strength can be improved when subjected to sta-
bilization measures as indicated from the strength tests
(compaction, California bearing ratios and consolidation
tests). This should be put into consideration during the
Isinbode—Ara road foundation design and construction.
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