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The construction of rural roads in Nigeria has been a great challenge over the years with
the situation giving serious concerns to the stakeholders. Many factors have been adduced
to the poor conditions of the rural roads which include lack of fund, lack of political will of
the government to tackle it, poor soil materials and construction methodology. Rural roads
network form about 65% of the estimated 200,000km total road network in the country [1]
and they form the major access through which the rural dwellers communicate with the urban
centres. The rural areas are the agricultural base for most agricultural products, and they
service the industries in the cities with the raw materials especially the agricultural-based
industries. There have been concerted efforts by government over the years to address the
problems of rural roads by providing funds and creating agencies for rural road developments
especially the creation of the Directorate of Food, Roads and Rural Infrastructures (DIFRRI)
in 1986 during the military regime but these efforts have not been able to yield substantial
improvement in the conditions of most rural roads in Nigeria. The roads constructed often
experience premature failures making rural roads more difficult than before they were
constructed. The reason for the poor performance of rural roads constructed may be due to
lack of proper understanding of the road soil materials employed in their construction.

The problem of poor soil materials and the challenges they pose to road construction
particularly rural roads have been receiving research attention in the last 30 to 40 years in
different parts of Nigeria. There have been studies conducted to evaluate the subgrade soil
materials in the country to understand the various soils available in different locations by
characterizing their engineering properties and to determine their suitability for economic
road pavement design and construction. Some of these studies showed the distribution of
low-strength or poor soil materials across the country [2-5]. Some of these soil materials were
found to be highly susceptible to erosion forming gullies and creating geohazards in many
parts of the country [6] particularly in the eastern parts of Nigeria.
Many rural roads traverse these poor soil terrains, and they contribute to the poor state
of the rural areas in terms of road infrastructures. The need to incorporate stabilization
techniques in the construction of rural roads across the country to improve the performance
of these poor soil materials has become obvious from the present performance of rural roads
built on these poor soil terrains. The application of stabilization has been practiced for well
over 5000 years in different parts of the world [7] and the application of soil stabilization is
still gaining attention as a means of improving, modifying and upgrading the properties of
weak soil materials to meet the requirements of road pavement construction. Many methods
of soil stabilization that have been used are application of cement, lime, bitumen, polymers,
etc., although these methods have been found to be very effective but their impacts on the
construction costs of roads have not encouraged their use. This situation now led to a search

Academic Journal of Engineering Studies

1

AES.000530. 2(1).2021

for alternative but equally economic ways of stabilizing soils for
road construction particularly the rural roads which do not carry
high traffic volume.

The application of industrial wastes to soil in civil engineering
construction has recently been receiving attention in both research
and field application in many parts of the world particularly in the
United States of America, Britain, Europe, India, etc. The idea of
utilizing industry wastes in productive construction is a sustainable
strategy and is being promoted under Green Development Initiative
(GDI) to conserve the environment from their negative impacts [810]. These industrial wastes include lime kiln dust, flyash, cement
kiln dust, foundry sand, marble dust, quarry dust, etc. Other wastes
from agricultural based activities are rice-husk ash, corn-husk ash,
baggase ash, etc. The use of cement kiln dust, a waste generated
from cement plants in Nigeria, has not been studied for productive
application over the years in Nigeria and the waste is generated
continuously and stockpiled creating environment hazards. There
have been efforts by some of the cement plants to introduce
recycling of the waste into the cement production process to
reduce their generation but this effort have been faced with other
challenges such as cost of installation and maintenance of the
recycling systems resulting in higher energy and general operation
costs.
These problems as well as the need to improve the transportation
infrastructures in the rural areas in the country form the basis of
these research programs currently being conducted. Also, this study
is aimed at finding a way of using the cement-kiln-dust produced
during the manufacture of cement for civil engineering construction
to reduce their negative environmental impact on the society
particularly the pollution of air, surface and groundwater resources.
These studies are aimed at finding an economic and more durable
solutions to rural road pavement problems affecting rural road
transportation and mobility in Nigeria, particularly in the eastern
Nigeria where rural accessibility have been a serious challenge
due to poor soil materials used in constructing them. These rural
roads experience rapid deterioration and failure resulting to loss
of investments, and thereby aggravate the sufferings of the rural
dwellers.

This paper therefore presents some results of laboratory
studies on the engineering properties of soil samples and the CKD
stabilized soil samples conducted on the eastern Nigerian soil
from Amatutu/Agulu, Anambra State, Nigeria where there have
been occurrences of soil failures such as landslides, gully erosion
and disruption to road infrastructures. And with this contribute to
the current knowledge on the search for effective and productive
potential use of CKD waste in stabilizing soils for rural earth and
flexible road pavement construction.
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dust, lime kiln dusts, waste tyres, foundry sand, sludge wastes, etc.,
are being studied experimentally as well as in field application
as potential stabilizers in pavement construction [11-14] and
particularly for rural roads. A brief review of these research on the
use of CKD in stabilizing low-quality soil materials from different
parts of the world is presented.

Soil materials for rural roads

The construction of rural roads in Nigeria has been a serious
challenge over the years due to many factors such as poor funding,
poor soil materials, poor construction methodology, and so on. The
impact of poor soil materials is focused in this review since these
affect significantly the design as well as the cost of construction
and maintenance of rural roads. Rural roads in Nigeria traverse
different soil terrains of different engineering qualities. The soil
materials often encountered vary from good lateritic gravel to poor
lateritic clays. Other soil materials found along the rural road routes
are clay, shale, sand, silt, organic soils such as peats and black cotton
soils. Several poor soil materials in Nigeria commonly referred to
as problem soils have been studied with a view of identifying and
evaluating their engineering qualities so as to determine what type
of road pavements to be built on them or what type of stabilizing
treatment to give to them.
Ackroyd LW [15] studied some western Nigerian soils and
their qualities in road construction development in the area. Madu
RM [16] conducted studies on the geotechnical and engineering
properties of some eastern Nigerian laterite soil materials. Figure 1
shows the results of studies conducted on the distribution of problem
soils in Nigeria [2]. Aitsebaomo FO [3] studied some subgrade
soils in south eastern Nigeria to determine their properties and
their impact on road infrastructures development. The extensive
Igunmale shale soil material in Benue state, in the central part of
Nigeria was studied by Agbede [4] to evaluate their geotechnical
and engineering properties for infrastructures development in the
area. Okeke OC [17] studied some gravel soils in Ihiagwa area in
the eastern Nigeria for potential use as construction materials. The
characteristics of soils of the eastern Nigeria and their role in soil
erosion particularly as it relates to Nanka and Ekwulobia areas in
Anambra state has also been studied [1-20].

Review of Previous Research

There have been intensive studies into the application of
industrial wastes that constitute environmental hazards in civil
engineering construction in many parts of the world such as India,
America, Britain, etc. Several industrial wastes such as cement kiln
Academic J Eng Stud

Figure 1: Map of Nigeria showing distribution of
problem soils [2].
Ugbe [21] has shown from studies conducted on 152 soil
samples from parts of Edo and Delta states in the mid-western and
Copyright © Oduola RO
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southern Nigeria that the soil contains high fine materials ranging
from 14% to 56% and gravel contents ranging from 0 to 6%. [5]
showed that similar results were obtained for subgrade soils from
some other parts of mid-western Nigeria and that the major soil
materials in the study area contains 52.94% of sandy clay with and
15.44% of clay. From all these investigations, it is clear that the soil
materials based on their geology, geological formation, geotechnical
and engineering characterization, have varying engineering
qualities ranging from good to poor, and these influence their
performance as subgrade, subbase and base materials under road
pavement especially rural roads. The use of these poorly rated soil
materials require improvement by the application of stabilization
techniques for economic and durable performance under traffic
loads. The rural roads are divided into two-paved and unpaved. The
paved rural roads are mainly asphalt concrete surfaced or bitumen
surface-dressed (flexible) pavement roads. The concrete paved
surface is seldom used for rural roads except for some special
conditions. The unpaved roads consist of the earth or gravel roads.
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According to Shagaya L [1], the earth roads constitute about 65%
of the total estimated 200,000km of road networks in Nigeria. The
gravel roads are not common except on some quarry roads where
they are employed due to the nature of traffic experienced and of
course to check dust.
The earth roads form the major access through which rural
dwellers transport their goods, mainly agricultural products, to the
urban areas for marketing and as well obtain goods and services
needed in the rural area. The agricultural products are the second
largest of the goods and products from which the country derives
its gross domestic product earnings apart from oil. With the present
fall in oil price over the world, the country’s attention is now being
focused on agricultural products which are cultivated in the rural
areas. The conditions of rural roads are deplorable and thus require
urgent attention if the goal of the government to derive maximum
benefits is going to be realized. Figures 2(a) & 2(b) show typical
conditions of rural roads built on lateritic clay soils in Amatutu area
in the eastern part of Nigeria.

Figure 2: Typical failed paved and unpaved earth rural roads at Amatutu in eastern Nigeria.
The earth roads in Nigeria are not usually properly engineered
and constructed to the required standards and so they are often
characterized by flooding, potholing and erosion. The application of
stabilization techniques such as the use of industrial wastes appear
to be the best cost-effective alternative of developing rural roads in
the different parts of the country especially in the eastern part of
Nigeria where the soil erosion and landslide which occur in the area
due to the nature of the soil existing there create serious problem
and thus constitute a great threat to rural road development. The
potential use of low-quality soil materials in rural roads construction
in many parts of tropical Africa has received tremendous research
attention [18-21] and that marginal or low-strength soils have been
used in countries such as Australia, South Africa, Mozambique,
Kenya, Bangladesh, etc, for constructing low-volume roads. Some
roads in Malawi were also reported to have been constructed using
substandard soil materials and have performed satisfactorily under
low-volume traffic.
Academic J Eng Stud

Stabilization of soils for rural road construction
Stabilization of soils for road pavement construction has been a
major technique employed in improving the engineering properties
of soil that fail to meet the acceptable criteria of plasticity index,
shrinkage, density and strength. The method has been used on
many soil terrains during construction of major roads in different
parts of the country. The construction of Apapa-Wharf road through
Ijora in Lagos was constructed using cement stabilization of fine
grained sandy-silty soils [15].

A number of researchers have studied stabilization of problem
laterite soils in different parts of Nigeria. Osula (1989;1996)
studied the use of admixtures such as cement and lime in stabilizing
some problem laterites and further used chemical additive such
as sodium chloride together with cement to understand the
performance of the stabilized laterite [21]. Onyelowe KC [22]
recently reported the results of studies conducted on cement and
Copyright © Oduola RO
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also bagasse ash stabilization of lateritic soil from Akwuette in
eastern Nigeria. However, the application of stabilization for rural
roads has not been a usual practice due to its cost implications on
the construction of rural roads.

The potentials of CKD in stabilizing soils for rural roads in
Nigeria are not yet studied. The studies on the potential productive
application of CKD in Nigeria for road construction in Nigeria
started sometimes in 2007 with an intensive research program at
the University of Lagos [23,24] and since this work started, some
researchers have also been showing keen interest on the subject.
Okafor & Egbe [25] studied the potential of CKD in improving soils
in some parts of eastern Nigeria for flexible pavement construction.
The potential of CKD in stabilizing problem soils in the eastern
Nigeria to enhance the development of rural roads in the area is
studied in this paper.

Material and Experimental Methods

The material location, sampling and experimental procedures
adopted in this study are presented in the following sections.
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[26]. According to Kogbe [27] cited in Okeke CO [28], the soil of
Amatutu/Agulu/Nanka area has been described as “Nanka sand
because of its peculiar properties. The soil belongs to Bende-Amaki
Formation and the lithology of the soil consists of fine to coarse
sandstone with abundant intercalation of calcareous shale and thin
shally limestone below and of loss cross bedded white and yellow
sandstone with bands of fine grained sandstone and sandy clay
above.” Because of the loose or weak bond between the soil particles,
it quickly loses strength and gets eroded easily. Figure 4 shows the
geological map of Nigeria showing the location of the study area.
The sampling of the soil was done by using digger and shovels to
remove the soils from two sampling points. Disturbed samples of
the soil were taken at two selected points, placed in polythene bags
and transported to the Materials Laboratory of the Department of
Civil Engineering, University of Lagos. Cement Kiln Dust (CKD) used
for the stabilization of the soil samples was obtained from Lafarge/
West African Portland Cement, Shagamu Plant, Ogun State, Nigeria.

Geology of the study area and material sampling

The study area is Amatutu/Agulu area of Anambra state in
the eastern part of Nigeria, a few kilometers from Akwa, the state
capital. The soil in the area is known to be erosive and susceptible
to collapse and several areas of the town have been affected by gully
erosion and landslides. Figure 3 shows the study area.

The geology of the study area can be described as located
within the Anambra basin consisting of Transgressive Lower
Tertiary Sediments (Paleocene-Eocene) and partly regressive
upper cretaceous sediments (Camparian-Paleocene) [3]. The soil of
Amatutu can be described as reddish brown, fine-grained silty sand
with little or no clay content. Due to lack of fines or binder content
in the soil, the soil appears to lack cohesion. This makes it to be
subject to high erosion vulnerability.

Figure 4: Geological map of the study area [34]].

Experimental procedures

Figure 5: AARL 900 Cement analyzer used for
chemical analysis of cement-kiln-dust samples.

Figure 3: Map showing location of study area [38].
The Anambra Formation of Southern Nigeria was reported
to have been formed during the Santonian tectonic event that
affected the Southern Benue Trough, of which the first lithic fill of
the basin is the marine Nkporo Group, and this include the Nkporo
Formation, the Owelli sandstone Formation, and the Enugu Shale
Academic J Eng Stud

The tests conducted on the soil samples are divided into two.
These are engineering tests and chemical/mineralogical tests on
the soil samples. The engineering tests conducted on the samples
of soils were the particle size sieve analysis, specific gravity, soil
classification, Atterberg limits, compaction test, Californian Bearing
Ratio (CBR) and Unconfined Compressive Strength (UCS). The
experimental procedures adopted for testing the soils without the
CKD stabilizer were as specified in BS 1377 [29] and the procedures
for testing the CKD-stabilized soil samples were as specified in
BS 1924 [30]. The chemical analysis of the CKD sample was done
using AARL 900 cement Analyzer shown in Figure 5 at the Quality
Control Laboratory of the Lafarge/WAPCO Portland Cement Plant
Copyright © Oduola RO

AES.000530. 2(1).2021

5

Shagamu, Ogun State. The soil samples were stabilized with CKD
by increasing the stabilizer content at intervals of 2% by weight.
The maximum addition of the CKD is set at 30% but the tests so far
conducted are from 0% to 10% CKD addition. The remaining tests
which involve increasing the CKD to 30% are still being conducted.

Other tests conducted but not reported here are the
mineralogical analysis of the soil samples, CKD and the CKDstabilized soil samples. These tests include the X-ray Flourescence
using Energy Dispersive Spectrometer (EDS), X-ray Diffraction
test and Scanning Electron Microscopy (SEM). These tests were

Results of engineering tests conducted

conducted to determine the mineral compounds in the soils as
well as the stabilized soil samples so as to understand the reaction
and mechanisms that occurred in the samples which affect the
engineering properties of stabilized samples. The results of these
will be reported when completed.

Result and Discussion

The results of the engineering tests conducted using the
standard procedures of BS 1377 [30] and BS 1924 [29] are
presented as follows.

Particle size analysis, atterberg limits and soil classification
Table 1: Natural moisture content, atterberg limits and soil classifications.

Samples

Natural
Moisture
Content (%)

Liquid Limit
(%)

Plastic Limit
(%)

Plasticity Index
(PI) (%)

Shrinkage Limit
(SL)

Soil Classification (AASHTO)

Subgrade Soil
Classification
(NHM, 2013)

A

9.80

45.67

16.60

29.07

8.60

A-7

S5

46.40

17.50

28.90

7.37

-

-

47.53

18.13

32.98

7.23

-

-

-

-

-

-

-

-

B

A+2% CKD
B+2% CKD

A+4% CKD
B+4% CKD

A+6% CKD
B+6% CKD

A+8% CKD
B+8% CKD

A+10% CKD
B+10% CKD

13.20
-

46.00

47.77
48.30
48.30
48.97
48.87
49.13
49.67
49.23

18.10

17.93
18.50
18.20
18.80
18.60
19.34
19.3

19.20

The results of the natural moisture contents conducted on the
two soil samples are shown in Table 1 together with the Atterberg
limits and soil classification. The values obtained for the natural
moisture contents are 9.80% and 13.20% for samples A and B
respectively. The grain size analyses for the two soil samples A
and B were carried out and the results of the grain size analysis
conducted using the procedure in BS 1377 [30] are shown in Figures
6 & 7 for the two soil samples. The results of Atterberg Limits tests
conducted on the two soil samples and the addition of Cement-KilnDust (CKD) in the range of 0% to 10% are shown in Table 1. The
variation of the Plasticity Index (PI) index with percentage CKD
Academic J Eng Stud

27.90

29.83
29.80

8.60

7.37
7.43

30.10

21.90

30.27

7.60

30.17
29.77
30.53
30.03

7.17
7.50
7.50
7.37

A-7-6(9)

S5

added is shown in Figure 8. From the particle size analysis and the
Atterberg Limits test results on the unstabilized soil samples, the
soil samples A and B were classified based on AASHTO procedures
as A-7-6 (9). Based on the Nigeria Highway Manual (NHM, 2013),
the soil samples are classified as S5 subgrade. According to the
AASHTO chart used in the classification of the soils, the samples
are rated as fair to poor subgrade soils and so are not excellent
materials for subgrade soils under road pavement. Garber and Hoel
[31] also have stated that soils having coarse grain materials are
excellent subgrade soil although they have high permeability.

Copyright © Oduola RO
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Figure 6: Particle size analysis for soil sample A.

Figure 7: Particle size analysis of soil sample B.

Academic J Eng Stud
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soil samples was measured using falling head permeameter. This
property normally indicates the behavior of the soil when subjected
to high ground water under road pavement. The results of hydraulic
conductivities of the two soil samples are 2.670 x 10-4cm/s and
2.840x10-4cm/s for samples A and B respectively as shown in Table
2. From the permeability results, it shows that the soil samples have
low permeability and therefore are fine-grained soils likely to be
affected by plastic property.
Table 2: OPermeability and specific gravity of soil samples.
Figure 8: Plasticity index vs. percent cement-kilndust for samples A and B.

Specific gravity and permeability test results
The results of the specific gravity of the two soil samples A
and B measured are shown in Table 2. The results are 2.65 for soil
sample A while soil sample B has a value of 2.652. These values fall
within 2.6 and 3.4, the range of specific gravity generally reported
for lateritic soil materials. But according to Bowles [32], the values
of specific gravities ranging from 2.52 to 2.66 are reported for
inorganic clay soils. This indicates that the soil samples actually fall
into the range of lateritic clay. The specific gravity is an important
parameter in determining the clay content of soil samples, the void
ratio as well as the soil porosity which are required in determining
the drainage properties of soils. The permeability property of the

Soil Samples

Specific Gravity

Permeability (cm/s)

A

2.650

2.67 x10-4

B

2.652

2.84 x 10-4

Compaction and California bearing ratio tests

The compaction test carried out in this study is the West
African Heavy compaction procedure since the soils will be
subjected to vehicular loads. The results of the compaction tests for
the unstabilized soil samples and CKD-stabilized soils samples are
presented in Table 3. The dry density of the soil samples A and B
before stabilization was found to be 1.886Mg/m3 and 1.90Mg/m3
respectively. The dry density for the CKD stabilized samples of the
two soils ranged from 1.864Mg/m3 for soil sample A at 2% CKD
addition to 1.666Mg/m3 for the same soil sample at 10% CKD.

Table 3: Dry density and Californian bearing ratio of the soil samples.

California Bearing Ratio (CBR)

Samples

Optimum Moisture Content (OMC)

Maximum Dry Density
MDD (Mg/m3)

Bulk Density (Mg/m3)

Soaked (%)

Unsoaked (%)

A

13.30

1.886

1.886

18.00

30.00

A+2% CKD

15.40

1.864

2.151

29.33

27.00

A+4% CKD

16.30

B

B+2% CKD
B+4% CKD

A+6% CKD
B+6% CKD

A+8% CKD
B+8% CKD

A+10% CKD
B+10% CKD

12.10

13.40
15.10
17.17
16.20

1.900
1.880
1.810
1.850
1.764
1.82

18.60

1.722

30.00

1.666

17.50
29.33

1.750
1.72

However, as the samples were stabilized with CKD, there was a
progressive reduction in the dry densities but the optimum moisture
contents of the soil samples increased. There are variations of
optimum moisture contents with percent increase of CKD and also
of dry density with percent increase in CKD respectively (Figures
9 & 10). The results of the Californian Bearing Ratio (CBR) are
presented in Table 4 showing the soaked (for 4 days) and unsoaked
CBR of the two soil samples with their corresponding CKD-stabilized
Academic J Eng Stud

1.900
2.132
2.105
2.130
2.067
2.115
2.042

16.33
34.00
24.33
34.00
20.30
30.33
18.0

29.33
31.33
21.00
28.67
16.30
28.00
14.0

2.056

29.33

26.50

2.040

27.30

22.68

2.004

15.67

9.00

samples. The soaked CBR of soil sample A and B are 18.0% and
16.33% respectively. The unsoaked CBR of the two samples are
30.0% and 29.33%. From the test results, it was found that the
soaked CBR of the samples increased as the percentage increase
of the CKD stabilizer. The increase in strength as measured by the
CBR values may have been connected with the hydration reaction of
calcium oxide (lime) which is the predominant oxide in the CKD in
the presence of water during the curing of the samples. Figures 11 &
Copyright © Oduola RO
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12 show the variations of the soaked and unsoaked CBR properties
of the stabilized soil samples A and B with increasing percentage of
CKD. The 4-day soaked CBR values of the unstabilized soil samples
A and B are 18.0% and 16.33% respectively. These are found to be
lesser than 30% as required by the Nigerian Highway Specifications

[33] for subbase materials under road pavement. However, the soil
samples meet the requirement of subgrade materials of not less
than 15%. The soil samples when stabilized with 2% to 10% CKD
showed impressive increase in soaked CBR especially soil sample B
meeting the requirement of subbase materials [33-36].

Table 4: Unconfined compression strength results on soil samples and cement-kiln-dust stabilized soil samples.
Samples

Uncured(kN/m2)

7 days Curing

14 days

21 days

28 days

UCS

Cu

UCS

Cu

UCS

Cu

UCS

Cu

UCS

Cu

A
B

40.67
34.57

20.33
17.37

49.89
46.9

24.95
23.45

58.96
64.94

29.48
32.47

74.56
87.90

37.28
43.95

98.46
108.9

49.23
54.45

A+4% CKD
B+4% CKD

21.23
28.40

10.67
14.23

32.87
37.78

16.44
18.89

51.08
46.78

25.54
23.39

71.67
67.98

35.84
33.99

96.74
101.2

48.37
50.60

A+2% CKD
B+2% CKD
A+6% CKD
B+6% CKD
A+8% CKD
B+8% CKD

A+10% CKD
B+10% CKD

29.03
33.53
19.6
28.57
22.90
21.20
12.50
12.57

14.57
16.80
9.83
14.30
11.47
10.63
6.30
6.37

34.86
44.90
30.75
51.98
46.76
38.97
26.56
30.81

17.43
22.45
15.38
25.99
23.38
19.49
13.28
15.46

Figure 9: Optimum moisture content vs. percent
cement-kiln-dust of samples A and B.

58.71
62.17
41.67
69.05
57.86
63.05
43.98
49.89

29.36
31.09
20.83
34.53
28.93
31.52
21.99
24.95

103.7
88.72
58.56
98.72
88.67
90.08
56.78
62.10

51.85
44.36
29.28
49.36
44.34
45.04
28.39
31.05

98.79
112.7
88.71
145.8
125.8
130.9
88.13
107.3

49.39
56.35
44.36
72.90
62.90
65.45
44.07
53.65

Figure 11: Soaked Californian bearing ratio vs.
percent cement-kiln-dust of samples A and B.

Figure 10: Maximum dry density vs. percent
cement-kiln-dust of samples A and B.

Figure 12: Unsoaked California bearing ratio vs.
percent cement-kiln-dust of samples A and B.

Based on unsoaked CBR, the strength of the soil did not increase
but a gradual decrease in strength was noted as the percent increase
in CKD stabilizer. This observation may be due to lack of water for
the continued hydration reaction of lime in CKD-soil mixture to

continue during the unsoaked curing. However, the soaked samples
experienced increase in strength and this is possibly due the
hydration and cementation reactions from the lime-rich CKD with
the soil samples [37-41]. The further chemical and mineralogical

Academic J Eng Stud
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analyses which are to be conducted at the second stage of these
studies will capture the cause of this behavior of the stabilized soil
samples. According to Lebo & Schelling [10], the design of rural
roads based on unsoaked criteria for the soil materials results in
uneconomical design because the rural roads are often subject to
low traffic unlike the main urban roads. Therefore, it was suggested
that the unsoaked CBR can be used to design rural roads.
Unconfined compression strength

The results of Unconfined Compression Strength (UCS) tests
conducted on the soils and the CKD stabilized soil samples are
shown in Table 4. The results show both the uncured and cured (in
air) for 7, 14, 21, and 28 days for the two soil samples A and B with
their corresponding CKD-stabilized samples. All the CKD-stabilized
soil samples show a general increase in strength as the days of curing
increased. The unconfined compressive strength has been used to
classify soils into different categories for the purpose of determining
their properties and suitability for engineering purposes. Different
ranges of soils are known based on some set criteria. For instance,
soils having UCS values ranging from 0 to 25kN/m2 are classed
as very soft clay soils while those with values ranging from 2550kN/m2 are classed as soft clay soil. Medium soft clay soils have
unconfined compression strength values ranging from 50-100kN/
m2 while stiff clay soil have values ranging from 100-150kN/m2.
Very stiff clay soils have unconfined compression strength values
ranging from 200-400kN/m2 while values greater than 400kN/m2
are classed as hard clay soils. Based on these criteria, soil sample A
and B (without stabilizer) have unconfined compression strength
value of 40.67kN/m2 and 34.57kN/m2 respectively. This indicates
that the soil falls into the soft clay category. But as the soil samples
were stabilized with CKD, the strength increased with increase in
curing age [42,43].
Generally, soil sample A increased from 40.67kN/m2 for
uncured condition to 98.60kN/m2 at 28 days of curing at 0% CKD
addition. However, the strength of the soil samples reduced as
the percentage of cement-kiln-dust are added to the soil samples.

Table 5: Results of chemical analysis of cement-kiln-dust.

Similar observations were noted for sample B. The reduction in
strength may be due to the chemical reactions and mineralogical
influence in the soil-CKD mixtures but this will be understood
when the mineralogical and chemical analyses of the soil and the
CKD-stabilized mixtures are carried out during the second stage of
these investigations. Figure 13 shows the variation of unconfined
strength of the soil with the percent addition of CKD for uncured
condition of the stabilized samples [44].

Figure 13: Unsoaked California bearing ratio vs.
percent cement-kiln-dust of samples A and B.

Chemical analysis of cement-kiln-dust
The results of the chemical analysis of the CKD used in the
experiment was conducted using the AARL 900 Cement Analyzer and
is presented in Table 5. The purpose of this test is to determine the
oxide elemental contents of the CKD stabilizer which will influence
the engineering behavior of the CKD-stabilized soil samples. During
the second stage of these investigations, the elemental contents
and mineralogical analyses of the stabilized soil samples will also
be determined. From the results of these elemental oxide contents,
it was found that the major elements present in the CKD are silica,
aluminium oxide, ferric oxide and calcium oxide. The calcium oxide
(lime) was found to be the predominant oxide in CKD with a mean
value of 57.65% and lime being a good pozzolanic material can
increase the strength properties of the stabilized soils particularly
soils with high clay content.

Parameters Tested
SiO2

Al2O3

Fe2O3

15.76

4.8

2.83

16.15

4.72

15.84

4.76

16.25

4.64

16.25
Mean

16.098

Conclusion

4.57
4.698

CaO

MgO

58.25

1.62

2.84

57.47

2.86

58.17

2.9
2.9

2.866

57.53
56.83
57.65

From the results of tests conducted on the soil samples obtained
from Amatutu/Agulu area of Anambra State in the eastern part of
Nigeria, which are presented, analyzed and discussed in the above
sections, the following conclusions can be made.
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SO3

1.64

1.26

1.6

1.37

1.6
1.6
1.612

1.44

K2O

F/CaO

0.97

5.15

1.01
1

1.24

1.03

1.304

1.006

1.21

1.02

6.33
5.9
6.4
5.9

5.936

1.
Based on the particle size analysis of the two soil samples
and the Atterberg limits, the soil samples were classified
according to AASHTO Chart as A-7-6(9). These soil samples
were further classified according to the Nigerian Highway
Manual (2013) to be S5 subgrade class. These further confirm
Copyright © Oduola RO
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that the soils are not excellent materials for subgrade or
subbase soils; however, they meet the criteria for subgrade, and
can be employed as base materials for rural roads.

2.
The specific gravity of the soil samples and the
permeability test results showed that soil samples have low
hydraulic conductivity which means that the soils are finegrained and so are not excellent materials for subgrade under
pavement since excellent subgrade materials must be highly
permeable. However, if the road crossfalls are constructed to
meet the specifications for rural road, the materials can be
employed for their construction since the traffic is usually low.
3.
The dry-density which measures the strength based on
grain-to-grain contacts in the soil samples and the presence of
voids in the soils shows that the density of the soils were fairly
high and this can be attributed to the amount of clay material in
the soil.

4.
From the Californian Bearing Ratio (CBR) test results, soil
samples A and B cannot be used as subbase or base materials
under road pavement. However, with stabilization with CKD,
the soil material properties increased to meet the requirements
for subbase. For rural roads since the traffic are usually low, the
use of unsoaked CBR for design of the pavement have been
suggested by Lebo & Schelling [10], and so if this specification is
applied, then all the soil samples can be used as both subgrade
as well as subbase under rural road traffic condition.

5.
The unconfined compressive strength of the soils showed
that soil sample A and B belong to very soft clay, however with
stabilization, the strength of the soils increased with increasing
CKD content and as the air-curing days increased. This
increasing trend was observed for the two soil samples studied.
This can be attributed to the bonding action of the fine-grained
clay sizes present in the soils sample by the hydration reaction
of CKD with the soils.
6.
Results of the chemical analysis of CKD show that it is
rich in lime and so can provide the needed pozzolanic and
hydration reactions with the clay content of the soil samples
with a resulting material with lower plasticity index.
7.
These results show that CKD can be productively used in
improving low-grade soils to meet the criteria for application in
rural road construction in the eastern part of Nigeria where this
soil has been posing problem.

8.
Further work is still on-going particularly on more
addition of cement kiln dust and on the influence of soil chemical
and mineralogy on the properties of the CKD-stabilized soil
mixtures.
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