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ABSTRACT

A design model was developed for the prediction of CBR values of lateritic soil treated with metakaolin. The
laboratory test carried out on the lateritic soil showed that the soil was classified as A-7-5(4) or CL according to the
American Association of State Highway and Transportation Officials classification system (AASHTO) and Unified Soil
Classification System (USCS), respectively. Tests carried out included index test, compaction, California bearing ratio and
unconfined compressive strength. Generally, the results showed that the use of metakaolin at varying percentages improved
the strength properties of the treated soil. From the laboratory results, six out of the eleven data sets were used for the
calibration of model while the remaining five were used for the validation. Comparing the measured and predicted
California bearing ratio, the model gave a good coefficient of determination (R”) of 0.9257. This signifies that the model

can be used in soil stabilization and prediction of CBR values.
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INTRODUCTION

In Nigeria, most of the road networks consist of
flexible pavement which is constructed in different layers
and they are termed subgrade, sub-base, base and
surfacing. In order to design this pavement, there is need
to assess the strength of the material underneath (subgrade
soil). The subgrade layer serves as the foundation of a road
pavement and the wheel load from the pavement surface is
distributed to the sub-grade [34]. CBR test is a strength
test widely used in the design of flexible pavements over
the world. The strength characteristics of this soil reveals
it response when use as a construction material. The
failure of some engineering infrastructures such as road
pavement, retaining walls have been attributed to this
strength behaviour and have called for the stabilization of
this deficient soil for efficient performance [10, 16].
Portland cement is the most common and widely used soil
stabilizer [21, 13]. The cost of blending this soil with
cement so as to make it fit for use as construction material
is usually high and the increasing emission of detrimental
CO; contribute to environmental problems. The use of
supplementary cementing materials like fly ash,
pozzolanas, slag, cement kiln dust etc. have all been used
by researchers to stabilize soil for construction purposes
[30].

Metakaolin is an increasingly important material
used as supplementary cementitious materials (SCM) in
cement based systems. Metakaolin is not a waste rather it
is derived from a natural mineral and is manufactured
specifically for cementing applications. It is a pozzolanic
material obtained by thermal treatment of kaolin clay
within a temperature range of 650°C and 900°C depending
on the source of the kaolin [23]. It’s a very
reactivealumino silicate pozzolan that is rich in silica and
alumina. In the presence of water, these oxides combine
with slake slime Ca(OH), to form similar compounds in
hydrated Portland cement [15]. It has high reactivity

compared to other pozzolans and could be used as SCM to
produce materials with higher strength, denser
microstructure, lower porosity, higher resistance to ions
with improved durability properties [32]. Several
researchers have carried out experimental studies on the
use of this material for different purposes in geotechnical
engineering. Badogiannis et al. [9] investigated the effect
of metakaolin on concrete properties. In their research
work, locally produced metakaolin from Greek kaolin was
compared to commercially source one with the aim at the
utilization of Greek kaolin in concrete works. The result of
their study showed that the metakaolin produced locally
and the commercial one had similar behaviour in the area
of strength development and durability. Umar et al. [38]
reported that properties of lateritic soil can be improved by
adding metakaolin for barrier system for the containment
of municipal solid waste. Similarly, metakaolin possesses
beneficial properties that can be used in improving both
mechanical properties of soils and can be used as a
structural material [22].

However, instead of spending much time,
resources and going through a rigorous laboratory
experiment with very many specimens in order to
determine the CBR values of MTK treated lateritic soils.
Generating models could be very useful to the
geotechnical engineers in predicting the optimal mix for
soil-admixture stabilization.  Previously, attempts had
been made to develop methods and approaches to
achieving a stabilized matrix of soil [12]. Also, Black [11]
predicted CBR values from plasticity index while [2]
proposed a relationship between the CBR and the
optimum moisture content and liquid limit for 48 soils in
India. In this study, the main aim is to develop, calibrate,
verify a mathematical model for the prediction of CBR
values of lateritic soil stabilized with metakaolin with a
fixed 4 % of Portland limestone cement (PLC) as a binder
for both natural and treated soil.
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MATERIALS AND METHODS

Materials

The lateritic soil sample, used for this research,
was collected from a borrow pit at a depth of about 2 m in
Ikot Inyang area which lies within longitude 7° 55' 2.478"
E, latitude 5° 10’ 34.656"” N in Ibiono local government
area, Akwa Ibom State, Nigeria. The laterite was obtained
in a semi-solid state and its reddish brown in colour. The
kaolin used in producing metakaolin was sourced from
Ohiya in Umuahia South Local Government area, Abia
State, Nigeria. The collected kaolin was sun dried for a
period of two weeks so as to remove the natural moisture.
After the sun drying process, it was calcined at a
temperature set of 750° C in an electric furnace of
Department of Civil Engineering, Akwa Ibom State
University, Ikot Akpaden. Metakaolin has the sum of
components of the oxide responsible for pozzolanic
behaviour: of SiO, (52.72 %), Al,O3 (41.18 %) and Fe,O;
(1.74 %) equal to 95.64 % which makes it a highly
pozzolanic material [6].

Index properties
Experimental tests were carried out to determine

the index characteristics of the natural and treated lateritic
soils as outlined in [7, 8] respectively.
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Compaction

Compaction tests were performed on the natural
soil and treated soil using the Standard Proctor compactive
effort only, as outlined in [7, 8] for the natural and treated
soil, respectively. They air dried soil samples passing
through British Standard Sieve with 4.75mm aperture
were thoroughly mixed with metakaolin at a threshold
concentration of 0, 2, 4, 6, 8, 10, 12, 14, 16, 18 and 20 %
by dry weight of the soil.

Strength

Strength tests carried out on lateritic soil-
metakaolin mixtures were used to evaluate California
bearing ratio (CBR) and unconfined compressive strength
(UCS). Soil samples were compacted at their individual
optimum moisture content (OMC) and cured for 7 days
before testing for UCS while the CBR tests were
performed as stipulated with Nigerian general
Specifications [24].

RESULTS AND DISCUSSIONS

Preliminary tests were conducted on the natural
soil and Table-1 shows the engineering properties of the
soil. It can be deduced that the lateritic soil was classified
as A-7-5(4) using the AASHTO soil classification system
[1] and CL in the Unified Soil Classification System [5].
Figure-1 shows the particle size distribution curve of the
untreated soil while Table-2 shows the chemical
composition of kaolin, metakaolin and lateritic soil used in
the study.
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Figure-1. Particle size distribution curve of the untreated soil.
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Table-1. Properties of the natural lateritic Soil.

Property Quantity
Percentage passing BS No 200 sieve, % 52.8
Natural moisture content, % 19.80
Liquid limit, % 41.30
Plastic limit, % 28.1
Plasticity index, % 13.2
Specific gravity 2.60
AASHTO classification A-7-5(4)
USCS CL
Maximum dry density, Mg/m’ 1.65
Optimum moisture content, % 17.4
Colour Reddish-brown

Table-2. Chemical composition of kaolin, metakaolin and lateritic soil.

Oxide *Kaolin (%) *Metakaolin (%) Lateritic soil (%)

Silica (Si0O,) 51.25 52.72 36.8

Alumina (AL,O3) 40.70 41.18 33.36

Ferric oxide (Fe,03) 1.18 1.74 17.52

Calcium oxide (CaO) 0.32 0.20 0.061
Magnesium oxide (MgO) 0.28 0.10 -
Sodium oxide (Na,O) 0.16 0.06 -
Alkalies (K,0) 0.20 0.18 -

Loss on ignition (LOI) 10.17 1.33 16.4

*Akinyele et al. [4]

Atterberg limit

The variation of Atterberg limit tests (liquid limit,
plastic limit and plasticity index) conducted on lateritic
soil stabilized with varying metakaolin content is shown in
Figure-2. There was a decreasing trend in liquid limit from
41.30 % to 29.8 % with increasing metakaolin content
from 0 % to 20 % andthis could be as a result of the
porous nature of metakaolin replacing the soil fine
particles. The gradual reduction in liquid limit could also
be associated with the agglomeration and flocculation of
clay particles, which is as a result of ion exchange at the
surface of the clay particles [33, 31]. Plastic limit

generally decreased with higher metakaolin contents, from
a natural soil value of 28.10% to minimum value of 19 %
at 20 % MTK. This result is similar to the report of [32].
The reduction in liquid limit and plastic limit resulted in a
general decrease in the plasticity index values of the
lateritic soil - metakaolin mixtures. Plasticity index value
for the natural soil was 13.20 % and it reduced to 10.80 %
at 20 % MTK treatment. The general decrease in the
values of plasticity index is indicative of improvement of
the natural soil. This reduction in plasticity index is in
agreement with the findings of [26].
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Figure-2. Variation of Atterberg limit of lateritic soil treated with metakaolin content.

Compaction characteristics

The compaction behaviour i.e. maximum dry
density (MDD) and optimum moisture content (OMC) of
lateritic soil treated with varying metakaolin content is
shown in Figure-3. The results obtained from the
compaction tests carried out showed a steady increasing
trend in MDD with increase in metakaolin content. The
MDD values for the natural soil increased from 1.65
Mg/m’ to a topmost value of 1.89 Mg/m’ when treated
with 18 % MTK content. However, the MDD values
increased with higher proportion of metakaolin, because
MTK with higher specific gravity (2.60) replacing the soil
with lower specific gravity (2.45). The increase in MDD
could also be attributed to the flocculation and

agglomeration of the clay particles due to cation exchange
[29]. Similar trends were reported by [14, 31].

The OMCs indicated an initial increase from
17.40 % for the natural soil to a peak value of 18 % at 6 %
MKP. This trend is in agreement with results reported by
[17, 28]. The treatment of soil beyond 6 % MKP leads to
lower OMC values. This trend of results could be due to
the desire for water by MTK for pozzolanic reaction with
the silt and clay fractions of the soil. This result is
consistent with the work of Salahudeen and Ochepo [35].
Also, the subsequent decrease in OMC with increase in
MTK content might be due to cation exchange reaction
that caused the flocculation of clay fractions of the soil.
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Figure-3. Variation of maximum dry density and optimum moisture content with metakaolin content.

California Bearing Ratio

California bearing ratio (CBR) is one of the
common tests used in evaluating the strength of stabilized
soils. It’s also an indicator in strength of compacted soil

and bearing capacity, it is widely used in the design of
base and sub-base material for road pavement. The results
from the CBR test carried out are clearly shown in Figure-
4 and it can be deduced that the treated lateritic improved
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from 18 % of the untreated soil to 178 % at 20 % optimum
metakaolin content. There was a tremendous increase in
CBR values with the addition of MTK at fixed PLC
content. This improvement in strength could be attributed
to the secondary cementitious materials resulting from the
reaction between cement and MTK. This reaction also
contributed to interparticle bonding [25]. The Nigerian
General Specification [24] outlined the strength
requirements in terms of CBR for road pavement

structures on Nigerian roads. It recommends that a CBR
value of 180 % should be achieved in the laboratory for
cement stabilization. However, an unsoaked CBR value of
80 % is required for bases and soaked value of 20 - 30 %
for sub-bases both when compacted at optimum moisture
[18]. Based on the above criterion, it can be inferred from
Figure-4 that the optimal CBR values of 178 % at 20 %
MTK met the requirement for base course material.
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Figure-4. Variation of California Bearing Ratio with metakaolin content.

Unconfined Compressive Strength

Unconfined compressive strength (UCS) is the
key test recommended for the determination of the
required amount of additive to be used in the stabilization
of soils [36]. The variation of UCS with varying
proportion of metakaolin from 0 to 20 % at British
Standard Light energy level and cured 7 days period is
shown in Figure-4. Generally, the UCS test result revealed
that the UCS value for the untreated soil increased from
390 kN/m’to a peak value of 960 kN/m’ at 20%
metakaolin content for the treated soil, this implies that

there was about 41 % strength increase. Although, the
UCS values increased with increase in MTK content, they
did not meet the 1710 kN/m? value specified by [37] for
adequate soil stabilization using ordinary Portland cement
(OPC). However, the UCS values of 960 kN/m” at 20%
metakaolin content falls within the 687 - 1373 kN/m’
range specified for sub-base by [20]. This increase in UCS
values portrays an increase in strength of the materials,
improving their geotechnical properties and making them
fit for engineering works.
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Figure-5. Variation of unconfined compressive strength (7 days curing period) with metakaolin content.
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Model Formulation

To formulate the model, California bearing ratio
(CBR) was the dependent variable with optimum moisture
content (OMC), maximum dry density (MDD) and
percentage by weight additive of metakaolin (MTK) as the
independent variables. The strength (CBR) behaviour of
soil (stabilized and unstabilized) used in road construction
is highly influenced by certain properties, which some are
the independent variables. However, recent developments
in the field of geotechnical engineering have led to
renewed interest in modelling and predicting the strength
performance in soil stabilization. This is imperative due to
the development of mathematical relationship that utilizes
some admixtures in treatment of deficient soils.

The relationship between these variables is a
nonlinear objective function of the form [19, 27].

Y = P QP1RP25Ps €))

where Q, R and S are the independent variables and P, B,
B, and B; are constants that takes care of the nonlinearity
of the relationship [19].

Linearizing Equation 1 by taking logarithm of
equation (1) [3], we have:

Log(Y) = Log(P) + B; Log(Q) + B, Log(R) + B3 Log(s)  (2)
By setting;

Log(y) = Yi; Log(P) = Bo; Log(Q) = x1; Log(R) = x,;Log(S) = x5 (3)
Putting equation (3) into (2):

Yi = Bo + BiXyg + BaXay, + Baxzy, +&1=123..nY 4)

Y; = California bearing ratio (C);

X, = admixture (A);

X, = maximum dry density (M),

X3 = optimum moisture content (0)and
€ = error

Model Calibration

Minimizing the least square form of equation (4),
we have:

XY = Bon + B Xxg + BoXx; + B3Xxs (5)
Zyxl = BoXxs + B1Xxf + B Xy X, + B3 XXy X3 (6)

YYx, = BoXxy + BiXxi X, + B XX + B3Yxyxs @)
YYx3 = BoXxs + BiXxix3 + B Yxox3 + P3xs )

A total of eleven data sets were obtained from the
study. Six out of the eleven data sets were used for the
calibration of model while the remaining five were used
for the validation.

Translating equation (5, 6, 7, 8) to a matrix form,
we have:

[ Y'Y [ n XX XX; 2X3 Bo

2Yx; _ XX Zx12 XXXy XX1X3 _ By 9)
XYx, XXy XX1Xp szz YXpX3 B,
MRES [Yx; Yxixs Yaoxs  Yx2 B3
(11491 [ 6 6.71 1.48 7.18][Bo

1337 _|671 7.85 1.69 7.99(|B: (10)
2.89 148 1.69 037 1.77||B.

113.69 [7.18 7.99 1.77 8.601LB;

Solving equation (10) using MATLAB R2014a.
The solution yielded the following result:

Bo = 0.3534,B, = 1.4842,B, = 0.0834,B; = —0.0992  (11)

Substituting the results of equation 11(10) into
equation (1), we have:

2.26Q1'484 R0.083
y= G0.099 (12)

Equation (12) is the modelled California bearing
ratio equation where,

y = California bearing ratio (%), Q = admixture
(%), R = maximum dry density (mg/m’) and S = optimum
moisture content (%).

Comparison between Measured and Predicted
California Bearing Ratio (CBR) Values

Correlation test was carried out to ascertain the
coefficient of correlation (Rz) between the measured CBR
and the predicted CBR. The predicted values of CBR were
close to the measured values though in some cases the
model was under predicting. It can be deduced from
Figure-6 that the model has a high correlation with R’
value of 0.9257 and 0.14 - 23.04 % error (see Table-3).
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Figure-6. Correlation relationship between predicted CBR and measured CBR.
Table-3. Predicted CBR values and Measured CBR values from the model.
MTK content Predicted CBR Measured CBR Error % Error
(%) (%) (%) i
0 19.46 18 1.46 8.12
2 32.01 29 3.01 10.37
4 46.37 47 0.63 1.33
6 62.32 68 5.68 8.36
8 80.16 82 1.84 2.24
10 99.71 118 18.29 15.50
12 120.80 149 28.20 18.93
14 143.33 155 11.67 7.53
16 167.76 168 0.24 0.14
18 192.90 171 21.90 12.80
20 219.01 178 41.01 23.04

Correlation analysis for lateritic soil-MTK mixtures
The relationship between the dependent variable
(CBR) and the independent variables (MTK; OMC and
MDD) shows varying degree of relationships. From the
results of the correlation test, a high and positive
correlation was observed between MTK and MDD (0.989;

P<0.05); CBR (0.980; P<0.05).Whereas, in the case of
MTK and OMC (-0.835; P<0.05) a high and negative
correlation was recorded. Generally all the independent
variables (MTK, OMC and MDD) had significant effect
on the dependent (CBR) variable. (see Table-4). Results of
coefficient of determination are shown in Table-5.

Table-4. Correlation matrix (Pearson).

Variables MTK MDD OMC CBR
MTK 1 0.989 -0.835 0.980
MDD 0.989 1 -0.838 0.988
OMC -0.835 -0.838 1 -0.790
CBR 0.980 0.988 -0.790 1
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Table-5. Coefficients of determination (Pearson).

Variables MTK MDD OMC CBR
MTK 1 0.978 0.697 0.961
MDD 0.978 1 0.702 0.977
OMC 0.697 0.702 1 0.624
CBR 0.961 0.977 0.624 1

Analysis of Variance (ANOVA)

One way analysis of variance (ANOVA) using
was used to ascertain whether or not the source of
variation (MTK) content have any effect on the lateritic
soil specimen. The one-way analysis of variance on
compaction characteristics reveals that MTK (Fcap =
16.91 > Fcrr = 4.35) for maximum dry density (MDD)

and MTK (FcaL = 8.36 > Ferir = 4.35) for optimum
moisture content (OMC) had significant effects on the
tested soil (see Table-6). Also the one-way analysis of
variance on strength properties reveals that MTK (Fcap =
281 1> FCRIT = 435) fOr CBR and MTK (FCAL = 11600>
Fcrir = 4.35) had significant effects on the tested soil (see
Table-7).

Table-6. One-way analysis of variance result for Compaction Characteristics of soil - MTK mixture.

. Source of | Degree of
Property Variable Variation | Freedom FcaL P-value Fcrir Remarks
Compaction MDD MTK 1 1691 0.000541 4.35 SS
Characteristics OoMC MTK 20 8.38 | 0.008959 4.35 SS

Table-7. One-way analysis of variance result for Strength Characteristics of soil - MTK mixture.

. Source of Degree of
Property Variable Variation Freedom Fcar P-value | Fcrir | Remarks
Strength CBR MTK 1 28.11 3.45E-05 | 4.35 SS
Characteristics UCS MTK 20 116.00 | 8.95E-10 | 4.35 SS
CONCLUSIONS REFERENCES

Based on the results and discussion, the following
conclusions may be drawn:

= The strength behaviour of the soil treated with
metakaolin was modelled; the dependent variable was
the CBR while the independent variables were
optimum moisture content, maximum dry density and
additive content.

= The lateritic soil classified as A-7-5(4) using the
AASHTO classification system and CL using the
USCS was used in the study. The CBR values of the
treated soil increased with an increase in metakaolin
content.

= The model had a good coefficient of determination
(Rz) of 92.57 % which makes it a good model.
Comparison between measured and predicted
California bearing ratio, the predicted result possess
better values than the measured, though in some cases
the model was under predicting.

=  The model can be applied in the field of geotechnical
engineering for predicting CBR values, design and
monitoring.

[1] AASHTO. 1986. Standard specifications for transport
materials and methods of sampling and testing. 14™
Ed. Washington, D.C. American association of state
highway and transport officials.

[2] Agarwal KB and Ghanekar KD. 1970. Prediction of
CBR from plasticity characteristics of soil. In
Proceeding of 2™ south-east Asian conference on soil
engineering. 11-15, Singapore.

[3] Agunwamba JC. 2007. Engineering Mathematical
Analysis. De-Adroit Innovation, Enugu, Nigeria.
Chap 16 and 17. ISBN 978-8137-08-3.

[4] Akinyele JO, Odunfa SO, Famoye AA and Kuye SI.
2017. Structural behaviour of metakaolin infused
concrete structure. Nigerian Journal of Technology.
36(2): 331-338.

[5] ASTM. 1992 Annual Book of ASTM Standards,
American Society for Testing and Materials,
Philadelphia. 4(8).

3616



VOL. 14, NO. 20, OCTOBER 2019

ISSN 1819-6608

©2006-2019 Asian Research Publishing Network (ARPN). All rights reserved.

ARPN Journal of Engineering and Applied Sciences i ;ax.

www.arpnjournals.com

[6] ASTM C618-05: 2005. Standard specification for coal
fly ash and raw or calcined natural pozzolan for use in
Concrete, ASTM International, West Conshohocken,
PA. p. 3.

[71 BS 1377: 1990. Methods of testing soil for civil
engineering purposes. London: British Standards
Institute.

[8] BS 1924: 1990. Methods of tests for stabilized soils.
London: British Standards Institute.

[9] Badogiannis E, Tsivilis S, Papadakis VG and
Chaniotakis E. 2002. The effect of metakaolin on
concrete properties. International congress on

challenges of concrete construction in innovation and

development in Concrete materials and construction.

Sept. edition. 81-89.

[10]Bent T. 1996. Highway and traffic engineering in
developing countries. E and FN Spon, London. ISBN
0-419-20530-6.

[11]Black WPM. 1962. A method of estimating the
California bearing ratio of cohesive soils from
plasticity data. Géotechnique. 12(4): 271-282

[12]Cheng C, McDowell GR and Thom NH. 2013. A
study of geo-grid reinforced ballast using laboratory
pull-out tests and discrete element modelling.
Geomechanics and Geo-engineering. 8(4): 244-253.

[13]Ciancio D and Boulter M. 2012. Stabilised rammed
earth: a case study in Western Australia. Proceedings
of the Institution of Civil Engineers - Engineering
Sustainability. 165(2): 141-154.

[14]Etim RK, Eberemu AO and Osinubi KJ. 2017.
Stabilization of black cotton soil with lime and iron
ore tailings admixture. Elsevier Transportation
Geotechnics. 10: 85-95.
http://dx.doi.org/10.1016/j.trgeo.2017.01.002

[15]Fernandez R, Martirenal F and Scrivener KL. 2011.
The origin of the pozzolanic activity of clay minerals:
A comparison between kaolinite, illite and
mortimorillonite. Cement and Concrete Research. 41:
113-122.

[16]Fwa TF. 2006. The handbook of highway
engineering. Tailor and Francis, New York.

[17]Gidigasu MD. 1976. Laterite soil engineering:
pedogenesis and engineering principles. Elsevier
Scientific, Amsterdam, Netherlands.

[18] Gidigasu. MD. 1982. Importance of material
selection, construction control and field performance
studies in developing acceptance specification for
laterite paving gravel. Solos and Rocha, Rio de
Janeiro, Brazil. 5(1).

[19]1ke CC. 2009. Advanced engineering analysis. 3rd
Edition, De- Adroit Innovation, Enugu, Nigeria. ISBN
978-8137-17-2.

[20]Ingles OG and Metcalf JB. 1972. Soil stabilization
principles and practice. Butterworths, Sydney.

[21]Jegandan S, Liska M, Osman AA and Al-Tabbaa A.
2010. Sustainable binders for soil stabilization.
Proceedings of the Institution of Civil Engineers -
Ground Improvement. 163(1): 53-61.

[22] Kolovos KG, Asteris PG, Cotsovos DM, Badogiannis
E and Tsivilis S. 2013. Mechanical properties of
soilcrete  mixtures modified with metakaolin.
Construction and building materials. 47: 1026-1036.

[23]Kurtis KE. 2011. Benefits of metakaolin in HPC.
HPC Bridge Views 67: 6-9.

[24]Nigerian General Specification. 1997. Roads and
Bridges. Federal Ministry of Works, Abuja, Nigeria.

[25]0la SA. 1975. Stabilization of Nigeria lateritic soil
with cement, bitumen and lime. Proceeding of 6"
Regional conference for Africa on soil mechanics and
foundation engineering, Durban, South Africa.

[26] Olugbenga OA, Oluwole FB and Iyiola AK. 2011.
The suitability and lime stabilization requirement of
some lateritic soil samples as pavement construction
materials. International Journal of Pure Applied
Sciences and Technology. 2(1): 29-46

[27]10Onyelowe KC and Bui Van D. 2018 Predicting
subgrade stiffness of nanostructured palm bunch ash
stabilized lateritic soil for transport geotechnics
purposes. Journal of Geo Engineering. 13(2): 59-67.

[28]Osinubi  KJ. 1999.
stabilization of Nigerian black cotton soil. Nigerian
Society of Engineers Technical Transactions. 34(3):
88-96.

Evaluation of admixture

[29] Osinubi KJ. 2000. Laboratory trial of soil stabilization
using pulverised coal bottom ash. Nigerian Society of
Engineers Technical Transactions. 35(4): 13-21.

3617


http://dx.doi.org/10.1016/j.trgeo.2017.01.002

VOL. 14, NO. 20, OCTOBER 2019

ARPN Journal of Engineering and Applied Sciences

©2006-2019 Asian Research Publishing Network (ARPN). All rights reserved.

www.arpnjournals.com

[30]Osinubi KJ, Bafyau V and Eberemu AO. 2009.
Bagasse ash stabilization of lateritic soil. Springer
Link Sciences and Business Media. 271-280.

[31]Osinubi KJ, Yohanna P and Eberemu AO. 2015.
Cement modification of tropical black clay using iron
ore tailing as admixture. Journal of transportation
Geotechnics. 5: 35-49.

[32]Poon CS, Azhar S, Anson M and Wong YL. 2001.
Comparison of the strength and durability
performance of normal and high-strength pozzolanic
concrete at elevated temperatures. Journal on Cement
and Concrete Research. 31: 1291-1300.

[33]Portelinha FHM, Lima DC, Fontes MPF and Carballo
CAB. 2012. Modification of a lateritic soil with lime
and cement: An economical alternative for flexible
pavement layers. Journal of Soil and Rock. 35(1): 51-
63.

[34]Rakaraddi PG and Gomarsi V. 2015. Establishing
relationship between CBR with different Soil
properties. International Journal of Research in
Engineering and Tech. 4(2): 182-188.

[35] Salahudeen AB and Ochepo J. 2015. Effect of bagasse
ash on some engineering properties of lateritic soil,
Jordan Journal of Civil Engineering. 9(4): 468-476.

[36]Singh G and Singh J. 1991. Highway engineering.
Standard publishers distributors, Nai Sarak, Delhi,
India.

[37]TRRL. 1977. A guide to the structural design of
Bitumen surfaced Roads in tropical and Sub -
Tropical countries. Transport and Road Research
Laboratory. Road Note 31, H. M. S. 0. London.

[38]Umar SY, Elinwa AU and Matawal DS. 2015.
Hydraulic conductivity of compacted lateritic soil
partially replaced with metakaolin. Journal of
Environment and Earth Science. 5(4): 53-64.

ISSN 1819-6608
=R

(L
P&N

3618



