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ABSTRACT
The soil improvement potentials of Nanosized Waste Tyre Ash were investigated with a view to studying its effect on the
Geotechnical properties of the stabilized lateritic soil. The behaviour of the soil was studied with different proportions of the NWTA
i.e. 0% (control), 3%, 6%, 9%, 12% and 15% by conducting the soil properties’ tests; soil classification or grading test, specific
gravity, compaction test, consistency limits test, unconfined compressive strength (UCS) test, California bearing ration (CBR) test
and UV/VIS spectrophotometric characterization was conducted on the ash to determine the absorbance, wavelength and average
particle size. The results of the test show that; the soil was classified as A-2-7 soil on AASHTO classification with group index of 0,
a Matlab program run on the sample also predicted that the soil is made of silty or clayey gravel and sand and that the general
rating as a sub-grade material is ‘GOOD”. The average particle size of the ash by using the Debye Scherrer method was 11.358
nm, maximum absorbance of 1.120 nm at the wavelength of 650 nm. The MDD decreased from 1.84g/cm3 of the control experiment
to 1.57gm/cm3, 1.56g/cm3, and 1.53g/cm3 at 3%, 6% and 9% proportions of NWTA respectively, and eventually increased to
1.54g/cm3 and 1.55g/cm3 at 12% and 15% proportions of NWTA. The OMC also decreased from 13% on natural Olokoro lateritic
soil. The plasticity of the sample decreased remarkably from highly plastic sample of 21.85% PI on the control test to 10.65% at
15% proportion of NWTA. The CBR decreased from 14% control test on addition of NWTA to 3% at 3%, 6%, 9%, and 12%. It also
increased to 5% at 15% proportion of NWTA. Fortunately, the unconfined compressive strength test yielded good results. It
increased from the control test result on all 7, 14 and 28 days curing from 194.26kN/m2, 219.11kN/m 2 and 230.77kN/m2 to
241.73kN/m2, 253.03kN/m2 and 214.54kN/m2 respectively at 3% proportion of NWTA. Further addition of NWTA reduced the
strength except at 28 days curing, which increased to 283.19kN/m2 at 6%. However, NWTA has proved to be a good admixture in
the stabilization of Olokoro lateritic soil and is therefore proposed for use as a subgrade and subbase material for south eastern
roads in Nigeria.
Keywords: Geotechnical Investigation; Nanosized-Waste Tire Ash; UV-VIS Spectrophotometric test; Stabilization; Engineering
Soil, South Eastern Nigeria.
1.

INTRODUCTION

Burnt Tyre Ash is a good alternative use for construction of
road bases. A natural rubber could be joined with sulphur
(using ZnO as catalyst) to prevent chains from sliding off in
a process known as vulcanization which led the way to the
manufacturing of tyres (Charles, 2009; Ahmad et al, 2013;
Chang-jun et al, 2010; Bao et al, 2011; Anitha et al, 2014;
Anamika et al, 2012; Ali et al, 2011). The major problem of
road engineers in Nigeria is the high incidence and
frequencies of road pavement failures. Many research works
have been carried out on roads to improve the strength of
road bases. Such improvement is known as soil stabilization,
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which is concentrated on mixing two or more materials and
compacting same to improve the strength of the treated soil.
In other words, soil stabilization can be defined as the
general form for any physical, chemical, and biological
method of changing a natural soil to meet an engineering
purpose (Kannan, 2010; Kavitha et al, 2015; Laila et al,
2010; Masaki et al, 2006; Osinubi et al, 2009). With recent
advances in geotechnical engineering, nanomaterials have
been in use for the stabilization of weak engineering soils.
Nanomaterials are defined as materials with at least one
dimension in the size range from approximately 1-999
nanometers (Mercier et al, 2002; Chien-I et al, 2008; Ershadi
et al, 2011; Fan et al, 2015; Hall et al, 2000; Kalpana et al,
2009). Nano particles are objects with all three external
dimensions at the nano scale but less than 999 nanometers
(Kannan, 2010; Kavitha et al, 2015; Laila et al, 2010; Masaki
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et al, 2006; Osinubi et al, 2009) of which ash from burnt and
completely pulverized tire is a typical example. The focus of
this research was to achieve a more cost effective way of
stabilizing weak lateritic soil making use of locally
synthesized nanosized tire ash. The following were the
objectives of the research work, (i) to evaluate the effect of
the proportions of NWTA on the consistency of stabilized
lateritic soil (ii) To evaluate the behaviour of the California
Bearing Ratio (CBR) of the stabilized lateritic soil using
nanosized tyre ash to meet subgrade and subbase
requirements, and (iii) To improve the compressive strength
of lateritic soils by studying the stabilization potentials of
Nano-tyre Ash as waste.
Nano Technology
According to the National Nanotechnology Initiative (NNI),
“nanotechnology” is the control, comprehension, and
reformation of material based on the hierarchy of
nanometers to develop matter with essentially new uses,
new surface area and a new constitution. Considering this,
nanotechnology is a novel approach in all sciences. This
approach can be applied in geotechnical engineering in two
ways: (i) in studying the soil structure in nanometer scale to
gain a better understanding of soil nature as well as in
studying the performance of soils with different
nanostructures, (ii) in conducting soil manipulation at the
atomic or molecular scale, which is facilitated by the addition
of nanoparticles as an external factor or admixture to soil
(Mercier et al, 2002; Chien-I et al, 2008; Ershadi et al, 2011;
Fan et al, 2015; Hall et al, 2000; Kalpana et al, 2009).
Nanotechnology is a field of applied science, focused on the
design, synthesis, characterization and application of
materials and devices on the nanoscale. Similar to
nanotechnology’s success in consumer products and other
sectors, nanoscale materials have the potential to improve
the environment, both through direct applications of those
materials to detect, prevent, and remove pollutants, as well
as indirectly by using nanotechnology to design cleaner
industrial processes and create environmentally responsible
products (Reno et al, 2014; Satish et al, 2015; Xiao et al,
2005). For example, iron nanoparticles can remove
contaminants from soil and ground water. Early application
of nanotechnology is remediation using nanoscale iron
particles. Zero-valent iron nano-particles are deployed in situ
to remediate soil and water contaminated with chlorinated
compounds and heavy metals. One of the main
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environmental applications of nanotechnology is in the water
sector. As freshwater sources become increasingly scarce
due to over-consumption and contamination, scientists have
begun to consider seawater as another source of drinking
water. The majority of the world’s water supply has too much
salt for human consumption and desalination is an option but
expensive method for removing the salt to create new
sources of drinking water. Carbon nanotube membranes
have the potential to reduce desalination costs. Similarly,
nano-filters could be used to remediate or clean up ground
water or surface water contaminated with chemicals and
hazardous substances. Finally, nano-sensors could be
developed to detect waterborne contaminants (Mercier et al,
2002; Chien-I et al, 2008; Ershadi et al, 2011; Fan et al,
2015; Hall et al, 2000; Kalpana et al, 2009; Kannan, 2010;
Kavitha et al, 2015; Laila et al, 2010; Masaki et al, 2006;
Osinubi et al, 2009).
Types of Nanomaterials.
There are many types of intentionally produced
nanomaterials; Carbon based materials, Metal based
materials, Dendrimers, Composites, etc.
Carbon-based materials are composed mainly of carbon,
most commonly taking the form of hollow spheres, ellipsoids,
or tubes. Spherical or ellipsoidal carbon nanomaterials are
referred to as fullerenes, while cylindrical ones are called
nanotubes. These particles have many potential
applications, including improved films and coatings, stronger
and lighter materials and application in electronics (Arora,
2008).
Metal-based materials include quantum dots, nano-gold,
nano-silver and metal oxides, such as titanium dioxides. A
quantum dot is a closely packed semiconductor crystal
comprised of hundreds or thousands of atoms, and whose
size is of the order of a few hundred nanometers. In changing
the sizes of quantum dots changes their optical properties
(Kannan, 2010; Kavitha et al, 2015; Laila et al, 2010; Masaki
et al, 2006; Osinubi et al, 2009).
Dendrimers are nanosized polymers built from branch units.
The surface of dendrimers has numerous ends, which can
be tailored to perform specific chemical functions. These
properties could also be useful for catalysis. Also, because
three dimensional dendrimers contain inferior cavities into
which other molecules could be placed. They may be useful
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for drug delivery (Kannan, 2010; Kavitha et al, 2015; Laila et
al, 2010; Masaki et al, 2006; Osinubi et al, 2009).

(iv)
(v)

Composites combine nanoparticles with other
nanoparticles or with larger bulk type materials.
Nanoparticles such as nanosized clays are already being
added to products ranging from auto-parts to packaging
materials to enhance mechanical, thermal, barrier, and
flame-retardant properties (Kannan, 2010; Kavitha et al,
2015; Laila et al, 2010; Masaki et al, 2006; Osinubi et al,
2009; Reno et al, 2014; Satish et al, 2015; Xiao et al, 2005).
Nano Tire Ash in Road Construction
Soil material is constantly changing in its physical and
chemical composition. A successful system must be largely
independent of such changes and leading the same
treatment with the same application rates to the same result.
This goal was achieved after several years of development
with Nano tire ash. The standard application provides that
the soil layer will be treated at a depth of 25cm-30cm with
Tire ash. Tyre Ash causes irreversible agglomeration of fine
particles in the soil and a partial charge reversal, so that
higher densities and a strong reduction of swelling and
shrinking capacity of the soil are possible. The recent
experience confirms the expectation that Tire Ash can
improve the soil permanently (Satish et al., 2015).
Sub-grade, Subbase and Base Course Requirments of
Engineering Soil
It is very important to note the guiding principles and
standards upon which design decisions are made in highway
construction. According to FMW & H specification
requirement, pavement design conditions hold as
follows; (NGS, 1997)
(a) Sub Grade
Clauses 6102 and 6122 of the General specification
(Roads and Bridges) Vol. II 1997 stipulates that a
material will be suitable for use as sub grade if the
following requirements are met:(i) Proportion passing BS sieve No 200 Not
greater than 35%
(ii) Liquid limit (LL)
Not greater than 80%
(iii)
Plasticity Index (PI)
Not greater than 55%
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Californian Bearing Ratio (CBR)
Not greater than 10%
Relative compaction
Not greater than 100%

(b) Sub Base
Clause 6201 of the General Specification (Roads and
Bridges) Vol. II 1997 stipulates that a material will be
suitable for use as sub base material if the following
requirements are met: (i)

Proportion passing BS sieve No 200
Not greater than 35%
(ii)
Liquid limit (LL)
Not greater than 35%
(iii)
Plasticity Index (PI)
Not greater than 12%
(iv)
Californian Bearing Ratio (CBR)
Not greater than 30%
(v)
Relative compaction
Not greater than 100%
(c) Base Course
Clause 6201 of the General Specification (Roads and
Bridges) Vol. II 1997 stipulates that a material will be
suitable for use as base course material if the following
requirements are met: (i)

Proportion passing BS sieve 200
Not greater than 35%
(ii)
Liquid limit (LL)
Not greater than 35%
(iii)
Plasticity Index (PI )
Not greater than 12%
(iv)
CBR (UnSoaked-24 hours)
Not less than 80%
(v)
Relative compaction
Not less than
100%
And for the Unconfined Compressive Strength of
engineering soils to satisfy pavement requirements, they
should be; very soft, 0 to 48KN/m2; soft, 48 to 96KN/m2;
medium, 96 to 192KN/m2; stiff, 192 to 384KN/m2; very stiff,
384 to 766KN/m2; and harder, greater than 766KN/m2 (Fwa,
2006).
2. MATERIALS AND METHODS
Materials
The disturbed sample was collected from a borrow pit at
Olokoro, located at latitude 05o28’36.900’’North and
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Longitude 07o32’23.170’’East from a depth of 2.00 meters at
a distance of 5km from Isicourt Junction, Umuahia South,
Abia State, Nigeria (www.google.com, 2015). The sample
collected was in solid state and reddish brown in color. The
soil obtained was air dried in trays for one week after which
the soil was crushed. The dried soil was pulverized, using a
rubber covered pestle in the tray. Used tyres were obtained
from slaughter ground at Mission Hill, a distance of 10km
from Umuahia along mission hill/express road and Ohiya
mechanic village, Umuahia. The tyres were burnt and the
ash was collected, completely pulverized and sieved with
200nm sieve. The UV/VIS Spectrophotometer at 250C
characterization was conducted to determine the maximum
absorbance, peak wavelength and the average particle size
of the ash and stored for use as an admixture.
Methods
The following tests were carried out according to (BS 1377-2,
1990; BS 5930, 2015; Eurocode 7-2, 1997; NGS, 1997; ASTM
D4318-10, 2015; ASTM D698-12, 2013; ASTM D854-14, 2015;
ASTM D7262-09; ASTM D1883-99, 2003; ASTM D6913-04,
2009; ASTM D2487-11, 2015; ASTM D2488-09a, 2015; ASTM
D3906-03, 2013; ASTM D2166-65, 2015; ASTM
D2166/D2166M-13, 2015; ASTM F1185-88, 2015); UV/VIS
Spectrophotometer at 25°C, Sieve Analysis Test, Compaction
Test (Standard Proctor Test), California Bearing Ratio Test
(CBR), Atterberg or Consistency Limits Test (cassagrande
apparatus), Unconfined Compressive Strength(UCS) Test,
Specific Gravity Test and results were obtained. Fig. 1 shows the
CBR and UCS equipment set up at the Nigerpet Laboratory, Uyo.
3. RESULTS AND DISCUSSION
Table 1 shows the summary of the preliminary investigation
conducted on the natural lateritic soil sample

Figure 1: Nigerpet Laboratory Unconfined Compressive
Strength and CBR setup
Table 1: Geotechnical Properties of the Lateritic Soil
Sample
Property/Unit
Quantity
% Passing BS No. 200 sieve

25.40

Natural Moisture Content, (%)

10

Liquid Limit, (%)

47.00

Plastic Limit, (%)

25.15

Plasticity Index, (%)

21.85

Coefficient of Curvature, 𝐶𝑐 =

𝐷30 2

0.09

D10 x D60

Coefficient of Uniformity, Cu =

D60

10

D10

Specific Gravity

2.67

AASHTO classification

A-2-7

USCS

GW

Group Index

0

Material

Silty or Clayey
Gravel, Sand

Condition/General Subgrade Rating

Good

Optimum Moisture Content, (%)

13

Maximum Dry Density (g/cm3)

1.84

California bearing ratio, (%)

14

Unconfined Compressive Strength, (KN/m2)230.77
@ 28 days
Color
Reddish Brown
From Table 1, it can be deduced that the Umuntu Olokoro soil
sample has the following properties;
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A plasticity index of 21.85% ˃ 17% and that condition
satisfies that Umuntu Olokoro lateritic soil is a highly
plastic soil. Also the plasticity index falls between 20
and 35% condition for high swelling potential and
between 25 and 41% condition for a high degree of
expansion (Gopal and Rao, 2011)
The soil relative consistency and liquidity index, which
are 1.69% ˃ 1 and 0.91% ˂ 1 respectively show that
the soil is in a semi-solid or solid state, very stiff and
plastic (Gopal and Rao, 2011)
Is classified as A-2-7 soil on AASHTO soil
classification, poorly graded, GP on USCS, the group
index of 0 and of silty, clayey gravel and sand material
according to (Gopal and Rao, 2011).
Optimum moisture content of 13% and maximum dry
density of 1.84g/cm3.
Unconfined Compressive Strength (UCS) of
230.77kN/m2 which falls between 200 and 400kN/m2, a



condition for soils of very stiff consistency with respect
to UCS (Gopal and Rao, 2011).
Has a California bearing ratio of 14 which makes it
good for sub-grade material.

Table 2 shows the chemical oxide compositions and bonding
potentials of the nanosized waste tyre ash (NWTA) which
satisfies that material bonding is a very important factor in soil
stabilization because the soil and added admixture need to form
a cohesive bond. Material requirement for cementing materials is
that the sum of SiO2, Al2O3, and Fe2O3 should not be less than
70%. The result of the analyzed NWTA shown in Table 2 shows
that the percentage of SiO2 + Fe2O3 + Al2O3 is 78.12% greater
than 70% which makes the admixture sample a highly pozzolanic
material. This property was of great advantage because it
brought about a high degree of interaction and bonding between
the studied soil sample and the admixture.

Table 2: Chemical Composition of Nanosized Waste Tyre Ash
Constituents
% wt in NWTA

CaO
12.57

MnO
0.13

MgO
0.01

ZnO
3.21

Figure 2 shows the Variation of Absorbance against
wavelength for the Nanosized Waste Tyre Ash particles
using UV/VIS Spectrophotometer at 250C. From the
exercise, it can be deduced that the maximum absorbance
was 1.498 nm at a wavelength of 800nm, full width of half
maximum of 150m and exposure angle of 65°. The above
data gave an average particle size of 11.358 nm by Scherrer
expression. The particle absorbance enhances the
mechanism whereby size can potentially promote cohesion
between admixture and stabilized soil, characterization of
the molecular composition of organic matter in soil
fundamental pool, lateral distribution of carbon forms in soil
microaggregates, characterization of the composition of
dissolved organic carbon in the ash during stabilization, etc.
The nanopores of the ash material due to nanosization
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CuO
Trace

Fe2O2
2.55

Al2O2
31.12

SiO2
44.45

Na2O
4.11

P2O5
1.81

K2O
0.04

contribute 99% of the surface areas to the mixture
homogeneity because it was less kinetically restricted at the
temperature when its isotherm constructed during the mixing
and stabilization mechanics.
The result obtained from the particle size, distribution
indicates that the soil is well graded. From the semi logarithm
chart in Figure 3, the value of uniformity coefficient obtained
is 10 and that of coefficient of curvature is 0.09 which
indicates that the soil is well graded as indicated by the small
range which is another method of finding the gradation of
particle. The strength and stability of lateritic soils depend on
the coefficient of uniformity, the higher the uniformity
coefficient, the more stable the soil (Gopal and Rao, 2011).

www.ujetmouau.com

Page 30

INVESTIGATION OF THE STABILIZATION POTENTIALS OF NANOSIZED-WASTE TYRE ASH (NWTA) AS ADMIXTURE
WITH LATERITIC SOIL IN NIGERIA
ONYELOWE et al, 2017

Figure 2: Variation of Absorbance against wavelength for the Nanosized Waste Tyre Ash particles using UV/VIS
Spectrophotometer at 250C
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Figure 3: Particle size distribution curve of the lateritic soil

Lateritic Soil Behaviour with Nanosized Waste Tyre Ash on
Consistency Limits
The addition of burnt tyre ash to Olokoro laterite was mixed
with a certain percentage of water vigorously which made the
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10.0000

100.0000

admixture to have a high effect on the laterite colour. The
admixture caused a decrease, thereby reducing the liquid
limit and plastic limit. Therefore, the use of 3%, 6%, 9%, 12%
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and 15% of the admixture is likely unsuitable for sub-grade
material.
The test result generally indicated that the natural soil was
progressively losing its plasticity with the increased amount
of burnt tyre ash. The consistency test obtained the liquid
limit (LL) as 47%, while for the soil/additive mixtures; the LL
was 34.0%, 31.0%, 29.2%, 27.8%, and 25.8% for 3, 6, 9, 12

and 15% NWTA content respectively. However, the increase
in the PL was large enough to reduce the PI therefore
resulting in a steady decrease in PI with burnt ash content
from 21.85 at 0% to 14.74, 14.6, 12.2, 9.45, 10.65% for soil
admixture containing 3%, 6%, 9%, 12% and 15% NWTA by
weight respectively. This is as a result of the hydration of the
moisture content of the stabilized mixture thereby reducing
the plasticity with an improved consistency.

Table 3: Effect of NWTA on the Consistency of Olokoro Lateritic Soil
Admixtures
LL, (%)
PL, (%)
PI, (%)

0%
47
25.15
21.85

3%
34
19.26
14.74

6%
31
16.40
14.60

Lateritic Soil Behavior with Nanosized Waste Tyre Ash on
Compaction
The results from compaction tests conducted are shown in
Table 4. Addition of burnt tyre ash to the natural soil (Olokoro
laterite) led to a decrease in the maximum dry density (MDD)
and optimum moisture content (OMC) as shown in Table 4.
The maximum dry density reduced from 1.84gm/cm3 which
were recorded at the control experiment to 1.57, 1.56 and
1.53gm/cm3 at 3, 6 and 9% NWTA respectively and a slight
increase to 1.54 and 1.55gm/cm3 at 12 and 15% NWTA
respectively. The optimum moisture content reduced from

NWTA
Proportion
MDD (g/cm3)
OMC (%)

0%
1.84
13.00

9%
29.2
17
12.2

12%
27.80
18.35
9.45

15%
25.8
15.15
10.65

13% at the control test to 10.92% at 3% NWTA. It hereafter
recorded a considerable increase to 12.32% at 12% NWTA
and a fall to 12.12% at 15% NWTA. The reduction in the
OMC was due to hydration reaction between the nanosized
admixtures with an increased reactive surface area while the
behaviour of the MDD with added admixture remained below
the value recorded at the control experiment. Though the
admixture surface rendered more reactive space, it wasn’t
enough to improve the density of the mixture due to weight
reduction at its present nano form.

Table 4: Effect of NWTA on the Compaction of the Lateritic Soil
3%
6%
9%
12%
15%
1.57
10.92

1.56
11.53

1.53
12.01

1.54
12.32

1.55
12.12

addition of NWTA, the highest UCS value obtained was
283.19N/m2 at 28 days and at 6% NWTA. At 14 days and 7
days, the maximum UCS was recorded at 3% NWTA, which
were 253.04kN/m2 and 241.77kN/m2, respectively. These
decreased at higher proportions of NWTA beyond 3% as
shown in Tab. 5. These effects were as a result of the
pozzolanic bonding between the soil and the admixture
which made the mixture acquire remarkable compressive
strength.

Lateritic Soil Behaviour with Nanosized Waste Tyre Ash on
UCS
A maximum UCS value of 230.77N/m2 was obtained on
natural Olokoro lateritic soil at 28 days curing. With the
Table 5: Effect of NWTA on the Unconfined Compressive Strength of the Lateritic Soil
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NWTA Proportion
UCS 7-days kN/m2
UCS 14-days kN/m2
UCS 28-days kN/m2

0%
194.26
219.11
230.77

3%
241.77
253.04
214.54

6%
226.06
233.38
283.19

Lateritic Soil Behavior with Nanosized Waste Tyre Ash on
CBR
The California Bearing Ratio (CBR) values of Olokoro
lateritic soil untreated with NWTA were 14.00% at optimum
moisture content of 13.00%, which satisfies the 10% value
specified by the Nigerian general specification, 1997. The

9%
214.54
230.55
254.29

12%
202.47
210.49
243.29

15%
192.45
200.22
239.07

CBR values decreased and almost obtained the same
values except at 15% increase in the proportion of NWTA.
The CBR value obtained decreased with the range 3%, 3%,
3%, 3% and 5% at 3%, 6%, 9%, 12% and 15% admixture
respectively which did not satisfy the Nigerian specification
for road and bridges (NGS, 1997).

Table 6: Effect of NWTA on CBR of the Lateritic Soil
NWTA Proportion
CBR (%)

0%
14

3%
3

6%
3

9%
3

12%
3

15%
5

Table 7: General Effect of NWTA on the Stabilization of the Soil
Test
MDD (gm/cm3
OMC (%)
LL (%)
PL (%)
PI
(%)
CBR (%)
UCS
7-days
2
KN/m
UCS
14-days
KN/m2
UCS
28-days
2
KN/m

0%
1.84
13.00
47
25.15
21.85
14
194.26

3%
1.57
10.92
34
19.26
14.74
3
241.77

6%
1.56
11.53
27.8
18.35
9.45
3
226.06

9%
1.53
12.01
29.2
17
12.2
3
214.54

12%
1.54
12.32
31
16.4
14.6
3
202.47

15%
1.55
12.12
25.8
15.15
10.65
5
192.45

Remarks
Fair
Good

219.11

253.04

233.38

230.55

210.49

200.22

Very good

230.77

214.54

283.19

254.29

243.29

239.07

Very good
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4. CONCLUSION
From the laboratory test carried out and the analysis of
results, it can be concluded as follows:
1.

2.

3.

4.

That the lateritic soil stabilized with the NWTA
satisfies the conditions for use as admixture with
a plasticity of 10.65% at 15% treatment as a subbase material.
Though the CBR value decreased, but fell within
the range useful as sub-grade material i.e. less
than 10% CBR.
The UCS recorded remarkable improvements with
the addition of the NWTA. The highest values
were recorded at 3% by weight additive at 7 and
14 days curing time and at 6% by weight additive
for 28 days curing time. The highest value of UCS
proved very stiff consistency.
Finally, NWTA is a good additive for the
stabilization of Umuntu Olokoro lateritic soil for
use as subgrade and subbase admixture
materials.
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