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EFFECT OF CURING TIME ON UNCONFINED COMPRESSIVE STR ENGTH OF
LATERITIC SOIL STABILIZED WITH TYRE ASH

AFOLAGBOYE L. O & TALABI, A. O
Department of Geology, Ekiti State University, AB&iti, Ekiti State, Nigeria

ABSTRACT

This study was to assess the effect of tyre asthengeotechnical characteristics of compactediti@tesoils
derived from migmatite gneiss in order to discogeconventional and cheaper stabilizer for pavencemistruction.
Method employed included field sampling operatioming which lateritic soil samples labeled A, B a@ddvere collected.
The basic index and engineering properties ofweike determined following the procedures stipuldagdritish Standard
1337 of 1992. The samples were compacted at mddAimerican Association of State Highway and Tramtgion
Official (AASTHO) level. The soil samples were sabfjgently stabilized with 2%, 4%, 6%, and 8% tyrk ssorder to

determine the influence of the stabilizer on thgieeering properties of the soils.

Samples were cured for 7, 14 and 28 days in caseadnfined compression test. Samples for the ahixation
of unsoaked CBR were cured for six days while samfdr soaked CBR were also cured for thesame nuafltays and
soaked in water for 24 hours before tests were ucted. Specific gravity (2.74-2.78) revealed thdsseere inorganic
lateritic soil while the grain size analysis indé that the percentages passing No. 200 BS sieve ".4%, 74.61% and
77.78% for samples A, B and C respectively. Thésseere well graded and belong to group A-7-6 & HASTHO

classification system. The lateritic soils weréhigfh plasticity and compressibility.

Stabilization of the lateritic soil derived from gnnatite gneiss with tyre ash was quite effectivigniicant
increase in the values of Optimum Moisture Contgnizonfined Compressive Strength and CaliforniarBgaRatio were
obtained upon stabilization with 2-8% of the stalell. However there was reduction in the Maximuny Density of all
the soil samples. Increasing the curing time desm@adhe UCS of the stabilized lateritic soils. Alilgh the geotechnical
properties of the stabilized lateritic soils weligngficantly improved, none of them met the requmients for road

construction.
KEYWORDS: Curing Time, Tyre Ash, Engineering Properties, LiiteSoils, Stabilization
INTRODUCTION

The materials used in the construction of a highar@ of intense interest to the highway engingarspntrast to
many other branches of civil engineering where ¢hgineer may not be deeply concerned with the ptiegeof the
materials being used (O’Flaherty, 1974). Constauctnaterials selected for use in the constructioftegible pavements
must be evaluated to provide information for adég@and economical design. Osunubi and Katte (188v® described

lateritic soils as the most common pavement materide tropics and subtropics.
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The proper understanding of the engineering charatits of these lateritic soils has been shownbé¢o
paramount in their evaluation for certain utilitidshis has made geotechnical engineers and engigegeologists aware
of their wide range of properties even within a Bragea (Ogunsanwo, 1985). There are occurrencesend laterite may
contain significant amount of clay minerals sudht fits strength and durability cannot be guaranteetr load, especially
in the presence of moisture. In such cases soufoingn alternative soil may prove economically isev\When the soils
at a site are poor or when they have an undesipableerty making them unsuitable for use in a gguieeal projects, they
may have to be stabilized (Bowles, 1996). Soil ifitation is a technique introduced many years aggh the main
purpose to render the soils capable of meetingefjgirements of the specific engineering projekislias et. al; 2005).
Stabilized soil is, in general, a composite matetiiat results from combination and optimization properties in

individual constituent materials (Basha et. al; 200

Extensive studies have been carried out on th@ligition of soils using additives such as limel aement as
well as the combination of compaction method anuerg stabilization (e.g. Bell, 1996; Adeyemi, 2083,Rawas and
Goosen, 2006; Kenai et. al., 2006). In recent ya@adsistrial byproducts or agricultural wastes hbgen added and mixed
with different types of soils to improve their engering properties. Some of these industrial bypetglor agricultural

wastes include forage ash, rice-husk ash, fly Bapasse, sugarcane straw etc.

The enhanced engineering properties of various,smbkulting from the utilization of industrial byglucts or
agricultural wastes, bring about environmental asdnomic benefits (Walid, and Harichane, 2010). i\l of such
additives reduced the plasticity index, increasgiihmum moisture content, decreased maximum dryitjeasd improved
both the compressive strength and California BgaRatio of soils (Rahman, 1986; Ferguson, 1993;afid Fox, 2000;
Parsons and Kneebone, 2005; Koliaset al., 2009 desal., 2003; Senol et al., 2006; Amu et. al12p1

Limited researches have been conducted to inastifpe suitability of using the ash generated fused vehicle
tyres in soil stabilization. Tyre is one of the quments of a vehicle and the disposal of used tyassbeen a concern.
One of the common ways of disposing such matesidlyi burning them. This paper presents the resfiltee effect of

curing time on unconfined compressive strengthatdtitic soils derived from migmatite gniess, siabd with tyre ash.
STUDY AREA

The study area, Iworoko- Ekiti, is in Ekiti Statsputhwestern Nigeria. The area lies within lagtsid
7° 40— 7 45" and longitude 515" — 5° 18". The climate is of the West African monsoonal tygtearacterized by distinct
wet and dry seasons typical of West African regibinis type of climate is considered the most imgtriprimary factors

of laterization.

The area under investigation lies within the Prdmamm Basement Complex of Nigeria. Previous workers
(Adekoya et. al., 2003) have variedlydecipheredBhsement Complex into four lithological units, vimigmatite gneiss
quartzite complex, older granites, schist belts amdor intrusive. The study area is underlain bygmmtite gneiss
quartzite complex (Adekoya et. al., 2003). The rogée, within the migmatite gneiss quartzite complencountered in

the study area is the migmatite gneiss represettimgldest lithologic units of the Basement comegure 1.
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Figure 1: Geological Map of the Study Area
MATERIALS AND METHODS

The methodological approach includes sampling aff gbtained from a road-cut along Iworoko-Ifakiadh
in Ekiti State, southwestern, Nigeria where resichadl developed over migmatite-gneiss. Selectiamngling was carried
out by collecting soil from laterite horizon beitige preferred soil as sub-base and sub grade alateBix bulk soil
samples were collected and air-dried for two weekake advantage of the aggregating potentialatefitic soils upon
exposure (Omotosho and Akinmusuru 1992). Subselyudéime tyre ash used for this study was obtaimethfthe burning
of used and discarded tyres sourced from Ado-Ekitwas burnt under normal atmospheric temperatumg pressure
(open burning) to obtain the ash. After carefudlynoving the metal from the ash, the tyre ash wasesdithrough BS sieve
No. 200. The sieved ash was immediately kept irigit containers to prevent pre-hydration durityage or when left
in open air. The oxide composition of the ash wetemnined at the Central Research Laboratory, Béd#riversity of

Technology Akure, Nigeria using Energy DispersiviR&y Fluorescence.

The tyre ash treatments considered were 0%, 2%, 6%,and 8% by dry weight of soil samples used.
The specific gravity of the tyre ash is 1.33. Latiory analysis involving the basic index and gelomézal properties of
soil were determined following the procedures séifed by British Standard 1337 of 1992 (Part Il)&edleral Ministry of
Works and Housing specifications (1997). Thesestastlude grain size distribution, Atterberg limispecific gravity,
compaction parameters, unconfined compressionatestell as unsoaked and soaked California Bearatip RCBR).
For effective segregation of grains of the soilssieve size analysis, each soil sample was saakedak calgon solution
for 24 hours, during which it was regularly agithteefore wet sieving. The soil samples were congohet modified

American Association of State Highway and Transgarh Official (AASTHO) compactive effort.

The compaction test involved the application of aiyic load on soil samples divided into five layerke five
layers of soil in a mould of volume 0.00212%was subjected to 55 blows of a 44.5N rammer falthmgugh a height of
0.46m. The soil samples were subsequently stabiliziéh 2%, 4%, 6%, and 8% tyre ash in order to wieitee the
influence of the stabilizer on the engineering enties of the soils. The compaction test was dapeatedly for the
unstabilized soil and those stabilized with 2%, 8%, and 8% tyre ash. Two sets of CBR (unsoakedsaa#ied) tests
were conducted on each soil sample, one at thenDpti Moisture content compacted to the Maximum Dengity and

the other test on a similarly compacted under sbakaditions usually 24 hours of soaking in wateraccordance with
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FMWH specifications (1997). Similarly, the OMC amDD determined from each compacted sample were dsd to
compact specimens for unconfined compression t8stsiples were cured for 7, 14 and 28 days in chseapnfined

compression tests.

RESULTS AND DISCUSSIONS
Major Oxide Composition of the Tyre Ash

The result presented in Table 1 shows that tyrecasitains some of the elements (oxides) found zzplana.
However, the total percentage of iron oxide, siliaxide and aluminum oxide is less than the mininafri0% specified
by pozzolanas (ASTM 618, 2005). ASTM C 618 (2008fired pozzolana as siliceous or siliceous and @lous
materials which in themselves have little or no eatitious properties but in finely divided form aimdthe presence of
moisture, they react with calcium hydroxide at oetiy temperatures to form compounds possessing rteioes

properties.

Table 1: Chemical Composition of the Tyre Ash

Oxide | Composition (%)
SiG, 33.8
Al,O3 7.8
Fe03 11.4
CaO 13.3
MgO 6.4
SG; 1.6
Na,O 1.4
K,0 1.1
TiO, 1.0
LOI 12.5

Index Properties

The result of the preliminary tests on the soil gka® are presented in Table 2. The average natwalture
content of the soil samples was found to be 4.3BB& specific gravity of the soil samples (A, B a@}l were 2.77,
2.74 and 2.78 respectively. These values are itidicaf a high degree of laterization. On the basithe specific gravity
values the soils are classified as inorganic ltesbils (Ramamurthy and Sitharam, 2005). Theiglarsize distribution
curve of the lateritic soils is shown in FigureThe grain size analysis indicated that more the¥ 85 the three samples
pass through the 200pm sieve. This showed thasditesamples all belong to the silt-clay materiafsthe AASTHO
classification system. The samples fall within gré\+7-6 group. Hence, all the samples can be deHasenot suitable for
sub-grade and base materials as the percentage eightwfiner than No0.200 BS test sieve is more tf3h%
(FMWH, 1997). The liquid limits (LL), plastic limst (PL) and the plasticity indices (PI) for sample B\and C are
(58.4%, 21.2%, 37.2%), (60.4%, 23.2%, 37.2%) ard2%, 22.2%, 32.0%) respectively. The plasticitger and liquid
limit of the soil samples show that the soils ao¢ suitable as base/sub-base materials in roadraotien because they
are above the maximum 12% and 30% values respbctiseommended for sub-base/base soils by Fedeirasibivy of
Works and Housing (FMWH) specification (1997). Timear shrinkage (samples B and C) were higher thamaximum
8% recommended by Madedor (1983) for highway s#ulgisoils. Casagrande chart classification Figigleo8vs that the

soils are of high plasticity and hence compredgsibil
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Table 2: Index Properties of Soil Samples

Index Properties A B C
Specific Gravity 2.77 2.74 2.78
% Passing BS No. 200 sieve 744 74.61 77(78
Gravel (%) 1.9 0.5 0.0
Sand (%) 23.8 24.9 22.2
Silt (%) 134 14.6 16.5
Clay (%) 61.0 60.0 61.3
Liquid limit, LL (%) 58.4 60.4 54.2
Plastic limit, PL (%) 21.2 23.2 22.2
Plasticity index, Pl (%) 37.2 37.2 32.0
Shrinkage Limit (%) 7.7 8.2 8.2
AASHTO Classification A-7-6) A-7-6| A-7-6
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Figure 3: Casagrande Classification Chart of the SbSamples

Compaction Characteristics

The compaction test was used to determine theeinfile of stabilizers on maximum dry density (MDDHdan
optimum moisture content (OMC). The results of BieD and OMC of soil samples mixed with tyre ash exported in
Table 3 and further illustrated in figures 4 and Be results show that adding tyre ash increase®MC and reduced the
amount of MDD progressively with the increase aktash addition. Similar behavior was observed ttweroresearcher

for lime, volcanic ash, rice husk ash, sugarcamawstash, lime-natural pozzolana mixture and stadili soils
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(Bell, 1996; Hossaimt. al, 2007; Eberemu, 2011; Anat. al, 2011 and Haricharet. al;2011). The increase in OMC was
due to the additional water required for wetting large surface area of the fine tyre ash partidles increase in OMC is
also probably due to the additional water held inithe flocculent soil structure due to excess watesorbed as a result
of the porous property of tyre ash. The decreadddD of all treated lateritic soil was due to tharfial replacement of
relatively heavy soils with light weight tyre astpécific gravity 1.89). This decrease in densityldalso be influenced
by increase in porosity of all compacted soil sarapmlue to addition of tyre ash. In addition, therdase can also resulted
from the flocculation and agglomeration of claytfdes, caused by the cation exchange reactiodidgao corresponding
increase in volume and decrease in dry densitydaareed by Leest al., (1982). The increase in dry density is an
indicator of improvement of soil properties; howevtke addition of tyre ash reduced the MDDs. Sdversearchers
[Basha et. al, 2005 and Ola 1977] found that trengbk in dry density occurs because of both thécfestsize and specific

gravity of the soil and stabilizer.
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Table 3: Summary of Compaction Test Results

Sample | % Stabilizer | MDD(Kg/m® | OMC (%)
0 1574.1 25.5

2 1548.1 25.9

A 4 1537.1 26.0
6 1526.1 26.4

8 1521.1 26.7
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Table 3: Contd.,

0 1605.7 24.6
2 1572.7 25.0
B 4 1556.7 25.3
6 1530.7 25.7
8 1502.7 26.2
0 1567.1 25.7
2 1534.1 26.2
C 4 1511.1 26.6
6 1497.1 26.9
8 1475.1 27.3

California Bearing Ratio

The California Bearing Ratio (CBR) test is a relaly simple test that is commonly used to obtainraication
of strength of a subgrade soil, sub-base and tlse lbaurse materials for use in road and airfieldep®ent design
(Liu and Evett, 2003). The results of the Califarfdearing Ratio test are shown in Table 4. Expégtie influence of
soaking is evident in the results obtained as AR @alues for the 24 hours soaked samples were ihower compared to
the unsoaked samples. The unsoaked and soaked &B&s\of all the soil samples increased considgm@tlstabilization

with tyre ash Figures 6 and 7.

This shows that the load bearing capacity of thkistreased with the stabilization mix. The incgsean both the
soaked and unsoaked CBR may be due to the aviilatilcalcium from the ash for the cementationact®n with the
silica and iron oxide from the lateritic soil. Déspthe increase in soaked CBR with stabilizatitwe, soaked CBR values
of the soils indicate that none can be used forlmde and base course of roads because the valulesléw the 30% and
80% respectively stipulated by FMWH (1997).

The soaked CBR values make the stabilized matesialable for use as subgrade in road pavemenubedae
value falls within the range (5-11%) specified By\WH (1997) for sub grade soils. According to Sinminal., (1973),
a high reduction in CBR values after soaking inttisathat the soil is very sensitive to changes@moisture content.
Hence, adequate drainage facilities are to be geavif these soils are to be used for any construgiurpose to prevent
loss of strength.
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Table 4: Variation of California Bearing Ratio with the Amount Stabilizer

Percent | Unsoaked| Soaked
Sample | o hilizer | CBR CBR
0 17 7
2 16 6
A 4 18 8
6 19 9
8 21 10.5
0 20 10
2 22 12
B 4 24 14
6 25 15
8 27 16
0 18 8
2 19 9
C 4 20 10
6 22 12
8 24 13

Unconfined Compressive Strength

The results of the unconfined compressive streffth@S) of the stabilized soils are presented inetabl

The trends of changes in UCS with various percersta stabilizers for the lateritic soil are presénin figures 8, 9 and

10 for 7, 14 and 28 days curing respectively. péstinent to note that curing was not necessargdd samples without

tyre ash additive. It can be seen from figures 8kH@ the addition of tyre ash increased the UCBefstabilized lateritic

soil samples for the various curing periods. Thisld probably be as a result of the increased pgamioreaction with

increased tyre ash treatment which results in ehedtion of calcium silicate hydrates and microri@lchanges which is

responsible for increased strengthKedzi (1979).

Similar behaviors were also observed by other rekea for lime, volcanic ash, rice husk ash, sugiagcstraw

ash, lime-natural pozzolana mixture and Lime- riaesk mixture stabilized soils (Bell, 1996; Hosshiral; 2007;
Eberemu, 2011; Amet. al; 2011 and Harichanet al; 2011). However at 2% tyre ash, the UCS of theilstal lateritic

soil (sample A and B) is lower than the UCS of timstabilized soil during 14 and 28 days curingsTihénd is also noted

at 4% tyre ash during 14 days curing in sample A.

| Index Copernicus Value: 3.0 - Articles can be sertb editor@impactjournals.us




| Effect of Curing Time on Unconfined Compressive Sgngth of Lateritic Soil Stabilized with Tyre Ash 197 |

Increasing the curing time decreased the UCS ef gtabilized lateritic soils. The UCS achieved rafte
14 and 28 days of curing were considerably lowanttihose realized for soil mixtures at 7 days. H@#git is interesting
to note that a significant percentage of this deseewas recorded in the first 14 days of curingil&r behavior was
observed by Zia and Fox (2000). They reported that majority of strength development occurs witflirdays of
compaction for Indiana loess-fly ash mixtures, émat between 14 and 28 days the strength of stelilioess decreases
when compared to the strength of the loess alodeatiributed the strength loss to shrinkage cralchsdeveloped in the
stabilized samples, which they observed to be moveninent at higher ash contents. Shrinkage craeke also noticed
in the stabilized samples during the laboratory texl are detrimental to strength development. Altfh the cured
UCS of the stabilized samples increased with peagenstabilizer, they are lower than 1034 KRifecommended by the
Central Road Research Institute of India reporie(De Graft et. al; 1969)
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Table 5: Variation of Unconfined Compressive Strenth with Amount of Stabilizer

Curing % Unconfined Compressive
Days | Stabilizer Strength(kN/m®)
A B C
0 142.14| 142.14 170.3b
7 2 147.78| 145.71] 179.3P
4 152.89| 150.78 188.6b
6 158.10| 158.99 198.3b
8 165.00| 167.48 206.4b
0 142.14| 142.14 170.3b
2 130.72| 143.45 175.91
14 4 135.49| 146.43 185.10
6 140.35| 154.44 189.11
8 143.91| 159.68 193.16
0 142.14| 142.14 170.3b
2 139.25| 145.71] 179.3P
28 4 144.19| 150.78 188.6b
6 149.23| 158.99 192.69
8 152.87| 164.30 196.7}
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CONCLUSIONS

This paper presented the effect of tyre ash orgéfidechnical characteristics of compacted latesitils derived
from migmatite gneiss. On the basis of the testslte the following conclusions can be drawn. Sjegravity revealed
that the soils are inorganic lateritic soil. Graine analysis indecated that the percentages pgalisin200 BS sieve are
35% for all the samples. The soils are well gradad belong to group A-7-6 of the AASTHO classifioatsystem.
The plasticity index and liquid limit of the soiamples show that the soils are not suitable agdasbase materials in
road construction because they are above the maxit@% and 30% values respectively recommendedufpibase/base
soils. Casagrande chart classification indicatedt tthe soils are of high plasticity and hence casgibility.
The compaction results revealed that addition of Bsh increased the OMC and reduced the amouviD@F with the
increase of tyre ash addition. The unsoaked ankeso&BR values of all the soil samples increaseusiderably on
stabilization with tyre ash. Furthermore, the additof tyre ash increased the UCS of the stabilizéeritic soil samples
for the various curing periods. However, increasing curing time decreased the UCS of the stakliliageritic soils.
The results of the findings show that the geotexdirproperties of the stabilized lateritic soilsrevsignificantly improved

but still unsuitable for base/sub-base material®au construction.
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